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Abstract: Different cortical regions processing distinct information, such as the hippocampus 
and the neocortex, share common cellular components and circuit motifs but form unique 
networks by modifying these cardinal units. Cortical circuits include diverse types of 
GABAergic interneurons (INs) that shape activity of excitatory principal neurons (PNs). 
Canonical IN types conserved across distinct cortical regions have been defined by their 
morphological, electrophysiological, and neurochemical properties. However, it remains largely 
unknown whether canonical IN types undergo specific modifications in distinct cortical regions 
and display “regional variants”. It is also poorly understood whether such phenotypic variations 
are shaped by early specification or regional cellular environment. The chandelier cell (ChC) is a 
highly stereotyped IN type, which innervates axon initial segments of PNs, and thus serves as a 
good model to address this issue. Here we show that Cadherin-6 (Cdh6), a homophilic cell 
adhesion molecule, is a reliable marker of ChCs and Cdh6-CreER mice provide genetic access to 
hippocampal ChCs (h-ChCs). We demonstrate that compared to neocortical ChCs (nc-ChCs), h-
ChCs cover twice as much area and innervate twice as many PNs. Interestingly, a subclass of h-
ChCs exhibits calretinin (CR) expression, which is not found in nc-ChCs. Furthermore, we find 
that h-ChCs appear to be born earlier than nc-ChCs. Surprisingly, despite the difference in 
temporal origins, ChCs display host region-dependent axonal/synaptic organization and CR 
expression when heterotopically transplanted. These results suggest that local cellular 
environment plays a critical role in shaping terminal phenotypes of regional IN variants in the 
hippocampus and the neocortex. 
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Abstract: Cell lineage in the adult hippocampus comprises multipotent (Type 1 and 2a) and 
neuron-determined (Type 2b and 3) progenitors. The current model assumes that multipotent 
stem cells generate neuron-determined intermediate progenitors that become post-mitotic 
neurons in a unidirectional way. In the present work, we fate-mapped neuronal progenitors using 
Dcx-CreERT2 and CAG-CAT-EGFP double-transgenic mice, hereafter referred to as 
cDCX/EGFP. We show that three days after tamoxifen-mediated recombination in cDCX/EGFP 
adult mice, virtually all GFP+ cells in the dentate gyrus co-expresses DCX. However, within 30 
days, about 15% of GFP+ cells become GFAP+ astrocytes. These data suggest that Type 2b/3 
DCX+ progenitors either retain the capacity to generate astrocytes or can regress to more 
primitive stages (Type 2a or 1). To evaluate these possibilities, we boosted neurogenesis in the 
dentate gyrus by local administration of epileptogenic drugs. Intrahippocampal injection of 
kainic acid (KA) led to a significant increase in the number of GFP+ cells in both ipsi and 
contralateral dentate gyrus. Remarkably, in the ipsilateral dentate gyrus, most GFP+ cells 
adopted glial morphologies and expressed the astrocytic protein GFAP. Conversely, on the 
contralateral side, GFP+ cells differentiated mainly into granular neurons. Intriguingly, at early 
time-points after recombination, we observed a small number of unexpected labeled cells 
displaying radial-glia morphology, a hallmark of Type 1 multipotent progenitors, suggesting that 
some type2b progenitors transdifferentiated. Intrahippocampal injection of pilocarpine also leads 
to an important increase in the number of GFP+ cells in both ipsi and contralateral dentate gyrus, 
but the vast majority of cells differentiate into neurons. Importantly, both drugs were able to 
bilaterally elicit paroxysms, high-amplitude discharges and seizures. Altogether, these results 
indicate that Type 2b/3 progenitors are not restricted to the generation of neurons, but rather 
retain bi-potency and/or the ability to return to more primitive stages in the lineage and generate 
astrocytes. Under basal conditions, generation of astrocytes represents a small fraction of newly 
generated cells in the adult hippocampus, but under pathological conditions, this proportion can 



be massively altered. Finally, these observations also suggest that the drug used to model 
temporal lobe epilepsy differentially affects cell lineage progression in the adult hippocampus. 
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Abstract: The dentate gyrus (DG) of the hippocampus is one of the very few restricted regions 
in the adult mammalian brain, where neurogenesis persists lifelong. Here, radial glia-like neural 
stem cells (NSCs) can enter cell division and give rise to fast-dividing progenitor cells, which in 
turn generate new neurons. Once born, the new neurons undergo a step-wise maturation process 
that lasts several weeks and during which they integrate into the pre-existing DG network. 
Recent work suggests that along this lineage, and in particular from the moment NSCs become 
activated, substantial changes in their energy metabolism take place, with genes involved in 
mitochondrial function becoming increasingly up-regulated, once the cell divides and progresses 
towards a post-mitotic (neuronal) stage. On the contrary, little is known on the physiological 
relevance of mitochondrial dynamics during this lineage progression, and in particular, whether 
changes in fusion and fission events (known to dynamically shape and maintain the 
mitochondrial network in cells) may alter the fate of NSCs or development of new neurons. 
Here, we utilized a set of Cre-inducible mouse lines to conditionally manipulate the proteins 
Mfn1 or Mfn2, which are the main drivers of mitochondrial outer membrane fusion, specifically 
in adult NSCs and their neuronal progeny in vivo. Genetic deletion of Mfn1 or Mfn2 disrupted 
the structure of the mitochondrial network in adult NSCs, as revealed by crossings with a 
mitoYFP reporter line. Analysis of proliferation in neural stem and progenitor cells revealed that 
these genetic manipulations did not affect the early steps along the lineage, as similar numbers of 
new neurons were generated in presence or absence of Mfn1 and 2. To assess the maturation 
process and survival of newly-born neurons upon loss of mitochondrial fusion, we used a mouse 
line expressing the cytosolic marker tdTomato, allowing for a detailed analysis of cellular 
morphology in labeled cells. In Mfn2 conditional knock-out mice we found a selective depletion 
of new neurons, which became manifest from the moment they started to incorporate into the 
hippocampal network, that is, when they switched from a DCX+ to a NeuN+ stage. This 



indicates, that mitochondrial fusion is dispensable for earlier stages along the neurogenic lineage, 
while it becomes essential for the survival of new DG neurons during a period critical for their 
integration into the pre-existing circuit. 
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Abstract: During embryonic development of the central nervous system (CNS), the expression 
of the bHLH transcription factor Nato3 (Ferd3l) is unique and restricted to the floor plate of the 
neural tube. In mice lacking Nato3 the floor plate cells of the spinal cord do not fully maturate, 
whereas in the midbrain floor plate, progenitors lose some neurogenic activity, giving rise to a 
reduced population of dopaminergic neurons. Since the floor plate is considered to be 
disintegrated at the time of birth, Nato3 expression was never tested postnatally and in adult 
mice. Here, we utilized a Nato3 knockout mouse model in which a LacZ reporter precisely 
replaced the coding region under the endogenous regulatory elements, such as its expression 
recapitulates the spatiotemporal pattern of Nato3 expression. Nato3 was found to be expressed in 
the CNS throughout life in a highly-restricted manner along the medial cavities: in 
subpopulations of cells in the third ventricle, the cerebral aqueduct, the fourth ventricle, the 
central canal of the spinal cord, and the subcommissural organ, a gland located in the midbrain. 
A few unifying themes are shared among all Nato3-positive cells: all are positioned in the 
midline, are of an ependymal type, and contact the cerebrospinal fluid (CSF) similarly to the 
embryonic position of the floor plate bordering the lumen of the neural tube. Taken together, 
Nato3 defines an unrecognized subpopulation of medial cells positioned at only one side of 
circular ependymal structures, and it may affect their regulatory activities and neuronal stem cell 
function. 

Disclosures:  N. Ben-Arie: None. 
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Abstract: Cellular differentiation and cell type-specific gene expression are under the control of 
distal regulatory elements in the genome. These elements, which include elements with enhancer 
or repressor activities, can be located at some distance from the gene being regulated. Chromatin 
conformation capture techniques provide information on genome organization by capturing 
regions in the genome that are in close proximity to each other. Here we applied such an 
approach to define the chromatin interactome of mouse cerebellar granule neuron progenitors 
(GNPs). GNPs are transit amplifying, lineage committed neural progenitors that are responsible 
for the postnatal growth and the formation of the characteristic foliated structure of the 
cerebellum. Using a Capture Hi-C approach, we identified over 75,000 possible interactions with 
over 20,000 gene promoters throughout the genome. The promoter-interacting regions were 
characterized further by a combination of ATACseq and ChIP-seq analysis to identify putative 
enhancer elements. The chromatin remodeling factor CHD7 (chromodomain helicase DNA 
binding factor 7) that controls GNP proliferation and differentiation has been shown to primarily 
localize to distal regulatory regions where it affects DNA accessibility. A comparison of DNA 
accessibility at these putative distal regulatory elements in control and CHD7-deficient GNPs 
defined the CHD7-regulated enhanceosome of GNps. These findings provide fundamental 
insights into the long-range gene regulatory landscape of cerebellar GNPs and will form the basis 
of future studies aimed at elucidating chromatin reorganization during GNP differentiation and 
the regulation of cerebellar growth and development by factors that coordinate these interactions. 

Disclosures:  M. Basson: None. K. Riegman: None. C. George: None. C. Mohan: None. D. 
Whittaker: None. B. Huntly: None. D. Sims: None. C. Osborne: None. 
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Abstract: Tuberous Sclerosis Complex (TSC) is a neurodevelopmental disorder characterized by 
hyperactivation of mechanistic target of rapamycin (mTOR) complex 1, causing abnormal cell 
growth, proliferation, and differentiation in affected brains. We found that conditional knock out 
of Tsc1 with hGFAP-Cre in mouse (designated as TSC1 cKO mice) resulted in hyperactivation 
of mTORC1 in postnatal neural stem cells (NSCs), which impaired self-renewal and 
neurogenesis in the subventricular zone. Moreover, TSC1 cKO mice developed subependymal 
nodules (SEN) with a mixed neuronal and glial lineage as found in human subependymal giant 
astrocytoma. The mTORC1 inhibitor rapamycin suppressed mTORC1 hyperactivation and 
rescued the maintenance and differentiation defects in TSC1-null NSCs. The tumorigenesis of 
SEN was also suppressed by rapamycin in mutant mice. Interestingly, although mTORC1 
hyperactivation is known to inhibit autophagy through phosphorylating ULK1 in many cells, the 
autophagy activity is not completely diminished in TSC1-deficient NSCs. To study the functions 
and mechanisms of autophagy in regulating mTORC1 activation, we generated a double 
conditional knockout mouse (designated as 2cKO) with deletion of TSC1 and FIP200 in 
postnatal NSCs. We found that high mTORC1 activity in NSCs of TSC1 cKO mice was restored 
in 2cKO mice to comparable level as in wild type mice. Moreover, the impaired self-renewal, 
neurogenesis, and tumorigenesis of TSC1-null NSCs were also rescued in 2cKO mice. Metabolic 
analysis of NSCs in various mice showed an increased glycolysis and mitochondrial oxidative 
phosphorylation in TSC1-null NSCs. The rewired metabolism was driven by hyperactivated 
mTORC1 and required intact autophagy in TSC1-deficient NSCs. Lastly, we found that the 
combination of a glycolysis inhibitor 2-Deoxy-D-glucose and an autophagy inhibitor 
chloroquine, but not either compound alone, significantly reduced high mTORC1 activity and 



pathological defects in TSC1-deficient NSCs. Together, these results suggest a novel metabolic 
mechanism for autophagy to regulate mTORC1 activity in a neurodevelopmental disease model. 

Disclosures:  C. Wang: None. M. Haas: None. S. Yeo: None. S. Chen: None. J. Wen: 
None. J. Guan: None. 
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Abstract: Motor control relies on the relay of muscle-derived sensory information to the central 
nervous system. Proprioceptive sensory information is processed locally within spinal circuits 
and is delivered to higher brain centers through spinal projection neurons. Spinocerebellar tract 
neurons (SCTNs) relay proprioceptive sensory information to the cerebellum; the central cervical 
nucleus (CCN), caudal cervical SCTNs, and Clarke’s column neurons (CC) relay sensory 
information from the neck, forelimb, and hindlimb muscles, respectively. Although the 
anatomical organization of diverse SCTN populations has been well characterized, their 
specification is poorly understood. To define the molecular profile of SCTNs, we performed 
transcriptional profiling of retrogradely labeled SCTNs. RNA sequencing analysis identified 
novel molecular markers for CC and CCN. We also found that during embryonic development, 
expression of specific Hox transcription factors distinguish these and additional subsets of 
SCTNs. By combining immunostaining with retrograde tracing from the cerebellum, we 
determined the expression pattern of Hox genes in the SCTNs; Hox4-8 paralogous define 
subtypes of cervical SCTNs, while Hox9 and Hox10 genes are specifically expressed in the 
thoracic SCTNs. We tested whether Hox genes establish SCTNs identity and connectivity 
through genetic manipulation of their activities. We found that Hoxc9 is required for the 
development of thoracic SCTNs, including CC neurons. In Hoxc9 mutants, markers of CC 
neurons were absent in thoracic segments of the spinal cord. Strikingly, in Hoxc9 mutants CC 
neurons appear to be transformed to the identity of SCTN populations normally present at 
cervical levels of the spinal cord; in Hoxc9 mutants thoracic SCTNs show caudal cervical 
SCTNs characteristic cell body positions, Hox gene expression, and sensory input sources. In 



contrast to caudal cervical SCTNs, CCN neurons in the rostral cervical region are not expanded 
in Hoxc9 mutants, which is reminiscent of the Hoxc9 mutant phenotype in motor neurons. 
Collectively these studies indicate that, similar to spinal motor neurons, the subtype diversity and 
connectivity of spinal interneurons relies on Hox-dependent genetic programs. 

Disclosures:  M. Baek: None. A.W. Hantman: None. T.M. Jessell: None. J.S. Dasen: None. 
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Abstract: The developing cerebellum requires intricately controlled expression of specific gene 
regulatory networks across time. Due to advancement in genomic technology, the known 
mechanisms responsible for the regulation of gene expression during development have 
expanded to incorporate non-coding cis- and trans-acting elements. Among these elements are 
enhancers, which are distal regions to transcript start sites (TSSs) that have previously been 
known to selectively activate genes in a tissue-specific and temporal-specific manner under 
various conditions. Recently, bi-directional transcription of non-coding RNAs at enhancer 
domains, known as enhancer RNAs (eRNAs), has been positively correlated with the expression 
of both nearby genes and their regulatory target genes. eRNA transcription has been defined as a 
signal of active enhancers during various biological processes. 
The identification of active enhancers during brain development, specifically for the cerebellum, 
has yet to be elucidated. The goal of our work is to use eRNA expression to identify active 
enhancers contributing to the fine control of gene expression throughout cerebellar development. 
Transcriptomic data produced by the FANTOM5 consortium through Cap Analysis Gene 
Expression (CAGE) followed by high throughput sequencing were utilized to quantify eRNA 



expression for a catalogue of predicted enhancers. This was performed for embryonic and early 
postnatal stages of murine cerebellum development (from embryonic day 11 to postnatal day 9). 
Previously defined enhancers were curated based on dynamic eRNA expression throughout the 
time course. The analytical pipeline defined 238 eRNA-enhancers that are active during 
cerebellum development. Comparison with other developing murine tissues was performed and 
revealed that these eRNA-expressing enhancers are highly specific to cerebellar development. 
Finally, co-expression networks including 10,316 expressed TSSs were defined to identify 
predicted regulatory target genes. The identified co-expression modules revealed enhancer 
elements activated at different stages in development. Validation by ChIP-seq for enhancer 
associated chromatin modifications and other experimental approaches will be conducted to 
produce a set of robust active enhancers. 

Disclosures:  M. Ramirez: None. R. Robert: None. P. Zhang: None. F. Consortium: None. J. 
Song: None. D. Goldowitz: None. 
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Abstract: The development of the brain is a dynamic and complex process that requires precise 
timing of neural precursor cell (NPC) behaviors. While many transcriptional and epigenetic 
regulators of neurodevelopment are known, the roles that translational regulators play are poorly 
understood. Lin28 is an RNA-binding protein that is highly expressed in NPCs at the early stage 
of brain development. Two homologs for Lin28 exist in mammals (Lin28a/b). Our previously 
published work showed that Lin28a single-knockout leads to reduced NPC self-renewal and 
microcephaly (smaller brains) in mice (Yang et al., Development, 2015). Using Nestin-Cre, we 
found that NPC-specific overexpression of Lin28a causes macrocephaly (enlarged brains) by 
promoting NPC self-renewal. These studies show that Lin28a promotes NPC expansion and 



brain development. Because there exists 76% homology between both homologs of Lin28, it is 
likely that redundant function is shared between them. We found that double knockout mutants 
of Lin28a/b exhibit an open neural tube defect (NTD) predominantly in the hindbrain. In vivo 
NPC behavior analyses confirm a decrease in proliferation of hindbrain NPCs in Lin28a/b 
double mutant mice both prior to neural tube closure and sustained after neural tube closure 
failure. Precocious differentiation can also be observed immediately after neural tube closure 
failure in the double mutant hindbrain region, while there is no notable change in apoptosis. 
These results suggest that Lin28a/b are required for NPC fate and brain development. Lin28a has 
been reported to promote or inhibit mRNA translation in a cell type dependent manner. To 
address the mechanism of action of Lin28 in the developing brain, we used the Rpl24 (encoding 
a ribosomal subunit) hypomorphic allele mouse, a well-established genetic tool to reduce mRNA 
translation. Whereas Lin28a depletion alone results in smaller brains, Lin28a knockout in the 
background of Rpl24 hypomorphic allele results in NTDs, which recapitulate the NTDs in 
Lin28a/b double knockouts. Furthermore, Rpl24Bst/-mediated decrease of mRNA translation 
completely rescued the macrocephaly defect from NPC-specific Lin28a overexpression. 
Together, these results suggest that reduced mRNA translation in NPCs is sufficient to cause 
microcephaly, Lin28 promotes mRNA translation in the developing brain, and Lin28-mediated 
translation promotion is required for NPC cell fate control and brain development. 

Disclosures:  S.A. Herrlinger: None. 
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Abstract: Dopamine (DA) is one of the main neurotransmitters in the brain and regulates a 
variety of complex behaviors. Understanding the regulatory logic of DA terminal differentiation 
is important for both basic as well as translational research. Using the model organism C. 
elegans we found that a combination of three transcription factors (TFs) from three different 
families (ETS, DLL and PBX) directly regulate terminal differentiation of DA cells (Doistsidou 
et al. 2013). 
The most ancestral mammalian dopaminergic population are the olfactory bulb (OB) 
dopaminergic neurons. Interestingly mouse orthologs for both ETS (Etv1/Er81) and DLL (Dlx2) 
TFs are already known to be required for mouse OB DA differentiation. Pbx1 and Pbx2 have 
been recently shown to control OB neurogenesis, however a specific role on dopaminergic 
terminal differentiation has not been assessed. 
Here we show that PBX1 and PBX2 are expressed in the adult OB DA neurons, however, only 
specific DA lineage conditional Pbx1 mutant mice exhibit a dramatic decrease in the number of 
DA neurons of the OB suggesting that PBX1 but not PBX2 is required for the correct DA 
specification. Moreover, lineage tracing experiments indicate that Pbx1 mutant cells remain in 
the OB but they are unable to properly differentiate. We find that Pbx1 is required for the 
expression of other transcription factors that are known to be important for the DA 
differentiation such as COUP-TF1 and MEIS2. In addition, overexpression of Pbx1 in the mouse 
SVZ progenitors is sufficient to induce DA differentiation in the OB. 
Considering the evolutionary conservation of PBX, ETS and DLX TF on dopaminergic neuron 
differentiation we further analyzed to what extent the regulatory programs are homologous. 
Surprisingly, we find that worm orthologs of COUP-TF1, MEIS2 and PAX6 are also required in 
nematode DA specification. Our findings demonstrate a remarkable extent of homology in the 
specification of a critically important neuronal cell type, conserved over a billion years of 
evolution. 

Disclosures:  L.R. Gomez: None. M. Maicas: None. A. Escriche: None. C. Cucarella: 
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Abstract: During neocortical development, neurons are produced by a diverse pool of neural 
progenitors. A subset of these progenitors express the Cux2 gene and predominantly produce 
late-born excitatory neurons, but the upstream pathways that specify this subset of progenitors 
remain unknown. Elucidating how Cux2 expression is activated in forebrain progenitors could 
provide insights into mechanisms of fate specification. To uncover the transcriptional network 
that regulates Cux2 expression, we are characterizing an ultraconserved Cux2 enhancer that we 
find recapitulates endogenous Cux2 expression in the developing forebrain. Using bioinformatic 
analysis of this enhancer to identify putative transcription factor binding sites, we found several 
potential binding sites for well-known forebrain patterning genes, including Emx1/2, Lhx2/6/8, 
and Dlx1/2. We are currently testing the role of these candidate transcription factors in regulating 
expression from the Cux2 enhancer using a combination of in vitro cell culture and in vivo 
studies. Additionally, as many putative Cux2 regulators identified in our analysis are directly 
downstream of BMP signaling, we reasoned that BMPs could regulate Cux2 expression in the 
developing forebrain, as has been reported in other embryonic tissues. We demonstrate that 
BMP4 can upregulate Cux2 expression from both the Cux2 enhancer and the endogenous Cux2 
locus in cell culture and in neocortical explants, respectively. While BMP signaling is known to 
be important for patterning forebrain progenitor domains, our results suggest that BMPs may 
also be an important contributing factor for activating the transcriptional network that directs 
Cux2+ progenitor fate. 

Disclosures:  S.P. Fregoso: None. B. Dwyer: None. S.J. Franco: None. 
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Abstract: Retinal ganglion cells (RGCs) are the sole conduits of light information to the brain 
for both image and non-image forming functions. RGC differentiation occurs by retinal 
progenitor cells expressing transcription factors in a developmentally temporal fashion, including 
Math5 (Atoh7). Math5, a bHLH transcription factor, is thought to be necessary for RGC 
specification; since Math5 null mice lack 95% of RGCs, lack an optic nerve, lack adult retinal 
vasculature, yet contain an overgrown version of the developmental hyaloid vasculature. A 
recent publication used lineage tracing to show that a subset of RGCs do not express Math5. 
Therefore, we re-examined the Math5 null mouse line on a background that prevents RGC death 
by knocking out the proapoptotic gene, Bax. Surprisingly, we found that even in the absence of 
Math5, substantial numbers of retinal progenitor cells differentiate into RGCs. These rescued 
RGCs predominantly phenocopy wildtype RGCs gene expression (including Brn3a, Brn3b, & 
Isl1). However, despite restoring a large numbers of RGCs, the optic nerve still failed to develop 
in these animals, similar to the Math5 null mice. Since RGCs are classically defined as output 
neurons, we wanted to investigate whether these rescued RGCs receive rod/cone light input. 
Indeed, using multielectrode array recordings, RGCs from Math5/Bax double knockout animals 
displayed ON, OFF and ON/OFF rod/cone light responses. These data show there are two 
populations of RGCs, those that require Math5 for specification and those that do not, however 
all RGCs require Math5 for survival. Surprisingly, even though RGCs are rescued, in the double 
null retina, the hyaloid vasculature fails to regress, suggesting that communication between the 
Math5 dependent RGCs and the hyaloid vasculature is required for regression. Overall, these 
data suggest that Math5 is not required for proper specification of all RGCs, but that the RGCs 
that require Math5 for specification, or downstream Math5 effectors, are required for the survival 
of all RGCs, proper optic nerve development, and hyaloid vasculature regression. 
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Abstract: Cortical GABAergic interneurons exhibit remarkable diversity in their intrinsic firing 
properties, subtype marker expression, layer organization, synaptic connectivity and 
morphology. The mechanisms underlying the generation of this diversity are largely unknown. 
We have identified a rostral-caudal Wnt gradient within the medial ganglionic eminence (MGE) 
that delineates the specification of the two main interneuron subtype classes. Caudally-situated 
MGE progenitors receive high levels of Wnt signaling and give rise to somatostatin (SST)-
expressing cortical interneurons. Parvalbumin-expressing basket cells, by contrast, originate 
mostly from the rostral MGE where Wnt signaling is attenuated. Interestingly, canonical Wnt 
signaling through b-catenin is not required for this process. Wnt signals transmitted via nuclear 
translocation of the intracellular domain of the non-canonical receptor Ryk, however, are 
sufficient to drive interneuron progenitors to a SST fate. Inhibition of Ryk signaling by a 
function blocking antibody conversely decreases the production of SST positive interneurons. 
Graded Ryk gain of function experiments performed in mouse ES-derived cortical interneurons 
reveal a dose-dependent effect, suggesting Ryk signaling acts in a gradient. These data, in 
combination with in vivo genetic loss of Ryk signaling in MGE derived lineages reveal a 
complex and important role for non-canonical Wnt signaling in establishing the correct ratios of 
mature cortical interneuron subtypes. 
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Abstract: Neural progenitors in the ganglionic eminences give rise to diverse GABAergic 
interneuron subtypes that populate all forebrain regions. Medial ganglionic eminence-derived 
progenitors are initially fated towards parvalbumin- or somatostatin-expressing classes during 
embryogenesis, a process that is guided by spatial and temporal gradients, and the mode of 
neurogenic division. The extent to which these cells are genetically predefined into specific 
interneuron subtypes, or rather their mature characteristics are obtained upon interaction with 
environmental cues, remains unknown. To address this question, we performed homo- and 
heterotopic transplantation of early postnatal MGE-derived cortical and hippocampal 
interneurons. Grafted cells migrated and displayed neurochemical, electrophysiological and 
morphological profiles similar to endogenous interneurons. Our findings indicate that the 
proportion of interneuron classes was largely determined by the host region. However, some 
transplanted cells retained characteristics indicative of their donor region, indicating that they 
may be more ‘hard-wired’ and not influenced by environmental signals. Our approach enables us 
to study how the environment regulates interneuron differentiation and maturation, which is 
critical for understanding normal interneuron development and the burgeoning therapeutic 
application of this transplantation approach. 
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Abstract: DNA methylation is an epigenetic modification that is essential for gene regulation 
and development in mammals. DNA methylation patterns are exerted by three distinct DNA 
methyltransferase (DNMT) enzymes; DNMT1 is mainly responsible for genome wide 
maintenance of methylation patterns during replication, while DNMT3A and DNMT3B establish 
de novo DNA methylation. DNMT3A is known to be widely expressed in neural progenitors 
along the central nervous system (CNS) and to be critical for cell fate choice. However, the 
targets for de novo methylation mediated by DNMT3A, as well as the functional redundancy 
with DNMT3B during CNS development, remain unclear. Here, we utilized a powerful human 
embryonic stem cell (ESC) differentiation model for the generation of spinal motor neurons 
(MNs) in combination with genetic mutations in the de novo DNA methyltransferase machinery 
to assess the specific role of DNMT3A and 3B on: (1) neural lineage fate decisions and, (2) the 
physiological properties of postmitotic neurons. Over the MN differentiation, the two de novo 
DNMTs displayed opposite expression patterns. While the expression levels of DNMT3B 
rapidly decreased in the initial stages of differentiation, DNMT3A exhibited a dynamic 
expression pattern with sustained high levels at later stages. Systematic characterization of 
DNMT3A and DNMT3B KO and wild type cell lines over the MN differentiation protocol by 
different immunolabeling techniques showed that DNMT3A KO ESCs exhibited a reduced 
capacity to generate neurons and MNs, compared to isogenic control cells. RNA-sequencing and 
whole-genome bisulfite sequencing (WGBS) analysis demonstrated that this effect is in part due 
to a modification in the expression pattern of an important group of transcription factors. During 
MN differentiation, DNMT3A KO cultures displayed silenced expression of pro-neuronal 
transcription factors and up-regulation of neural floor plate transcription factors compared to the 
isogenic control cell line, while DNMT3B KO cultures remained unaffected. Strikingly, we also 
discovered that DNMT3A KO MNs displayed abnormal morphological, biochemical and 
electrophysiological properties. Our study underscores the importance of de novo DNA 
methylation during human neurogenesis, dissecting the regulatory link between DNA 
methylation dynamics and MN specification and functional maturation. 
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Abstract: Proper balance in the number of excitatory glutamatergic and inhibitory GABAergic 
neurons in dorsal spinal cord is essential for the correct functioning of the neuronal circuitry 
integrating sensory information from the periphery to the brain. It is known that the 
homeodomain transcription factors Tlx3 and Prrxl1 are essential for the determination of the 
excitatory phenotype. Noteworthy, Prrxl1 phosphorylation appears to play an important role in 
the spinal cord glutamatergic population development, changing from very high levels at early 
stages, where neural fate commitment takes place, to progressively low levels from E15.5 
onwards. Multiple phosphorylation sites were mapped in the Prrxl1 primary structure and four 
correspond to conserved phospho-S/T-P sites, which suggest a role for the prolyl isomerase Pin1 
in regulating Prrxl1 function. These S/T-P sites give rise to distinct phosphorylation profiles, 
which are key determinants of Prrxl1 conformation and thereby protein functioning. The 
phosphorylation states acquired by Prrxl1 during different developmental phases promote the 
association of Prrxl1 with distinct molecular partners. We showed, by 2D electrophoresis and 
reporter assays, that both Tlx3 and Hipk2 (homeodomain-interacting protein kinase 2) modulate 
Prrxl1 activity by controlling its phosphorylation status. In addition, Hipk2 is not 
transcriptionally regulated by Tlx3, as revealed by qPCR, which suggests that Tlx3 promotes 
Prrxl1 phosphorylation via Hipk2 recruitment to the transcriptional protein complex. Finally, we 
also implicated the Hipk2/Pin1 protein complex in the positive modulation of Tlx3 
transcriptional activity, further implicating phosphorylation events in the molecular interplay 
between Tlx3 and Prrxl1. The role of post-translational mechanisms in embryonic development 
is now beginning to be explored, and ours are the first data pointing to their importance in the 
differentiation of the nociceptive neurons. 
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Abstract: Corticospinal motor neurons (CSMN), residing in layer V of the neocortex, are the 
brain component of the multi-neuron circuitry controlling voluntary movement in mammals. 
CSMN are closely related to deep layer callosal projection neurons (CPN) and have the same 
birthdates, however very different projection targets and functions. CPN are similarly 
glutamatergic cortical projection neurons, but are involved in associative cognitive function and 
project to the contralateral cortex. While several transcription factors important for both CSMN 
and CPN have been identified, much of the molecular regulation of this process remains 
incompletely understood. MicroRNAs (miRNAs) are post-transcriptional gene regulators that act 
by promoting degradation or repressing translation of target mRNAs, including those encoding 
transcription factors. miRNAs are ideally suited to control developmental programs, as multiple 
miRNAs can converge on multiple targets to repress translation. While miRNAs have been 
shown to play a role in the earliest stages of cortical development, their role in cortical projection 
neuron development and diversity is unknown. A differential miRNA expression analysis of 
CSMN vs. CPN revealed 20 miRNAs that are more highly expressed by CSMN vs. CPN at post-
natal day 1 (P1) mouse. Several of these miRNAs are encoded on a single genomic miRNA 
cluster. One cluster-encoded miRNA, miR-CSMN1, is enriched in CSMN compared to CPN at 
P1 but not at P4. Predicted gene targets of miR-CSMN1 include CITED2 and LMO4, two 
transcription factors important for CPN and associative projection neuron development. Gain- 
and loss-of function studies demonstrate that miR-CSMN1 can control cortical projection neuron 
fate in embryonic cortical cultures. Similar functional studies on other cluster-encoded miRNAs 
are ongoing. Characterizing cluster-encoded miRNA controls on CSMN development may 



inform stem cell-based regenerative therapies for paralysis in clinically relevant conditions, 
including spinal cord injury and ALS. 
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Abstract: GABAergic cortical interneurons (CINs), primarily generated by medial and caudal 
ganglionic eminences (MGE & CGE), control circuit excitability by acting as a breaking system 
in the brain. CIN malfunctions are implicated in neuropsychiatric diseases including autism 
spectrum disorder, schizophrenia and epilepsy. Understanding CIN generation and maturation 
are crucial in order to better understand interneuronopathy-related brain diseases. 
MGE-derived CINs are composed of two broad subgroups: parvalbumin- (PV; late-born) and 
somatostatin- (SST; early-born) expressing. While MGE interneuron progenitor fate is initially 
determined by the Nkx2.1 and Lhx6 transcription factors (TFs), factors regulating the control 
over CIN fate and generation are still being uncovered. Here, we characterized two TFs, Mafb 
and c-Maf, which are genetically downstream of Nkx2.1, Lhx6 and Dlx, as critical for generating 



the correct balance of early and late born MGE CIN progenitors. 
Combined deletion of Mafb and c-Maf from MGE progenitors resulted in ~70% reduction of 
MGE-derived CINs at P35, with preferential loss of the PV subgroup. Surviving CINs reside in 
deeper cortical layers and are more likely to be early-born SST interneurons. At embryonic ages, 
EdU birthdating experiments showed no change of MGE CIN progenitor numbers with deletion 
of Mafb and c-Maf but an increase of precocious neurogenesis. Notably, we also found a robust 
increase of SST CINs in the neocortex of these mutants. Together, these results suggest Mafb 
and c-Maf control the balance of neurogenesis in late progenitors of the MGE, and these early 
disruptions cause a shift in the balance of PV+ and SST+ CINs. 
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Abstract: For neuronal circuits in the spinal cord that control locomotion, developmentally 
expressed transcription factors have served as entry points for functional assignment of left-right 
and flexor-extensor coordination circuits, as well as for rhythm-generation circuits. It is clear 
though that functions within each of these circuits most often are represented by molecularly 
heterogeneous groups of neurons, where further specification by molecular markers is needed to 
dissect the circuitries. In other cases, known groups of neurons already specified by distinct 
markers may not completely capture the functionality of the circuits and alternative or 
supplementary markers will be needed. For rhythm-generation several glutamatergic molecularly 



defined groups of cells are thought to be involved without any of them being responsible 
alone.creating the function alone. In order to capture new markers for this important groups of 
neurons in the spinal cord we have performed FAC-sorting, RNA-sequencing and differential 
expression analyses on glutamatergic neurons from the mouse ventral spinal cord. We compared 
the postnatal transcriptional expression profile of all glutamatergic neurons in the SC, the 
Vglut2-expressing neurons, to that of non-glutamatergic neurons as well as to one of the 
glutamatergic subgroups so far linked to rhythm-generation, the Shox2 interneurons (Dougherty 
et al. 2013). Amongst the transcripts up-regulated in the Vglut2-expressing neurons are well-
known glutamatergic developmental-markers such as Sim1, Evx2, Lhx3, Chx10, Shox2 and Lbx1. 
The analysis also identified more then 200 receptors, transcription factors, ion-channels and 
other neurotransmitters specifically 
expressed in the entire population of Vglut2-positive neurons as compared to non-glutamatergic 
neurons and Shox2-positive neurons. Our findings identify novel glutamatergic subgroups in the 
spinal cord and provide tools for further specification of spinal cord functions. In addition, since 
Vglut2 positive neurons are found in many regions of the nervous system, this work provide new 
molecular entry points to reveal the diverse function of this group of transmitter-defined neurons. 
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Abstract: The striatum comprises GABAergic projection neurons which accounts for ~90% of 
striatal neurons. There are two populations of striatal projection neurons (SPNs), striatonigral 
SPNs of the direct pathway and striatopallidal SPNs of the indirect pathway. Striatonigral SPNs 
express dopamine D1-class receptor, whereas striatopallidal SPNs express dopamine D2-class 
receptor. It has been proposed that activation of striatonigral pathway facilitates movement, 



whereas activation of striatopallidal pathway inhibits movement. The antagonistic but balanced 
activity of these two pathways is important for motor control. Foxp2, a language-associated 
gene, is expressed at high levels in the striatum. Our recent study suggests that Foxp2 plays an 
important role in synaptogeneis of corticostriatal circuits and vocal communication (Chen et al., 
2016). It is of interest to characterize striatal cell types that express Foxp2. Here, we analyzed the 
expression pattern of Foxp2 with respect to specific cell types of SPNs and interneurons in the 
adult mouse striatum. Based on double in situ hybridization and immunostaining, we found that 
Foxp2 was expressed in SPNs, but not in striatal interneurons. Moreover, Foxp2 was 
preferentially expressed in striatonigral SPNs. This result is consistent with the previous BAC 
transgenic mouse study showing that Foxp2 expression is primarily associated with Drd1-EGFP-
positive neurons in the striatum (Vernes et al., 2011). We also analyzed the expression pattern of 
Foxp1, a member in Foxp family. In contrast to the preferential expression of Foxp2 in 
striatonigral SPNs, Foxp1 was expressed in both populations of striatonigral and striatopallidal 
SPNs. Foxp1 was not expressed by striatal interneurons, either. In summary, the cell-type 
preference of Foxp2 expression in the striatum implicates a unique role of Foxp2 in regulation of 
striatonigral SPNs in striatal circuits. 
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Abstract: Vertebrates possess two distinct cellular sources of spinal serotonin. The first source is 
the raphe nuclei, from which supraspinal projections descend to innervate the spinal cord. The 
second source is a population of intraspinal serotonergic neurons (ISNs) that are intrinsic to the 



spinal cord. ISNs in fish and amphibians are almost exclusively localized to the ventromedial 
spinal cord, in close proximity to motor neurons and premotor interneurons. Thus, it is 
hypothesized that the ISNs are involved in modulating locomotor output. Here, we use a 
combination of in vivo optical imaging strategies to investigate the morphology and activity of 
the ISNs. The tryptophan hydroxylase 2 and pet1 Ets-domain transcription factor promoters were 
used to drive expression of fluorescent reporters in the ISNs. First, examination of EGFP 
expression revealed that ISNs somas were ventrally-located and evenly distributed along the 
rostrocaudal axis of the spinal cord. Next, we photoconverted Kaede in single ISNs between 3 
and 10 days post fertilization to quantify and track cell morphology, such as projection distances, 
neurite lengths, and arborization. Morphological characteristics exhibited the greatest changes 
between 3 and 4 days post fertilization, which corresponds to the onset of mature beat-and-glide 
swimming behavior. Finally, genetically-encoded calcium indicators were used to study the 
relationship of ISN activity to fictive locomotor output. ISNs displayed a variety of activity 
states: quiescence, tonic activity, and phasic with motor activity. All three of these activity states 
were observed during both fictive swimming episodes and periods of rest. ISN activity not being 
phasically coupled with locomotor activity is consistent with the ISNs having a modulatory 
influence on locomotor output, rather than being an integral part of the pattern generating 
network. 
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Abstract: Studies in different organisms have demonstrated that neuronal identity needs to be 
actively maintained throughout life by the combined action of transcription factors and 
chromatin modifiers. The paralogue lysine acetyltransferases 3 (KAT3) CBP/KAT3A and 
p300/KAT3B play an important role in the regulation of transcription and chromatin three-
dimensional structure. Although both proteins are essential for the normal development of the 
nervous system, their specific functions in post-mitotic neurons remain unclear. In order to 
investigate this matter, we produced inducible forebrain-specific knockout (ifKO) mice for either 
one or for both KAT3 proteins. Interestingly, we observe that only when both proteins are 
knocked out simultaneously, mice show severe neurological phenotypes and an increased 
mortality. These deficits are accompanied by a rapid and progressive reduction in the dendritic 
complexity of forebrain neurons and loss of normal electrophysiological properties. Remarkably, 
these dramatic changes correlate with a strong and specific downregulation of neuron-specific 
gene expression whereas housekeeping genes were mostly unaffected. We also observed that the 
lack of KAT3 caused a robust decrease in histone acetylation at specific residues, such as H2B 
panacetylation and H3K27ac. Overall, our experiments demonstrate that KAT3 proteins are 
necessary for maintaining neuronal identity and function during adulthood, most probably 
through the regulation of acetylation levels at neuronal enhancers and gene bodies. 
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Abstract: Flexible, purposeful tool use requires action planning. Adults’ action plans keep both 
the initial contact with the tool and the end goal in mind, even when the end goal stretches far 
into the future. Children, however, show dramatic deficits in planning when the end goal is not 
immediately accessible to perception. For example, participants of all ages normally reach for 
the handle of a hammer using an overhand radial grip. But when the handle points away from the 



dominant hand, an initially uncomfortable underhand grip is required to ensure the desired final 
position of the tool. This phenomenon of sacrificing comfort in the initial grip to allow for a 
comfortable end position is called “end-state comfort.” In contrast to adults, young children 
frequently select a comfortable initial grip, as if planning for start-state comfort. As a 
consequence, their hand is in an awkward end-state position when they use the tool. Indeed, 
children do not show consistent planning for end-state comfort until 10 or 12 years of age. Here, 
we examined the possible sources of differences in action planning between young children and 
adults. We innovated a novel method for obtaining electroencephalography (EEG), head-
mounted eye tracking, motion tracking, and video simultaneously in an end-state comfort 
hammering task. First, we replicated previous work showing deficits in 4-year-old children’s 
action planning. Then we compared EEG and visual attention for each age group for trials 
requiring planning for end-state comfort (handle pointing away from dominant hand) and trials 
that required planning only for start-state comfort (handle pointing toward dominant hand). At 
the neural level, we found differences in readiness potential over sensory-motor sites preceding 
initial end-state comfort grips in adults compared with the readiness potential preceding similar 
grips in young children. We used support vector machine (SVM) and random forest (RF) 
algorithms to describe preparatory neural patterns underlying differences in planning between 
the age groups. We also show that participants’ fixation location and motion kinematics are 
correlated with their grip. These results indicate that young children’s deficits in planning for 
end-state comfort stem from differences in neural activity and visual attention prior to moving 
the hand. 
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Abstract: Background: Prostaglandin E2 (PGE2) is an endogenous lipid-derived signalling 
molecule produced by Cyclooxygenase-2 (COX2). PGE2 is important in brain development and 
function. We have previously shown that PGE2 affects calcium regulation in growth cones, 
migration, proliferation, and differentiation in neural stem cells in vitro. Moreover, PGE2/COX2 
signalling can be disrupted through genetic changes along the pathway or exogenous factors, 
such as diet and exposure to infections, inflammation, and chemicals; all which have been 
associated with autism. Behavioural outcomes that manifest from abnormal PGE2/COX2 
signalling during prenatal development in vivo remain unknown. 
Objective: The major goal of this study is to determine if mice exposed to PGE2 during the 
critical time in prenatal development or mice lacking the PGE2 producing enzyme (COX2) 
exhibit behaviours typically seen in autism. We also aim to determine whether there are age or 
sex differences in these animal models. 
Methods: In this study, we examined offspring from a minimum of three independent litters for 
PGE2-exposed and homozygous COX2-/- groups. In the PGE2-exposed model, a single 
subcutaneous injection of 16,16-dimethyl-PGE2 (0.2µg/g) was administered to pregnant C57bl/6 
wildtype mice on embryonic day 11, corresponding to neurogenesis. 129S6 wildtype mice served 
as the controls for the COX2-/- mice. Subjects were split into young (4-6 weeks old) and adult (8-
12 weeks old) groups, and underwent the following behavioural tests on separate days: marble 
test, 3-chamber test, open field test, and inverted screen test. 
Results: We showed that PGE2-exposed and COX2-/- mice buried more marbles than control 
mice, indicating both models display greater repetitive and anxiety-related behaviour compared 
to respective controls. In the 3-chamber test, PGE2-exposed and COX2-/- mice spent less time in 
the novel mouse chamber and more time in the novel object chamber compared to controls, 
demonstrating lower sociability in both groups. In the open field test, PGE2-exposed and COX2-/- 
mice travelled a greater pathlength than controls, suggesting increased hyperactivity in both 
groups. In the inverted screen test, no differences in fall percentage were seen in PGE2-exposed 
mice, while COX2-/- mice fell more than their controls. Age and sex differences were also 
observed in both models for all behavioural tests. 
Conclusions: Our findings determined that disruption in PGE2/COX2 signalling during prenatal 
development can result in autism-like behaviours. We provide new evidence supporting the 
usage of these novel model systems for studying neurodevelopmental disorders such as autism.  
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Abstract: Genome-wide association studies and whole exome sequencing have suggested that 
genetic variants of type II cadherins, including Cdh8, Cdh9, Cdh10, Cdh11, Cdh12, Cdh13, are 
associated with autism. However, whether there is a causal relationship between cadherin 
alterations and autism traits remains to be clarified. Based on genome-wide gene co-expression 
analysis, we found that in the developing human brain, a group of well-established autism risk 
genes exhibits convergent expression profiles. Interestingly, the expression of one type II 
cadherin family member Cdh11, but not Cdh9, is highly correlated with the expression of several 
well-established autism risk genes, suggesting greater relevance of Cdh11 than Cdh9 in the 
development and function of autism-related brain circuits. The functional linkage of Cdh11 and 
Cdh9 with autism was further evaluated by behavioral analysis of Cdh11 and Cdh9 gene 
knockout (KO) mice. Cdh11 KO mice exhibited behavioral abnormalities that are very similar to 
core behavioral traits and comorbidities of people with autism, including higher explorative 
activity, reduced anxiety level, increased repetitive behavior, reduced social interactions, and 
impaired motor coordination. In contrast, Cdh9 KO mice only exhibited very mild abnormalities 
in the same behavioral tests. In cerebellar tissues from Cdh9 and Cdh11 KO mice, activities of 
the PI3K signaling pathway, a pathway implicated into autism pathology, were also affected 
differently. These findings establish a potential relationship between Cdh11 rather that Cdh9 and 
autism traits, and identified Cdh11 KO mice as an important animal model for autism. Our 
findings also highlight the effectiveness of the genome-wide gene co-expression analysis in the 
prediction of the functional impact of novel gene variants in autism studies. 
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Abstract: Autism Spectrum Disorders (ASD) are a group of neurodevelopmental disorders with 
early onset of symptoms, characterized by socio-communicative deficits and patterns of 
stereotyped behaviours. Although the causes of ASD remain unclear, evidence strongly supports 
the role of genetic factors in their aetiology, including mutations in Neurexin (NRXN) family 
genes. Our study aimed the behavioural phenotyping of mice with deletion of Nrxn1α gene 
encoding for a neuronal presynaptic cell-adhesion molecule in order to identify autistic-like 
features, as soon as possible during the early developmental period. We evaluated the ontogentic 
profile of the vocal response during the first weeks of life through a detailed analysis of the 
ultrasonic vocalizations. Ultrasonic vocalizations are emitted by mouse pups in response to 
isolation from the mother and littermates and considered a suitable tool for the identification of 
early communication deficits in autism mouse models. Moreover, since motor dysfunctions can 
predict the onset of the other symptoms in ASD, we performed a fine-grain characterization of 
spontaneous motor behaviours, recorded simultaneously with the ultrasonic vocalizations. This is 
the first vocal and motor evaluation of Nrxn1α mutant pups that allows identification of autistic-
like phenotypes at an early developmental stage. Our results indicate that an altered profile is 
detectable in the emission of ultrasonic vocalizations and acquisition of specific motor patterns 
in Nrxn1α mutant pups, in line with behavioural phenotypes of ASD children. Our findings 
suggest that the Nrxn1α gene has an important neurodevelopmental function and its deletion 
causes specific early behavioural abnormalities. 
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Abstract: Autism is associated with high levels of oxidative stress biomarkers, increased body 
burdens of environmental toxicants that induce oxidative stress, and decreased levels of 
antioxidants. The objective of the present study was to advance our model of autistic regression 
using mice with a deletion of the NRF2 gene (nuclear factor E2-related factor 2), a master 
regulator for downstream enzymes associated with management of toxicant-generated reactive 
oxygen species. On postnatal day 14 KO and WT animals were exposed to sodium valproate 
(VPA; 400 mg/kg; s.c.) or saline and evaluated on a behavioral battery assessing maturation of 



normal social and motor skills to classify toxicant-induced deficits along a developmental 
timeline. Prior studies revealed this treatment induces functional and pathological changes akin 
to autistic regression. Results of mid air righting testing provide evidence of regression of normal 
motor development in that saline-treated animals show similar development across genotypes but 
animals exposed to VPA exhibited a loss of the recently acquired ability to mid-air right with the 
NRF2 KO mice more affected than WT mice. We operationally define this loss of an acquired 
skill as regression. Additionally, in the rotarod test, KO-treated animals spent significantly less 
time than WT and saline-treated counterparts on the rotarod. These results indicate a critical 
importance of NRF2 during development as it might relate to autism and, more generally, the 
deleterious effects of oxidative stress during early development. 
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Abstract: It is known that males have greater risk of developing neurodevelopmental disorders, 
such as autism spectrum disorders (ASD), than females. Our previous proteomics study 
identified collapsin response mediator protein (CRMP) 4 as a protein exhibiting sex-different 
expression during sexual differentiation of the sexually dimorphic nucleus of the hypothalamus 
(Iwakura et al., 2013). Recently, we found a de novo mutation of CRMP4 in a male patient with 
ASD from whole exome sequencing. ASD is characterized by impaired social interaction, verbal 
and non-verbal communication, restricted range of interest, and abnormal sensory perception. 
The aim of the present study is to investigate the relationship between Crmp4-deficiency in mice 
and ASD-like behaviors as well as sex different effects of Crmp4-deficiency by comparing social 
interaction behaviors and sensory perception abilities between Crmp4-KO and wild type (WT) 
mice of both sexes. Furthermore, in order to obtain the information for mechanisms underlying 
Crmp4-deficiency-induced ASD-like behaviors, altered gene expressions in brain areas including 
the cortex, hippocampus, and olfactory bulb were examined in Crmp4-KO and WT mice of both 
sexes. In addition, we examined the effect of Crmp4-deficiency or de novo mutation of Crmp4 
on dendritic morphology of cultured hippocampal neurons.First, eight types of behavioral tests 
including social interaction test and three-chambered social approach task were performed in 
young adult (4-11 weeks old) WT and Crmp4-KO mice of both sexes. Crmp4-KO mice 
exhibited decreased social interaction activity, compared to WTs. It was more severely changed 
in male Crmp4-KO mice than in females. Furthermore, altered thermal perception was observed 
only in male Crmp4-KO mice, compared to male WTs. The expression levels of some genes 
including AMPA receptors (GluR1 and 2) and a dopamine receptor (D1R) were changed mostly 
in a gender-dependent manner in the brain of Crmp4-KO mice, compared to WTs. Furthermore, 
Crmp4-deficiency enhanced dendritic branching of cultured hippocampal neurons, compared to 
WTs. Expression of mutated mouse Crmp4, which is homologous to human mutated CRMP4 
found in ASD patient, in cultured hippocampal neurons derived from Crmp4-KO mice also 
increased their dendritic branching, compared to those derived from Crmp4-KO mice and 
transfected with WT Crmp4. These studies indicate the functional relevance of a case-specific 
rare-variant of one molecule, Crmp4, to some symptoms of ASD and suggest its possible 
mechanisms. 
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Abstract: Mutations in the X-linked gene cyclin-dependent kinase-like 5 (CDKL5) have been 
identified to induce CDKL5 disorder, a neurodevelopmental disease characterized by early-onset 
seizures, severe intellectual disability, motor impairment, and autistic features. A few studies 
showed that CDKL5 animal models recapitulate some of the CDKL5 symptoms including 
cognitive deficits. Although long-term potentiation (LTP) serves as a neural substrate of learning 
and memory, the synaptic plasticity in CDKL5 mutant mice has not been investigated. Here, we 
assessed the hippocampus-dependent learning and memory function in a unique CDKL5 
knockout mouse model with exon 6 deletion (B6.129(FVB)-Cdkl5tm1.1Joez/J). In fear conditioning 
task, the male CDKL5 knockout mice (Cdkl5-/y) froze significantly less than wide type (WT, 
Cdkl5+/y) littermates in both contextual and cued fear memory test, consistent with the previous 
report. Importantly, we uncovered that the female heterozygous Cdkl5+/- mice were impaired in 
contextual fear memory as well, compared to WT controls. In another hippocampus-dependent 
task, passive avoidance, both male and female CDKL5 mutant mice had shorter latencies to enter 
the dark compartment during memory retention test in comparison with WT littermates. Guided 
by these behavioral data, we examined hippocampal LTP in awake, free moving Cdkl5-/y mice 
vs. WT controls. Field recordings from the hilar region of the dentate were measured in response 
to electrical stimulation in the medial part of the perforant path. The recording and stimulating 
electrodes were implanted 2-3 weeks before the tests. Theta burst stimulation induced 174% 
potentiation in mutant mice compared to 239% in WT controls 1 h after induction, indicating the 
impairment of synaptic plasticity in Cdkl5-/y mice. These results demonstrate that CDKL5 
mediates hippocampal learning and memory likely through the regulation of hippocampal 
synaptic plasticity. 
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Abstract: Autism is a complex developmental disorder characterized by numerous behavioral 
impairments, such as communication, socialization and cognitive inflexibility. Valproic acid 
(VPA) is an anti-epileptic drug with teratogenic activity that has been related to autism. In 
rodents, exposure to VPA during the pregnancy induced symptoms similar to those found in the 
human condition of that disorder. However, there are no effective treatments for autism. 
Particularly, exposure to VPA may alter zinc metabolism resulting in a transient deficiency of 
zinc. Therefore, we selected zinc as prenatal treatment to prevent VPA-induced deficiencies. In a 
rat model of VPA-induced autism, we tested the treatment with zinc supplementation. Wistar 
female rats received either saline solution or VPA (400 mg/ kg, i.p) on gestation day (GD) 12.5. 
In order to test the zinc supplementation effect, after 1 h of treatment with saline or VPA, a dose 
of zinc (2 mg / kg) was injected. The offspring was tested for abnormal communication behavior 
by ultrasound vocalization task on post-natal day 11 (PND), repetitive behavior and cognitive 
ability was tested by T-maze task on 29 PND and social interaction was tested by play behavior 
task on 30 PND. We also evaluated tyrosine hydroxylase protein (TH) expression, in the 
striatum. VPA treatment induced alterations in various behavioral parameters. VPA group 
showed decreased ultrasonic vocalization, repetitive/restricted behavior, cognitive inflexibility, 
impairment of socialization, characterized by decreased play behavior and reduction in striatal 
TH levels as compared with saline control group. The zinc treatment reduced VPA-induced 
autism-like behavioral changes. Zinc supplementation generated behavioral improvement in the 
cognitive inflexibility, attenuated the VPA-induced deficit on social play behavior, and restored 
the vocalization pattern. However, we found no evidence of zinc effect on the VPA-induced 
reduction in the TH striatum levels. The persistence of low TH expression in VPA-Zn group 
suggests that Zn-induced behavioral improvement in autistic rats may not depend on TH activity. 
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Abstract: Human has highly sociality. Social behavior is essential in human society, in 
particular, compassionate and cooperative behaviors which help others without expecting 
external compensation are important, It is said that motivation for causing such social behaviors 
is "empathy" [Decety et al. 2016]. Empathy is impaired in many neuropsychiatric disorders 
including autism spectrum disorder (ASD). Although ASD has a high prevalence rate (~1%), its 
etiology and treatment are still unknown. ASD is a congenital neurodevelopmental disorder that 
is impaired in sociality and communication skill. Patients show perseveration and avoid 
interpersonal relationships. It is thought that neuroscientific analysis of empathy broadly lead to 
the treatment of social disorders of many psychiatric disorders including ASD. In recent years, 
Oxytocin (Oxt) and its receptor (Oxtr) are focused on ASD study because it has been reported 
that administration of Oxt to ASD patients and model mice has restored social disorders [Brian et 
al. 2015, Watanabe et al. 2015]. Oxt is a peptide synthesized in the paraventricular nucleus and 
supraoptic nucleus in the brain and is known to be involved in social behaviors such as maternal 
behavior and affinity. There are few reports on the association between empathy and Oxt / Oxtr 
and it has not been comprehensively understood yet. In this study, we aim to clarify how the Oxt 
/ Oxtr system controls empathy. We performed empathic behavioral tests using Oxt / Oxtr 
knockout mice and prairie vole (Microtus ochrogaster) to identify brain regions involved in 
empathy. Prairie voles are known to show strong monogamous system and used as a model 
animal in social behavior research, since there is a report that wild-type prairie voles show 
empathetic behavior between monogamous pair [Burkett et al. 2016]. In the behavioral test, after 
pair bonding, we provide a fear stimulus to female mouse or prairie vole. We measured empathy 
as allogrooming behavior from paired male to female which showed fear response. It resulted 
that wild-type mice and prairie voles showed empathic behavior. However, empathic behaviors 



were reduced in Oxt / Oxtr knockout mice compared with wild type ones. In addition, 
immediately early gene activations were detected in anterior cingulate cortex and olfactory 
nucleus during empathic behavior. 
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Abstract: Hypothyroidism within a critical window of brain development leads to severe mental 
retardation later in life associated with maldevelopment of the cortex and cerebellum. However, 
a variety of sources of evidence suggest that transient hypothyroidism in early gestation, prior to 
the critical window for “cretinism”, is associated with cognitive deficits in offspring in later life 
including Autistic Spectrum Disorder. We have previously examined the affects of transient 
depletion of thyroid hormone levels on the early development of the avian cerebellum. In chick, 
early hypothyroidism disrupts the formation of the nuclei that comprise the output of the 
cerebellum well before the thyroid hormone- dependent events in cortical and cerebellar 
development. We therefore hypothesised that thyroid-dependent cerebellar disconnection may 
underlie cognitive deficits in late life. Hence, transient early gestational hypothyroidism might 
result in discrete cerebellar functional and anatomical consequences that are distinct from 
cortical phenotypes associated with late embryonic and early postnatal hypothyroidism. 
To test this, we used a mouse model and treated pregnant dams with either Methimazole (0.1% 
in the drinking water ) or control treatment from 0 to 14 days gestation. ELISA analysis showed 
that Methimazole (MMI) treatment results in a significant drop in T3 and T4 levels at 14 days 
gestation. Litters (n = 16) were then raised through to P64 and challenged with a battery of 
behavioural and motor tests (juvenile social play, adult social investigation, three chamber test , 
olfactory habituation/dishabituation test, open field, light/dark, elevated plus maze, grooming, 
marble burying, Y maze spatial discrimination, rotarod, muscle grip). 



The brains of adult offspring in experimental and control groups were analysed by X-ray micro-
CT scan following immersion in Iohexol (150-200 mg/mL) for 14 days. Gross morphology of 
both groups was broadly similar, suggesting that the behavioural phenotype result from relatively 
subtle changes in cell number, physiology or connectivity. 
The only significant differences in behaviour were detected in open-field test of anxiety and a 
three-chamber test for sociability. These phenotypes are sex-specific. Male offspring show 
heightened anxiety (open-field). Female mice show reduced social interaction (three-chamber 
test). Both results are consistent with features of mouse models of human autistic spectrum 
disorder. This suggests that the findings in clinical and epidemiological studies of human cohorts 
can be simulated in a simple model of transient gestational hypothyroidism in mice. 
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Title: Sociability development in w=mice with cell-specific deletion of the NMDA receptor 
GluN1 (NR1) subunit gene 

Authors: *S. L. FERRI1, A. A. PALLATHRA2, H. KIM2, H. C. DOW2, W. B. BILKER3, T. 
ABEL1, S. J. SIEGEL4, E. S. BRODKIN2 
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Abstract: N-methyl-D-aspartate receptors (NMDARs) are important for brain development, 
synaptic plasticity, and learning and memory. NMDAR dysfunction has been linked to a number 
of neurodevelopmental disorders including autism and schizophrenia. While loss of NMDAR has 
been previously associated with social deficits, age and sex specificity has been understudied. 
We used the Cre-Lox system to ablate the the NMDAR subunit GluN1 (NR1) specifically in 
either excitatory or a subset of inhibitory neurons with a CaMKII or parvalbumin (PV) promoter, 
respectively, and measured social approach behavior of 30-day-old and 70-day-old male and 
female mice in a three-chambered apparatus. We found that deletion of GluN1 in either cell type 
had no effect on distance traveled in the arena. Mice lacking GluN1 in PV neurons showed no 
change in time spent sniffing the cylinder containing the social target compared to PV-Cre 
littermate controls, regardless of age or sex. However, both male and female mice lacking GluN1 



in forebrain excitatory neurons showed a significant increase in time spent sniffing the cylinder 
containing the social target mouse compared to CaMKII-Cre littermate controls, at both 30d and 
70d of age. These findings may shed light upon cell types and brain areas involved in autism, 
schizophrenia, and other disorders of sociability. 
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Title: Characterizing ultrasonic vocalizations in NS-Pten knockout pups: Implications for autism 

Authors: *M. BINDER, J. LUGO 
Psychology & Neurosci., Baylor Univ., Waco, TX 

Abstract: A signaling cascade that plays a crucial role in the development of an autistic-like 
phenotype is the PI3K/AKT/mTOR pathway. Mouse models that illustrate this connection 
include Fmr1, Tsc1, and Neuron-subset specific (NS)-Pten knockout mice. While numerous 
studies have investigated ultrasonic vocalizations (USVs) in Fmr1 and Tsc1 knockout mice, none 
have investigated USVs in NS-Pten knockout mice using the Avisoft recording system. In light 
of this, the present study utilized a maternal separation paradigm to characterize neonatal 
vocalizations in NS-Pten knockout male and females on postnatal days 8 and 11. We found that 
knockout pups emitted fewer vocalizations for both sexes (p < .05). Knockout males had calls of 
a shorter duration and lower peak amplitude on day 8, while showing a shorter duration, lower 
peak amplitude, and higher peak and fundamental frequency on day 11 (p < .001). Knockout 
females vocalized at a lower peak amplitude and fundamental frequency, and a higher peak 
frequency on day 8, while showing a shorter duration and higher peak and fundamental 
frequency on day 11 (p < .001). Spectrographic analyses also revealed significant differences in 
call type for both genotypes and sexes (p < .05). These findings demonstrate that deletion of NS-
Pten results in significant decreases in vocalizations across both sexes. Additionally, our findings 
indicate that the aberrant vocalizations and increased call duration seen in other mTOR models 
are also present in NS-Pten knockout mice. Our study provides evidence of a connection 
between hyperactive mTOR signaling and ultrasonic vocalizations. The results may provide new 
insights into the impact of mTOR signaling and an autistic-like phenotype. 
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Title: Pathogenic role for kynurenine pathway in maternal immune activation-induced autism-
like behavior in mice 

Authors: *D. S. COELHO1, A. M. GARRISON2, K. KIMENEZ2, L. REDUS2, J. 
VALDERAS2, J. C. O'CONNOR3 
1Pharmacol., Univ. of Texas Hlth. Sci. Ctr. At San A, San Antonio, TX; 2Univ. of Texas Hlth. 
Sci. Ctr. at San Antonio, San Antonio, TX; 3Pharmacol., UTHSCSA, San Antonio, TX 

Abstract: Prenatal inflammation is a risk factor for neurodevelopmental disorders. In rodent 
models, maternal immune activation (MIA) causes phenotypes in offspring that resemble many 
of the features of these human disorders, but the pathogenic mechanisms remain unclear. 
Immune activation upregulates the tryptophan metabolizing enzyme indoleamine 2,3-
dioxygenase (IDO) which mediates many of the behavioral consequences of inflammation in 
adults, and experimentally increasing kynurenine levels of pregnant dams causes developmental 
consequences in the offspring. Therefore, we hypothesized that MIA-induced upregulation of 
IDO during gestation is a pathogenic mechanism by which fetal neurodevelopment is disrupted 
and autism-like phenotypes develop. Pregnant female IDO-/- mice or control C57BL/6J mice 
were administered 20 kg/mg polyinosinic:polycytidylic acid (poly I:C) or saline i.p. on 
gestational day 12.5. At various ages, autism-like behaviors were measured. Repetitive self-
grooming behavior was significantly increased in WT-MIA male offspring compared to WT-
saline controls. Self-grooming behavior in IDO-/- mice was not affected by MIA. MIA reduced 
preference for social novelty, measured in the 3-chamber test, in male offspring independent of 
IDO, while it increased social novelty preference in WT female mice. In mice with targeted 
deletion of kynurenine monooxygensase (KMO), endogenous kynurenine levels are markedly 
increased, and offspring of KMO KO dams exhibit several autism-like behaviors. Our data 
suggest that IDO may play an important pathogenic role in the development of specific autism-
like behaviors caused by MIA. 
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Authors: *W. QIU1, K. GO2, L. CASANUEVA2, A. R. GOBINATH2, S. E. LIEBLICH2, P. 
DUARTE-GUTERMAN2, L. A. M. GALEA3 
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Abstract: Postpartum depression can affect up to 15% of women. Fluoxetine is a common 
antidepressant prescribed to treat postpartum depression. Although the data are conflicting, 
perhaps to do timing and nature of exposure, developmental exposure to selective serotonin 
reuptake inhibitors (SSRIs), like fluoxetine, during the peri-partum and postpartum period may 
increase the risk of Autism Spectrum Disorder in children. Oxytocin can enhance social 
interactions in rodents, and intranasal oxytocin is currently being investigated in clinical trials as 
a treatment for children with Autism Spectrum Disorder. The aim of this study is to investigate 
the effects of maternal postpartum corticosterone (to induce depressive-like behavior in the dam) 
and maternal fluoxetine administration on male and female offspring. Oxytocin is a peptide 
hormone that does not readily cross the blood-brain barrier. Here we used a nanoparticle drug 
delivery system TriozanTM to facilitate oxytocin entering the central nervous system in pre-
adolescent offspring. We hypothesized that the use of Fluoxetine during the postpartum period to 
dams will decrease social behaviour in both male and female offspring. Administration of high 
corticosterone to the dam increases maternal depressive-like behavior, reduces maternal care and 
increases anxiety-like behavior in male, but not female, offspring. We expect that oxytocin, 
given to preadolescent offspring, will reverse the adverse effect of maternal fluoxetine and 
normalize social behaviour, microbiome composition, proinflammatory cytokines, and adult 
neurogenesis compared to controls. Dams will be given corticosterone (40mg/kg) to simulate 
postpartum depression and fluoxetine (10mg/kg) for 23 days. Administration of oxytocin 
(0.5mg/kg) and TriozanTM (0.25mg/mL) in offspring will occur for 10 days from postnatal day 
25 to day 34. Offspring will be tested for social, anxiety and locomotor behaviour during 
adolescence (postnatal day 35-37) and again in adulthood (postnatal day 70-73). Preliminary 



results indicated in adult rats showed that in both males and females, 0.5mg/kg of oxytocin 
increased social investigation. The results of the current study will determine whether 
preadolescent exposure to oxytocin mitigates any adverse effects of maternal corticosterone and 
concurrently fluoxetine on offspring behavior, microbiome, and neuroinflammatory profile. 
Funding from CIHR to LAMG (MOP-142308). 
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Title: Sensory processing deficits in a prenatal immune activation model of altered 
neurodevelopment 

Authors: F. HADDAD, L. LU, C. DEOLIVEIRA, *S. SCHMID 
Univ. of Western Ontario, London, ON, Canada 

Abstract: Altered brain development is associated with neuropsychiatric disorders like autism 
spectrum disorder (ASD) and schizophrenia. Maternal infection during pregnancy has been 
linked with an increased risk of offspring developing these disorders, implicating maternal 
infection in abnormal neurodevelopment. Further epidemiological and preclinical research 
identified the immune response as a major mediator of these detrimental effects on 
neurodevelopment. To isolate effects of the innate maternal immune response on fetal brain 
growth, the viral marker polyinosinic:polycytidylic acid (poly I:C) is commonly used to elicit a 
pathogen-free immune response. Maternal injection of poly I:C during gestation produces 
offspring with structural and behavioral changes relevant to core symptoms of ASD and 
schizophrenia. We investigated the effect of early and mid-gestation (Gestation Days 9 and 14) 
poly I:C treatment in rats on offspring social behaviour, spontaneous open field activity and 
sensory processing. Sensory processing was measured through habituation and multisensory 
prepulse inhibition of the acoustic startle response, while social behavior was investigated using 
a 3-chamber apparatus measuring sociability and social recognition. All tests were done in 
adolescence (6 weeks) and adulthood (4 months) to investigate the change in phenotype across 
age in the offspring. Our results show that mid-gestation immune activation impaired visual but 
not auditory prepulse inhibition (PPI) in both adolescence and adulthood, and this effect was sex-
dependent in adolescence. In contrast, spontaneous short and long-term habituation of startle as 



well as spontaneous open field activity were unaffected. Additionally, adolescent GD-14 poly 
I:C offspring showed decreased sociability with familiar animals but normal social recognition. 
Social behaviour in adulthood was unaffected. Preliminary results from GD-9 immune activation 
show similar deficits in multisensory PPI with a decrease in visual PPI compared to the controls. 
However, no effects of early immune activation were found in social behavior or spontaneous 
open field activity. The observed visual PPI and sociability impairments can be linked to 
neurodevelopmental disease phenotypes, particularly those involving sensory processing and 
multisensory integration deficits. Future studies will attempt to study the association of these 
phenotypes with anatomical and molecular findings, as well as whether they correlate with 
higher order cognitive function. 
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Title: Behavioural characterisation of a rat lacking the GAP domain of SynGAP 

Authors: *D. KATSANEVAKI1,2,3, S. TILL1,2,3, S. NAWAZ4,2, O. DANDO1,2,3, L. MIZEN1, G. 
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Abstract: SYNGAP1 haploinsufficiency is one of the most common causes of nonsyndromic 
intellectual disability and autism. De novo mutations in the SYNGAP1 gene lead to the loss of the 
encoded protein SynGAP, one of the most abundant of postsynaptic proteins. SynGAP acts as a 
regulator of signaling pathways linked to AMPA- and NMDA-receptor plasticity at the post 
synaptic density. The Syngap heterozygous mouse model has been widely used to understand the 
pathophysiology underlying abnormal SynGAP-mediated signaling. Recent advances in 
techniques for genome manipulation allow for the generation of rat models of 
neurodevelopmental disorders; enabling phenotypes to be validated across species and 
addressing cognitive and social dysfunction, using paradigms that are more difficult to assess in 
mice. In this study, we examine the pathophysiology associated with a heterozygous deletion of 
the C2 and catalytic GAP domain of the protein, in rats (HET). Importantly, this smaller form of 
SynGAP is produced and localises to synapses at the same levels as wild type SynGAP. As was 
found with a homozygous null deletion of SynGAP in mice, homozygous loss of the C2 and 
GAP domains results in perinatal death in rats. However, in contrast with HET mice, HET rats 
do not present with hyperactivity and can be habituated to an open field environment. To 
examine associative recognition memory, we tested the rats in five spontaneous exploration tasks 
for short-term memory, object-recognition (OR), object-location (OL), object-place (OP), object-
context (OC) and object-place-context (OPC). We also tested long-term memory in OR and OL. 
Both groups were able to perform short-term memory tasks, but only wild type rats performed 
above chance in OL with a 24h delay, suggesting deficits in long-term spatial memory. We then 
tested if partial loss of the GAP domain in SynGAP affects social behaviour in rats and we found 
that HET rats exhibited impaired short-term social memory, with no signs of social isolation. 
One consistent observation through all the tasks was decreased exploratory activity of the HET 
rats which was due to increased immobility. To examine this further we tested rats in a cued-fear 
conditioning paradigm, where we found that HET rats had generalised fear and abnormal fear 
extinction. These findings do not fully recapitulate abnormalities reported in the mouse model of 
Syngap haploinsufficiency, suggesting that some key behavioural phenotypes may be species-
specific. We are currently examining the effect of the full protein deletion in rats, to complement 
existing data and provide greater insight into cognitive dysfunction associated with dysregulation 
in SynGAP-mediated signaling. 
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Title: Assessing the differential integration of reward benefits and costs in neurexin1a mutant 
mice 

Authors: *O. O. ALABI, M. FORTUNATO, M. FUCCILLO 
Neurosci., Univ. of Pennsylvania, Philadelphia, PA 

Abstract: Abnormalities in how reward shapes behavior are present in a number of 
neuropsychiatric disorders including autism spectrum disorders and schizophrenia. While there 
are extensive genetic resources available to study these disorders in mice, few goal-directed tasks 
have been designed that reliably characterize how mice weigh differential reward benefits and 
cost in their selection of actions. In this study, we designed a forced-choice two-alternative serial 
reversal task in which each lever was associated with specific reward outcomes and required 
operant contingencies. Furthermore, to simultaneously probe flexibility of choice, we used 
instantaneous performance measures to trigger contingency switches over the course of a 
session. We developed global and trial-by-trial measures to assess the choice patterns and 
behavioral flexibility of mice in response to differing “choice benefits” (modeled as reward 
magnitude ratios) and different types of “choice cost” (modeled as either increasing repetitive 
motor effort or increased delay to reward delivery). We have made the following observations: 
(1) mouse choice is highly sensitive to both relative reward ratio and the density of feedback 
information; (2) choice costs are heavily discounted in environments with large disparities in 
reward volume; (3) mice differentially altered their response pattern in response to the 
introduction of delay and effort costs on the higher reward lever. Delay decreased the likelihood 
that mice would choose the same alternative on subsequent trials (effectively decreasing the 
positive reinforcing effects of that alternative), while increasing effort thresholds on high-reward 
alternatives paradoxically increased the reinforcing effects of the non-modified alternative. We 
are currently employing this behavioral paradigm in Neurexin1α mutants, a mouse genetic model 
of neuropsychiatric disease, where preliminary data suggests deficits in both value-based 
reinforcement and flexible adaptation of choice. 
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Title: Prenatal minocycline treatment alters synaptic protein expression, in oxytocin receptor-
knockout mice 

Authors: *S. MIYAZAKI, S. HIDEMA, K. NISHIMORI 
Tohoku Univ., Sendai-Shi, Japan 

Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by 
impaired communication, difficulty in companionship, repetitive behaviors and restricted 
interests. Recent studies have shown amelioration of ASD symptoms by intranasal 
administration of oxytocin and demonstrated the association of polymorphisms in the oxytocin 
receptor (Oxtr) gene with ASD patients. Deficient pruning of synapses by microglial cells in the 
brain has been proposed as potential mechanism of ASD. Other researchers have shown specific 
activation of microglial cells in brain regions related to sociality in patients with ASD. Although 
the roles of Oxtr and microglia in ASD are in the spotlight, the relationship between them 
remains to be elucidated. In this study, we found abnormal activation of microglial cells and a 
reduction of postsynaptic density protein PSD95 expression in the Oxtr-deficient brain. 
Moreover, pharmacological inhibition of microglia during development can alter the expression 
of PSD95 and improve abnormal mother-infant communication in Oxtr-deficient mice. Our 
results suggest that microglial abnormality is a potential mechanism of the development of ASD-
like phenotypes. 

Disclosures:  S. Miyazaki: None. S. Hidema: None. K. Nishimori: None. 

Poster 

283. Autism Genetic Models 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 283.18/B31 

Topic: A.07. Developmental Disorders 

Support: George Washington University 
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neuropsychiatric disease 
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Abstract: Digging behavior is often used to test anxiety and repetitive behaviors in mice. 
However, digging is also a normal mouse behavior, that can be focused toward different goals, 



i.e. foraging for food, burrowing for shelter, removing noxious stimulus, or even for recreation as 
has been seen in animals like dogs and ferrets. The marble burying test, where digging is 
measured as related to the number of marbles buried in deep bedding has become a popular assay 
for anxiety, obsessive compulsive disorder and repetitive behaviors in autism spectrum disorder 
(ASD) in mouse models. However, this test can have ambiguous results and does not 
discriminate between anxiety due to presence of the novel objects, the marbles, and compulsivity 
using intensity of digging. 
We developed the Discriminatory Digging Behavior test a test to make clear determinations 
between different types of digging behavior in mice based on the driving motivation, 
distinguishing between foraging (food-seeking) and burrowing (shelter-seeking). Mice are given 
a choice between emptying a tube filled with paper bedding (the burrow) and digging in deep 
corncob bedding. By testing mice which were fed ad libitum and then food-deprived, we showed 
that mice will increase foraging outside the burrow when hungry. To show that this difference 
was not due to acclimatization to the new environment, we performed the test again on the food 
deprived mice two weeks after their food intake returned to ad libitum showing that they revert 
to the previous behavior. When comparing male and female mice, we also found that females do 
not switch between burrowing and foraging when food deprived as males do. Females have 
shown different physiological response to food-deprivation than males and they greatly reduce 
energy expenditure. This sex difference appears to be captured by our test. 
This novel test can be used to probe brain circuits involved in food seeking, shelter/safety 
seeking and anxiety and to test animal models of neuropsychiatric disorders. We started by using 
a mouse model of intellectual disability (ID) and ASD with reduced marble burying 
performance, mice deficient for the ASD/ID gene Cc2d1a. We found that in fact their burrowing 
index and burrowing behavior in general was reduced in males, and not altered in females. 
Because burrowing improves with experience and is also socially facilitated we are now 
developing variants on this test for assessing learning and social deficits. This cooperative 
burrowing test can provide a novel social test that is not focused on olfaction as a measure, using 
mice that are already part of the subject's social structure. 
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Title: Development of an operant task to quantify social motivation in autism mouse models 

Authors: *C. T. WEICHSELBAUM1, K. PARKER2, K. KNIEPKAMP3, M. R. BRUCHAS4, J. 
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Abstract: The social motivation theory of autism posits that social interaction may be less 
rewarding for individuals with autism spectrum disorders (ASD) than typically-developing 
individuals. However, it has also been suggested that reward processing may be affected more 
globally in ASD. Mouse models present a promising opportunity to explore these competing 
hypotheses across a variety of ASD etiologies, such as ASD-associated genetic mutations; 
however, standard sociality tasks do not directly quantify social motivation. Thus we developed 
an operant conditioning task to measure the rewarding value of a social stimulus, which may be 
compared with non-social stimuli to assess whether deficits in reward processing are global or 
specific to the social domain. We modified a standard mouse operant chamber (Med Associates 
Inc.) to house a stimulus animal accessible to the test mouse via a guillotine-style door. Bars in 
the doorway prevent the test mouse from exiting the operant chamber, but allow visual, auditory, 
olfactory, and tactile contact between mice when the door is raised. Thus the test mouse may be 
rewarded with social interaction rather than the typical food or drug reward. A progressive ratio 
(PR) schedule of reinforcement determines the breakpoint for the social reward, that is, how 
much effort the mouse is willing to exert to obtain that social contact. When rewarded with 
access to a novel age- and sex-matched conspecific, the majority of wildtype C57Bl/6j mice 
successfully condition within 5 days on a fixed ratio (FR)-1 schedule, and demonstrate a PR 
breakpoint comparable to that of non-social rewards (i.e. sucrose pellets). Testing of several 
ASD genetic mouse models is ongoing. This social operant task represents a valuable addition to 
the repertoire of sociality tasks used to assess mouse models of ASD, and will help to elucidate 
the role of social-specific vs. global reward processing deficits in this disorder. 
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Abstract: Autism spectrum disorder (ASD) is a pervasive neurodevelopmental disorder with 
prevalent psychiatric comorbidities including anxiety and depression. Monoamine 
neurotransmitters, including norepinephrine (NE) and serotonin, play important roles in 
modulating anxiety and mood. Significantly, the neural patterning transcription factor Engrailed-
2 (En2) is involved in the development of the embryonic mid-hindbrain region, where 
monoamine neurons emerge, and our studies, as well as others, suggest EN2 is associated with 
ASD. The present study tested the hypothesis that En2 knockout mice (En2-KO) would have 
defects in regulating the hypothalamic-pituitary-adrenal (HPA) axis stress system, which is 
controlled in part by innervating NE fibers and activity. The amygdala and ventral hippocampus 
(vHipp) exert stimulatory and inhibitory inputs to the paraventricular nucleus of the 
hypothalamus (PVN) to regulate glucocorticoid release. Multiple regions were characterized 
structurally (NE fibers) and functionally (c-fos) before and after swim stress. The En2-KO 
amygdala exhibited increased NE innervation, including increased TH (1.7-fold; p<0.02) and 
NET (1.5-fold; p<0.0017) proteins and NET fibers (2.3-fold; p<0.0007) though CRF mRNA 
levels were reduced by 85% (p<0.0019). Similarly, the PVN had increased NET fibers (1.7-fold; 
p<0.016) yet reduced CRF (50%; p<0.004). Based on these results we speculated that altered NE 
innervation may produce parallel changes in neural activity, which we assessed by defining 
nuclear c-fos immunostaining. Swim stress is known to produce increased brain regional c-fos+ 
cells 2h later. Indeed, in amygdala swim stress induced 30% (p=0.03) greater increase in BLA c-
fos+ neurons in En2-KO vs WT, and 2-fold greater c-fos+ cells in PVN (p=0.001) suggesting 
correlations between innervation and activation. As one source of NE neurons we examined 



locus coeruleus and found swim stress induced a 6-fold increase in c-fos+ neurons in En2-KO 
(p<0.0001) compared to only 2-fold increase in WT (p<0.0001), potentially identifying a 
mechanism for increased NE fiber activity. On other hand, the En2-KO vHipp exhibited 30% 
lower c-fos response to swim stress compared WT (p=0.0074). Our observations indicate that 
NE fiber innervation in the En2-KO mice is markedly increased in the PVN and BLA, whereas it 
is reduced in the hippocampus. These results support a model of NE fiber innervation regulating 
neural activity. Moreover, this pattern of enhanced excitatory signaling (amygdala, PVN) 
accompanied by reduced inhibitory activity (vHipp) will likely lead to excessive activation of the 
HPA axis, an outcome under current investigation. 

Disclosures:  J.W. Lunden: None. C. Peng: None. M. Genestine Schmitt: None. M. Durens: 
None. S. Prem: None. V.R. Mirabella: None. A. Markov: None. J.H. Millonig: None. E.M. 
DiCicco-Bloom: None. 

Poster 

283. Autism Genetic Models 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 283.21/B34 

Topic: A.07. Developmental Disorders 

Support: Brain and Behavior Research Foundation 

Title: The role of STEP in a prenatal valproic acid exposure model of autism 

Authors: *M. CHATTERJEE, J. XU, P. SINGH, P. J. LOMBROSO, P. K. KURUP 
Child Study Ctr., Yale Univ., New Haven, CT 

Abstract: Autism Spectrum Disorder (ASD) is characterized by social communication deficits, 
repetitive and restrictive behaviors. Genetic and environmental factors which interfere with the 
early stages of neuronal development contribute to an increased risk for ASD. Valproic acid 
(VPA) is a commonly used antiepileptic drug and mood stabilizer. Maternal exposure of VPA is 
associated with a significant increase in the occurrence of ASD in humans as well as in rodent 
models. Prenatal exposure of VPA interferes with the normal synaptic signaling pathways during 
brain development which eventually contributes to behavioral abnormalities seen in ASD. 
STEP (STriatal-Enriched Protein tyrosine phosphatase) is a CNS-specific enzyme, which 
opposes the development of synaptic plasticity. STEP downregulates the surface expression of 
glutamate receptors as well as several kinases involved in synaptic strengthening. High levels of 
STEP activity is implicated in several neurological disorders where it contributes to synaptic and 
cognitive deficits. In this context, reducing STEP activity by genetic ablation or pharmacologic 
inhibition significantly attenuates the biochemical, behavioral and cognitive deficits in these 
disorders. 



Here, we investigated the role of STEP in a prenatal VPA model of autism. We have found that 
STEP protein levels are upregulated in the prefrontal cortex of prenatal VPA-exposed mice, 
which show characteristic autistic symptoms. The increase in STEP level is correlated with a 
decrease in the phosphorylation status of its substrates (ERK, GluN2B) suggesting a relationship 
between STEP activity and behavioral abnormalities in these models. We hypothesize that 
abnormal STEP expression and downregulation of its substrates during critical stages of 
development contributes to synaptic and behavioral deficits, which could be attenuated by 
pharmacological reduction of STEP activity. STEP Inhibitor, TC-2153 rescues the behavioral 
abnormalities like hyperactivity, stereotypy and social deficits in the VPA exposed wildtype 
offsprings. These pre-clinical experiments will serve as a proof of concept to understand the role 
of STEP in an environmental model of autism. 
Funding Source: Brain and Behavior Research Foundation 
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Title: Modification of GABA receptors in the cerebellum of autistic rats subjected to an enriched 
environment 
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Abstract: Autism is a neurodevelopmental disorder that causes a spectrum of heterogeneous 
behaviors, having as common denominator problems in social interaction and alterations in both 
communication and movement. Also, another common denominator is the alteration of the 
cerebellum, which presents a reduction in size and a significant decrease in the GABAergic 



neurotransmission. Considering the central role of GABA in the functioning of the cerebellum, 
in this project we were interested in analyzing the density of its receptors in an autistic rat model, 
and the impact of the stimulation of the subjects by an enriched environment. Thus, we did an 
immunohistochemical analysis of GABA receptors (rGABA) as a basis for the study of this 
neurotransmitter in the spectrum. We used an autistic Wistar rat model obtained after postnatal 
injection of a daily dose of 150 mg/kg of valproic acid to pups from day P6 to P12. Four groups 
of males were used, Controls (Ct) in standard (SE) and enriched (EE) environment, and Autistic 
(At) in SE and EE. Then, rGABA in the vermis of the cerebellum was quantified. The results 
showed that At subjects presented a significant reduction of rGABA, whose density increased to 
level Ct after being exposed to an enriched environment. The results show that no matter the 
reduction of rGABA in autistic subjects, the enriched environment has an optimal impact in its 
density. Therefore, data shows non-pharmacological benefits that can be applied to subjects 
within the spectrum, possibly prompting appropriate modifications in their behavioral displays, 
which will be analyzed in future studies. 
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Abstract: Human chromosome 16p11.2 microdeletion (16p11.2 del), a genetic alteration 
associated with impaired development and mild intellectual disability, is one of the most 



common gene copy number variation in autism, accounting for approximately 0.5-1% of all 
autism spectrum disorder (ASD) cases. Recent studies suggest that ASD symptoms may be 
partly mediated by deficiencies in brain synchronization and connectivity arising during 
development. This study tests the hypothesis that genetic vulnerability to ASD conferred by 
16p11.2 might involve dysfunctional communication amongst brain regions. To this purpose, we 
first analysed resting-state fMRI (rsfMRI) scans in 16p11.2 del and control subjects from the 
Simons VIP repository. By using motion-related volume scrubbing we were able to retain a 
sufficient number of control and 16p11.2 del subjects for inter-group statistical mapping (n=28 
and n=19, respectively). Inter-group rsfMRI connectivity mapping revealed reduced global 
connectivity in lateral temporal regions of 16p11.2 del carriers, plus a focal involvement of 
medial prefrontal areas. To corroborate these findings, we probed prefrontal rsfMRI connectivity 
in a mouse model of 16p11.2 deletion and found that 16p11.2+/- mice exhibit reduced prefrontal 
connectivity within the default and salience networks. Importantly, retrograde axonal labelling in 
16p11.2+/- mutants revealed altered neuronal density in prefrontal-projecting thalamic-nuclei, 
suggesting a contribution of thalamo-frontal miswiring to the observed connectivity impairment. 
We also probed microstructural white matter integrity in 16p1.2+/- mice using diffusion tensor 
imaging and show that 16p11.2 mutants exhibit widespread increase in fractional anisotropy, a 
finding recapitulating previous observation in children with 16p11.2 deletion. By using electron 
microscopy, we identified increased axonal diameter in callosal fibers as a possible cellular 
correlate of these alterations. Taken together, our findings highlight convergent connectivity 
aberrancies in human 16p11.2 del carriers and in a mouse model of human 16p11.2 deletion, and 
suggest that ASD-associated 16p11.2 copy number variations can predispose to 
neurodevelopmental disorders and cognitive disability through a dysregulation of prefrontal 
functional connectivity. 
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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. And gamma oscillation regulated by FS interneurons dysfunction exists in some 
ASD mouse models. Thus, we hypothesized the gamma oscillation in the mPFC is involved in 
autism. We found that gamma oscillation dysfunction, decreased Glutamate N-methyl-D-
aspartate receptors (NMDARs) function of pyramidal neurons and declined excitability of fast-
spiking (FS) interneurons. Together, our findings suggest that the mPFC microcircuit 
dysfunction may contribute to the ASD-like phenotypes in NL3 R451C KI mice. 

Disclosures:  S. Lin: None. 

Poster 

283. Autism Genetic Models 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 283.25/B38 

Topic: A.07. Developmental Disorders 

Support: KAKENHI 25117006 

 KAKENHI 25460345 

 KAKENHI 26250014 

 KAKENHI 26461554 

 KAKENHI 16H06316 

 KAKENHI 16H06463 

 KAKENHI 16K13110 

Title: Serotonin rebalances cortical tuning and behavior linked to autism symptoms in 15q11-13 
duplication mice 
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Abstract: Copy number variation (CNV) is one of the most prevalent genomic abnormalities in 
ASD. We previously generated a 15q11-13 duplication model mouse corresponding to the most 
cytogenetically frequent CNV in ASD and showed that paternal duplication (15q dup) mice 
displayed ASD-like behaviors including poor social communication and interaction, behavioral 
inflexibility and abnormalities of cortical spines and cerebellar functions. We also found a 
reduction in the level of serotonin (5-HT) and in the volume of the dorsal raphe nucleus (DRN), 
which contains a large proportion of 5-HT neurons providing serotonergic projections to cortical 
forebrain regions. In the central nervous system of ASD patients, a decreased rate of 5-HT 
synthesis in developmental stages was reported, suggesting a hyposerotonergic state. The 5-HT 
system also has abnormal modulatory effects on cognitive function in ASD, and behavioral 
abnormalities are thought to result from 5-HT-impaired neural networks although direct evidence 
is lacking. Excitation/inhibition (E/I) balance is suggested to be disrupted in ASD and 
enhancement of the GABAergic system rescues physiological and behavioral deficits in ASD 
model mice. However, the hyposerotonergic state and its physiological and behavioral 
consequences, particularly for cortical E/I balance and social behavior, remain unexamined in 
ASD model mice. Here, we show that normal 5-HT levels are essential for the proper 
maintenance of neocortical E/I balance, correct sensory stimulus tuning, and social behavior. 
Conversely, low 5-HT levels in 15q dup mice result in impairment of the same phenotypes. 
Restoration of normal 5-HT levels by early 5-HT intervention with selective serotonin reuptake 
inhibitor (SSRI) revealed the reversibility of the ASD-related symptoms of 15q dup mice. These 
findings suggest that 5-HT enhancement may have therapeutic potential for discrete symptoms in 
ASD. 
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Abstract: Although the biological mechanisms underlying autism spectrum disorder (ASD) are 
not fully understood, evidence suggests that dysregulation of serotonergic systems may play a 
role in ASD psychopathology. Preclinical models using mice with altered serotonergic 
neurotransmission may provide insight into the role of serotonin in behaviors relevant to clinical 
features of ASD. For example, BALB/c mice carry a loss-of-function single nucleotide 
polymorphism (SNP; C1473G) in Tph2, which encodes the rate-limiting enzyme for serotonin 
synthesis, and frequently have been used to model symptoms of ASD. In this study, juvenile 
male BALB/c and C57BL/6J mice, which carry the wild type variant of the C1473G SNP, were 
exposed to two behavioral tests: first, the three chamber sociability test, and one week later to the 
elevated plus-maze (EPM). Immediately following testing in the EPM, all mice received 
injections of the aromatic amino acid decarboxylase (AADC)-inhibitor, NSD-1015. One hour 
later, tissue was collected for quantification of concentrations of 5-hydroxytryptophan (5-HTP) 
in subregions of the dorsal raphe nucleus (DR) as a measure of Tph2 activity. BALB/c mice 
showed reduced social behavior and increased anxiety-like behavior, as well as decreased Tph2 
activity in the rostral and mid-rostrocaudal DR. Tryptophan hydroxylase 2 activity in the mid-
rostrocaudal DR was correlated with anxiety-like behavior in the EPM. In a subsequent 
experiment, supplementation of brain serotonin synthesis in BALB/c mice using peripheral 
administration of 5-HTP combined with the AADC-inhibitor, carbidopa, increased the time spent 
in the social chamber of the three-chamber sociability test compared with mice treated with 
carbidopa alone. Finally, an experiment using acute or chronic administration of the selective 
serotonin reuptake inhibitor fluoxetine in BALB/c mice demonstrated that acute administration 
of fluoxetine decreased social behavior, while chronic administration of fluoxetine increased 



social behavior compared with vehicle-treated controls. Taken together, these data are consistent 
with the hypothesis that dysregulation of serotonergic systems is associated with mouse 
behaviors that resemble some of the clinical features of ASD. 
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Abstract: Prenatal and neonatal hyperserotonemia has been the most consistently documented 
neurochemical finding in children with autism spectrum disorders. Furthermore, pregnant 
women taking SSRIs prescribed for depression are more likely to give birth to children with 
autism. A perinatal hyperserotonemia rat model has been developed using the serotonin agonist 
5-methoxytryptamine (5-MT). Daily injections of 5-MT to pregnant dams beginning on 
embryonic day 12 and then into pups upon birth until postnatal day 20 can induce autism-like 
symptoms, such as social deficits, sensory hyper-responsiveness, and coordination deficits. 
Corresponding changes in neural development have also been consistently found in this model. 
Because alterations in dopaminergic networks can produce symptoms similar to those described 
above, we examined the effects of perinatal hyperserotonemia on the number of dopamine 
neurons in the midbrain of juvenile male and female rats. We injected 5-MT (1 mg/kg) or a 
vehicle solution daily to dams (days 12-21 of gestation) and subsequently to their pups (first 20 
postnatal days). On postnatal day 30-32, subjects were perfused and their brains were collected. 
We processed their brains immunohistochemically for tyrosine hydroxylase, the rate-limiting 
enzyme in dopamine synthesis. The number of tyrosine hydroxylase-immunoreactive neurons in 
the substantia nigra and ventral tegmental area were quantified. We have focused on these 
midbrain areas because of their importance in movement regulation and motivation. Our results 
indicate that perinatal hyperserotonemia increases the number of dopaminergic neurons in the 
substantia nigra, but only in males. In contrast, treatment has no effect on dopamine expression 
in the ventral tegmental area. Increases in dopamine expression in the substantia nigra of juvenile 



males could relate to the coordination and impulsivity deficits that are commonly observed with 
this model and with children with autism. Similar sex differences have been reported in other 
studies examining the effects of perinatal 5-MT on neurochemistry, such as alterations in 
oxytocin and serotonin receptor expression. Furthermore, these sex differences in juvenile 
dopamine expression could contribute to sex differences in behaviors, such as juvenile play 
behavior, that have been observed in this model. 
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Abstract: The mammalian auditory system undergoes considerable development and 
experience-dependent plasticity in early life. However, this normal maturation is perturbed in 
individuals with developmental disorders, such as autism spectrum disorder (ASD). These 
maturational differences may lead to impairments in auditory processing, and ultimately underlie 
the communication deficits and altered reactivity to sensory stimuli associated with ASD. For 
example, individuals with mutations in the autism-linked gene, contactin-associated protein-like 
2 (CNTNAP2), are known to experience language processing deficits, yet the contribution of 
CNTNAP2 to the maturation of auditory processing and sensory filtering remains unknown. We 
addressed this question with a recently-developed rat model, by comparing the developmental 
timeline of hearing thresholds and temporal processing using the auditory brainstem response 
(ABR) and assessing sensory filtering via the acoustic startle response (ASR) in male and female 
juvenile, adolescent, and adult CNTNAP2 homozygous knockout (cntnap2-/-), heterozygous 
knockout (cntnap2+/-), and wildtype Sprague Dawley rats. The ABR in response to click stimuli 
(90 to 10 dB SPL in 5dB steps) was recorded at postnatal day 28, 42, and 70, and the hearing 
threshold as well as the latency and magnitude of waves I-IV in response to the 90 dB click 
stimulus were compared between genotypes and across age groups. Auditory sensitivity and 
sensory filtering (habituation and sensorimotor gating) were assessed behaviourally at P44 and 
P72 using the magnitude and latency of the ASR. Specifically, the level of startle reactivity to 65 
dB - 105 dB noise pulses was used as an index of auditory sensitivity, and habituation of the 
ASR was measured in response to the repeated presentation of a 105 dB noise pulse. Finally, to 



assess sensorimotor gating, the level of prepulse inhibition was determined under a variety of 
stimuli conditions (i.e., prepulses at 75 or 85 dB; 30ms or 100ms inter-stimulus interval). 
Ultimately, we found that sound-induced neural activity was transmitted slower throughout the 
early stages of the auditory pathway in juvenile cntnap2-/- rats compared to age-matched 
wildtype controls; however, this CNTNAP2-related delay was no longer present in adulthood. In 
contrast, although differences in auditory sensitivity and sensory filtering were also observed, the 
significant sensorimotor gating deficit found in juvenile cntnap2-/- rats did not improve with age. 
Overall, these results provide insight into the altered maturation of the auditory system in a 
preclinical model of ASD and how it may lead to altered reactivity to acoustic stimuli. 
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Abstract: There is consensus in the autism research community that autism spectrum disorder 
(ASD) has a complex etiology, combining both genetic and environmental factors. The Animal 
Model module of AutDB catalogues rodent ASD models, which can be models of genetic or 
non-genetic factors. Although it is recognized that the environment plays an important role in 
ASD etiology, most ASD research has focused on genetic factors. Here we want to focus on 
animal models of non-genetic factors. In AutDB, we have annotated both mouse and rat models 
of ASD from peer-reviewed publications. Our recent addition of rat data to the Animal Model 
module of AutDB has highlighted ASD research focused on environmental factors. Together, our 
animal model data compiles 185 ASD models from 70 non-genetic factors. The objective of our 
analysis is to assess non-genetic rodent models with ASD-consistent phenotypes. Because ASD 
is a neurodevelopmental disorder, we want to analyze the developmental time points that are 
used in the induction of the environmental models. Our hypothesis is there is a correlation 
between the development of ASD-consistent phenotypes with the trajectory of brain 
development. Our data show that two developmental time points have an effect in the emergence 
of ASD-consistent phenotypes: one is mid-gestational and the other early postnatal. We have 
also classified the non-genetic factors based on environmental etiological models. This 



classification allows us to compare different etiological models, which are based on human 
studies, to the emergence of ASD-consistent phenotypes in rodents. By comparing the non-
genetic factors, based on both etiology and phenotypic data, we can score the importance of the 
underlying pathways. Overall, our study demonstrates that ASD-consistent phenotypes in rodent 
models are linked to specific neurodevelopmental time points and etiological pathways. 
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Abstract: A major consequence of preterm birth is premature loss of the placenta and the 
support it provides.  The placenta is a critical neuroendocrine organ that supplies the developing 
fetus with essential hormones, including neurosteroids such as allopregnanolone (ALLO). ALLO 
is a metabolite of progesterone that is produced via a two-step enzymatic conversion process that 
depends specifically on 3α-hydroxysteroid dehydrogenase (3αHSD; in mouse encoded by the 
AKR1c14 gene). ALLO is a potent, positive allosteric modulator of GABAA receptors. High 
levels of ALLO are provided by the placenta, at a time when synapses are predominantly 
GABAergic and GABA is excitatory, rather than inhibitory. GABA excitation is critical for 
maturation and integration of neurons into developing circuits. ALLO is implicated in regulation 
of neurogenesis, neural outgrowth and survival, migration and synapse stabilization. To directly 
test placental ALLO’s role in fetal cortical and hippocampal development, AKR1c14 floxed 
mice designed by our laboratory were bred with CYP19-CRE mice to create a placental-specific 
knockout of 3αHSD, confirmed by qPCR and in situ hybridization. Here, the long-term 
consequences of placental AKR1c14 loss are described. Immunohistochemistry, gene expression 
assays and progenitor labeling techniques were used to assess anatomical changes. Alterations in 
GABAergic interneurons (somatostatin and parvalbumin subtypes) were detected in 
hippocampus and cortex. Adult mice underwent a behavioral test battery (open field, Y maze, 3-
chamber sociability, and novel object recognition). Adult mice not exposed to placental ALLO 



exhibited higher anxiety, decreased sociability, and impaired cognitive function compared to 
litter-mate controls. The behavioral deficits mirror those seen in human preterm survivors; 
GABA loss has been implicated in these deficits. Placental ALLO may regulate GABAergic 
interneuron development in key regions, including hippocampus and cortex. Our results suggest 
that loss of placental ALLO can dysregulate early GABAergic signaling, resulting in long-lasting 
neurological deficits. Our novel placental knockout model is now allowing direct testing of this 
mechanism and will allow testing of neurological rescue based on ALLO and other placental 
hormones. 
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Abstract: Prematurity is a risk factor for a wide array of neurodevelopmental disorders and CP 
is no exception; nearly 50% of children who develop CP are born before 37 weeks gestation. 
While CP is classically associated with cortical white matter injury (WMI), recent studies 
suggest that cerebellar WMI may also contribute to the disease pathology. Peak growth and 
maturation of the cerebellum, accelerating rapidly from 24 weeks gestation through postnatal life 
leaves this region vulnerable to developmental abnormalities. Prematurity deprives the fetus of 
high levels of placental neuroactive steroids, specifically the progesterone derivative, 
allopregnanolone (ALLO), widely investigated for its neuroprotective properties, notably by 
promoting myelination. This study focuses on the impact of early loss of placental ALLO on 
cerebellar development and long-term function. To examine the cerebellum following loss of 
placental ALLO, we bred a Cyp19-Cre driven transgenic mouse model to specifically knock out 
AKR1C14, the gene encoding ALLO’s synthetic enzyme, in trophoblast cells, providing a 
targeted decrease of placental ALLO. Pups received EdU at E15.5 to analyze late-term cell 
proliferation in the cerebellum. Immunohistochemical staining with Olig2/Ki67/NogoA and 
Myelin Binding Protein was used to track oligodendrogenesis. Preliminary data indicated that 



early loss of ALLO is associated with a decrease in cerebellar oligodendrocyte density. In 
addition, RNA-seq analysis performed in P30 cerebella showed differential expression of genes 
specific to myelination processes and axonal outgrowth. In parallel, a battery of cerebellar-
specific behavioral tests, including the Erasmus ladder, was used to characterize long-term motor 
abnormalities. These results suggest long-term cerebellar WM and motor function deficits that 
persist long after prenatal ALLO loss. Understanding the mechanisms underlying cerebellar 
growth suppression and injury that follows preterm birth will allow for the development of new 
interventions to protect this vulnerable region. 
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Title: Consequences of placental allopregnanolone withdrawal on mouse brain development 
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Abstract: Allopregnanolone (ALLO), along with its precursor progesterone, is a neuroactive 
steroid primarily synthesized prenatally by the placenta and postnatally by the brain. ALLO 
exerts neurodevelopmental and neuroprotective actions through allosteric activation of GABA-A 
receptor. In fetal brain, ALLO notably promotes neurogenesis and myelination, and protects 
developing neurons and glial cells from damage. Preterm delivery is associated with premature 
loss of placental ALLO, potentially contributing to the long-term consequences of prematurity, 
including learning impairment, attention deficits and cerebral palsy. To test this hypothesis, we 
generated a transgenic mouse model in which the gene encoding the synthetic enzyme for ALLO 
(AKR1C14) is deleted in trophoblastic cells expressing Cyp19-Cre transgene to suppress 
placental ALLO production specifically. We combined two unbiased approaches to assess this 
prenatal ALLO loss on brain development: (1) 3D analysis of cell proliferation in the whole 



brain (whole mount-CLICK) after EdU injection at late gestation, and (2) RNA sequencing in 
adult brain to characterize the transcriptome of cerebral cortex, hippocampus, hypothalamus and 
cerebellum, with our without prenatal placental ALLO exposure. RNA sequencing analysis 
revealed long-term, sex-specific gene expression changes. Differentially expressed genes include 
those involved in cell proliferation (in agreement with our cell proliferation analysis), survival 
apoptosis, neurite outgrowth, neurotransmission, myelination and epigenetics, as well as region-
specific functions such as energy homeostasis and somatic growth. By providing new evidence 
on the importance of placental hormones on shaping and programing the developing brain, our 
data paves the way for further investigation in the emerging neuroplacentology field that can lead 
to novel therapeutic approaches to prevent adverse neurological outcomes from preterm birth. 
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Abstract: Prolonged administration of opioids and benzodiazepines used for pain and sedation 
management in the youngest of patients is associated with a high incidence of drug tolerance and 
dependence. The clinical impact of such treatment on the full-term infants is largely unknown. 
We hypothesized that prolonged sedation with opioids and benzodiazepines in full-term infants 
younger than 1 year is associated with (1) increased incidence of brain abnormalities as per brain 
MRI scan, (2) increased CSF volumes, and (3) decreased brain volumes in comparison to healthy 
controls. Subjects were compared between two groups as per IRB approval at the Boston 
Children’s Hospital. Subjects underwent research scan at 3T MRI scanner for 3D T-1 and T2-
weighted anatomical images, while charts were reviewed for quantification of sedation. End-
point analyzes included: (1) length of sedation and weaning (days), (2) total treatment doses per 



patient (mg/kg/day), (3) average daily doses during sedation and weaning (mg/kg/day ± SD), (4) 
number of anesthesia events, (5) number of incidental findings on brain MRI reports, and (6) 
estimated normalized cerebrospinal and brain volumes using MANTiS segmentation. Pearson’s 
correlation coefficient was used to measure the linear relations between the different variables 
analyzed. Morphine and midazolam were the two drugs used the most frequently for prolonged 
sedation and were administered at the highest doses. We report significant positive linear 
relationships for the average daily dose of received morphine and midazolam with the number of 
neuroradiological findings (e.g. abnormalities in extra-axial space, ventricular system, 
parenchyma, and/or white matter structures) that were not present in any of the controls. There 
was no significant relationship between the average daily dose of morphine or midazolam 
despite the apparent positive trend with cerebrospinal fluid volume, and negative trend with 
estimated brain volume. Given the current standard of care using these drugs for prolonged 
sedation, future investigations of gray and white matter organization in at-risk full-term infants 
can provide crucial information of how prolonged sedation can affect brain development and 
potentially lead to long-term neurobehavioral sequelae. 
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Title: Brain tissue oxygen regulation in neonates under anesthesia 
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Abstract: Normal brain function depends on keeping the level of oxygen within a relatively 
narrow range that is sufficiently high to prevent hypoxia and low enough to minimize generation 
of toxic oxygen species. Stable blood flow is maintained throughout the brain by cerebrovascular 
autoregulation, which regulates the response of cerebral arteries to fluctuations in arterial 
pressure, ensuring sufficient oxygen for basal neuronal activity. It is known that anesthesia has a 
significant effect on neuronal function and cerebral metabolism which can be different in adults 
and children. The goal of this study was to compare brain tissue oxygen regulation in neonates in 
the awake state and during anesthesia. Partial oxygen pressure (PO2) and single unit (SU) 



recordings were performed in the somatosensory cortex of neonatal rabbits (9-12 days postnatal) 
before, during and after anesthesia with 1 MAC of either isoflurane or sevoflurane delivered both 
in air and in 80% oxygen. Each animal served as its own control. The same electrodes were used 
for SU and PO2 recording. The PO2 electrodes were polarized at -0.7 volts, and connected to an 
ammeter (Keithley 614) to record a current that was typically 3 to 10 nA before anesthesia. The 
current was converted to voltage, notch and low-pass filtered (30 or 50 Hz), and amplified. After 
completion of PO2 experiments SU recordings were obtained from the same rabbits before, 
during and after anesthesia. The multiple SU signals from the microwires were fed through a 
miniature preamplifier to a multichannel differential amplifier system (Neuralynx Inc, Bozeman, 
Montana, USA). The signals were amplified, band-pass-filtered (300Hz to 3 kHz), and digitized 
(32 kHz/channel) using a Neuralynx data acquisition system. Unit discrimination was performed 
offline using threshold detection followed by a cluster analysis of individual action potential 
wave shapes using Neuralynx analysis software. Our results showed that when delivered in air, 
only isoflurane increased brain PO2. Sevoflurane did not significantly change brain PO2 likely 
due to severe respiratory depression. During inspiration of 80% O2, brain PO2 increased more 
when the animals were anesthetized with isoflurane or sevoflurane than when they were awake. 
This increase was large and varied considerably among the subjects. Single unit activity was 
greatly suppressed by both isoflurane and sevoflurane, indicating lower consumption of tissue 
oxygen. 
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Abstract: Our group is interested in understanding mechanisms underlying neural tube defects 
(NTDs) and microcephaly. Focusing on a microcephaly disease gene WDR62, we discovered a 
novel disease mechanism, in which mitotic delay and cell death of neural progenitor cells 
(NPCs) lead to microcephaly (Nat. Communication, 2014). Zika virus (ZIKV) infection has been 
linked with fetal brain abnormalities. By developing the first postnatal mouse model associated 
with ZIKV, we recently established the causative link between ZIKV and microcephaly. 
Specifically we discovered that Zika virus infection disrupts neurovascular development and 
results in postnatal microcephaly with brain damage (Development, 2016). 
The Zika virus (ZIKV) has two lineages: the ZIKV-Asia and ZIKV-Africa isolates. There is no 
scientific documentation of ZIKV-Africa related brain defects. Dengue virus (DENV), a close 
family member of ZIKV, is also not linked with brain disorders. Here we performed the 
intracerebral inoculation of embryonic mouse brains and found that DENV2 is sufficient to cause 
microcephaly due to increased cell death in neural progenitor cells (NPCs) and neurons. 
Compared to ZIKV-Asia, DENV2 grows slower, causes less neuronal death, and fails to cause 
postnatal animal death. Surprisingly, our side-by-side comparison uncovers that ZIKV-Africa is 
more potent in causing brain damage and postnatal lethality than ZIKV-Asia. In comparison to 
ZIKV-Asia, ZIKV-Africa grows faster in NPCs and in the developing brain, causes more 
pronounced cell death in NPCs and neurons, resulting in more severe neuronal loss. Together, 
these results reveal that DENV2 is sufficient to cause microcephaly but in a less severe manner 
than ZIKV-Asia. ZIKV-Africa is more virulent and causes more severe brain damage than 
ZIKV-Asia, highlighting the need to better understand the neurological complications associated 
with ZIKV-Africa. 
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Abstract: Folic acid (FA) supplementation during the first trimester of pregnancy is 
recommended to prevent neural tube closure defects. Our previous studies have demonstrated 
that treatment with FA after a hypoxic-ischemic (HI) event has a dual effect. Considering this, 
the aim of this study was to investigate the effect of different doses of FA supplementation 
during pregnancy on the rat’s offspring submitted to neonatal HI. Male and Female Wistar rats 
were obtained from a local breeding colony by Federal University of Rio Grande do Sul 
(Approval nº 28136). After mating confirmation, female rats were divided into 3 groups, 
according to FA supplementation: standard diet (SD), supplemented with 2 mg/kg of FA (FA2) 
and supplemented with 20 mg/kg of FA (FA20). After birth, all animals returned to receive the 
SD diet. At the 7º post-natal day (PND), puppies were submitted to Levine-Vanucci model of HI 
(permanent occlusion of the right carotid and hypoxia during 90 min), generating 6 groups: 1) 
control with SD diet (CTSD), 2) HI with SD diet, 3) CT with FA2 (CTFA2), 4) HIFA2, 5) CT 
with FA20 (CTFA20) and 6) HIFA20. Starting at 60º PND, it was performed the novel object 
recognition (NOR) and the inhibitory avoidance tasks (n=9-13/group). Another group of animals 
were euthanized at 60º PND and had their hippocampi dissected to evaluate the BDNF 
concentration (n=5-7/group). In NOR, no differences were observed in the exploration time of 
the two similar objects in the first session. In the second session, HIPD group had lower novel-
object preference index than all control groups, indicating a memory deficit by the lesion. HIPD 
was also different from HIFA20 and HIFA2 was similar to HIPD and control groups. Deficits 
caused by HI injury were partially prevented by the lower dose of FA and completely prevented 
by the higher dose of FA. In the second day of inhibitory avoidance task, HIPD had lower 
latency to step down the platform when compared to CTPD. HI supplemented with FA groups 
had no differences with CT and HIPD groups, showing that there was an aversive memory 
deficit caused by the HI lesion and a partially recovery by FA supplementation. Considering the 
BDNF concentration, no differences were found in the contralateral hippocampus (left 
hemisphere). All HI groups had higher BDNF concentration in the ipsilateral side, indicating no 
effect of FA supplementation. In conclusion, FA supplementation during pregnancy was able, at 
least, to partially recovery memory deficits caused by HI lesion, indicating a fetal programming 
effect. This recovery is not due to BDNF concentration. 
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Abstract: Deltamethrin (DM) is a commonly used pyrethroid insecticide that exerts its effect on 
insect voltage-gated sodium (Nav) channels by delaying onset of Nav channel inactivation, 
which is important for the initiation and propagation of action potentials mediating neuronal 
excitability. Due to high evolutionary conservation of Nav channels and cross reactivity among 
species, it is imperative to investigate the possible effects of DM in humans. New findings from 
epidemiological studies correlate the presence of pyrethroid metabolites in urine to an increased 
risk of attention deficit hyperactivity disorder (ADHD) diagnosis in children. Furthermore, 
supporting evidence show that rats exposed to DM exhibited ADHD-like behavioral phenotypes, 
which was attributed to the dopaminergic (DA) reward pathway in the nucleus accumbens 
(NAc). Similar dysregulation of DA medium spiny neurons (MSNs) has been implicated in 
multiple neuropsychiatric disorders such as anxiety and depression. In the DA MSN, there is a 
prevalence of Nav 1.6 channel isoform that is important in synaptic transmission. Nav1.6 
heterologous cell studies have shown that prolonged DM exposure significantly potentiated Nav 
1.6 mediated persistent and tail currents. Here, we investigate the mechanism of MSN 
dysfunction due to developmental DM exposure. Pregnant female B6 mice were exposed to 3.0 
mg/kg of DM throughout pregnancy and lactation. Then, male mice littermates from post-natal 
day ~30 were used for subsequent experiments. We employed whole-cell patch-clamp 
electrophysiology in coronal brain slices to monitor changes in NAc MSNs firing due to 
developmental DM exposure. At 110 pA of injected current, DM exposure significantly 
decreased the mean number of action potentials when compared to control (DM 6.8 ± 2, C 15 ± 
2.4, n= 7-12, p<0.05 with Student t-test). At 190 pA of injected current, DM exposure 
significantly lowered the instantaneous firing frequency when compared to control (DM 18.4 ± 
4.2 Hz, C 34.7 ± 5.3 Hz, n= 7-12, p<0.05 with Student t-test). These effects were observed over 
a series of several current steps. No changes were observed in other active and passive electrical 



properties. These studies will advance our knowledge of the toxic activity of DM in the 
developing brain and help assess risk exposure in the human population. 
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Abstract: Introduction 
Acute lymphocytic leukemia (ALL) is the most common form of childhood cancer. Advances in 
modern medicine have allowed a survival rate of up to 90%. However, children are often left 
with late effects, which impair cognitive ability, cause cardiac dysfunction, and ultimately limit 
the quality of life of leukemia survivors. It is widely believed that the combination chemotherapy 
used in treatment for ALL is responsible for late effects. However, because many chemotherapy 
agents are administered together in a complex, multi-phase treatment, it is not possible to 
determine which agents are most toxic. In recent work, we have studied a mouse model of 
chemotherapy treatment in which we systematically characterized the effects of the most 
common chemotherapy agents individually. We found that when mice were treated with 
vincristine at an infant equivalent age, they exhibited significant volume deficits in the brain at 
early adulthood. In this work, we measured brain development in mice longitudinally to establish 
how vincristine-induced changes in brain development emerge. 
Description of Project 
At an infant equivalent age, male and female mice were treated with vincristine intravenously. 
Mice were imaged using in vivo MRI once before treatment, and three times after until they 
reached nine weeks of age. Treated mice were compared to saline-treated littermates to assess 
differences in volume across the brain as a function of age. 
Results and Conclusion 



Changes due to vincristine treatment were widespread, with prominent changes in white matter 
regions, some areas in the cortex and the cerebellum. Changes began after treatment and 
emerged progressively over time, with the deficit becoming most significant at the final imaging 
time point. This work provides an important indication of the progressive—as opposed to 
acute—impact of vincristine on brain development and implicates vincristine as a toxic 
component of ALL treatment. 
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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. Previous research from our lab has found an 
increase in the number of neurons and glia in the medial prefrontal cortex (mPFC) of male rats 
following perinatal exposure. The current study explores the effects of environmentally relevant 
doses of BPA on the number of microglia and synapses in the mPFC. 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. Brain 
tissue was collected in adulthood (~P90) and, using immunohistochemistry, adjacent sections 
were stained for IBA-1 (microglia) or synaptophysin (synapses). The density of microglia and 
synapses in the mPFC was calculated using the optical disector in StereoInvestigator. 
Preliminary results do not show a long-term effect of BPA on the density of microglia or 
synapses in the mPFC. However, the density may not indicate the actual number of cells or 
synapses. The density will be multiplied by the volume of the mPFC in order to determine the 
actual number of microglia and synapses. In addition, the morphology of microglia in the mPFC 
was assessed. There is a trend towards a decrease in the percent of microglia in the ameboid 
stage with perinatal BPA exposure. No differences were found in the other morphological stages. 
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Abstract: Since endocrine-disrupting chemicals (EDCs), like phthalates and bisphenol A (BPA), 
are extensively used as plasticizers and chemical agents in a variety of consumer products, 
humans are ubiquitously exposed. However, due to environmental contamination, diet is 
presumed to be the main source of exposure to most of these EDCs, with fatty foods containing 
the highest concentrations. Given this correspondence and that high-fat diets and these EDCs can 
separately increase oxidative stress and inflammation systemically, it is important to study them 
together to examine the potential for interactive effects. Furthermore, since these EDCs can 
readily cross the placenta and disrupt the actions of hormones that drive the organizational 
circuitry of the developing brain, the gestational period appears to be a particularly vulnerable 
window to the effects of EDCs. Unsurprisingly, prenatal EDC exposure in humans is associated 
with adverse neurodevelopmental and behavioral outcomes. Likewise in rodents, there are 
perinatal EDC exposure studies corroborating the adverse effects on cognitive behavior; 
however, these studies have not investigated whether these adverse effects are related to local 
inflammation. Previously, we have shown that EDC exposure and a high-fat diet perinatally in 
rats can lead to sex-specific behavioral and cognitive effects in adolescence and adulthood that 
rely on the medial prefrontal cortex (mPFC). 
Here, we examined the effects of perinatal high-fat diet and EDC exposure on oxidative stress 
markers in the mPFC. Throughout gestation to postnatal day (P) 10, dams were provided a 
control or high-fat diet. Dams were also orally dosed with either a phthalate mixture or BPA 



throughout gestation, but only phthalates can be passed to pups through lactation, so that BPA 
was directly administered to pups until P10, whereas phthalate consumption continued in dams. 
Pups were sacrificed on P10 within hours of the last oral EDC administration and their brains 
were harvested and processed for ELISA. Our results indicate that males may be more 
vulnerable to brain-specific oxidative stress from perinatal environmental factors, but neither 
treatment nor diet had consistent or systematic effects on oxidative stress markers within the 
mPFC. 
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Abstract: The perinatal period is crucial for brain development while at the same time, a period 
where the brain is particularly prone to environmental insult. One such environmental concern is 
exposure to phthalates, a class of endocrine-disrupting chemicals used as plasticizers, solvents, 
and emulsifiers in a variety of products that are known to readily cross the placenta and can be 
passed to offspring though lactation. Previously, we have shown perinatal phthalate exposure in 
rats can lead to sex-specific behavioral and cognitive changes in adolescence and adulthood that 
rely on the medial prefrontal cortex (mPFC). Due to these behavioral findings, in this study we 
examine the effect of perinatal phthalate exposure on the number of synapses in the adult mPFC. 
Dams were dosed orally with an environmentally relevant phthalate mixture composed of 
35.35% DEP, 21.12% DEHP, 15.12% DiNP, 15.10% DBP, 8.16% DiBP, and 5.15% BBP at 0, 
200, or 1000 μg/kg/day. Pups were sacrificed in adulthood and their brains harvested. 
Immunohistochemistry was performed on coronal slices of the mPFC for synaptophysin, a 



presynaptic vesicle marker, and then stereologically analyzed. Our preliminary results indicate 
that increasing phthalate exposure generally decreases synaptic density, particularly in layer 
V/VI, in both sexes. However, the addition of mPFC volume measurements will allow for the 
calculation of total synapse number in the mPFC, which will provide a more complete picture of 
the lasting impact of perinatal phthalate exposure on mPFC synaptic development. 
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Abstract: Phthalates are endocrine disrupting compounds that can affect androgenic and 
estrogenic systems, and are found ubiquitously throughout the environment in a variety of 
consumer products. The developing fetus can exposed to phthalates through placental transfer 
and lactation during critical periods of neural development. Previous work indicates that 
exposure to the phthalate DEHP during prenatal development can decrease cell number and 
increase apoptosis in the rodent neocortex. Here we examine the effects of exposure to a 
combination of phthalates found in pregnant human females on the development of the medial 
prefrontal cortex (mPFC) in male and female rats. Pregnant and lactating rats were fed a cookie 
with a dose of 0mg/kg, 1mg/kg or 5mg/kg phthalate solution containing six different phthalates 
(including DEHP and DBP, which have previously been shown to induce apoptosis) at 
environmentally relevant levels. Dosing occurred from embryonic day 2 through postnatal day 
(P)10. Brain and body weights were collected from male and female pups at P10 and P25. We 
additionally examined markers for apoptosis in the medial mPFC at P10, and total mPFC volume 



at P25. Both male and female pups dosed with 5mg/kg phthalates had a higher density of 
TUNEL positive cells in the mPFC, indicating higher levels of cell death, while the 1mg/kg dose 
caused a reduction in mPFC volume at P25 in both sexes. Additionally, there was a sex 
difference in the amount of apoptosis in the 1mg/kg group at P10 with effects in males, but not 
females. Collectively, these results imply that combinations of common phthalates found in the 
environment can affect the development of the mPFC in a dose and a sex-dependent manner in a 
brain region critical for executive function. 
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Abstract: In many products, Bisphenol F (BPF) is being used as a substitute for Bisphenol A 
(BPA). Traces have already been found in canned foods as well as in river sediments. Emerging 
in vitro data show that BPF may not be a safe alternative to BPA, pointing to similar, or even 
more potent endocrine disruptive abilities. BPF increases progesterone and upregulates the 
expression of Cyp2d4 in the brain, the enzyme that converts progesterone to allopregnanolone, a 
potent GABAa modulator. Given the potential of BPF to affect inhibitory signaling in the brain, 
we used chronic BPF exposure and examined anxiety in adult CD1 male mice. We selected an 
oral route of administration and doses that reflect likely human exposure to BPF (0mg, 0.5mg 
5mg and 50mg BPF/kg food). After 7 weeks of exposure animals were tested in the Open field 
and the Elevated plus maze test. Based on toxicity studies with much higher doses of BPF we 
hypothesized that the chronic exposure to all 3 of the low doses of BPF would decrease activity 
and increase anxiety-like behavior in male mice. Our initial data from the Open field test so far 
show no differences in activity between the groups. Additionally, contrary to our expectations 
the animals exposed to BPF are less anxious as reflected by a tendency to spend more time in the 
center of the Open field and lower amount of defecation. We will discuss the results further in 
relation to direct versus parental exposure to BPF. 
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Abstract: One-carbon metabolism regulates the availability of methyl groups for the 
methylation of DNA and histone proteins. Methionine can be taken exogenously from the diet 
and is converted in the one-carbon metabolism cycle to the universal methyl donor responsible 
for biological methylation. We have previously demonstrated that subchronic treatment with a 
low dose of L-methionine (L-MET) in adult mice caused a number of behavioral changes (Wang 
et al., 2015). We subsequently saw similar effects in the offspring of females given the same L-
MET treatment during pregnancy (manuscript in preparation). We wanted to determine the 
contribution from the maternal environment to these behaviors, so we cross-fostered the 
treatment groups (saline pups with L-MET mothers and L-MET pups with saline mothers) and 
tested them alongside of control groups in adulthood. We examined locomotor activity, T-maze 
performance, social interaction, prepulse inhibition and fear conditioning. The results suggest a 
stronger correlation between direct or epigenetic factors and aberrant behavior, in comparison to 
the maternal environment. This suggests that changes in dietary levels of methionine during 
pregnancy may have profound behavioral results that are independent of the maternal 
environment. 
Wang L, Alachkar A, Sanathara N, Belluzzi JD, Wang Z, Civelli O. A Methionine-Induced 
Animal Model of Schizophrenia: Face and Predictive Validity. Int J Neuropsychopharmacol. 
2015. 18(12). 

Disclosures:  R.F. Yoshimura: None. A. Alachkar: None. A. Lo: None. E. Muradyan: 
None. H. Shaharuddin: None. Y. Tu: None. Y. Yi: None. O. Civelli: None. 



Poster 

284. Neurodevelopmental Disorders: Environmental Exposures 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 284.16/B58 

Topic: A.07. Developmental Disorders 

Support: IIE-SRF 

Title: Prenatal one-carbon dysregulation impairs memory 

Authors: *A. ALACHKAR, R. YOSHIMURA, L. WANG, G. ABBOTT, X. XU, O. CIVELLI 
Pharmacol., Univ. of California Irvine, Irvine, CA 

Abstract: The one-carbon metabolism, which relies on the methionine-folate cycles, has been 
implicated in the pathophysiology of a number of psychiatric disorders such as autism, 
Alzheimer’s, and schizophrenia. Here we examined the effects on mouse development and 
behavior of perturbation of one-carbon metabolism evoked by daily methionine administration to 
dams in the last week of gestation. The dose of methionine is equivalent to double their normal 
daily dietary intake. The resulting pups (MET mice) exhibited deficits in cognitive functions and 
memory as shown in T-maze, social recognition, novel object recognition, novel location 
recognition, and fear conditioning. MET mouse brains also exhibited decreased neurogenesis and 
synaptic plasticity, increased gliogenesis, and abnormally reduced local excitatory synaptic 
connections in CA1 neurons. Strikingly, neural transcript expression of only one gene, encoding 
the Npas4 transcription factor, was >2-fold altered (downregulated) by prenatal methionine 
administration. Our data support a role for prenatal one-carbon pathway in memory, and suggest 
methionine metabolism as a potential therapeutic target for psychiatric disorders associated with 
cognitive deficits 
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Abstract: The formation of the blood brain barrier (BBB) is key to brain development. Recently 
it has been demonstrated that radial glial (RG) neural progenitor cells have a strong impact on 
brain vessel development and BBB formation in the embryonic cortex through modulating 
endothelial wnt signaling. Maternal brain reactive antibodies (Abs) can penetrate the fetal brain 
before the embryonic BBB is established. Abs to the brain water channel protein Aquaporin-4 
(AQP4) have been associated with fetal loss and may contribute to neurodevelopmental 
impairment in the offspring of patients with Neuromyelitis optica (NMO), a neurological 
autoimmune disease characterized by AQP4-IgG in the vast majority of patients. In NMO 
patients, AQP4 Abs bind to AQP4 on astrocytic endfeet surrounding blood vessels. AQP4 is 
expressed at the BBB interface and has probably an important role in BBB formation. 
In order to study the effect of maternal AQP4 Abs we injected intravenously human monoclonal 
AQP4-IgG or an isotype matched control antibody to pregnant mice at embryonic day E14.5. 
Western blot and qPCR results show that AQP4 is expressed at a significantly higher level in the 
fetal brain compared to the placenta throughout all gestational stages. Immunohistochemistry 
staining shows that a single exposure to AQP4-IgG during embryogenesis alters the vasculature 
and the number of GFAP positive astrocytes in the hippocampus and cortex of AQP4-IgG in 
utero exposed male mice throughout adulthood, but did not affect the vasculature of the kidney, 
where AQP4 is also expressed. We performed a PET study in these mice, which revealed BBB 
impairment in the entorhinal cortex, which was accompanied by an increased blood flow. QPCR 
analysis demonstrated differential expression of wnt signaling molecules and LEF1, a 
transcription factor regulated by wnt signaling pathway, in the cortex of AQP4-IgG exposed 
mice at postnatal day P0. 
Currently we are studying if the altered vasculature and BBB impairment are caused by binding 
of AQP4-IgG to RG cells. Our findings add to the understanding of BBB formation during 
embryogenesis and include NMO to the list of potential conditions in which maternal Abs lead to 
neurodevelopmental problems in the offspring. 
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Abstract: Due to the marked increase in life expectancy following the advent of combination 
antiretroviral therapy (cART), there is a critical need to examine the progression of HIV-1 
associated neurocognitive disorders (HAND). Longitudinal experimental designs, in comparison 
to cross-sectional studies, provide an opportunity to establish age-related disease progression in 
HAND. The HIV-1 transgenic (Tg) rat, which has been promoted for investigating the effect of 
long-term HIV-1 viral protein exposure in neurocognitive deficits, was used to examine two 
interrelated goals. First, to establish the integrity of sensory and motor systems through the 
majority of the animal’s functional lifespan. Strong evidence for intact sensory and motor system 
function through advancing age in HIV-1 Tg and control animals, was observed in cross-modal 
prepulse inhibition (PPI) and locomotor activity. The integrity of sensory and motor system 
function suggests the utility of the HIV-1 Tg rat in investigating the progression of HAND. 
Second, to assess the progression of neurocognitive impairment, including temporal processing 
and long-term episodic memory, in the HIV-1 Tg rat; the factor of biological sex was integral to 
the experimental design. Cross-modal PPI revealed significant alterations in the development of 
temporal processing in HIV-1 Tg animals relative to controls. Female HIV-1 Tg rats exhibited 
more pronounced alterations in the progression of temporal processing relative to male HIV-1 Tg 
animals. Locomotor activity revealed deficits in intrasession habituation, suggestive of a 
disruption in long-term episodic memory, in HIV-1 Tg animals. Understanding the progression 
of HAND heralds an opportunity for the development of an advantageous model of progressive 
neurocognitive deficits in HIV-1 and establishes fundamental groundwork for the development 
of neurorestorative treatments. Funded by NIH grants DA013137, HD043680, and MH106392 
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Abstract: Background: Viral infection in pregnancy is suggested a risk for the development of 
autistic spectrum disorder (ASD). Maternal immune activation (mIA), using the viral mimetic 
poly (I:C), produces phenotypes relevant to ASD in mice when administered at gestational day 
(GD)12.5. However, no studies have explored mIA at GD12.5 in rats. Our aim is to characterise 
effects of mIA at GD12.5 on offspring neurobiology and behaviour in Wistar rats. Methods: 
Pregnant female Wistar rats were injected (i.p.) with poly (I:C) (10mg/kg, n=15 dams) or saline 
(n=18 dams) at GD12.5. All offspring were monitored for changes in morphometric parameters 
at GD21 (n=36-51 pups/treatment), (body weight (BW), brain weight (BrW) and placental 
weight (PW). BW was measured regularly until postnatal day (PD)21 alongside BrW (n=22-30 
pups/treatment). The open field test (OFT) was used to measure anxiety-like and repetitive 
behaviour in adolescence (n=12-16 pups/treatment). Gene expression in frontal cortex (FC) of 
GD and PD21 offspring was measured using qPCR for genes related to synaptic development 
and stability alongside blood brain barrier (BBB) integrity. For data analysis between treatment 
groups, a nested-ANOVA was used with litter as a random variable. Results: At GD21, no effect 
of mIA was observed on BW or BrW. In male offspring a significant down regulation of Snap25 
expression was found (p<0.05). A significant reduction was found in female PW (p<0.01) and at 
PD1 in BW for both sexes from poly (I:C) dams vs. saline (p<0.001). Reduced BW was 
maintained at PD12-21 (p<0.001). BrW from offspring at PD21 was decreased in male offspring 
from poly (I:C) dams vs. saline (p<0.01). A significant increase in gene expression of structural 
protein Shank3 was found in FC of male offspring only (p<0.05). In females, a significant 
reduction in expression of BBB marker Mfsd2a was shown in the FC (p<0.05). Similarly, only 
male offspring showed a significant increase in anxiety-like behaviour in the OFT (p<0.05). Both 
male and female offspring from poly (I:C) dams showed increased grooming in the OFT that 
failed to reach statistical significance. Conclusion: To our knowledge this is the first mIA study 
investigating the effects of 10mg/kg poly (I:C) in Wistar rats at GD12.5. We provide an in depth 
developmental analysis of both male and female offspring in this model. mIA resulted in sex 



specific alterations in morphometric parameters and gene expression in the FC at GD and PD21. 
A subtle behavioural phenotype relevant to ASD was shown in male offspring. We suggest that 
this one-hit exposure to poly (I:C) provides a priming model, relevant for investigating 
neurodevelopmental disorders at the preclinical level. 
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Title: End-gestational group B Streptococcus-induced inflammation and attention 
deficit/hyperactivity disorder in the female rat offspring 
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Abstract: Introduction: We previously reported autistic-like behaviors in male - but not female - 
offspring exposed to group B Streptococcus (GBS) placental infection and/or inflammation (live 
and formaldehyde-killed GBS rat models). Female offspring exposed in utero to killed GBS 
displayed increased social interaction time and forebrain injuries in the periventricular external 
capsule were detected at postnatal day (P) 40, corresponding to young adulthood. Sex differences 
have been reported in neurodevelopmental disorders including autism spectrum disorder and 
attention deficit hyperactivity disorder (ADHD), which might affect differently male and female 
subjects. We hypothesized that female rats exposed in utero to GBS may present 
neurobehavioral impairments detectable only after the juvenile period, i.e. during adulthood. 
Methods: Lewis dams were injected intraperitoneally on gestational day (G) 19 with either saline 
(controls) or formaldehyde-killed serotype Ia GBS (109 CFU). Maternal weight gain from G19 to 
G22, litter size and mean weight of pups following natural birth were measured. Spontaneous 



motor activity, anxiety, grooming and rearing behaviors were assessed at P15, P20 and P25 using 
the open field apparatus. Motor learning was investigated using the Rotarod test performed at 
P30, P35 and P40. Anxiety and anxiety-related impulsivity behaviors were assessed using the 
Elevated-plus-maze test on adult rats (P104-P110). Results: GBS had a negative impact on 
maternal weight gain, but did not affect litter size. GBS-exposed males - but not females - 
weighted less than male controls at P1, but no difference was observed from P2. Reduced time 
and number of rearing episodes were detected at P20 and P25 in GBS-exposed vs control rats. 
Increased average time of grooming episodes was observed in GBS-exposed vs control males - 
but not females - at P15. At P40, the latency to fall in the Rotarod test was reduced in GBS-
exposed females - but not males - as compared to controls. Anxiety-related impulsive behavior - 
associated with open-arm exploration - was observed in GBS-exposed versus control females - 
but not males - during adulthood. Discussion: End-gestational GBS-induced inflammation 
resulted in ADHD-like behaviors in female - but not male - offspring, which were noticed only 
from the late juvenile/young adulthood period. Neurobehavioral impairments might be subtler in 
female subjects before adulthood. Therefore, further neurobehavioral assessments during 
adulthood would be of interest to better understand these sex differences. 
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Abstract: Human studies have indicated a link between perinatal infection (PI) and the 
development of autism-spectrum disorder (ASD) suggesting an epigenetic etiology. Previous 
research has shown that mice exposed to PI have an ASD-like phenotype, behaviourally and 
molecularly. However, to date, the literature has primarily focused on the effects of PI on adult 
male mice; there are few reports describing the behavioural and molecular effects of PI on 
females, or mice in early development. In the current study, we injected pregnant C57BL/6 mice 
with lipopolysaccharide (LPS) or polyinosinic:polycytidylic (PolyIC) acid to induce a bacterial 
or viral response, respectively. Male and female offspring were tested during development and at 
adulthood for the three core symptoms of ASD: social communication, social interaction, and 



repetitive behaviours. Ultrasonic vocalizations to maternal separation, repetitive grooming, and 
juvenile play between unfamiliar mice were measured during early development. Olfactory 
habituation/dishabituation to social stimuli, marble burying, 3-chamber social preference, and 
free-social interaction was measured during adulthood. Additionally, the expression of several 
synaptic (Nlgn2/3, Shank3, Mdga2, Mtor) and regulatory epigenetic (Hdac2) genes was analyzed 
in the hippocampus, cerebellum and frontal cortex of offspring at postnatal day zero (P0) and at 
3 months of age to discriminate prenatal from postnatal effects. Changes in gene expression were 
related to DNA methylation in the promotor regions of these genes. Ultimately, the PI mice 
displayed abnormal social behaviours, repetitive behaviours and gene expression compared to 
control sham-injected mice. Moreover, exposure to bacterial infection had differing effects than 
exposure to viral infection. Distinct sex effects which have not been previously reported were 
also observed. Overall, this study identified novel mechanistic insights on PI-induced ASD. 
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Abstract: Epidemiological studies have revealed that prenatal exposure to maternal infection 
increases the risk of psychiatric disorders like autism and schizophrenia, though the mechanisms 
remain to be elucidated. We have previously established a maternal immune activation (MIA) 
swine model, which results in altered piglet social behaviors postnatally, in the absence of 
microglia activation. Thus, we sought to identify microglia activity prenatally, immediately 
following maternal infection. We hypothesized that MIA would elicit transient fetal microglia 
activation concomitant to maternal symptoms of infection. Pregnant gilts were inoculated with 
porcine reproductive and respiratory syndrome virus (PRRSV; 5 x 105 TCID50 of live virus) on 
gestational day (GD) 76 and cesarean sections were performed 7 and 21 days post-inoculation 
(dpi). Primary microglia were isolated from fetal brains and assessed for activation status 
through flow cytometry, phagocytosis and chemotaxis assays, and LPS and Poly I:C stimulation 
in culture. Maternal PRRSV treatment did not affect fetal body weights at 7 or 21 dpi; however, 



fetal brain weights were reduced (p < 0.0001) at 21 dpi, but not 7 dpi, due to maternal infection. 
At 7 dpi, primary fetal microglia from PRRSV-infected litters expressed more MHCII (p < 
0.0001), and tended to express more CD68 (p = 0.0534), compared to control litters. 
Additionally, these fetal microglia displayed reduced phagocytic (p < 0.0001) and chemotactic (p 
< 0.0001) activity compared to controls at 7 dpi. At 21 dpi, expression of MHCII was still 
elevated (p < 0.05) in microglia from PRRSV-infected litters, though to a lesser extent, and 
CD68 expression no longer differed. Interestingly, though chemotaxis remained reduced (p < 
0.05), phagocytic activity returned to control levels. Intriguingly, TNFα production by primary 
microglia stimulated with LPS and Poly I:C was not impacted by maternal infection, though 
production of this pro-inflammatory cytokine was greatly reduced at GD 97 compared to GD 83 
(p < 0.0001). Overall, these data suggest that the activity of fetal microglia are transiently altered 
by maternal viral infection, indicating a potential mechanism through which MIA could 
negatively impact prenatal neurodevelopment and cause altered behaviors postnatally. 
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Title: Autism-relevant behavioral outcomes in an antigen-driven rat model of maternal 
autoantibody related autism 
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Abstract: Maternal autoantibodies reactive to fetal brain proteins have been described by 
numerous researchers in a subset of mothers of children with autism spectrum disorder (ASD), 
but not in mothers of typically developing children. While previous passive transfer animal 
models in mice and nonhuman primates have yielded promising results, they did not reflect a 
constant exposure to the salient autoantibodies throughout gestation, as would be the case in the 



clinical setting. Our research group has recently developed a novel non-passive transfer mouse 
model of maternal autoantibody related (MAR) ASD to directly assess the pathologic 
significance of prenatal exposure to epitope-specific autoantibodies in generating ASD-relevant 
behaviors in offspring. Here we expand this program of research from the mouse and into the 
laboratory rat in order to evaluate the impact of maternal autoantibody exposure in a species that 
exhibits complex, reciprocal play behavior. In order to generate epitope-specific autoantibodies 
that mimic those found in the mothers of children with ASD, female Sprague Dawley rats 
randomly assigned to MAR-ASD treatment received a series of immunizations containing the 
immunodominant peptide epitope sequences of the four primary target proteins of MAR ASD 
(lactate dehydrogenase A and B, collapsin response mediator protein 1, and stress-induced 
phosphoprotein 1). Control females were injected with saline only. Following confirmation of 
autoantibody production, females were paired with male breeders to produce the experimental 
offspring of interest. Subsequent male and female offspring were tested in a sequence of autism-
relevant behaviors and developmental milestones from an early postnatal period through 
adulthood. Our results indicate offspring prenatally exposed to ASD-specific maternal antibodies 
emit fewer ultrasonic vocalizations as pups, display robust deficits in social interactions at 
juvenile and young adult time points, and exhibit increased self-grooming behaviors as adults. 
The developmental trajectory of social impairments and repetitive behaviors observed parallels 
features of human autism. These findings contribute to the ongoing efforts towards identification 
of biomarkers specific to subphenotypes of ASD and the establishment of a highly translatable 
rat model of ASD. 
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Abstract: While the etiology of autism spectrum disorders (ASD) is currently unknown, 
immune dysregulation has been noted consistently in individuals with ASD and their families, 
including the presence of immunoglobulin G (IgG) autoantibodies reactive to fetal brain proteins 
in 23% of mothers of children with ASD versus less than 1% in mothers of typically developing 
(TD) children. However, the mechanisms through which these maternal autoantibodies act to 
influence neurodevelopment and subsequent behaviors in the offspring have yet to be elucidated. 
Further, although maternal IgG is known to cross the placenta during gestation, it is important to 
determine the extent to which the autoantibodies access the fetal brain. Therefore the objective of 
this study was to establish the biodistribution of the circulating maternal autoantibodies during 
gestation and early postnatal life, as well as the extent to which they enter the fetal compartment. 
To accomplish this, maternal IgG from either autoantibody positive mothers of children with 
ASD or autoantibody negative TD mothers were conjugated with desferrioxamine for 
radiolabeling with 89Zr (half-life 78.4 hours), using established methods. The radiolabeled 
maternal IgG (approximately 200 uCi) in isotonic solution was then injected intravenously of 
timed-pregnant C57BL/6J female mice on gestational day 15. Pregnant dams were then imaged 
under anesthesia 2, 24, and 96 hours after injection using microPET emission scans to capture 
biodistribution during gestation. Additionally, resulting male and female offspring were scanned 
on postnatal days 0.5, 3.5, and 4.5. Each emission scan was immediately followed by a cobalt-57 
transmission scan (400 s) for attenuation correction, and a magnetic resonance (MR) scan for 
anatomical reference. Zirconium-89 filled capillaries attached to the animal bed were used for 
alignment of the PET and MR scans during image co-registration. For image analysis, 3D-binned 
listmode data from the emission scans was reconstructed using a MAP3D algorithm, attenuation 
corrected and co-registered with the MR data. Regions of interest were drawn for selected 
organs, as well as the fetal compartment and standardized uptake values calculated. Preliminary 
results suggest that radiolabeled IgG from mothers of children with ASD and from TD mothers 
readily enters the fetal compartment beginning 24 hours post-injection. Further, radioactivity was 
readily detected in the brains of offspring during gestation and persisting into the first week of 
postnatal life. 
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Abstract: Zika virus (ZIKV) is responsible for an ongoing and intensifying epidemic in the 
Western Hemisphere. We previously reported a systems biology analysis of ZIKV utilizing 
diverse strains (representing temporally diverse members of the African lineage, the Asian 
lineage, and the current outbreak in the Americas) to explore the natural history of this 
previously little-known virus. Our analysis highlighted a persistent change in the N-linked 
glycome of all Asian and American strains examined: glycosylation of the envelope (E) protein 
residue ASN154, a modification proposed to mediate neurotropism in related flaviviruses. This 
modification was absent from examined African strains. Structural analysis indicates that this 
residue is modified by addition of N-acetylglucosamine (NAG) and falls within a disordered 
region of the E protein, suggesting that it is part of a linear epitope in vivo. We synthesized short 
(20-mer) peptides representing this region from strain HPF2013, which is conserved in all 
sequenced Western Hemisphere isolates, the Nigerian strain IbH30656, and the type strain 
MR_766(Uganda). A NAG-linked version of the HPF2013 peptide and an unglycosylated 
version were generated to explore the contribution of this modification to interaction with 
neuronal cells and fibroblasts, expecting interactions to be representative of ZIKV E protein/cell 
interactions. Non-glycosylated peptides from HPF2013, IbH30656, and MR_766 bound MDCK 
cells and primary dorsal root ganglia neurons significantly above a scrambled HPF2013 control 
peptide at equivalent levels, implicating this motif in ZIKV-cell interactions. These peptides 
significantly inhibited the ability of ZIKV strain MR_766 to adsorb to host cells, as measured by 
TCID[50], indicating that we have positively identified the binding mechanism of ancestral 
African ZIKV strains. Surprisingly, binding of the NAG-glycosylated (i.e., native) HPF2013 
peptide to MDCK cells and DRG neurons was abolished, potentially indicating that HPF2013 
and related strains target host cells with an alternative binding mechanism. Studies exploring a.) 
alternative HPF2013 binding motifs and b.) trafficking of NAG-glycosylated and unglycosylated 
peptides to the central nervous system and the placenta in vivo are ongoing. 
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Abstract: Zika virus (ZIKV), a mosquito-borne flavivirus, has been associated with 
microcephaly and other neurological disorders in infants born to infected mothers. Despite being 
declared an international emergency by the World Health Organization, comparatively very little 
is known about the pathogenesis, mechanisms, or behavioral consequences of maternal ZIKV 
infection in the offspring. Our lab is interested in developing a working animal model to answer 
some of these questions. Here, we use a rat model of prenatal ZIKV infection to measure the 
level of infectivity, as well as the rate of viral clearance in both the mother and her pups. We use 
quantitative PCR to measure the effect of ZIKV on inflammatory gene expression, and examine 
various aspects of brain development in pups, including cortical thickness, microglia 
morphology, and apoptosis. Given that pregnancy is also associated with significant 
immunomodulation, we are also interested in the role that pregnancy has on the impact of ZIKV 
infection, therefore we compare viral infectivity between both pregnant and non-pregnant female 
rats. This model will allow us to 1) better understand the mechanisms underlying ZIKV infection 
and transmission to the fetus, 2) determine the impact of ZIKV infection on the developing fetal 
brain, and 3) in the future, measure potential behavioral deficits associated with fetal ZIKV 
infection later in life. 
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Abstract: Zika Virus (ZIKV), unlike other Flaviviruses, has an apparent selective tropism for 
developing neural stem cells. As a result, the fetal brain is acutely more vulnerable to ZIKV 
infection than the adult brain. ZIKV can cross the placental barrier to directly enter the fetal 
brain. In the fetal brain, ZIKV appears to specifically target developing radial glia. In embryonic 
mice, ZIKV infection of neural progenitor cells (NPCs) arrests the cell cycle and hinders 



apoptotic cell death by 24 hours post-infection. However, by 3 days post-infection, ZIKV 
induces apoptosis in NPCs and stimulates pro-inflammatory cytokine expression from microglial 
cells - the resident immune cells of the brain. It is unclear whether neural progenitor cells are the 
only cells targeted by ZIKV. It is also unclear what role microglia have in the mitigation or 
exacerbation of cell death associated with ZIKV infection. We hypothesize that ZIKV infection 
of NPCs will induce microglia to express high levels of pro-inflammatory cytokines (IL-1β and 
IL-6), either mitigating or contributing to the resultant cell death of developing neural cells. To 
test this hypothesis using a rat model, we collected hippocampal and cortical tissue from male 
and female Sprague Dawley rat pups and generated three distinct cell populations for culture: 
isolated neonatal microglia, all other developing neural cells, and a population of unsorted cells 
containing both microglia and all other neural cells. The cells were infected with ZIKV at 0, 0.1, 
1, or 10 MOI and collected for qPCR analysis of pro-inflammatory cytokine expression, markers 
of microglial activation, and apoptotic cell death. A separate set of similarly-treated cell cultures 
were fixed for analysis of cell type-specific ZIKV infection and apoptosis. This experimental 
design is unique in its use of a rat animal model as well as its use of a primary cell culture model 
over a complex in-vivo model. These infection studies will allow us to better characterize Zika 
virus-host interactions in the developing brain, including how the developing neural immune 
system responds to this emergent virus. Our preliminary data indicate that ZIKV replication can 
be detected in rat neural cells following a 16-hour incubation at 1 MOI, an unprecedented result 
in a rat animal model. Still, the infected cell type remains to be determined. We are currently 
examining these samples for pro-inflammatory cytokine (IL-1β, IL-6, and TNF-α) and type I 
interferon (IFN-α) expression. Ultimately, we predict that the microglial response to infection 
will be exacerbated by the presence of other developing neural cells, infected and dying from the 
infection. 
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Abstract: In the developing mammalian visual system, neighboring retinal ganglion cells 
(RGCs) fire in correlated bursts of action potentials that are observed as propagating waves 
across the retina. These spontaneous waves of activity, which in mice begin around the time of 
birth and last until eye opening, are thought to be crucial for normal formation of visual system 
circuitry. The features of retinal waves have been described in detail in a number of species in 
vitro, but little is known about their properties in the epoch just prior to eye opening (‘Stage III’ 
or P9-P13 in mice) in vivo. Using optical imaging techniques with genetically encoded Ca2+ 
indicators, we report here on experiments examining the spatiotemporal and pharmacological 
properties of Stage III retinal waves in RGCs, the superior colliculus, lateral geniculate nucleus 
and visual cortex in mice in vivo. In comparison to Stage II waves, Stage III waves are smaller, 
faster, and of shorter duration, which is simultaneously observed in their downstream targets. We 
also describe the results of novel dual wavelength and fluorophore (RCaMP, GCaMP) 
experiments to simultaneously image presynaptic axons and postsynaptic neuronal activity. Both 
Stage II and Stage III waves show faithful transfer to postsynaptic targets in the SC, however 
Stage III wave transfer is less predictable, likely due to increased post-synaptic activity at older 
ages. Our data also suggest that Stage III retinal waves propagate in a wave like fashion in both 
the colliculus and thalamic afferents, but cortical activity is less tightly correlated to retinal 
activity in Stage III waves than during Stage II. We also examined the effects of pharmacological 
manipulations in the eye on the propagation of retinal waves to the superior colliculus and higher 
order visual circuits. These results demonstrate that Stage III waves have unique properties and 
trans-synaptic propagation compared to earlier (Stage II) spontaneous activity, which may be 
essential in the patterning of circuits throughout the visual system in vivo. 
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Title: Origin and function of directionality in spontaneous retinal waves 

Authors: *X. GE, A. GRIBIZIS, M. C. CRAIR 
Neurosci., Yale Univ., New Haven, CT 

Abstract: Before the onset of visual experience, spontaneous retinal waves are the main source 
of activity in the developing superior colliculus (SC), thalamus and primary visual cortex in the 
mammalian visual system. Genetic and pharmacological manipulations of this spontaneous 
retinal activity suggest a causal link between retinal waves and circuit refinement. Previous 
studies found that Stage II (around the first week after birth in mice) spontaneous waves exhibit a 
strong directional bias. However, it remains unclear how this bias emerges, whether it changes 
over development and whether this spatiotemporal feature of spontaneous waves is critical for 
circuit refinement and the development of functional circuit properties. Here, we describe 
experiments that investigate the role and origin of spontaneous wave directionality during visual 
system development. We used wide-field Ca2+ imaging of retinal ganglion cell (RGC) 
projections in the SC in vivo and optogenetic or light stimulation of the retina to examine 
spontaneous and stimulus induced wave direction bias. We observe that the directional bias 
emerges at the end of Stage II (~P8) waves and vanishes around the time of eye opening (~P13). 
The biased direction (temporal to nasal) is consistent between P8 and P13. The averaged wave 
propagation direction distributes inhomogenously across the retina, suggesting a difference in 
wave initiation and propagation in different parts of the retina. To understand the origin of wave 
directional bias in vivo, we used selective optogenetic stimulation of starburst amacrine cells 
(SACs), or light stimulation after the onset of light response (~P10), to initiate waves at various 
locations in the retina. Our preliminary data suggests that starting from around P10, stimulated 
retinal waves propagate in a direction consistent with intrinsic waves, regardless of their 
nucleating sites. This suggests a biased retinal circuit that favors the propagation of waves in a 
specific direction on the retina. These results suggest a specific developmental stage in which 
spontaneous retinal waves exhibit a strong bias, which could potentially affect visual circuit 
refinement in the retina and other parts of the developing visual system. 
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Title: Ontogenetic course of the establishment of the thalamo-palio-intra pallial connectivity in 
birds. The chick visual DVR as a study case 
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Abstract: In spite its evident cytoarchitectonic differences, avian and mammalian pallial 
territories are comparable in terms of the complexity of its neural processing capabilities. This 
operational similarity has been attributed to a similar organization of the thalamic inputs to the 
pallium, and also to a seemingly common pattern of organization of the intrapallial circuits. The 
avian pallium contains a dorsal intraventricular protrusion known as dorsal ventricular ridge 
(DVR), which is formed by a dorsal neuronal stratum, known as the mesopallium and a more 
ventral stratum, the nidopallium. Of particular concern to us is the visual DVR, which can be 
regarded as a complex composed of three main layers: an internal nidopallial one, the 
entopallium (E), in receipt of afferents from the dorso-thalamic stage of the tecto-fugal visual 
system, the nucleus rotundus (Rt); an overlaying nidopallial region, the intermediate nidopallium 
(NI), lacking sensory inputs; and a more external mesopallial one, the ventral mesopallium 
(MV). Interconnections between these layers follow a "columnar/ recurrent" arrangement that 
features a striking resemblance with that of the interlaminar circuitry of the mammalian sensory 
cortex. We prompted to ask whether the structural similarities between avian and mammalian 
pallia arise from comparable ontogenetic trajectories. To that end, we study the ontogenetic 
development of the Rt-E projection, along with that of the E-M reciprocal connectivity in chicks. 
Minute deposits of biocytin crystals were placed in selected locations of vital slices of the brain 
of chick embryos. These slices were then reacted with DAB/Ni and counterstained with giemsa. 
Neurotracing experiments revealed the existence of a prospective Rt as early as E8. At this stage, 
the visual DVR appear cytoarchitectonically composed by the three main layers described in 
adults; axons from the prospective Rt were found reaching the nidopallium and delineating in it a 
prospective entopallial region. Furthermore, columnarly organized axonal processes running 
reciprocally and homotopically between the E and the MV were found from, at least, E12 
onwards. These results suggest that the "cortical like" arrangement proper of the adult visual 
DVR is established in early embryonic stages, in conjunction with the arrival of the rotundal 
axons to E, and prior to the (previously documented) date of arrival of the tecto-visual afferents 
to the dorsal thalamus. This situation may be comparable to that of mammals, where the early 
ingrowth of thalamic fibres and the maturation of the cortex take place in conjunction, and before 
the arrival of sensory afferents to the dorsal thalamus. 
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Abstract: We are able experience and navigate through the world through the use of our highly 
elaborate visual system. In this system, parallel circuits process information about various 
aspects of the visual scene. For instance, there are multiple subtypes of retinal ganglion cells 
(RGCs) that respond to specific stimuli, such as contrast or motion. The molecular components 
that are essential in the formation of these sub-circuits have not been clearly elucidated. 
In this study, we focus specifically on the sub-circuits of the retina’s projection to the superior 
colliculus (SC). In Isl2-EphA3 knock-in mice (EA3ki/ki), the projections of different RGCs are 
segregated into the rostral and caudal regions of the SC. Interestingly, the sublaminar targeting of 
class-specific projections was unaffected, suggesting that the molecules that regulate this process 
may also be differential expressed in the SC of EphA3ki/ki mice. We performed RNAseq analysis 
of microdissected regions of the developing SC and identified the hedgehog-interacting protein 
(hhip) was as a potential candidate regulator of class-specific circuit formation. 
Using a combination of RNA in situ hybridization and immunohistochemistry, we found that 
hhip is expressed specifically in neurons located in the retino-recipient layer of the SC. 
Additionally, we found that expression of hhip was temporally regulated during development, 
peaking at postnatal day 4 (P4), a time point that overlaps with the period of laminar targeting by 
RGCs in the SC. Interestingly, we found that hhip was expressed in retinal neurons; however, the 
specific subset of RGCs has not been clearly identified. Taken together these data suggest that 
hhip is ideally positioned to mediate class-specific targeting of RGCs in the SC and raise the 
possibility that hhip may be involved in trans-synaptic signaling between both RGCs and 
neurons in the SC. 
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Abstract: Integrating sensory information is a central task of the nervous system, which is 
necessary to create a unified percept of the outside world. In the mammalian visual system, 
distinct neuronal subtypes monitor different aspects of the visual scene, such as contrast or 
motion, and this information needs to correctly converge in integrative centers to successfully 
relay both qualitative and spatial information about stimuli. One such integrative center, the 
superior colliculus (SC), receives converging input from retinal ganglion cells (RGCs) of the eye 
through the retinocollicular pathway, and also from Layer 5 (L5) of the primary visual cortex 
(V1) through the corticocollicular pathway. We previously demonstrated that retinal input 
instructs the spatial alignment of V1 neurons in a process requiring the normal pattern of 
spontaneous waves of activity. Based on this, we hypothesized that subtypes of RGCs instruct 
both the spatial and functional alignment of matched L5-V1 inputs in the SC. Utilizing the 
Islet2EphA3/EphA3 knock-in mouse model in which distinct morphological and functional types of 
RGC inputs are segregated into two independent subdomains of the SC, we are able to separate 
neuronal projections from L5-V1 that align with these distinct retinal projections. To 
retrogradely label corticocollicular neurons making monosynaptic connections in the SC of adult 
mice, a Cre-based pseudotyped rabies viral tracing strategy is being used. Consistent with 
previous data, we have found that corticocollicular L5-V1 neurons are pyramidal cells that have 
complex apical and basal dendritic tufts. Current and future experiments using a combination of 
anatomical tracing, in vivo electrophysiology, and optogenetics will determine the morphological 
and functional differences of L5-V1 corticocollicular neurons aligning with distinct retinal inputs 
in the SC. 
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Abstract: Visual system, part of the central nervous system, receives external visual cues and 
transforms it into visual and non-visual signals, which enables organisms to react to 
environment. However, the development of the visual system is influenced by light experience, 
which implicates the involvement of epigenetic regulations. We focused on the role of one of the 
epigenomic phenomenon, genomic imprinting, which is expressed in parent-of-origin-specific 
manner, during critical periods of visual system development. By manipulating light experience 
during critical periods of visual system development in the mice, we identified experience-
regulated, isoform-specific, and brain region-specific imprinted genes. We also found imprinted 
microRNAs occurring in the clusters. Our results provide the first comprehensive profiling of 
light-experience regulation of the transcriptome and imprintome during critical periods of visual 
system development. Our work might provide a new insight into the regulation of visual system 
development and potential therapeutic strategy for visual impairments and circadian rhythm 
disorders. 
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Abstract: In higher mammals, the primary visual cortex (V1) is organized into various 
functional maps such as an orientation map. The topographies of these maps in the same cortical 
area are geometrically correlated with each other, but it remains unclear as to how such 
systematic organization may have developed. Recent studies have reported that the structure of 
each functional map is strongly correlated with the local organization of ON and OFF thalamic 
inputs (Kremkow et al., 2016; Lee et al., 2016). It was also proposed that a quasi-periodic 
orientation map can be seeded by the moiré interference of hexagonal lattices of ON and OFF 
retinal ganglion cells (RGC) (Paik and Ringach, 2011). Here, expanding upon the previous 
model, we propose that such a regular distribution of RGCs can also seed the spatial frequency, 
direction and ocular dominance maps in a way that their topographies are systematically 
correlated, as observed in experiments. First, we simulated multiple functional maps on a moiré 
interference of RGC by estimating the individual selectivities of model V1 neurons. As the 
preferred orientation is determined by the alignment of neighboring ON and OFF cells, the 
preferred frequency depends on the spatial distribution of neighboring ON and OFF cells in the 
moiré interference. Because the alignment and the local distribution changes in relation to the 
other property in the orthogonal direction, we successfully reproduced the orthogonal 
organization of the orientation map and the spatial frequency map (Nauhaus et al., 2012). Given 
that this periodic change in the spatial distribution causes the preferred direction to flip at the 
center of an iso-orientation domain, the iso-orientation domain was divided into two iso-
direction domains with opposite directions (Weliky et al., 1996). Next, we simulated the ocular 
dominance while assuming that a V1 neuron receives input from two sets of moiré interference, 
mimicking the contra- and ipsilateral retina. Because the early orientation map is dominated by 



the contralateral eye (Crair et al., 1998), the contralateral input was assumed to be projected from 
the retina to V1 by local wiring that can seed a clear orientation map (Paik and Ringach, 2011), 
whereas more extensive wiring was assumed for the ipsilateral projection. In our simulation, the 
ocular dominance peaks were located where the local density of the contra-RGC is relatively 
high or low. This reproduced the previous observation of singularities in the orientation map 
which are located at the center of an ocular dominance domain (Crair et al., 1997). Our results 
suggest the retinal origin of multiple functional maps and their structural correlation. 
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Abstract: Thyroid hormones are crucial for the development and proper maturation of the CNS. 
Severe changes in thyroid hormones levels during perinatal period can result in impaired brain 
development since they regulate neurogenesis, neuronal growth and synaptogenesis (Zoeller, 
Dowling et al. 2002; Plateroti Bernal et al. 2011). During the post natal development, the sensory 
experience plays a key role in the refinament and maturation of of neural circuits, since it 
regulates the development of intrinsic programs to modulate gene expression as both the 
anatomical and functional properties of neuronal circuits through patterns of neuronal activity. 
The objective of this study is to evaluate the role of thyroid hormones in the development of 



neural circuits modeled the visual system that has topographical organization characteristics and 
formation of eye-specific layers, properties that point to the formation of organized neuronal 
circuits. 
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Xenopus tadpoles 
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Abstract: The wiring of the developing Xenopus laevis retinotectal system has been well 
described anatomically, but the functional organization of the retinotopic map has not been 
thoroughly characterized. Here we report on the development of an optical approach to visualize 
retinotopy in the tectal neuropil of albino Xenopus larvae, based on in vivo two-photon imaging 
of calcium fluorescence changes in response to visual stimulation. By microinjecting messenger 
RNA for the genetically-encoded calcium indicator GCaMP6 into one blastomer of two-cell 
stage Xenopus embryos, expression of calcium indicator can be restricted to half of the 
developing tadpole. Because the projection from the eye to the brain crosses the midline, this 
approach permits the presynaptic terminals of retinal ganglion cell inputs and the postsynaptic 
dendritic fields of tectal neurons to be observed independently. Drifting bar stimuli were 
presented on a LED monitor placed adjacent to the animal under the microscope. Three-
dimensional stacks of calcium fluorescence images of the neuropil and tectal cell somata were 
collected using resonance-scanning 2-photon excitation with piezo focus control, at acquisition 
rates of up to 30 Hz. Correlation of fluorescence intensity changes to visual stimulus location 
revealed smooth maps for both azimuth and elevation. This method can uncover continuous 
retinotopic maps in most of the volume of the tectal neuropil, and can serve as a tool to examine 
the influences of various developmental factors on map organization. 
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Abstract: We have previously described a transcriptional combinatorial code of Pou domain 
transcription factors regulating Retinal Ganglion Cell (RGC) diversity in the mouse. RGCs 
expressing the Brn3c transcription factor constitute a small fraction of all mouse RGCs, and, 
depending on the particular subtype, they can also express the transcription factors Brn3a and/or 
Brn3b, as well as neurotrophin receptors such as cRet. We have recently described a sequential 
Dre to Cre recombination strategy involving a Dre-dependent conditional Cre knock-in allele at 
the Brn3c locus. In addition, we have described a unique cell type identified by the intersection 
of the cRet and Brn3c expression domains. We are taking advantage of these unique tools to 
characterize the dendritic arbor lamination, molecular profile and brain projections for RGCs 
expressing Brn3c, hopefully leading to the characterization of the physiological and circuit 
function of individual RGCs expressing Brn3c. 

Disclosures:  T.C. Badea: None. N. Parmhans: None. E. Nguyen: None. K. Chuang: None. S. 
Sajgo: None. W. Luo: None. J. Niu: None. 

Poster 

285. Development of Visual, Auditory, and Somatosensory Circuits 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 285.11/C15 

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



Support: NIH Grant EY022730 

Title: Thalamic contributions to the developmental acquisition of state-dependent cortical 
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Abstract: Two major checkpoints of cortical development are the acquisition of continuous 
background (spontaneous) activity and the state-dependent modulation of this activity. In both 
humans and rodents, cortical activity during early development is discontinuous, meaning it 
contains long (>1 second) silent periods, and oscillatory activities are poorly modulated by 
arousal state. Continuous background activity that is reliably modulated by state develops around 
the term age in humans and at the end of second postnatal week in rodents. Abnormal 
development of continuity is often a result of brain damage due to epileptic seizures or hypoxic-
ischemic encephalopathy. However, the underlying circuit changes that instruct continuity are 
unknown. Thalamic lesions in adults can result in discontinuous activity and disrupt state-
dependent modulation in cortex, but the changing behavior and function of thalamus around the 
time of continuous activity development has not been examined. 
Here we use the rodent visual system as a model to examine the role of thalamus in cortical 
activity development. We conducted simultaneous recordings in the lateral geniculate nucleus 
(LGN) and visual cortex (VC) of awake head-fixed rats using linear multi-electrode arrays 
throughout development. We find that between P5 and P11 spontaneous LGN activity is 
discontinuous and not modulated by movement. By P13 activity in both VC and LGN becomes 
continuous and movement causes increased multi-unit firing in both structures. To determine the 
role of thalamus in this change, we pharmacologically silenced LGN. This treatment reduces 
firing and continuity in VC at all ages. Furthermore silencing LGN causes movement to 
suppress, rather than increase, VC activity. Thalamic single-units isolated with spike sorting 
showed that the developmental acquisition of continuity and movement dependence occur at the 
neuron level. Thalamic bursting only emerged on P16, a few days after thalamic acquisition of 
movement-dependent modulation, suggesting that the mechanisms initiating the development of 
movement modulation and bursting are different. 
Together our results demonstrate that maturation of LGN circuitry, not intra-cortical or thalamo-
cortical connections, plays a determinative role in the developmental acquisition of continuity 
and state-dependence observed in cortex. Our study has implications for understanding the 
circuit basis of human EEG development, which could improve diagnosis and treatment of 
preterm and neonatal infants. 
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Abstract: In Long-Evans rats (He et al., Nat Neurosci 10:1134, 2007) and 3 month-old kittens 
(Duffy & Mitchell Curr Biol 23:382, 2013), a 10 day period of total darkness has been shown to 
precipitate fast improvement of the visual acuity of the deprived eye induced by a short early 
period of monocular deprivation (MD). For rats, the period of darkness was imposed when the 
animals were considered adult (at P70 – 100 days) and beyond the upper limit of the age 
(~7weeks) of vulnerability of neural connections with the deprived eye in the rat visual cortex to 
the effects of MD. On the other hand, 10 days of darkness when imposed on adult cats at 1 yr of 
age promoted no recovery of vision in the deprived (amblyopic) eye (Holman et al., Soc 
Neurosci 780.02, 2014), a result that implied that the benefits of darkness in felines were 
confined to an early critical period. 
To document the profile of the critical period for the benefits of darkness, the same 10 day period 
of darkness was imposed on 15 kittens of progressively older ages each having received an 
identical early one week period of MD from P30-37 days. Longitudinal measurements were 
made by use of a jumping stand to assess the recovery of grating acuity of the two eyes at regular 
intervals, as well as the extent and time course of any recovery that occurred in the period 
following the period of darkness. Total darkness over 10 days was ensured by use of a custom-
built darkroom facility (Mitchell Clin Exp Optom 96: 363, 2013). 
In terms of the grating acuity of the derived eye, the effects of 10 days of darkness appeared 
quite uniform with respect to both the speed and the extent of the recovery of acuity when 
darkness was applied at any age prior to P180. However, thereafter there was a precipitous 
decline in the benefits of darkness such that no darkness-induced improvement in the acuity of 
the deprived eye was evident at all after P195 days. It is known that darkness can influence the 
levels of many putative molecules that serve to either facilitate or inhibit neural plasticity in the 
visual system. The protracted period during which darkness is efficacious may represent a period 



during which at least a subset of such molecules retain sufficient susceptibility to environmental 
manipulation to promote significant recovery. The abrupt termination of the critical period for 
darkness-induced recovery may reflect the age at which alteration of the slowest developing 
plasticity mechanisms is no longer possible with darkness. From a clinical perspective, the 
results imply that for darkness to be effective for treatment of human amblyopia it should be 
applied only in childhood. 
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Abstract: Prenatal hypoxia-ischemia (HI) is one of the main causes of neurodevelopmental 
impairment in the newborn and is associated with cerebral palsy, attention problems, 
hyperactivity, epilepsy, and sensory alterations, including visual processing problems. The retina 
is widely recognized as a neural circuit model used in the study of the development and plasticity 
of neuronal circuits. Thus, the investigation of the effects of prenatal HI on retinal development 
offers great potential to elucidate mechanisms related to the effects of HI during pregnancy. Here 
we studied the effects of prenatal HI on retinal morphology and function. Specifically, we 
evaluated the number of retinal ganglion cells (RGCs) and the pupillary light reflex (PLR) after 
prenatal HI of Wistar rats. Prenatal HI was induced by occlusion of uterine arteries for 45 
minutes on the eighteenth gestational day (HI group, n = 23 rats from 6 litters). Control animals 
were obtained from pregnant females submitted to the same surgical procedures except for the 
occlusion of the uterine arteries (SH group, n = 24 rats from 6 litters). Histological procedures 
were made at postnatal (P) day 2, 9, 23 and 30. Hematoxylin and eosin staining revealed a 



significant reduction in retinal layer thickness of HI animals compared to controls for all ages 
except P30. Immunohistochemical labeling of RGCs with Brn3-α showed a significant reduction 
in the number of RGCs in the HI group compared to control. PLR was evaluated in a separate 
group of animals at P30 (HI, n = 7; SH, n = 8) after two hours of dark adaptation. Both groups 
showed equal pupil constriction times and sizes, but HI animals were not able to sustain 
pupillary constriction under continuous illumination. Sustainability of the PLR is attributed to 
the activation of intrinsically photosensitive RGCs (ipRGCs). Therefore, our results suggest that 
prenatal HI could be preferentially eliminating ipRGCs. 
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Abstract: Visual corticocortical connections in adult animals link cortical areas in the same 
hemisphere (intrahemispheric) as well as in the opposite hemisphere (Interhemispheric or 
callosal). The adult pattern of callosal connections between visual areas in both hemispheres in a 
number of species is thought to emerge from an immature state during development through 
refinement of some aspects of this circuit. We studied the postnatal refinement of callosal 
connections projecting from multiple cortical areas to ferret (Mustela putorius furo) primary 
visual cortex (area 17) during the period from just before eye opening (4 weeks) to 10 weeks of 
age. Our goal was to determine (a) whether callosal projections from multiple visual cortical 



areas to area 17 refine with a similar rate and (b) whether the developmental refinement of 
callosal projections parallels that of intrahemispheric cortical circuits. To follow the development 
of callosal connections we injected the bidirectional tracer CTb into area 17 of juvenile ferrets, 
and visualized the distribution and pattern of callosal projecting cells in area 17, 18, 19, 21, and 
Ssy of the contralateral hemisphere. We analyzed the refinement of retrogradely labeled callosal 
cells in each source area by quantifying their areal and laminar distribution. Throughout 
development, the greatest proportion of callosal projections arises from the infragranular layers 
in most visual areas. At 4 weeks of age we find the greatest proportion of callosal inputs to area 
17 arising from Ssy, with a lesser and comparable proportion arising from areas 17, 18, 19, and 
21. From 5 to 6 weeks of age the proportion of callosal projections from Ssy to contralateral area 
17 declines significantly, while the proportion from contralateral area 18 increases. From 6 
weeks to 10 weeks of age there is minimal change in the proportion of callosal input to area 17 
arising from areas 18 and Ssy. In contrast, we find no significant change in the proportion of 
total callosal inputs to area 17 arising from contralateral areas 17, 19, and 21 during this 
postnatal period. We observe the same trends in the postnatal refinement of intrahemispheric 
feedback to area17; around the time of eye opening the major ipsi- and contralateral 
corticocortical input is provided by area Ssy, but within a week or two thereafter area 18 
supplants Ssy as the major corticocortical input. This suggests that the refinement of both inter- 
and intrahemispheric connections follows a broadly similar developmental trajectory during the 
period just after eye opening. 
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Abstract: Selectivity for stimulus orientation is a fundamental property of primary visual cortex 
in primates and carnivores, where it is exquisitely organized into a smoothly varying columnar 
map that emerges in an activity-dependent manner during early postnatal life. Recently, we 
reported that the initial absence of orientation selectivity can be accounted by high trial-to-trial 



variability at a columnar scale. Thus, response variability appears to be a limiting feature of the 
developing cortex, and its reduction crucial for the emergence of feature-specific representations. 
However, variability may also beneficially provide a flexible and dynamic mechanism for the 
developing cortex to explore and select relevant feature-specific input. 
To test whether response variability might be associated with a constructive role in forming 
coherent cortical representations, we chose to investigate how binocular inputs for orientation 
tuning become matched in ferret visual cortex. In rodents, this is an activity-dependent process 
that begins around eye-opening as orientation selectivity emerges (Wang et al., Neuron, 2010), 
but it is unclear if a similar process occurs in a species with cortical columns. Using functional 
imaging of GCAMP6s at both the columnar and cellular level, we show that the monocular 
presentation of drifting gratings to either eye evokes robust and modular responses. Furthermore, 
as in rodents, orientation-tuning is initially mismatched through the eyes, resulting in dissimilar 
orientation maps. The initial mismatch in orientation preference is gradually eroded, and within 
5-7 days of visual experience monocular orientation maps match at near adult-levels. 
We next tested the idea whether a gradual reduction in trial-to-trial variability to responses 
evoked by monocular stimuli precisely coincides with a developmental matching of orientation 
tuning through the two eyes. Indeed, we find both processes occur simultaneously. Moreover, 
because of the higher trial-to-trial variability, we observe with dimension reduction techniques 
that stimuli presented to each eye evoke activity in overlapping neural populations. In principle, 
Hebbian-based learning rules could then associate orientation-selective responses through the 
two eyes to a common neural population. In summary, while early trial-to-trial variability is a 
limiting factor for the emergence of orientation-selectivity in visual cortex, variability might also 
serve as an important framework to align binocular inputs for forming a coherent percept of the 
visual scene through both eyes. 
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Abstract: The calyx of Held (CH) is a giant nerve terminal that monoinnervates the medial 
nucleus of the trapezoid body (MNTB) within the brainstem and is critical for relaying interaural 
timing information for sound localization. This synapse exhibits hallmark developmental 
features of strengthening and pruning necessary to sculpt a precise neural circuit. Using serial 
block-face scanning electron microscopy (SBEM) on tissue collected from neonatal littermate 
mice (24-48 sampling), we previously found that around birth most principal cells host many 
small competing inputs (20+). Then, largely between postnatal (P) days 2 and 4, most inputs are 
pruned and selected terminals (2-3) grow at rates of 200 μm2 per day. Finally, a single input is 
strengthened into a calyx by P6. Importantly, this allows for the establishment of a large yet 
precise circuit ahead of the onset of hearing (P10). To date, imaging techniques have likely 
underestimated the actual growth dynamics of a developing neural circuit, owing to poor 
temporal resolution. Here, we examine the temporal dynamics of synaptic organization in the 
MNTB as it relates to the ultrastructure revealed with SBEM. We employed the lattice light-
sheet (LLS) microscopy that offers fast acquisition with minimal bleaching. Acute coronal 
brainstem slices (300-600 μm thickness) were collected daily in neonates ranging from P0-14. 
Following 4D image acquisition, data was imported into syGlass, a custom software package 
designed in-house, for immersive virtual reality aided-analysis. Points were manually placed 
through time to track growth dynamics of calyces and their emanating processes including 
filopodia and growth cone tipped collateral branches extending as far as 75 μm. We found an 
age-dependent relationship with motility of these calyceal collaterals that form a fluid field 
around the host calyx. Growth cones, perhaps the most dynamic feature of this system, extend 
fastest during the growth of the calyx yet tend to slow as monoinnervation is established (P2: 
65±11 μm/hr; P3: 288±20 μm/hr; P4: 176±33 μm/hr; P5: 90±7 μm/hr). Instantaneous velocities 
are unprecedented however for growth cones in any system (P2: 270±18 μm/hr; P3: 1318±101 
μm/hr; P4: 1037±79 μm/hr; P5: 713±54 μm/hr). This is because movement of calyceal collaterals 
are stochastic where as much time is spent extending and retracting as pausing. These data are 
effective in monitoring the navigation patterns of assembling neural circuits in an intact system. 
Moreover, these observations reveal the dynamic nature of growth and retraction of developing 
neurites that may otherwise be missed without sufficient temporal resolution. 
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Abstract: Auditory system requires thyroid hormone for normal development and function. 
Lack of thyroid hormone during development causes such symptoms of psychiatric disorders as 
auditory hallucination. Since auditory hallucination is thought to involve abnormal cortical 
connectivity, we suspected that hypothyroidism affected the distribution of neurons and laminar 
formation in the auditory cortex. Previous studies had suggested that the retrogradely labeled 
callosal projection neurons were mis-distributed within auditory cortex in the adult hypothyroid 
rats. Whether hypothyroidism affects the distribution of corticothalamic and subcortical 
projection neurons in primary auditory cortex (A1) is a remaining question. In this study, we 
investigated this using mice treated with methimazole, an antithyroid drug, starting at embryonic 
day 10 until the day of experiments up to postnatal day 60. 
To identify corticothalamic and subcortical projection neurons using the immunofluorescence 
technique, antibodies against transcription factors Forkhead-box protein 2 (Foxp2) and COUP-
TF interacting protein 2 (Ctip2) were used, respectively. Dendrites and dendritic spines of layer 5 
neurons were also analyzed by the Golgi staining. We found that Foxp2-immunopositive cell 
density and distribution were not affected, whereas Ctip2-immunopositive cells were 
misdistributed without changing their cell density in layer 5 of hypothyroid mice. Further, we 
also found abnormal spine morphology in layer 5 pyramidal neurons in hypothyroid mice. 
In summary, hypothyroidism in mice induces misdistribution of subcortical projection neurons 
and abnormal spine morphology of pyramidal neurons in layer 5 of A1 during development and 
in the adult. These changes may underlie the symptoms of psychiatric disorders such as auditory 
hallucination. 
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Abstract: Sensory experience drives neural circuit refinement during critical periods of 
heightened plasticity, but little is known about the genetic regulation of these developmental 
windows. The primary auditory cortex (A1) exhibits a critical period for thalamocortical 
connectivity between postnatal days P12-P15, during which continuous tone exposure alters the 
tonotopic topography of A1. We hypothesized that a coordinated, multicellular transcriptional 
program governs this window for patterning of the auditory cortex. To generate a robust 
multicellular map of gene expression, we performed droplet-based, nuclear single cell RNA-
sequencing (scRNA-seq) of A1 homogenates across three developmental time points spanning 
the tonotopic critical period (P10, P15, P20). We also tone-reared mice (7kHz pips) during the 3-
day critical period and collected A1 at P15 and P20. Using semi-supervised clustering and 
marker genes, we identified and profiled neuronal (glutamatergic and GABAergic) and non-
neuronal (oligodendrocytes, microglia, astrocytes, and endothelial) cell types. This yielded cell 
type-specific and shared developmental gene programs. Next, we clustered genes based on their 
temporal expression kinetics and described ontological categories for these clusters. We were 
able to subgroup glutamatergic neurons into cortical layer-specific populations and GABAergic 
interneurons into known subtypes. This data is a rich resource for the identification of potential 
new tools for cell type-specific studies of A1. Furthermore, we sought to identify novel candidate 
genes that may execute auditory critical period plasticity. By comparing normally-reared and 
tone-reared mice, we found hundreds of genes in both glutamatergic and GABAergic cells with 
altered expression as a result of sensory manipulation in the critical period. Based on expression 
patterns, we identified genes as potentially positive or negative regulators of plasticity, and 
further validated cell-type specific expression of select genes using in situ hybridization. This 
paves the way for assessing therapeutic reopening of critical periods in A1 following removal of 
molecular ‘brakes’ on plasticity. To our knowledge, our study represents the first single cell 
transcriptomic analysis of the developing auditory cortex and is a powerful discovery platform 
with which to identify mediators of tonotopic plasticity. 
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Title: Cochlear purinergic receptors contribute to In vivo spontaneous activity in the developing 
auditory system 
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Abstract: Spontaneous electrical activity is a prevalent feature of the developing nervous system 
and has been shown to influence the maturation and survival of neurons, as well as refinement of 
circuits in the brain. In the developing auditory system, bursts of activity originate in the cochlea 
and propagate through the brainstem and midbrain to the auditory cortex before hearing onset. 
Although spontaneous activity is initiated in the cochlea, the sequence of events that lead to burst 
firing of spiral ganglion neurons remains uncertain, in part, because there have been few 
mechanistic studies performed in vivo. To define the patterns of activity that occur in auditory 
circuits in the brain and determine the mechanisms responsible, we developed an in vivo method 
for imaging synchronized neuronal activity in unanesthetized mice before hearing onset. In 
neonatal prehearing mice, spontaneous activity in the inferior colliculus (IC) was imaged using 
the genetically encoded calcium indicator, GCaMP6s, expressed in neurons under the SNAP25 
promoter. Widefield epifluorescence imaging revealed that groups of neurons located along the 
tonotopic axis exhibit periodic spontaneous increases in calcium at this age (P7-9). These events 
were bilateral, spatially restricted and oriented along the tonotopic axis, consistent with the 
excitation of adjacent hair cells in the cochlea by supporting cells. Bilateral cochlear ablation 
eliminated these bursts of activity, demonstrating that that they originate within the developing 
cochlea. Unilateral cochlear ablation revealed that although activity from one cochlea is 
bilaterally represented, there is a strong contralateral bias, consistent with previous in vivo 



electrophysiological studies of sound evoked activity. When NBQX, an AMPA receptor 
antagonist, was applied to the round window membrane, activity in the contralateral IC was 
suppressed, mimicking unilateral cochlear ablation, indicating that permeation through the round 
window membrane is sufficient to enable pharmacological manipulation of the cochlea. To test 
the involvement of the metabotropic ATP receptor, P2ry1, which is highly expressed by inner 
supporting cells in the cochlea, in generating spontaneous activity, a selective P2ry1 antagonist 
(MRS2500) was applied to the round window membrane. Activity in the IC was dramatically 
reduced following acute P2ry1 antagonism, an effect that was mimicked in high frequency zones 
in P2ry1 knockout mice. These studies provide the first in vivo evidence that ATP release within 
the cochlea promotes burst firing in central auditory circuits. 
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Abstract: The afferent innervation to the cochlea is composed of the spiral ganglion neurons 
(SGNs), which transmit mechanosensory input from the hair cells centrally to the cochlear 
nucleus as an electrochemical signal. There are two populations of SGNs in the mammalian 
cochlea: Type 1 SGNs which constitute 90-95% of the total population, and form contacts with 
inner hair cells (IHCs); and Type 2 SGNS which constitute the remaining 5-10% of the total 
population and form contacts with outer hair cells (OHCs). Recently, Tyrosine Hydroxylase 
(TH), an enzyme involved in the synthesis of catecholamines, has been shown to be expressed 
exclusively by Type 2 SGNs predominantly in the apical region of the adult mouse cochlea. 
To further understand the development of this TH expressing population in the mouse we 
undertook an immunohistochemical study analyzing the proportion of TH+ SGNs in the basal, 



mid and apical turns of the cochlea across a range of prenatal and early postnatal time points. TH 
protein expression was first detected in the spiral ganglion at embryonic day 16 (E16). At post 
natal day 0 (P0) an average of 3.9% of SGNs were TH+ in the basal turn, 8.9% in the mid turn 
and 7.2% in the apical turn (n=5). Interestingly, while the proportion of TH+ SGNs remained 
relatively stable until P5 in both the basal and apical turn, in the mid turn the proportion 
significantly decreased to 2% at P5 (P<0.05, one way ANOVA with posthoc Tukey’s test, n=5). 
In all three turns the proportion of TH+ SGNs appears to decrease further at P7 (n=5). 
Consistent with this data we observed strong TH staining in the terminals surrounding the OHCs 
in the apical and mid turns of the cochlea beginning at P0. The amount of staining below hair 
cells in the mid turn appears to decrease at P5, whereas the apical staining remains consistent. 
However, at least some of this staining may be due to dopaminergic efferent terminals in the 
same region which also express TH. No staining was observed in the terminals surrounding the 
IHCs at any age. 
Overall this work shows that TH, a newly described Type II SGN marker, is expressed more 
widely in the early postnatal cochlea than in the mature cochlea. Future studies will focus on 
determining the phenotype of the population which turn off TH expression, and the role TH may 
be playing in the development of these neurons. 
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Abstract: The zebrafish lateral line is a series of mechanosensory organs termed neuromasts that 
detect the flow of water along the body; the homology between the cells and genes in the lateral 
line and those in the inner ear have made this an attractive system for studying development and 
regeneration of mechanosensory cells and organs. The neuromasts are deposited along the head 
and trunk by a migratory clusters of cells termed primordia comprised of mesenchymal, 
multipotent progenitors that organize into epithelial rosettes which are deposited from the back 
end of the primordium where they differentiate to form the sensory hair cells, non-sensory 
supporting cells, and the surrounding mantle cells. The migration of the primordium and 
deposition of neuromasts have been well studied and is known to be coordinated by Wnt at the 
leading, migratory edge, and FGF and Notch signaling in the trailing region where the 



neuromasts organize and are deposited. We have utilized pharmacological alterations in these 
signaling cascades to alter the fates of the progenitor cells during migration and deposition and to 
attempt to revert the differentiating cells back to a progenitor-like state. Mimicking the signaling 
environment of the leading edge of the primordium by simultaneously activating Wnt signaling 
with the GSK3β inhibitor 1-azakenpaullone and inhibiting FGF signaling with the FGFRTK 
inhibitor PD166866 after all of the neuromasts have been deposited leads to the supporting cells 
reverting to a migratory mesenchymal-like state. These cells retain progenitor-like properties as 
following washout of the drug cocktail, they re-epithelialize into neuromasts, though with 
improper positioning and numbers, and produce physiologically active and innervated hair cells 
within each neuromast. We also show that inhibition of MEK with PD0325901 is sufficient to 
induce a similar reprogramming of the supporting cells to a migratory mesenchymal state that 
can reform new neuromasts upon washout of the drug. Together these data demonstrate that 
lateral line supporting cells can be reverted to a migratory progenitor-like state that are capable 
of producing new sensory organs including new mechanosensory hair cells. 

Disclosures:  M. Khalil: None. J.R. Meyers: None. 

Poster 

285. Development of Visual, Auditory, and Somatosensory Circuits 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 285.22/C26 

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

Support: G. Harold and Leila Y. Mathers Foundation 

Title: Developmental features of primary sensory cortex and subcortical areas in the prosimian 
galago (Otolemur garnettii) 

Authors: *E. C. TURNER, J. H. KAAS 
Psychology, Vanderbilt Univ., Nashville, TN 

Abstract: The primate cerebral cortex undergoes striking changes during its development, but 
much is still unknown regarding how the primary sensory systems develop to reach their mature 
organization. We used a combination of immunohistochemical markers in the prosimian galago 
(Otolemur garnettii, n=8), aged P0 to P72, to follow the cortical and subcortical development of 
areas connected to primary sensory cortex (visual, somatosensory, and auditory). In addition to 
standard Nissl and cytochrome oxidase staining, we used vesicular glutamate transporter 2 
(VGluT2) protein, which is primarily expressed in glutamatergic feedforward thalamocortical 
connections, and neuronal nuclei (NeuN) protein, which identifies all neurons, to characterize 
architectonic features. We also used calcium-binding proteins (CBPs) parvalbumin (PV) and 
calbindin (CB), as while the function of CBPs remains debated, they are known to be observed in 



well-defined subpopulations of neurons. We find that all sensory thalamic nuclei, including the 
lateral geniculate nucleus (LGN), medial geniculate nucleus (MGN), and ventroposterior nucleus 
(VPN), show distinct subdivisions, related to the representation of their respective sensory 
inputs, that differ from expressions in the adult galago. For example, there is evidence for 
developmental changes in the connections of the magnocellular (M), parvocellular (P), and 
koniocellular (K) pathways to visual cortex; the P layers of the LGN are the only layers to 
express PV at P0, in contrast to full expression throughout the LGN layers in the adult. Similarly, 
VGluT2 expression at P0 in the LGN is evenly distributed across the M, P, and K layers, in 
contrast to the adult galago which has the strongest reactivity in the M layers, followed by the P 
layers, and most weakly in the K layers. In all primary sensory areas, layer IV is easily 
identifiable with PV reactivity, in contrast to the surrounding non-primary areas which show 
minimal reactivity across cortex. One exception to this is middle temporal visual area (MT), 
which contains strong neuropil and cell immunoreactivity for PV in layer IV at P0. These results, 
similar to those reported for MT in marmosets (Warner et al., 2012), suggest that area MT may 
serve as a primary-like area early during development. These architectonic maps of galago cortex 
can reveal more about the hierarchical developmental of cortical areas and the functional roles of 
these areas in early postnatal development. 
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Abstract: The axon initial segment (AIS) is an electrogenic microdomain with potential impact 
on neuronal excitability in the context of activity-dependent cortical plasticity in adult networks. 
Its length and location (25-40µm in most cortical pyramidal neurons, usually at the proximal 
axon) and molecular infrastructure (clustering of voltage-gated ion channels) as well as its 
unique innervation pattern by axo-axonic GABAergic synapses make it a prime candidate for 
modulating neuronal input-output properties. Recent studies have highlighted its role in cellular 
mechanisms reminiscent of homeostatic plasticity, both under physiological and 
pathophysiological conditions. Structural AIS plasticity (changes in length or position) has been 
observed both in vitro and in vivo and is thought to fine-tune neuronal activity when networks 
are either activity-deprived or hyperexcited. 
In a previous study we showed that in the rodent somatosensory cortex (barrel field), the AIS 
undergoes partially activity-dependent structural plasticity during development and also retains a 
level of plasticity in adult circuits after bilateral whisker-trimming in adult mice (postnatal day 
(P) 180). AIS length changes were observed within time frames of days to weeks. 
However, the question whether AIS plasticity also occurs rapidly after hours, e.g. as a response 
to sudden changes in network state, has yet to be addressed in vivo. Therefore, we set out to 
investigate whether rapid AIS plasticity, so far only described in vitro, also occurs in the mouse 
barrel cortex (S1BF). We employed confocal analysis of immunofluorescent AIS stainings as 
well as electrophysiological recordings in acute slices prepared from mice that were subjected to 
either sensory deprivation or stimulation (exposure to enriched environment, EE). Our data show 
that sensory deprivation via whisker trimming from birth until P15 results in slow, significant 
AIS lengthening in layer II/III of S1BF. Additionally the previously described shortening of AIS 
length after the onset of active whisking (P12) is delayed, but not completely abolished, by 
deprivation. Accordingly, our preliminary electrophysiological data indicate that the shift in 
firing patterns during normal S1BF development correlates with AIS shortening after P15 and 
that sensory deprivation causes increased excitability. Strikingly, stimulation of the barrel 
network via EE results in significant rapid shortening of the AIS within 3 hours by 10%. This 
effect could no longer be observed 6 hours after EE, suggesting that rapid AIS plasticity could 
serve as a fast modulator of neuronal activity in excited networks until a homeostatic balance is 
achieved. 
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Abstract: Sensory systems are represented in the primary sensory areas of the brain organized in 
anatomical and functional maps. For instance, the whisker pad representation in the barrel field 
of S1 in rodents. Many intrinsic and extrinsic factors have been proposed to shape sensory maps 
during early development. Thalamic spontaneous calcium waves propagate from the thalamus to 
the cortex perinatally, before sensory maps are formed. Recently, we have shown their role in 
controlling sensory area size (Moreno-Juan et al., 2017), being a good candidate to influence 
cortical map formation as an extrinsic factor. Despite these recent evidences, the role of prenatal 
spontaneous subcortical activity in cortical map formation remains to be elucidated. To this end, 
we developed a mouse model in which thalamic neurons are hyperpolarized due to the 
overexpression of the inward rectifier potassium channel Kir2.1 (Thkir). Thkir mice show a 
disruption of prenatal thalamic spontaneous calcium waves and lack the somatosensory map 
representation in the cortex. Remarkably, although thalamocortical axons (TCAs) reach their 
cortical target in S1, they do not segregate into cortical barrels, thus losing their characteristic 
point-to-point refined organization. To unfold whether these topographical defects are controlled 
by gene expression changes, we performed genome-wide transcriptomic analysis in the 
somatosensory thalamus at different embryonic stages. We also tested to what extent the lack of 
a somatotopic map alter the function of the somatosensory system. In vivo extracellular 
recordings upon whisker stimulation in Thkir mice show a clear reduction of the cortical 
responses in S1, which is in agreement with a decrease of whisker-specific cFos induction after 
novelty exposure in these mice. Hence, by generating a mouse model in which prenatal 
spontaneous calcium waves are suppressed in the somatosensory thalamus, we disrupt the 
formation and function of the barrel-field map in the somatosensory cortex. Our results suggest 
that cortical somatosensory map formation relies on the spontaneous calcium waves of the 
thalamus, giving a main role to the prenatal thalamic activity in cortical acquisition of sensory 
map representations. 
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Abstract: In the developing rat, myoclonic twitches occur in skeletal muscles across the entire 
body during active sleep (AS, or REM sleep). The sensory feedback from these twitches strongly 
drive neural activity throughout the sensorimotor system. Further, early in development, the 
motor function of primary motor cortex (M1) has not yet developed, and thus neural activity in 
M1 is primarily related to sensory input. We have recently shown that in the region within M1 
that represents the forelimb, reafference from forelimb twitches results in substantially more 
neural activity than reafference from wake movements. This raised the following question: Is this 
state-dependent difference in the magnitude of reafferent responses unique to M1, or is it a more 
general feature across sensorimotor cortex. To answer this question, using 9- to 11-day-old rats, 
we recorded from neurons in the regions of M1 and primary somatosensory cortex (S1) that are 
responsive to forelimb movements. We then examined the neural activity in the period 
immediately after forelimb twitches and wake movements. Consistent with previous findings, we 
found that both S1 and M1 show strong responses to forelimb twitches. However, unlike M1, S1 
shows equally strong responses to wake movements. This finding indicates that M1 and S1 
process wake-related movements differently and highlights the unique ability of AS-related 
twitches to activate the entire somatomotor neuraxis. Combined with our previous work showing 
state-dependent gating of reafference in the medullary external cuneate nucleus, this result 
suggests a segregation of the sensory pathways providing reafference to S1 and M1 in the 
developing rat. Determining the mechanisms and pathways involved in this segregation is one 
focus of current work. 
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Abstract: We use the opossum Monodelphis domestica as a model of sensorimotor development 
given its immaturity at birth, comparable to a rat embryo of 13-14 days, allowing easier access to 
early developmental stages. Previous experiments using in vitro preparations of newborn 
opossums have shown that motor responses to mechanical stimulation of the face are affected by 
application of the non-specific purinergic receptor antagonists PPADS. Purinergic receptors are 
involved in a large number of functions in adult mammals and are expressed early in the central 
nervous system of rodents. Firstly, to identify if P2X2R and P2X3R purinergic receptors may be 
involved in sensorimotor responses in neonatal opossums, we have used immunofluorescence on 
fixed tissues to examine their distribution in the neuraxis and spinal ganglia from the day of birth 
(P0) to P13. P2X2R labeling was observed from P1 onwards and solely in some fibers at the 
periphery of the spinal cord, in the presumptive white matter under the pial surface and mostly in 
the dorsomedial part of the cord. Some of these fibers seemed to end by a growth cone. At older 
ages, labeled fibers increased in number and were observed more laterally and ventrally in the 
cord, still predominantly located at the periphery of the cord but an increasing proportion of them 
adopt a radiating orientation. In the head tissues, P2X2R labeling was not observed at P0 but was 
present at P5, P9 and P13 in the trigeminal ganglion and the brainstem. In the latter, labeled 
fibers were seen mostly at the periphery, but also centrally in the presumptive pons. No neuronal 
cell bodies appeared to be labeled anywhere in the central nervous system. P2X3R 
immunolabeling was noticed only from P5 to P13, being restricted to the skin covering the back 
of the lids and the cornea. These results suggest that both P2XR subtypes are expressed in 
neonatal opossums, particularly P2X2R. Pharmacological experiments should allow us to 
determine if they are involved in the control of the precocious sensorimotor behaviors in 
opossums. 
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Abstract: Most dopamine (DA) release in the brain occurs from axon terminals through a 
classical exocytotic mechanism. However, DA can also be released from the somatodendritic 
(STD) compartment of DA neurons. The molecular mechanisms of STD DA release are unclear. 
STD DA release has been previously studied in mouse brain sections by combining extracellular 
field stimulation with cyclic voltammetry or with patch-clamp recordings of D2-mediated 
currents. An important limitation of these approaches is that extracellular stimulation non-
selectively depolarizes DA neurons as well as local terminals and cell bodies of GABA and 
glutamate neurons, in addition to axon terminals containing 5-HT, which can complicate analysis 
of cyclic voltammetry recordings. Here we further explored this unconventional form of 
transmitter release in mouse brain slices by combining optogenetics to selectively activate DA 
neuron cell bodies and cyclic voltammetry. For this purpose, a mouse line expressing the light-
activated channelrhodopsin (ChR2) was crossed with a DA-specific Cre driver mouse line (Ires-
Dat-Cre) to selectively express ChR2 in DA neurons. We find that train pulses of blue light can 
effectively trigger an electrochemical response of small amplitude, which can be increased in 
magnitude by blocking the membrane DA transporter (DAT) and the D2 autoreceptor. The 
capacity of this releasable DA pool appears to be small, as repeated train pulses with an interval 
of 5-10 min lead to a large decrement of the response. We are presently exploring strategies to 
increase the size of the releasable STD DA pools. 
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Abstract: The prefrontal cortex (PFC) supports working memory and decision-making tasks by 
integrating excitatory and neuromodulatory inputs from across the brain. Performance on these 
tasks is dependent on the neuromodulator dopamine, as well as long-range excitatory input from 
several limbic, thalamic, and cortical regions. The dopamine D1 receptor family, including D1 
and D5 receptors, has been previously shown to suppress glutamatergic transmission in PFC, but 
whether D1/D5 receptors differentially regulate these PFC inputs remains unclear. Here, we 
show that D1/D5 receptors preferentially suppress action potential-evoked calcium influx in a 
subset of excitatory long-range inputs to PFC. By analyzing trial-to-trial fluctuations in 
presynaptic calcium influx in axonal boutons, we show that dopamine likely alters voltage-
dependent recruitment of calcium channels, in turn lowering vesicular release probability. 
Interestingly, dopamine alters release probability at these synapses without altering short-term 
facilitation or depression. This allows dopamine to modulate synaptic gain, a process more 
commonly associated with changes in postsynaptic efficacy. Moreover, because dopamine acts 
presynaptically, this mechanism can alter the relative input strength of modulated and 
unmodulated inputs. Taken together, these findings suggest that D1/D5 receptors can bias 
information transfer in PFC through previously unidentified cellular mechanisms. 
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Title: Localization and trafficking of dopamine D2 autoreceptors 
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Abstract: Dopamine D2 autoreceptors are G protein-coupled receptors (GPCRs) that regulate 
the excitability of dopamine neurons. In the midbrain, D2 receptors are activated by the 
somatodendritic release of dopamine from neighboring neurons. D2 receptor signaling and 
distribution was investigated in this study by combining electrophysiology with the imaging of 
tagged receptors. Surprisingly, upon agonist exposure, GFP-tagged D2 receptors on dopamine 
neurons in the substantia nigra pars compacta (SNc) were not internalized. D2 receptors were 
seen to internalize in other neuron types indicating a specific interaction within dopamine 
neurons. Additionally, tagged D2 receptors were found to be clustered on the somata and 
dendrites of dopamine neurons. Furthermore, specific dopamine release areas corresponding to 
individual D2 receptor clusters were identified using localized theta stimulation. These results 
are at odds with structural data that show the majority of D2 receptors reside at extrasynaptic 
locations. In this study, the distribution, lack of trafficking, and localized activation of receptor 
clusters indicate a purposeful placement within dopamine synapses of a subset of midbrain D2 
autoreceptors. 
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Abstract: Dopamine (DA) neurons in the substantia nigra pars compacta (SNc) project to 
forebrain areas involved in goal-directed behavior and are subject to plasticity induced by 
psychostimulant addiction. SNc DA cells are extensively autoregulated by somatodendritic DA 
release acting on D2-receptors (D2Rs), although neither the exact mechanism for DA release nor 
the precise subcellular distribution of D2Rs have been fully characterized. Our 
electrophysiological evidence suggests that a vesicular-type DA release mechanism produces 
spontaneous inhibitory postsynaptic currents in SNc DA neurons in a manner that resembles 
classical synaptic transmission. We therefore hypothesized that D2Rs are distributed in clusters 
along restricted regions of the somatodendritic membrane. To investigate this, we utilized 
transgenic mice with an EGFP tag incorporated into the N-terminus of the D2R and light 
microscopic immunofluorescence labeling for EGFP, which provided further evidence for 
clustered D2Rs. We next sought to verify our observations by electron microscopic examination 
of silver-enhanced immunogold labeling for EGFP. In the SNc of the transgenic mice, EGFP-
D2R labeling was found predominately in dendrites and less frequently in axon varicosities and 
glia. While most immunolabeling was observed in the cytoplasm, roughly 29% of EGFP-D2R 
gold particles contacted the plasma membrane. Gold particles were relatively uniformly 
distributed along mainly extrasynaptic regions, although the proportion of total labeling found on 
the membrane increased as dendritic diameter decreased (i.e. in a distal direction). Enrichment of 
EGFP-D2R gold to dendrodendritic synapses and dendritic spines was found only rarely. Axon 
varicosities expressing EGFP-D2R typically formed symmetric synapses likely to mediate 
inhibition. Surprisingly, a few putative axon initial segments with marked EGFP-D2R along the 
plasma membrane were also found. As most SNc neurons are dopaminergic, these axon initial 
segments likely derive from DA cells, marking the first observation of autoreceptors at this 
compartment in a monoamine cell population. The relatively uniform ultrastructural distribution 
of D2Rs along dendritic membranes is inconsistent with observations from light microscopy and 
electrophysiology, indicating that further experiments are needed to determine the precise 
distribution of functional D2Rs in the SNc. These findings have important implications for 
understanding the modulation of DA cell activity in health and addiction. 
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Title: Understanding the selective vulnerability of neurons in Parkinson's disease: An In vitro 
study of the relationship between axonal growth, bioenergetics, and survival of noradrenergic 
neurons of the locus coeruleus 
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Abstract: In Parkinson’s disease (PD) several restricted neuronal populations, including those of 
the substantia nigra pars compacta (SNc) and locus ceruleus (LC), gradually degenerate. It has 
emerged that mitochondrial dysfunction is likely central to the disease mechanism, and this has 
led to a hypothesis that one important common characteristic of vulnerable neurons is that they 
are particularly active from a bioenergetic point of view and thus more susceptible to any 
mitochondrial impairment. This high basal activity of mitochondria would in turn be associated 
with elevated production of reactive oxygen species and chronic oxidative stress. We have 
recently examined different dopaminergic neuronal sub-groups including those of the SNc, 
ventral tegmental area and olfactory bulb and provided evidence for a tight link between 
neuronal vulnerability, basal bioenergetics and the size of the axonal arbor of neurons, raising the 
hypothesis that elevated basal mitochondrial function in vulnerable neurons is in part secondary 
to the development and maintenance of a particularly large axonal arbor. In the objective of 
further testing the generality of this hypothesis, we have begun to examine noradrenergic 
neurons of the LC. We first isolated primary mouse LC neurons from neonatal TH-GFP 
transgenic mice. After 7 days in vitro and immunostaining for TH and MAP2, confocal image 
capture coupled with semi-automated tracing confirmed that LC noradrenergic neurons also 
develop a very large axonal arbor in vitro, with a size even larger than that of SNc dopamine 
neurons. Measurements of basal and maximal oxygen consumption rate performed with a 
Seahorse bioanalyzer revealed that the rate of oxidative phosphorylation in LC neurons is 
comparable to that of SNc neurons. We are now extending these experiments to examine the 
relationship between basal bioenergetics and firing. These data contribute to validating the 
hypothesis that the bioenergetic phenotype of neurons plays an important role in determining 
their vulnerability in PD. 
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Title: Comparison of transitional vs surgical menopause on monoamine and amino acid levels in 
the brain 
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Abstract: Loss of ovarian function has important effects on neurotransmitter production and 
release. To date, there has been little direct comparison of the effects between surgical and 
transitional menopause on neurotransmitter pathways in the brain. In this study, effects on 
monoamine and amino acid levels were evaluated in adult ovariectomized (OVX) rats and in rats 
that underwent selective and gradual ovarian follicle depletion by daily injection of 4-
vinylcyclohexene-diepoxide (VCD). Tissues from the hippocampus (HPC), frontal cortex (FCX), 
and striatum (STR) were dissected and analyzed at 1- and 6-week (w) following OVX or VCD 
treatments (n=6-8). Tissues from gonadally intact rats were collected at proestrus (n=8) and 
diestrus (n=8) periods to represent neurochemical levels during natural states of high and low 
estrogens. Seven different monoamines and their metabolites were quantified along with eight 
different amino acids. In the FCX of gonadally intact rats, higher levels of serotonin (5-HT) were 
detected at proestrus than at diestrus, and the ratio of 5-hydroxyindoleacetic acid (5-HIAA)/5HT 
in the FCX and HPC was lower at proestrus than at diestrus, suggesting an effect on 5-HT 
turnover in these regions. No other significant differences between proestrus and diestrus were 
observed. In OVX- and VCD-treated rats, substantial changes were observed in the HPC at 1-w 
following treatment. Specifically, levels of norepinephrine (NE), 5-HIAA and eight tested amino 
acids were significantly reduced in both menopausal models compared to proestrus and diestrus. 
The largest effects were the decreases (up to 80%) in the levels of the amino acids. By six weeks 
the levels of NE, 5-HIAA and all tested amino acids had returned to normal. In the FCX, 
dopamine (DA) levels were elevated at 6-w after OVX relative to diestrus rats. A similar trend 
was observed at 1-w (but not 6-w) following VCD treatment. In the STR, NE levels were 
elevated at 1-w following OVX, and HVA levels were elevated at 1-w following VCD treatment, 
relative to proestrus and diestrus. These effects were not observed at 6 weeks. Collectively, our 
results demonstrate that surgical and transitional loss of ovarian function have significant 
neurochemical effects on the brain, which are region-specific and time-dependent. In many 
instances OVX and VCD treatments produced similar effects. Most notable changes are the 
substantial decreases in amino acid levels in the HPC with corresponding effects on NE and 5-
HT pathways. The effects likely contribute to the surgical and transitional menopause on 
hippocampal function and cognitive performance. 
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Abstract: All drugs of abuse increase the concentration of dopamine in the nucleus accumbens. 
Benzodiazepines are anxyolitic drugs that are also susceptible to abuse. Benzodiazepines are 
allosteric modulators of the GABAAR, and are known to alter dopamine transmission. Previous 
studies have demonstrated that benzodiazepines disinhibit dopamine neurons but also decrease 
the concentration of dopamine released in the nucleus accumbens. Here we sought to 
characterize how benzodiazepines alter dopamine transient release events in the awake and 
behaving rat. Using fast scan cyclic voltammetry we demonstrated that the benzodiazepines 
diazepam (trade name valium) and zolpidem (trade name ambien) dose-dependently increase the 
frequency and decrease the amplitude of dopamine transient release events in the nucleus 
accumbens core and shell in a dose dependent manner. These effects were occluded by the 
administration of flumazenil, a benzodiazepine antagonist. This study implies that an increase in 
frequency, indifferent of amplitude, may be adequate to provide abuse liability to a drug. Further 
research shows that ethanol administration interrupted by a benzodiazepine augments the 
frequency of dopamine transient release events yet drastically decreases the amplitude. 
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Title: Noradrenaline in the monkey thalamus: Axonal innervation and adrenoceptors 
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Abstract: The role of noradrenaline (NA) in the thalamus is relevant because of its key position 
in cortico-thalamo-cortical pathways and in relaying information from subcortical structures to 
the cortex. We have mapped the thalamic NA innervation in adult macaque monkey brains using 
immunohistochemistry against the NA synthesizing enzyme, and the NA transporter. We also 
analyzed the distributions of Alpha1 and Alpha2 adrenoceptors using quantitative in vitro 
receptor autoradiography. 
The maps of the two different NA markers are highly coincident. NA axons are present in all 
thalamic nuclei, albeit highly heterogeneously distributed. The most innervated ones are the 
midline nuclei. High NA axon densities are also present in some intralaminar nuclei (paracentral 
-Pcn- and parafascicular), and in the medial sector of the mediodorsal nucleus (MDm). The 
ventral motor nuclei receive a moderate NA innervation, with the ventromedial subdivision of 
the ventral anterior nucleus (VAvm) and area X holding the highest innervation among these 
nuclei. The lateral geniculate nucleus (GL) holds the lowest NA innervation. Densities and 
distribution of Alpha1 and Alpha2 receptors are also considerably heterogeneous throughout the 
thalamic nuclei, with Alpha1 densities being higher than Alpha2 densities. The nuclei with the 
highest Alpha1 densities are the MDm, the parvocellular part of the ventral posterior medial 
nucleus, medial pulvinal (PulM), and midline nuclei. The nucleus with the lowest Alpha1 
receptor densities is the GL. Alpha2 receptor densities are highest in the lateral dorsal, 
centromedian, PulM, inferior pulvinar, and midline nuclei. 
Thus, location and densities of NA axons and Alpha receptors match only partially. Matching 



distributions of NA axons and Alpha1 receptors are present in MDm, VAvm, area X and midline 
nuclei. However, PulM exhibits moderate NA innervation but comparatively high Alpha receptor 
densities. A reverse relationship is present in other nuclei; for instance, in Pcn there is dense NA 
innervation while Alpha receptors are scarce. These differences between NA axonal distribution 
and Alpha receptor densities suggest interesting local modulations of NA-based signal 
transmission caused by the receptors. The high NA axon innervation in nuclei with low Alpha 
receptor densities could point out to a more prominent role of Beta family receptors on 
noradrenergic signalling within these nuclei. And the presence of conspicuously high receptor 
densities in poorly/moderately innervated regions may reveal nuclei in which Alpha receptors 
considerably modulate NA-driven signal transmission. 
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Title: A role for norepinephrine in modulating glutamatergic synaptic transmission during and 
following intermittent hypoxia 

Authors: *M. A. KHUU, J. E. BARNARD, A. J. GARCIA, III 
Univ. of Chicago, Chicago, IL 

Abstract: Several recent studies have proposed that the efficacy for neuromodulation may be 
state dependent. This ongoing study seeks to examine the interaction between adrenergic 
neuromodulation and acute intermittent hypoxia (AIH) on glutamatergic synaptic transmission 
and synaptic plasticity in area CA1 of the hippocampus. Electrophysiological recordings of the 
evoked field excitatory postsynaptic potential (fEPSP) were made in the CA1 neuronal 
population of adult mouse hippocampal brain slices. AIH was achieved by exposing preparations 
to three hypoxic intervals (95% N2, 5% CO2 duration=180 sec) separated by periods of recovery 
(95% O2, 5% CO2 duration=180 sec). Enhanced adrenergic tone (10 microM norepinephrine, 
NE) augmented the suppressive action of AIH on the evoked fEPSP. Interestingly, NE also 
suppressed paired pulse facilitation only after AIH. Yohimbine, an α2 adrenergic receptor 
antagonist, mimicked the effects of NE following AIH, which implicates α2 adrenergic receptor 
involvement. Our findings suggest that that increased adrenergic tone may play a protective role 
by reducing excessive glutamatergic synaptic transmission during and following intermittent 
hypoxia. These findings may ultimately be important to understanding the neurological aspects 



associated in conditions, like sleep apnea, where oscillations in blood gases are accompanied 
with enhanced adrenergic tone. 
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Abstract: Deficits in neurotrophic and neuroprotective processes are believed to contribute to 
the detrimental effects of chronic stress and chronic elevations of glucocorticoids, and to the 
pathophysiology underlying major depressive disorder. Recent studies demonstrated that 
astrocytes respond to norepinephrine with increases in the synthesis and release of brain-derived 
neurotrophic factor (BDNF). Treatment of cultured astrocytes with the glucocorticoid 
corticosterone has the opposite effect on BDNF expression. We are examining potential cellular 
mechanisms by which glucocorticoids and norepinephrine may interact to regulate astrocyte 
BDNF expression. We have recently demonstrated that organic cation transporter 3 (OCT3), a 
corticosterone-sensitive monoamine transporter, is densely expressed in the outer nuclear 
membranes of astrocytes, and that beta1-adrenergic receptors are also localized to the nuclear 
envelope of these cells, suggesting that NE may activate G-protein-mediated signaling cascades 
in the nucleus, and that OCT3 gates the access of norepinephrine to nuclear membrane 
adrenergic receptors. We hypothesized that nuclear beta-1ARs are functionally coupled to 
stimulatory G-proteins in the nuclear compartment, and that norepinephrine-induced increases in 
BDNF expression are mediated by activation of nuclear cAMP signaling. To test this hypothesis, 
we examined A) the localization of Gs-related signal transduction machinery to the nuclear 
compartment, using immunofluorescence; and B) the effects of norepinephrine treatment on 
BDNF protein expression in astrocytes cultured from wild-type or OCT3-deficient mice. Gs-
alpha-like immunostaining was observed in both cytosolic and nuclear compartments in triton X-
100-permeabilized cells, but only in the cytosolic compartment in cells permeabilized with 
digitonin. Phosphodiesterase 4B-like immunoreactivity was observed primarily in the nuclear 



compartment in triton-100-permeabilized astrocytes, and nuclear PDE4B-like immunoreactivity 
was not observed in digitonin-permeabilized cells. Treatment of wild-type mouse astrocytes with 
norepinephrine resulted in dose-dependent increases in BDNF as measured by western blot. The 
same treatment had no effect on BDNF expression in OCT3-deficient astrocytes. Together, these 
data indicate that nuclear membrane beta-1 ARs couple to intranuclear signal transduction 
machinery; that access of norepinephrine to nuclear membrane receptors is mediated by OCT3, 
and that nuclear membrane beta-1 ARs mediate norepinephrine effects on BDNF expression. 
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Abstract: Tyrosine hydroxylase (TH) is the enzyme that catalyzes the rate-limiting step in the 
biosynthesis of the catecholamine neurotransmitters. In a previous communication, we provided 
evidence that TH mRNA is trafficked to the axon and that the mRNA is locally translated. In 
addition, we identified a 50bp sequence element in the 3′untranslated region (3’UTR) of TH 
mRNA that directs TH mRNA localization to distal axons. In the present study, the hypothesis 
was tested that local translation of TH plays a key role in the biosynthesis of the catecholamine 
neurotransmitters in the axon and/or presynaptic nerve terminal. Toward this end, a targeted 
deletion of the axonal transport sequence element was developed, using the lentiviral delivery of 
the CRISPR/Cas9 system, and two guide RNA sequences flanking the 50bp cis- regulatory 
element in rat superior cervical ganglion (SCG) sympathetic neurons. Deletion of the axonal 
transport element present in the 3’UTR of TH mRNA reduced TH mRNA levels in the distal 
axons and reduced the axonal proteins levels of TH and TH phosphorylation at SER40 in SCG 
neurons, as well as diminished the axonal levels and release of dopamine and norepinephrine. 
Conversely, the local translation of exogenous TH mRNA in the distal axon enhanced TH levels 



and activity, as measured by Ser40 phosphorylation, and enhanced axonal norepinephrine levels. 
Taken together, our results provide evidence to support the hypothesis that TH mRNA 
trafficking and local synthesis of TH plays a key role in the synthesis of catecholamines, 
allowing for a rapid response to alterations in the need for neurotransmitter synthesis and release. 
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Abstract: Recent studies indicate that the microRNA system plays a key role in regulating 
behavioral responses to drugs of abuse. However, its role in reward pathways is poorly 
understood. Accordingly, we have initiated studies aimed at understanding the role of the 
microRNA system in regulating dopamine (DA) signaling. While synthesis of nearly all 
microRNAs is mediated by a single enzyme, Dicer, multiple enzymes are involved in degrading 
microRNAs. Hence, selective deletion of individual microRNA degrading enzymes, such as the 
translin/trax RNase complex, leads to restricted increases in a subset of microRNAs and can be 
used to define the function of this subpopulation. 
As the translin/trax (TN/TX) RNase complex is expressed by midbrain DA neurons, as well as 
D1R+ and D2R+ striatal neurons, we tested whether translin KO mice, display abnormal 
dopamine signaling. We found that these KO mice exhibit marked impairment in the ability of 
cocaine to enhance locomotor activity in an open field arena. This deficit does not reflect 
degeneration of DA neurons as TH immunostaining and striatal DA levels are normal in these 
mice. In addition, we confirmed that cocaine levels in forebrain and serum samples from WT and 
translin KO mice are not significantly different. Microdialysis studies demonstrated that the 
ability of cocaine to increase extracellular DA in the nucleus accumbens is blunted in translin 
KO mice in parallel with their reduced locomotor response to cocaine. In contrast, the ability of 



amphetamine to elevate DA levels in the accumbens is unaffected. Preliminary fast scan 
voltammetry studies to monitor evoked DA release in the nucleus accumbens have not revealed 
any difference in DA max or clearance rates between translin KO mice and age-matched WT 
mice. However, the ability of cocaine to increase evoked release of DA in the nucleus 
accumbens is impaired in translin KO mice. Although this effect of cocaine is thought to underlie 
its rewarding properties and is mediated by its interaction with the dopamine transporter, how it 
enhances evoked DA release is poorly understood. Accordingly, further studies aimed at defining 
how translin deletion blocks this response may provide valuable clues to understanding the 
biological basis of cocaine's reinforcing properties. 
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Title: Glutamate counteracts dopamine/PKA signaling via dephosphorylation of DARPP-32 
Ser97 and alteration of its cytonuclear distribution 
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Abstract: The interaction of glutamate and dopamine in the striatum is heavily dependent on 
signaling pathways that converge on the regulatory protein DARPP-32. The efficacy of 
dopamine/D1 receptor/PKA signaling is regulated by DARPP-32 phosphorylated at Thr34 (the 
PKA-site), a process that inhibits protein phosphatase 1 (PP1), and potentiates PKA action. 
Activation of dopamine/D1 receptor/PKA signaling also leads to dephosphorylation of DARPP-
32 at Ser97 (the CK2-site), leading to localization of phospho-Thr34 DARPP-32 in the nucleus 
where it also inhibits PP1. In this study, the role of glutamate in the regulation of DARPP-32 
phosphorylation at 4 major sites was further investigated. Experiments using striatal slices 
revealed that glutamate decreased the phosphorylation states of DARPP-32 at Ser97 as well as 
Thr34, Thr75 and Ser130 by activating NMDA or AMPA receptors in both direct and indirect 
pathway striatal neurons. The effect of glutamate to decrease Ser97 phosphorylation was 
mediated by activation of PP2A. In vitro phosphatase assays indicated that the PP2A/PR72 
heterotrimer complex was likely responsible for glutamate/Ca2+-regulated dephosphorylation of 
DARPP-32 at Ser97. As a consequence of Ser97 dephosphorylation, glutamate induced the 
nuclear localization in cultured striatal neurons of dephospho-Thr34/dephospho-Ser97 DARPP-
32. It also reduced PKA-dependent DARPP-32 signaling in slices and in vivo. Taken together, 
the results suggest that by inducing dephosphorylation of DARPP-32 at Ser97 and altering its 
cytonuclear distribution, glutamate may counteract dopamine/D1 receptor/PKA signaling at 
multiple cellular levels. 
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Abstract: Methamphetamine (METH) is a powerful psychostimulant drug with neurotoxic 
properties. METH increases dopamine (DA) signaling by inhibiting DA reuptake, resulting in 
increased oxidative stress and eventual degeneration of DAergic terminals. Selenium (Se) is an 
antioxidant trace element that is incorporated into selenoproteins, a family of proteins with 
multiple functions that include protection from oxidative stress. Se protects against METH 
toxicity and may also play a role in the DA system. Selenoprotein P (Sepp1) is vital for proper 
brain function as it is responsible for supplying neurons with Se, and may also play a role in 
DAergic transmission. Fast-scan cyclic voltammetry (FSCV) is an electrophysiological 
technique that can be used to measure DA release and reuptake kinetics. We used FSCV to 
measure DA release in nucleus accumbens (NAc) slices in order to investigate the role of Sepp1 
in DAergic transmission and modulation by METH. Sepp1-KO mice had reduced basal DA 
reuptake rates compared to wild-type controls, suggesting reduced dopamine transporter (DAT) 
activity. Sepp1-KOs also had decreased levels of basal stimulated DA release. However, KOs 
displayed a dramatic increase in stimulated DA release in response to METH compared to wild-
type mice. The DA receptor 2 (D2R) agonist quinpirole prevented the large METH-induced 
increase in stimulated DA release in Sepp1-KOs, while the D2R antagonist sulpiride 
dramatically increased METH response in wild-type slices but not in Sepp1-KO slices. These 
results suggest that D2R dysfunction in Sepp1-KO mice potentiates METH-induced DA release. 
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Abstract: Locus coeruleus noradrenergic (LC-NE) neurons send broad neuromodulatory 
projections to the central nervous system. While these neurons are thought to be involved in a 
variety of functions, including arousal, attention, and cognitive shifts, the behavioral contexts 
and the underlying mechanisms that drive LC-NE neurons remain largely unknown. Here, we 
examined the microcircuit mechanism of LC-NE activity by investigating a population of local 
GABAergic neurons located in the ventromedial region of the LC (LC-GABA). We monitored 
pupil size as a behavioral marker of LC-NE activity, and performed cell type-specific 
optogenetic manipulations and electrophysiological recordings within the LC of awake head-
fixed mice. We found that activating LC-GABA neurons resulted in constriction of the pupil, 
similar to direct inactivation of LC-NE activity, suggesting a functional coupling between these 
cell types. In support of this hypothesis, simultaneous recordings using multi-channel 
extracellular probes revealed an ongoing interaction between putative LC-GABA and LC-NE 
activity, in which GABAergic activity followed the increase in NE associated with pupil dilation. 
Importantly, LC-GABA neurons may critically gate LC-NE function, as increasing their activity 
impaired responses of LC-NE neurons to novel sensory stimuli. We are currently investigating 
brain-wide inputs to LC-NE and LC-GABA neurons using monosynaptic rabies virus tracing to 
identify upstream brain regions that regulate this gating mechanism. Overall, these results 
demonstrate the existence of a local population of interneurons in the LC capable of rapidly 
controlling overall NE activity by modulating LC responses to unexpected sensory stimuli. 
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Abstract: Dopamine (DA) signaling over multiple time courses is responsible for the regulation 
of a variety of vital life functions. Furthermore, dysfunction in dopaminergic signaling pathways 
has been implicated in the onset of various neurological disorders. When studying DA signaling 
pathways, it is absolutely necessary to monitor extracellular DA, as changes in the concentration 
and kinetics of DA release and uptake are highly correlated to physiological functionality. Fast 



scan cyclic voltammetry (FSCV) has been performed at carbon fiber microelectrodes (CFEs) for 
in vivo DA detection for decades, but the technique is limited by issues resulting from moderate 
sensitivity, poor sensor longevity and the inability to measure resting DA concentrations. We 
have developed poly(3,4-ethylene dioxythiophene) (PEDOT) nanocomposites based electrode 
coatings capable of electrochemically measuring both sub second DA fluctuations as well as 
resting DA concentrations with high sensitivity and selectivity. PEDOT/graphene oxide coated 
CFEs exhibit an 880% increase in sub second, transient DA detection sensitivity using FSCV, 
decreased the lower limit of detection for DA by 50% and minimally altered electron transfer 
kinetics compared to bare CFEs. PEDOT/carbon nanotube coated CFEs exhibit a 4700% 
increase in sensitivity for the detection of resting DA levels using pulse voltammetric methods 
compared to bare CFEs, exhibited a sub-50 nM lower limit of detection for DA and are capable 
of stable continuous recording over multiple hours. Both PEDOT coated CFEs are capable of in 
vivo DA recording in the rat dorsal striatum. PEDOT/graphene oxide coated CFEs electrodes 
exhibit a 5.5X increase in measured current resulting from electrically stimulated in vivo DA 
release. PEDOT/carbon nanotube coated CFEs are capable of measuring the resting DA 
concentration in the rat dorsal striatum as well as pharmacologically induced tonic DA changes. 
Overall, PEDOT-based coatings significantly improve DA detection capabilities both in vitro 
and in vivo and is expected to considerably improve our understanding of the DA function 
signaling over multiple time courses. 
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Abstract: Enhanced neurochemical microsensors were developed for brain slice recordings 
where higher sensitivity is required to detect small, dynamic changes in glutamate and dopamine 
levels. Dopamine sensors were created by electrophoretically depositing <100-nm thick 
multiwall carbon nanotubes (MWCNT) onto platinum microelectrode arrays and then drop 



casting 0.2 µL of 5% wt. nafion solution. Glutamate sensors were created by drop casting a 
mixture of 0.1 U/µL glutamate oxidase, 1% bovine serum albumin and 0.125% glutaraldehyde 
followed by curing at room temperature for 72 h. A size-exclusion polymer, m-
phenylenediamine, was electrochemically deposited to the enzyme coated MEA to prevent 
ascorbic acid, an interferent, from reaching the electrode surface. 
Coronal slices from adult murine brain were maintained in artificial cerebral spinal fluid. 
Caudate putamen was used to test dopamine sensors and parietal cortex was used to test 
glutamate sensors. Current responses to biphasic stimulation, were recorded on a F.A.S.T. 
16mkIII system (Quanteon, Kentucky). Responses (Fig. 1) were compared to previously 
acquired standard curves from 1-40 µM of glutamate and dopamine concentrations. 
The high randomness and open pores present in the three dimensional MWCNT film contributed 
to a significant increase in the electroactive area and adsorption sites for dopamine. In vitro 
calibration studies showed that with nafion coating, the MWCNT modified microelectrode had a 
100-fold increase in DA sensitivity (20 nA/µM). The glutamate microsensor showed a sensitivity 
of 25 pA/µM, which is much higher than similar commercial probes (< 15 pA/µM) reported in 
the literature.Future work includes combining these microsensors into a single probe and further 
refinement of the coatings for chronic, in vivo recordings. 

 

Figure 1. Responses to biphasic stimulation (platinum wires, 300 mA, 2Hz) of dopamine (left) 
and glutamate (right). Stimulation artifact is denoted by blue arrows. Black and blue traces are 
recorded from electrode 1 and 8, respectively, on modified CenMeT 8-TRK microelectrode 
arrays. 
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Abstract: Fast-Scan Cyclic Voltammetry (FSCV) is an analytical tool which is used to detect 
sub-second changes in dopamine (DA) concentration in the striatum. In FSCV, repeated 
adsorption and oxidation of DA occurs on the carbon fiber microelectrode surface. Using 
background subtraction, the current produced can be used to create a calibration curve for [DA] 
that allows correlation with in vivo measures. We are exploring the electrodeposition of various 
coatings as a method for improving the detection limit for this technique. The goal of these 
coatings is to increase the amount of DA adsorbed onto the electrode surface, thus increasing the 
oxidation current, which is proportional to the concentration of DA. The goal of this project is to 
investigate different tryptophan derivatives plated onto the surface of the electrodes for their 
ability to improve FSCV sensitivity for DA. The coated electrodes must not only be investigated 
for their ability to improve the detection limit of DA, but their selectivity and durability must be 
investigated. Coated electrodes will be tested in vitro in the presence of other neurotransmitters 
which are present in the striatum. The durability of the coatings on the electrodes will be tested 
through extended FSCV cycling and collection periods. Improving the limit of detection of 
FSCV for DA will help with monitoring low levels of DA which are present in patients with 
Parkinson’s and Alzheimer’s. We hope with this project, to provide a simpler, a cost-effective 
and time-efficient means of increasing the FSCV sensitivity for DA to aid in the research of 
these diseases. 
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Abstract: Zebrafish are widely used organisms for a variety of different studies in neuroscience. 
The neurotransmitter dopamine (DA) is a molecule important in learning and memory, 
motivation, and movement in higher vertebrates. Quantification of DA in the zebrafish brain has 
recently taken place via amperommetry and fast scan cyclic voltammetry (FSCV). FSCV is a 
technique that uses a triangle waveform with background subtraction to measure DA oxidation 
current as a proportional measure to DA concentration. This can be used to quantify small 
changes in neurotransmitter concentration but is limited to acquiring only concentration changes, 
and not basal DA levels, due to this subtraction. Fast scan controlled-absorptive voltammetry 
(FSCAV) allows for inquiries into basal DA levels and changes to those levels. Since little is 
known about the basal DA concentrations present within the zebrafish telencephalon, we used 
FSCAV to investigate these levels. 
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Title: Escitalopram and serotonin reuptake parameters in animal model of chronic pain: an In 
vivo voltammetric study 
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Abstract: We investigated the character of chemotherapy-evoked neuropathic pain using rats 
treated with paclitaxel. The novel method of in vivo voltammetry was utilized to determine if 
changes in extracellular seratonin levels and release in rats occur after chronic paclitaxel therapy. 
Peripheral neuropathy is the dose-limiting side effect of paclitaxel. The cause of the pain is not 
known. This study investigated whether changes in seratonin homeostasis occur after paclitaxel 
treatment in specific brain areas. 
Materials: 
Analgesiometer (Randal- Selitto) was used to measure the mechanical allodynia. 2 milimolar 
seratonin was given to the areas and uptake activities were recorded with in vivo voltammetry. 
270-310 g rats are important for in vivo voltammetry studies for true brain stereotaxic 
coordinates. 

Coordinates X Y Z 

CA3 (Cornus Ammonis) 3,4 -4 -3,8 

  

 
Results: 
Paclitaxel-evoked pain was detected by analgesiometer test on 7th day and it continued to 50th 
day. Pain tests were done on 0, 8, 15, 21, 30, 50 th days. 
     
 n Control Mean±SD Paclitaxel Mean±SD Paclitaxel+Escitalopram Mean±SD 

0.day 5 125,00±0,00 124,00±2,24 116,00±12,45* 

8. day 5 114,00±11,40 63,00±40,40* 59,00±12,94* 

15. day 5 109,00±5,48 70,00±33,35 41,00±11,94* 

21.day 5 108,00±9,75 65,00±55,11 43,00±9,083* 

30.day 5 115,00±9,35 26,00±52,72* 27,00±20,80* 

50.day 5 115,00±10,61 14,00±19,49* 15,00±18,71* 



60. day 5 102,00±16,43 4,00±8,944* 50,00±32,21*# 

  

 
* p<0,05 according to the control group, # p<0,05 according to paclitaxel group 
Serotonin reuptake time(t80) from synaptic cleft were decreased in paclitaxel group when 
compared to control group. And escitalopram turned this decrease back and even longer than 
control group. 
Conclusion: 
This study showed that serotonin uptake rate was increased in CA3 region in the brain in 
paclitaxel -treated animals. And we can use escitalopram to ameliorate of increased serotonin 
reuptake times. Also we observed clinical improvement in escitalopram group. 
Support: 
This study is supported by Tubitak (The Scientific and Technological Research Council of 
Turkey) by the project # 113S083 and Ataturk University BAP project # 2008/126, Ataturk 
University BAP Project # 2015/038. 
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Abstract: Previous studies quantifying isoflurane-induced changes in brain chemistry typically 
have been limited to measures of a single neurotransmitter (J Neurochem 119: 419, 2011). 



During anesthesia, however, levels of multiple, interacting neurotransmitters change 
simultaneously (Sleep 35: 1325, 2012). This ongoing study is quantifying several 
neurotransmitters in brain samples obtained by in vivo microdialysis. Dialysis probes were 
aimed for the PFC (histology pending) and samples (25 microliters) were collected during 
wakefulness (n=9 mice) and isoflurane (1.3%) anesthesia (n=12 mice). Dialysis samples were 
derivatized, separated with LC/MS and quantified using the AnalystTM data system (Applied 
Biosystem, version 1.4.2). A between-groups design enabled evaluation of state-dependent 
increases (+) and decreases (-) in levels of histamine (HA), dopamine (DA), serotonin (5-HT), 
and norepinephrine (NE). Compared to levels measured during wakefulness, percent change 
values during anesthesia were: HA = -30.8%, DA = +39.6%, 5-HT = +7.4%, and NE = +41.6%. 
Independent t-test comparisons revealed that these isoflurane-induced changes were statistically 
significant for HA (t=2.2, df=16, p=0.03), DA (t=1.91, df=12, p=0.04), and NE (t=1.95, df=17; 
p=0.03). We are unaware of previously reported measures of monoamines from PFC of B6 mice 
during isoflurane anesthesia. Many studies have shown that monoamines promote cortical 
activation and behavioral arousal. Microdialysis data indicate that stimulants increase levels of 
HA (Eur J Pharm 558:96, 2007), and 5-HT, NE, and DA (Neuropsychopharmacology 27:699, 
2002) in PFC of rat. The present results encourage efforts to determine the extent to which 
increased levels of monoamines resulted from isoflurane-induced changes in monoamine 
synthesis, degradation, and/or reuptake. Combining metabolomic data 
(http://www.abstractsonline.com/pp8/index.html#!/4071/presentation/6411) with measures of 
neurotransmitters offers unique opportunities to increase understanding of the mechanisms 
through which volatile anesthetics alter brain chemistry. Together, these analytic approaches 
may provide new insights into mechanisms of anesthetic action. 
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Abstract: N,N-Dialkyltryptamines such as psilocybin and N,N-dimethyltryptamine (DMT) are a 
potent class of serotonergic hallucinogens. Recently, designer hallucinogens derived from N,N-
diallyltryptamine (DALT) have been marketed online as New Psychoactive Substances, resulting 
in numerous cases of acute toxicity. Tryptamine hallucinogens act primarily as 5-HT1A and 5-
HT2A receptor agonists, but it is not clear whether DALT derivatives have a similar mechanism-
of-action. To investigate the pharmacology and structure-activity relationships of these 
compounds, we assessed the binding affinities of DALT and 11 ring-substituted derivatives at 44 
receptor and transporter sites. A subset of the compounds were also assessed for induction of the 
head twitch response, a 5-HT2A receptor-mediated behavioral response in rodents that is often 
used as a proxy for human hallucinogen effects. Binding assays confirmed that DALT and its 
ring-substituted derivatives bound non-selectively to most 5-HT receptors, including 5-HT1A and 
5-HT2A. DALT significantly increased HTR counts in male C57BL/6J mice relative to vehicle 
(ED50 = 3.42 mg/kg IP). The 4-hydroxy and 5-methoxy derivatives induced the HTR with almost 
twice the potency of DALT; 4-acetoxy- or 5-fluoro-substitution produced even greater increases 
in potency. By contrast, 5-bromo substitution did not significantly alter HTR potency relative to 
DALT. 2-Methyl or 2-phenyl substitution abolished HTR activity, as did 7-ethyl substitution. An 
ordinary least-squares (OLS) regression revealed that 5-HT1A and 5-HT2A binding affinities 
significantly predicted HTR potency (R2=0.904, R2

adjusted=0.840). These results confirmed that 5-
HT2A and 5-HT1A receptors made positive and negative contributions, respectively, to HTR 
potency. To our knowledge, this is the first quantification of the relative contributions of 5-HT2A 
and 5-HT1A receptors to the behavioral effects of tryptamine hallucinogens. These findings 
improve our understanding of how tryptamine hallucinogens produce their effects, and allow for 
better prediction of the abuse potential of novel derivatives of DALT. 
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Abstract: The medial vestibular nucleus (MVN) is a major relay station for postural 
coordination, eye movement control and spatial cognition. Microinjection of 5-HT to the MVN 
impaired performance of vestibular-mediated motor balance and negative geotaxis in both adult 
and juvenile (P13-16) rats. We hypothesize that serotonergic neurotransmission modulates the 
activity of neurons in the MVN circuitry for vestibular-related behaviors. Specific activation of 
5-HT7 receptors in the MVN restricted circuit plasticity by abolishing NMDAR-mediated LTD 
via a protein kinase A (PKA)-dependent postsynaptic mechanism. Activation of 5-HT1A receptor 
attenuated the excitability of vestibular circuits, as evidenced by reduction of both evoked 
excitatory and inhibitory transmission (eEPSC and eIPSC), through a presynaptic mechanism. 
These results reveal that 5-HT1A and 5-HT7 receptors within the MVN exhibit differential 
modulatory mechanisms but these in concert accomplish synergistic influence on motor 
coordination. 
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Abstract: Serotonin (5-HT)-containing neurons in the dorsal raphe (DR) nucleus project 
throughout the mammalian forebrain and are implicated in a host of physiological processes and 
neuropsychiatric disorders. These neurons have been characterized in terms of their 
electrophysiology and show differences in presynaptic drive, passive membrane properties, and 
excitability, but studies to determine if these attributes align with specific brain functions or 
specific forebrain terminal fields have only recently begun. The goal of this study was to link DR 
neurons to a specific functional role in sensory versus cognitive circuit operations by 
characterizing cells according to both their efferent connectivity and electrophysiological 
properties; specifically, comparing cells projecting to the medial prefrontal cortex (mPFC), a 
region implicated in decision-making and emotion with cells projecting to the lateral geniculate 
nucleus (LGN) of the thalamus, a subcortical relay for visual information. We have previously 
shown that over 90% of the DR neurons projecting to these regions are serotonergic. After 
injecting the retrograde tracer FluoroGold (FG) into the mPFC or LGN of Sprague-Dawley rats, 
brainstem sections from these animals were collected and whole-cell patch clamp recordings 
were made from FG-labeled neurons within the DR. Initial results show that these two 
populations of projection neurons have similar passive membrane properties; however, cells 
targeting the mPFC respond to depolarizing current steps with a higher firing frequency than 
LGN-projecting cells. This greater excitability of mPFC vs LGN-projecting cells may suggest 
that greater stimulus-driven 5-HT release is required to optimize the function of cognitive and 
limbic circuits within the mPFC than for early stage visual processing in the LGN. Interestingly, 
LGN-projecting neurons display a greater frequency of putative AMPA-mediated spontaneous 
postsynaptic currents (t = 3.05, p = 0.0081), an indication that these cells receive greater 
presynaptic excitatory drive than those projecting to mPFC. Such target-specific differences in 
the synaptic regulation and excitability of DR projection neurons provide insight into the 
functional organization of the DR 5-HT system and indicate that this type of characterization 
may be a valuable strategy for untangling the diverse psychological and behavioral roles of 5-HT 
in the forebrain. Ongoing studies will determine if the electrophysiological profile of these DR 
projection neurons changes from late adolescence to adulthood. (NIMH MH101178 to BDW) 
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Title: Neurochemical profile in mice genetically depleted of brain serotonin: A proton magnetic 
resonance spectroscopy study 
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Abstract: Introduction: Serotonin (5HT) neurons originating in the dorsal raphe innervate 
nearly all areas of the brain. 5HT is involved in mediating neuronal development as well as 
behavioral and physiological processes including, sleep, aggression, aging , control of food 
intake and body weight. In addition, the dysfunction in the 5HT neuronal system has been linked 
to neuropsychiatric conditions such as depression, anxiety, obsessive compulsive disorder and 
suicide. Serotonin selective reuptake inhibitors (SSRIs) are the most common treatment for 
depression and their therapeutic effect is generally attributed to their ability to increase the 
synaptic levels of 5HT. Tryptophan hydroxylase-2 (TPH2), expressed selectively in 5HT 
neurons, is the initial and rate limiting enzyme in the biosynthesis of 5HT. Genetic ablation of 
the TPH2 gene provides a hypo-serotonergic animal model to examine the influence of 5HT 
innervation on development and behavior. TPH2-/- mice show intense compulsivity and 
impulsivity, social communication deficits, exaggerated aggression and decreased levels of 
anxiety like behavior. 5HT neurons in these mice, although lacking 5HT, retain their 
characteristic electrophysiological properties as well as relatively normal brain development and 
elaboration of the 5HT neuronal system. This suggests that behavioral phenotypes of the TPH2-/- 
may be mediated via the absence of a modulatory effect of 5HT on other neurotransmitter 
systems such as Glutamate (GLU) and GABA. Methods: TPH2-/- mice were generated by 
deleting exon1 of the Tph2 gene and were on a mixed C57BL/6-Sv129 background. High 
resolution magic angle spinning (HR-MAS) proton magnetic resonance spectroscopy (1H-MRS) 
ex vivo (translation potential to clinical MRS) was used to assess unbiased neurochemical 
profiles in 12 different brain regions of 8 week-old WT ( n=8) and KO (n=12) mice. Results: 
MRS analysis showed significant decrease in GLU and GABA levels in Hippocampus ( dentate 
gyrus, HP), significant increase in Glu and GABA levels in Cerebellum (CB), no change in GLU 
and GABA levels in Anterior Striatum (AST). Discussion: Animal and clinical studies 
suggested, although with conflicting findings, that a deficit in GABAergic activity may be 
crucial in the pathophysiology of mood disorders. The 5HT innervation in ACC, CB and HC is 
substantial and 5HT release has modulatory effects on the release of the GLU and GABA 
neurotransmitters. Changed concentrations of GLU and GABA may reflect a developmental 



insult related to 5HT deficits in the critical period or a compensatory effect both associated with 
the unique behavioral phenotypes of the TPH-/-mouse. 
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Abstract: Activation of serotonin-7 (5-HT7 ) receptors modulates circadian rhythms, memory, 
REM sleep, and depression, processes which are deleteriously affected by aging. Endogenous 
regulation of these receptors is not well understood, although pharmacological regulation has 
been reported. Chronic treatment with selective serotonin re-uptake inhibitors known to increase 
extracellular serotonin levels leads to down-regulation of 5-HT7 receptors. Because endogenous 
serotonin release exhibits a daily rhythm with higher levels at night, we hypothesized that 5-HT7 
receptors exhibit 24-h variations characterized by lower nighttime expression. Our previous 
studies of Syrian hamsters showed that aging decreases 5-HT7 receptors in the dorsal raphe 
nucleus, a brain region in which these receptors affect circadian rhythms and REM sleep, but not 
in the several other circadian substrates, such as the suprachiasmatic nucleus. Here we tested 
whether aging reduces 5-HT7 receptors in the hippocampus, a likely substrate for the effects of 5-
HT7 receptor drugs on memory and depression. Male Syrian hamsters (young, 3-5 months; old, 
17-21 months) exposed to a daily alternating cycle of 14 h light:10 h dark were euthanized at 4 
times of day (zeitgeber times [ZT]1, 6, 13, & 19; ZT12 = time of lights:off; N=8-13/tim/age). 
Coronal sections through the hippocampus were processed for 5-HT7 receptor autoradiography 
using [3H]8-OH-DPAT [2 nM] as the radioligand and SB-269970 [1 µM] to define nonspecific 
binding. Tissue sections and radioactive standards were apposed to X-ray films to generate 
autoradiograms that were assessed by computer-assisted microdensitometry. Robust specific 5-
HT7 receptor binding was observed in the hippocampal dentate gyrus (DG), CA1, and CA2 but 
not in CA3. In the DG and CA1, specific 5-HT7 receptor binding sites exhibited 24-h rhythms 
with troughs at night (P<0.005; P<0.05, respectively), in support of the hypothesis. Specific 5-
HT7 receptor binding in the CA1 and DG were not significantly affected by age or by 



interactions between time and age. In conclusion, these data indicate that 5-HT7 receptors in the 
hippocampus are influenced by time of day but not by aging. Furthermore, these findings suggest 
that the therapeutic effectiveness of 5-HT7 drugs may persist in old age but will depend on the 
daily time of administration. 
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Abstract: Serotonin (5-hydroxytryptamine; 5-HT) is a neurotransmitter in the brain of vertebrate 
animals and humans. 5-HT is involved in the regulation neurological states such as mood, pain, 
and anxiety and has been linked to drug dependency. Zebrafish (Danio rerio) could represent a 
tool for the pre-clinical development of pharmacotherapies of human disorders with a link to the 
serotonin system. We identified 23 serotonin receptor (htr) genes in the zebrafish genome. Every 
human htr gene appears to have an ortholog in zebrafish, except for three htr3 receptor types. 
Because of a teleost genome duplication event several but not all human serotonin receptor genes 
have duplicates in the zebrafish genome. For a pharmacological characterization of zebrafish 
serotonin receptors, we have cloned and sequenced htr2cl1, htr2aa, htr2ab and htr7c entire 
coding regions. At the protein level, zebrafish amino acid sequences are about 70% identical to 
human serotonin receptors. Expression of serotonin receptors in HEK293 cells enables the 
isolation of htr proteins for binding assays which are being carried out to determine the degree of 
similarity between zebrafish and human serotonin receptor pharmacology. 
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Abstract: Tryptophan hydroxylase 2 (TPH2) is the key enzyme in the synthesis of neuronal 
serotonin. Although previous studies suggest the NRSF-mediated negative regulation of the 
human TPH2 (hTPH2) gene, the mechanisms by which the hTPH2 gene expression is activated 
remains unresolved. An in silico analysis, 5´-flanking region revealed the presence of two 
consecutive GC-rich motifs (GCB1, -207/-199 and GCB2, -182/-174), within which the putative 
transcription factor binding sites, including early growth response proteins (EGRs) and 
specificity proteins (Sps), were found. A 2-kb region of the hTPH2 gene (-1850/+141) was 
cloned into pGL4-Basic and its 5´-untranslated region (+10/+121; a region containing repression 
elements including NRSE) was deleted to yield TPH2-100. Furthermore, the 48-bp segment (-
124/-77) adjacent to GCBs was deleted from TPH2-100 to prepare TPH2-131. Quantitative real-
time RT-PCR analysis revealed the expression of Egr-1, Egr-2, Egr-3, Egr-4, Sp1, Sp3, Sp4, 
Nab1 and Nab2 genes in rat raphe RN46A cells. Reporter assays showed that the promoter 
activity of hTPH2-131 was about 2-times that of hTPH2-100, suggesting that the 48-bp 
downstream segment contains a not-yet-identified inhibitory element. Interestingly, this 48-bp 
segment is well conserved between humans and rodents. Overexpression of EGRs (EGR1, 2, 3 
and 4) and/or Sps (Sp1, Sp3 and Sp4), either alone or in combination, only caused marginal 
effects on the hTPH2-100 promoter activity. Whereas overexpression of EGRs or Sps alone 
exhibited only a marginal effect on the hTPH2-131 promoter activity, when both were co-
expressed, the joint effect was additive. These results indicate that EGRs and Sps apparently bind 
to the GCBs in a noncompetitive manner and act together to increase the hTPH2-131 promoter 
activity. Moreover, these results suggest that the 48-bp segment has an inhibitory effect on the 
joint function of EGRs and Sps via the GCBs. To analyze these GCBs further, mutant reporters 
were prepared and co-expression studies were performed using EGR4 and Sp3 expression 
vectors. Although mutation of either the GCB1 or the GCB2 reduced the hTPH2-131 promoter 
activation by EGR4 and Sp3, the GCB2 mutation produced a greater reduction compared to that 
of the GCB1 mutation. Double mutations of the GCB1 and GCB2 brought a further reduction. 
These results indicate that the GCB2 is critical for the hTPH2-131 promoter activation by EGR4 
and Sp3, and the GCB1 might play an accessary role. Collectively, these results imply that the 
hTPH2 promoter activation by EGRs and Sps is dependent on the GCBs and is subjected to the 
inhibitory modulation mediated by the unique downstream 48-bp segment. 
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Abstract: The rate-limiting synthetic enzymes for serotonin and dopamine synthesis, for 
phenylalanine catabolism, for ether lipid metabolism, and the nitric oxide synthases (NOSs) all 
require the cofactor 5,6,7,8-tetrahydrobiopterin (BH4) for catalytic function. We have recently 
described the function and expression of genes required for BH4 synthesis and regeneration in 
the nematode C. elegans (Loer et al., 2015, Genetics 200: 237). Worms that can’t synthesize 
BH4 are serotonin- and dopamine-deficient, and have leaky, fragile cuticles caused by aberrant 
lipid metabolism in the epidermis; BH4-deficiency also alters susceptibility to bacterial 
pathogens. In humans, regulation of BH4 levels is important for many physiological functions. 
BH4 is synthesized in four steps starting with GTP; the first step is performed by GTP 
Cyclohydrolase I (GTPCH1, C. elegans gene cat-4). Like in many biochemical synthesis 
pathways, the first enzyme in the pathway is regulated by ‘end product feedback inhibition.’ This 
typically occurs by the end product itself binding to another site on the enzyme – allosteric 
regulation. For BH4, it is more complicated – in mammals, GTPCH1 inhibition by BH4 requires 
an additional small protein called GTPCH1 feedback regulatory protein (GFRP). Crystal 
structures show that the analog BH2 binds at the interface between pentamers of GTPCH1 & 
GFRP to inhibit GTPCH1 function, mainly interacting with GTPCH1 (Maita et al., 2004, J Biol 
Chem 279: 51534). Phe, which stimulates GTPCH1, also binds at the interface between the two 
proteins, mainly interacting with GFRP. C. elegans also encodes a likely ortholog of GFRP 
(gene gfrp-1); sequence analysis and structural predictions suggest the worm GFRP will function 
like the mammalian protein, binding both BH4 and Phe. In mammals, GTPCH1 and GFRP can 
also bind the selective inhibitor 2,4-Diamino-6-hydroxypyrimidine (DAHP), which is 
structurally similar to both GTP (substrate) and BH4 (pathway end product). At low 
concentrations, DAHP apparently inhibits GTPCH1 like BH4 by binding with GFRP; this 
inhibition is GFRP-dependent. At higher concentrations, DAHP acts as a competitive inhibitor, 
binding at the GTPCH1 active site like GTP; this inhibition is GFRP-independent (Xie et al., 
1998, J Biol Chem 273: 21091). Although DAHP treatment has no obvious effect on wildtype C. 



elegans, serotonin levels (a proxy for BH4 levels) are reduced by DAHP in worms with a 
reduction-of-function mutation [cat-4(e3015)] that already have less BH4. We plan to test 
whether this presumed inhibition of worm GTPCH1 is GFRP-dependent by knocking down gfrp-
1 gene function in DAHP-treated cat-4(e3015) worms. 
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Abstract: Given the shortcomings of current antipsychotics, novel therapeutic approaches are 
needed that exhibit clinical efficacy with reduced adverse effect liability. Activation of the 
muscarinic M4 receptor has previously been demonstrated to have antipsychotic-like efficacy in 
several preclinical models. Recently our laboratory reported that these antipsychotic effects are 
mediated through a novel mechanism wherein activation of M4 receptors reduces dopamine 
release through a CB2 cannabinoid-dependent mechanism. Herein, we present new data 
suggesting that metabotropic glutamate 1 receptor (mGlu1) plays a critical role in mediating 
these M4-dependent dopaminergic effects. Bath application of an mGlu1 negative allosteric 
modulator (NAM) VU0458650 blocks M4-induced reductions in striatal dopamine and M4-
mediated antipsychotic-like effects. A key role for mGlu1 in regulating DA release could provide 
important new insights into mechanisms by which loss of mGlu1 signaling could contribute to 
symptoms observed in schizophrenia patients. Our laboratory has recently developed a novel 
highly-selective mGlu1 positive allosteric modulator (PAM) VU6004909, which has an excellent 
pharmacokinetic (PK) profile for use in in vivo studies. Through use of both ex vivo and in vivo 
fast-scan cyclic voltammetry (FSCV), we report that application of VU6004909 reduces striatal 
DA release. Moreover, administration of VU6004909 possesses antipsychotic-like efficacy in 



rodent models of schizophrenia, suggesting that mGlu1 selective compounds may alleviate the 
positive symptoms of schizophrenia. Taken together, these results indicate that i) mGlu1 
activation plays a regulatory role in the antipsychotic-like effect of M4 PAMs and ii) highlight 
the potential of a novel intervention strategy utilizing selective mGlu1 compounds. 
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Abstract: Dysregulation of dopamine (DA) release within the basal ganglia from midbrain 
dopaminergic neurons of the substantia nigra pars compacta (SNpc) underlies pathological states 
in several psychiatric and movement disorders. Within the basal ganglia, DA acts on two 
separate non-overlapping pathways, the direct and indirect pathway. Because of the critical 
modulatory role of DA, great effort has been placed on understanding both how DA modulates 
the basal ganglia direct and indirect pathways and how other neurotransmitter systems regulate 
DA signaling. One such regulator of DA is the muscarinic acetylcholine receptor subtype 4 
(M4). Recently, our lab has shown that M4 activation on direct pathway spiny projection neurons 
(SPNs) can inhibit DA release from SNpc terminals in the striatum through an endocannabinoid 
dependent mechanism. However, we now report that M4 activation can block D1 DA signaling 



in addition to blockading DA release. Using a wide range of behavioral, electrophysiological, 
optogenetic, pharmacological, and imaging techniques, we directly tested how M4 signaling 
opposes D1 activation. Interestingly, we have found that cholinergic projections from the 
hindbrain regulate D1 DA signaling at the level of the substantia nigra pars reticulata (SNr) 
through M4. Additionally, these data suggest that M4 activity may tonically inhibit direct 
pathway SPNs and D1 DA signaling. We additionally present data that suggests that elimination 
of cholinergic projections from the hindbrain has widespread effects on basal ganglia dependent 
behaviors. Taken together, our data demonstrate a new role for M4 in modulating DA signaling, 
extend the current model of basal ganglia processing, and suggest an important role of hindbrain 
cholinergic projections in regulating the basal ganglia. 
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Abstract: Huntington’s Disease (HD) is a genetic and neurodegenerative disease characterized 
by multiple symptom stages resulting in motor and cognitive deficits. Currently, the treatments 
for HD only address late-stage symptom management, indicating the need for further 
understanding of the disease, and development of treatments for early-stage symptoms. While 
the exact causes behind the neurodegeneration observed in HD are not clear, there are several 
circuit level changes that precede motor symptoms including hyperactive neurotransmission in 



the striatum. We theorize that modulation of this imbalanced basal ganglia circuitry through 
activation of the M4 subtype of the muscarinic acetylcholine receptor can provide a novel 
therapeutic strategy for treating HD. Through studies utilizing fast-scan cyclic voltammetry, we 
have confirmed that two animal models of HD, BACHD and YAC128 HD, are 
hyperdopaminergic compared to wild-type littermates at young ages prior to the onset of motor 
phenotypes. Both electrical stimulation, as well as optical stimulation in mice expressing channel 
rhodopsin 2 in dopamine neurons, induced larger dopamine transients in ex vivo brain slices of 
HD mice. In addition, in vivo voltammetry recordings made from anesthetized HD mice 
demonstrated larger electrically evoked dopamine transients than littermate controls. The 
increased striatal dopamine release in HD mice did not correlate with changes in motor function 
when tested in an open field paradigm. However, the BACHD model did show increased social 
aggression behavior compared to littermates as assessed using a tube dominance test. Through 
voltammetry, we have also found that the nonselective muscarinic acetylcholine receptor agonist 
oxotremorine-M, induced sustained reductions of dopamine release more potently in BACHD 
mice than in their littermates. This sustained inhibition of DA release could be potentiated by the 
selective M4 positive allosteric modulator (PAM), VU0467154, demonstrating that increased M4 
signaling can normalize excessive striatal dopamine release in HD mice. Previous studies have 
demonstrated that chronic administration of M4 PAMs can delay the onset of motor deficits in 
these mouse models. Collectively, these data suggest that these mice display excessive dopamine 
transmission in the striatum that correlates with increased social aggression. Furthermore, we 
found that activation of the M4 receptor could normalize this excessive dopamine transmission 
suggesting that this receptor may be a novel therapeutic target with which to normalize 
neurotransmission in early disease stages. 
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Abstract: The M1 subtype muscarinic acetylcholine (ACh) receptor (mAChRs) has emerged as 
an exciting potential target for novel therapeutic agents for the treatment of schizophrenia. 
Recently, highly-selective M1 positive allosteric modulators (PAMs) have provided compelling 
evidence that M1 PAMs have cognition-enhancing effects and actions that predict reduction in 
negative symptoms in rodent models of schizophrenia. Specifically, M1 PAMs can enhance a 
novel form of mAChR-induced long-term depression, termed mLTD, at the hippocampo-
prefrontal cortex (PFC) synapse. mLTD at this synapse is disrupted in rodent models of 
schizophrenia and is thought to contribute to hippocampo-PFC communication deficits observed 
in schizophrenia patients. To better understand the pharmacological properties necessary for in 
vivo efficacy, our lab and others have developed M1 allosteric modulators with diverse 
pharmacological properties. One such property is intrinsic agonist activity, in addition to PAM 
activity, in an in vitro system used for compound characterization, such as a calcium 
mobilization assay. While application of M1 PAMs with no intrinsic agonist activity, such as 
VU0550164 and VU0453595, do not induce mLTD by themselves at this hippocampo-PFC 
synapse, interestingly, M1 PAMs with agonist activity (ago-PAMs) such as MK-7622 and PF-
06764427 robustly induce mLTD. Furthermore, in contrast to a VU0453595, a PAM with no 
observable agonist activity in vitro, these M1 ago-PAMs failed to improve novel object 
recognition, an assay of cognition in rodents. Thus, it is possible that structurally distinct M1 
PAMs could have fundamentally different effects on important aspects of CNS function, 
depending on the presence of observable agonist activity in vitro. These findings suggest that 
ago-PAM activity is not required for cognition enhancement and may, in fact, be detrimental. 
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Abstract: In the rodent medial prefrontal cortex (mPFC), pyramidal neurons in layer 5 broadly 
express Gq-coupled M1-type muscarinic ACh receptors, but the ionic mechanisms underlying 
cholinergic excitation of pyramidal neurons are not well understood. Recent work in our lab has 
characterized a long-lasting cholinergic excitation of corticofugal neurons in layer 5 of the 
mouse mPFC. Here we explore the mechanisms underlying cholinergic excitation in 
retrogradely-labeled corticopontine neurons in the mPFC of wild-type mice or mice expressing 
channelrhodopsin-2 in cholinergic neurons. Persistent cholinergic excitation did not depend on 
network activity, as it remained robust in the presence of glutamate (kynurenate, 3 mM) and 
GABA (gabazine, 10 μM) receptor blockers (n = 11). Cholinergic excitation was not contingent 
on intracellular calcium signaling, as it was not diminished in magnitude or duration following 
chelation of intracellular calcium with BAPTA (10 or 30 mM; n = 12 and n = 15, respectively), 
despite elimination of calcium-dependent cholinergic afterdepolarizations. However, blockade of 
the M-current with bath application of XE991 (10 μM; n = 11) reduced the magnitude and 
duration of cholinergic excitation by 19 ± 11% and 29 ± 24%, respectively, suggesting that Kv7 
channels play a role in generating and maintaining this excitation. To test the role of calcium 
conductances, we combined intracellular BAPTA with removal of extracellular calcium 
(replaced with equimolar MgCl2). Removal of calcium decreased both the magnitude and 
duration of cholinergic excitation, by 42 ± 8% and 49 ± 20%, respectively, and was reversible 
upon reintroduction of extracellular calcium (n = 13). Moreover, combining intracellular BAPTA 
with the nonselective calcium conductance blocker cadmium (200 μM) similarly reduced the 
magnitude (by 47 ± 8%) and duration (by 59 ± 10%) of cholinergic excitation. The effects of 
blocking the M-current and eliminating calcium conductances were additive, such that removal 
of calcium in the presence of XE991 generated a 65 ± 8% decrease in peak cholinergic 
excitation, and a 76 ± 13% reduction in response duration (n = 7). Together, these results 
indicate that cholinergic excitation of cortical brainstem-projecting neurons involves suppression 
of the M-current and activation of a calcium-permeable cation conductance. 
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Abstract: Mustard analogs of many receptor ligands have been used to irreversibly label or 
inactivate receptors. In aqueous solution, mustard groups cyclize to form aziridinium ions that 
closely mimic quaternary amines. Such a reactive intermediate may therefore bind in the same 
orientation within the same binding pocket of the receptor that accommodates the related 
reversible ligand. Once oriented, it is capable of alkylating any of a number of nearby amino acid 
side chains. In principle, a mustard analog of an agonist might yield irreversible activation of the 
receptor. However, acetylcholine mustard has been widely reported to possess agonist activity at 
muscarinic receptors only until alkylation is achieved, at which point the receptor becomes 
inactivated. Therefore, we were surprised to find that agonist activity persisted after irreversible 
binding of acetylcholine mustard and its analog, acetylethylcholine mustard, at Gq-linked 
muscarinic receptors (M1, M3, and M5) expressed in CHO cells. The most interesting results 
were obtained when measuring the receptor-stimulated release of labeled arachidonic acid (AA) 
from intact cells. After cells were preincubated with cyclized agonist mustards and thoroughly 
washed, the basal AA release was found to be elevated to a small but significant degree. This 
elevation could be prevented if atropine was include in the preincubation phase, but was not 
inhibited by the presence of atropine in the assay phase. By contrast, inclusion of amiodarone in 
the assay phase dramatically increased the response of cells that were preincubated with the 
agonist mustards. We have previously shown amiodarone to be a positive allosteric modulator 
(PAM) at these receptors. Once again, atropine in the assay itself did not prevent the effect of 
amiodarone, but atropine in the preincubation phase prevented it completely. At the M1 subtype, 
the well-known M1-specific PAM BQCA enhanced the mustard-induced activity in a manner 
similar to that observed for amiodarone. The agonist mustards were also found to irreversibly 
stimulate the metabolism of inositol phosphates (IP), by a similar paradigm. The IP response to 
the irreversible agonists was more robust than the AA response, and the effects of the PAMs 
were therefore typically smaller in the IP response. These studies demonstrate that the allosteric 
sites for amiodarone, BQCA, and other ligands that were investigated are still available 
following the mustard treatment, and that receptors that have been alkylated by acetylcholine 



mustard and acetylethylcholine mustard do adopt active conformations that can be further 
enhanced by appropriate allosteric ligands. 
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Abstract: Group II metabotropic glutamate (mGlu) receptors (mGlu2 and mGlu3) are implicated 
in the pathophysiology of schizophrenia and are considered as potential targets for new 
antipsychotic drugs. Changes in the expression of mGlu2 and mGlu3 receptors have been found 
in the prefrontal cortex of mice exposed to prenatal stress. These mice show epigenetic 
abnormalities in biochemical markers of GABAergic interneurons and show a psychotic-like 
phenotype in the adult life (Matrisciano et al., Neuropharmacology, 2013). Moving from these 
findings, we decided to examine whether the lack of mGlu2 or mGlu3 receptors affects the 
expression profile of biochemical markers of GABAergic interneurons in the prefrontal cortex 
and hippocampus at postnatal day (PND)1, PND9, and PND30. The following markers were 
examined: parvalbumin, somatostatin, reelin, glutamic acid decarboxylase 1 and 2 (GAD67/65), 
cannabinoid receptor 1 (CB1), neuropeptide Y (NPY), GABA transporter 1 (GAT1), aristaless 
related homeobox (ARX), distal-less homeobox 2 (DLX2) and the α2 and δ subunits of GABAA 
receptors. The most prominent finding was a marked reduction of parvalbumin mRNA and 
protein levels in the prefrontal cortex of mice with genetic deletion of mGlu3 receptors. This 
finding suggests that mGlu3 receptors play a prominent role in the development of fast-spiking 
parvalbumin-positive GABAergic interneurons, which are known to be defective in 
schizophrenia. Of note, polymorphic variants of the gene encoding for the mGlu3 receptor (the 
GRM3 gene) have been repeatedly associated with schizophrenia. Perhaps, these variants 
influence the development of specific populations of GABAergic interneurons in the cerebral 



cortex and hippocampus, causing abnormalities in cognitive functions that lie at the core of the 
pathophysiology of schizophrenia. 
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Abstract: Several lines of evidence demonstrate a role for excitotoxicity in retinal ganglion cell 
(RGC) death and most studies focus on activation of the N-methyl-d-aspartate (NMDA) 
receptors. To our knowledge, no studies have addressed the role of metabotropic glutamate 
(mGlu) receptors in mechanisms of retinal degeneration. We have recently found that only 
mGlu1, but not mGlu5, receptors are coupled to polyphosphoinositide hydrolysis in the mouse 
retina (Romano et al., 2016), even if both subtypes are expressed in the retina. Here we have 
studied the role of the mGlu1 receptors on retinal degeneration using the monosodium glutamate 
(MSG) model. A single systemic injection of MSG to C57BL/6J mouse pups at postnatal day 9 
induced a severe retinal degeneration as assessed by immunohistochemistry and stereological 
counts of the RGCs using the specific marker, brain-specific homeobox/POU domain protein 3A 
(Brn3a). The selective mGlu1 receptor negative allosteric modulator, JNJ16259685 (2.5 mg/kg, 
s.c.), was highly protective against MSG-induced retinal degeneration, suggesting that activation 
of mGlu1 receptors contributes to excitotoxic neuronal death in the mouse retina. Accordingly, 
MSG-induced RGC death was attenuated in crv4 mice lacking mGlu1 receptors because of a 
spontaneous recessive mutation of the Grm1 gene. These findings suggest that mGlu1 receptor is 
a key player in mechanisms of excitotoxic retinal degeneration and that it might represent a 
candidate drug target for the treatment of degenerative ocular diseases. 
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Abstract: Layer III pyramidal neuron networks of the dorsolateral prefrontal cortex (dlPFC) that 
subserve working memory are vulnerable to the effects of schizophrenia, aging, and Alzheimer’s 
disease. These networks interconnect on dendritic spines with glutamatergic N-Methyl-D-
aspartate receptor synapses, which are crucial for delay-related firing during a working memory 
task. On the basis of data from rodents, group II metabotropic glutamate receptors are generally 
thought to weaken excitatory glutamatergic signaling through Gi/Go-dependent inhibition of 
glutamate release from presynaptic axons (mGluR2), and/or increased glutamate uptake through 
excitatory amino acid transporters on astroglia (mGluR3). In monkey layer III dlPFC, we 
discovered that mGluR3 are also expressed within spine synapses. From this postsynaptic site, 
mGluR3 strengthen network connectivity and enhance working memory-related neuronal firing 
via inhibition of cAMP-PKA opening of potassium channels. Yet, rodent literature remain at 
odds with these data, suggesting that mGluR3 stimulation would primarily increase astroglial 
glutamate removal from the synaptic cleft, ultimately leading to reduced postsynaptic excitation. 
To test whether this discrepancy might reflect true species differences, we used immunoelectron 
microscopy to map mGluR3 in the layer III neuropil of rat medial PFC, the region underlying 
working memory. We have found that, in addition to classical astroglial expression, mGluR3 are 
concentrated within preterminal axons where they are positioned to modulate extrasynaptic 
glutamate release (volume transmission). A postsynaptic component similar to that of nonhuman 
primates, albeit less extensive, was also identified within the spine synapse. Shared postsynaptic 
localization in PFC of both species introduces the possibility that mGluR3-mediated 
enhancement of working memory circuits is phylogenetically conserved. 
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Abstract: Terrell Leslie Hill diagrammatic method of quantifying free energy transduction in 
biochemical cycle kinetics (e.g., the sliding filament model of muscle contraction) is readily 
applied to stochastic models of ligand-receptor binding. Hill’s method uses the Markov Chain 
Tree Theorem to express the steady-state probability distribution of a receptor occupancy model 
in terms of the unimolecular rate constants associated to its state-transition graph G, with each 
spanning tree of G rooted in a given state contributing to that state's occupancy measure. To 
facilitate application of Hill’s diagrammatic method to G protein-coupled receptor oligomers, we 
have characterized the structural properties of “reduced graph powers” - denoted G^(N) - that are 
the transition graphs for the master Markov chain for N identical (but not independent) M-state 
receptor models with transition graph G of size |G|=M. Most significantly, we provide a 
construction of minimum cycle bases of G^(N) that elucidates the combinatorics of allosteric 
modulation and thermodynamic constraints on equilibrium association constants in occupancy 
models of oligomeric G protein-coupled receptors. 
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Abstract: Reducing [Mg2+]o to 0.1 mM has elicited repetitive [Ca2+]i spikes in cultured rat 
hippocampal neurons, driven by glutamatergic synaptic transmission. Group 1 metabotropic 
glutamate receptors (mGluRs), positively affect postsynaptic neuronal excitability. Present study 
was investigated to determine whether group 1 mGluRs are involved in the synaptically-
inducced [Ca2+]i spikes induced by HEPES-buffered Hank’s salt solution containing 0.1 mM 
MgCl2 and 10 μM glycine in cultured rat hippocampal neurons from embryonic day 17 fetal 
Sprague-Dawley rats using digital imaging methods for Ca2. Reduction of [Mg2+]o to 0.1 mM 
induced synchronized and repetitive [Ca2+]i spikes within 30 s at day 11.5. The group 1 mGluR 
agonist, DHPG (1 μM), significantly increased the frequency and the area under the curve of the 
0.1 mM [Mg2+]o-induced [Ca2+]i spikes. The mGluR5 antagonist MPEP (25 μM) antagonist 
significantly inhibited the frequency and the area under the curve of the [Ca2+]i spikes, but the 
mGluR1 antagonist LY367385 (100 μM) did not affect the [Ca2+]i spikes. The phospholipase C 
inhibitor U73122 (1 μM) significantly inhibited the [Ca2+]i spikes. The IP3 receptor antagonist 2-
APB (30 μM) or the ryanodine receptor antagonist TMB-8 (10 μM) also inhibited the [Ca2+]i 
spikes. All these results suggest that mGluR 5 is involved in the 0.1 mM [Mg2+]o-induced [Ca2+]i 
spikes in cultured rat hippocampal neurons through release of Ca2+ from IP3 and ryanodine-
sensitive stores. This work was supported by the Basic Science Research Program through the 
National Research Foundation of Korea funded by the Ministry of Education (NRF-
2016R1D1A1B03934176). 
Keywords: [Ca2+]i spike, IP3 receptor, hippocampal neurons, low Mg2+, metabotropic glutamate 
receptor, ryanodine receptor 
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Abstract: A synaptic pool of extracellular signal-regulated kinases (ERK) controls synaptic 
transmission, although little is known about its underlying signaling mechanisms. Here, we 
found that synaptic ERK2 directly binds to postsynaptic metabotropic glutamate receptor 1a 
(mGluR1a). This binding is direct and the ERK-binding site is located in the intracellular C-
terminus (CT) of mGluR1a. Parallel with this binding, ERK2 phosphorylates mGluR1a at a 
cluster of serine residues in the distal part of mGluR1a-CT. In rat cerebellar neurons, ERK2 
interacts with mGluR1a at synaptic sites, and active ERK constitutively phosphorylates 
mGluR1a under normal conditions. This basal phosphorylation is critical for maintaining 
adequate surface expression of mGluR1a. ERK is also essential for controlling mGluR1a 
signaling in triggering distinct postreceptor signaling transduction pathways. In summary, we 
have demonstrated that mGluR1a is a sufficient substrate of ERK2. ERK that interacts with and 
phosphorylates mGluR1a is involved in the regulation of the trafficking and signaling of 
mGluR1. 
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Abstract: Glutamate is a major excitatory neurotransmitter in the central nervous system (CNS). 
Glutamate receptors which bind to glutamate are categorized into two groups: ionotropic 
glutamate receptors (ion channels) and metabotropic glutamate receptors (GPCRs). Group I 
metabotropic glutamate receptors (mGluRs) consists of two members viz., mGluR1 and 
mGluR5. They are predominantly localized at the post-synaptic side are key players in the 
process of neuronal development as well as in synaptic plasticity in the CNS. These receptors are 
positively coupled to Gq pathway. Accurate temporal and spatial localization of these receptors 
at postsynaptic surface is crucial for normal signaling, and their spatiotemporal localization is 
maintained by trafficking of the receptor. Trafficking also play crucial role(s) in the regulation of 
these receptors. Thus, studies of the trafficking of these receptors are of utmost importance. 
Furthermore, these receptors upon activation result in the endocytosis of AMPA receptors, 
leading to mGluR-dependent Long-term depression (mGluR-LTD). We are interested in 
investigating the cellular and molecular mechanisms that govern the group I mGluR trafficking 
and it effect on mGluR-mediated AMPAR endocytosis. Our data suggest that ubiquitination 
plays critical role in the trafficking of these receptors. We have found that these receptors get 
ubiquitinated upon binding with the ligand and subsequently get endocytosed. We further 
demonstrated that lysine residue present at the C-terminus of mGluR1 plays critical role in the 
endocytosis of mGluR1. In addition, E3 ligase, Siah-1A was found to be involved the 
ubiquitination of mGluR1. Acute knockdown of Siah-1A also enhanced group1 mGluR mediated 
AMPAR endocytosis in primary neurons. 
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Abstract: Pharmacological activation of mGlu5 metabotropic glutamate receptors reduces the 
frequency of spike-and-wave discharges (SWDs) in the WAG/Rij rat model of absence epilepsy. 
Recent evidence suggests a protective role for group I metabotropic glutamate receptors as 
potential candidates for the treatment of absence epilepsy. The evidence that the anti-absence 
activity of the mGlu5 positive allosteric modulator (PAM), VU0360172, was reversed by 
intrathalamic infusion of the GABA transporter inhibitor, tiagabine, raised the possibility that 
mGlu5 receptors regulate the expression/activity of the high affinity GABA transporter, GAT-1, 
in the ventrobasal thalamus. Accordingly, systemic treatments with VU0360172 was able to up-
regulate GAT-1 expression in the thalamus after 1 hour. The drug was also able to up-regulate 
GAT-1 expression in the somatosensory cortex, but this effect required three days of repeated 
administrations. Here, we provide new evidence in support to this hypothesis by demonstrating 
that systemic treatment with VU0360172 could enhance GABA uptake in the thalamus. 
Symptomatic WAG/Rij rats were treated with VU0360172 (3 mg/kg, s.c.) or its vehicle either 
acutely (single injection) or repeatedly (twice a day for three days). All animals were killed one 
hour after the last injection. [3H]-GABA uptake was measured in superfused isolated 
synaptosomes prepared from the thalamus and somatosensory cortex. Both single and repeated 
administrations of VU0360172 significantly enhanced GABA uptake in thalamic synaptosomal 
preparations, but not in cortical synaptosomes, where acute treatment with VU0360172 
unexpectedly reduced GABA uptake. These findings demonstrate that mGlu5 receptors regulate 
GABA uptake in the thalamus and support the view that mGlu5 PAMs can be developed as anti-
absence drugs. We are currently exploring the mechanisms responsible for the short-onset 
enhancement of GABA uptake caused by mGlu5 receptor activation focusing on changes in 
GAT-1 intracellular trafficking. 
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Abstract: G protein-coupled receptors (GPCRs) are highly ‘druggable’ proteins and represent 
the largest class of targets for current therapeutics. Two distinct neuromodulatory GPCRs, the 
adenosine A1 receptor (A1AR) and the metabotropic glutamate receptor subtype 5 (mGlu5), have 
been implicated in Alzheimer's disease (AD) pathology and as potential targets to treat cognitive 
impairments and disease progression. Both receptors are found on the same CNS-resident cell 
types, in particular neurons and astrocytes, and are expressed within key regions of the brain 
implicated in AD pathology. GPCR discovery programs generally only consider GPCR activity 
in isolation, without factoring in the influence of other GPCRs or stimuli present. Importantly, 
both glutamate and adenosine are often present within culture medium and/or released from 
cultured cells. GPCR cross-talk and/or heteromerisation can introduce pharmacological 
heterogeneity and offer new avenues for targeted drug development. We sought to test the 
hypothesis that coincident activation of co-located GPCRs modulates signalling in primary 
neurons. Primary cultures were derived from striatum and cortices of E16 mice. After 6-8 days in 
culture, high-throughput signalling assays were performed (iCa2+ mobilisation, inositol 
phosphate (IP1) and cAMP accumulation). We first confirmed the presence of functional mGlu5 
and A1AR in both cultures by assessing the ability of: 1) A1AR selective agonist (MeCCPA) to 
inhibit forskolin stimulation of cAMP accumulation; and 2) mGlu5 selective allosteric agonist 
(VU0424465) to stimulate iCa2+ and IP1 accumulation. Coincident activation of A1AR enhanced 
mGlu5-mediated iCa2+ mobilisation in response to both orthosteric and allosteric agonists in 
striatal and cortical neurons. The maximal response and potency (~3 fold) of both DHPG 
(mGlu5 orthosteric agonist) and VU0424465 were significantly increased. In contrast, A1AR 
activation had no effect on mGlu5-mediated IP1 accumulation in cortical neurons. Conversely, 
coincident activation of mGlu5 had little influence on A1AR-mediated inhibition of cAMP 
accumulation. Collectively, our data demonstrate that coincident activation of mGlu5 and A1AR 
differentially modulates intracellular signalling pathways in primary neurons. Future work 
exploring the underlying mechanisms may reveal new strategies for targeting these GPCRs to 
treat AD and cognitive disorders. 
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Title: Involvement of mGluR I in EphB/ephrinB reverse signaling induced retinal ganglion cell 
apoptosis in a rat chronic ocular hypertension model 
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Abstract: Our previous study has demonstrated that EphB/ephrinB reverse signaling was 
activated in a chronic ocular hypertension (COH) rat model, which contributed to retinal 
ganglion cell (RGC) apoptosis by modulating GluA2 subunit of AMPA receptors. Here, we 
explored whether and how mGluR I is involved in RGC apoptosis by activated EphB/ephrinB 
reverse signaling in COH rats using whole-cell patch-clamp techniques in retinal slices. We 
found that the frequency of spontaneous firing of RGCs was increased in both EphB2-Fc 
intravitreally injected retinas and COH retinas, which was blocked by pre-injection of either the 
tyrosine kinase inhibitor PP2 or the selective mGluR1/mGluR5 antagonists LY367385/MPEP. 
Co-immunoprecipitation experiments showed an interaction between ephrinB2 and mGluR1 in 
both normal and EphB2-Fc-injected retinas. These results suggest that activation of 
EphB/ephrinB reverse signaling increased RGC excitability through affecting mGluR I in COH 
retinas. In addition, numerous TUNEL-positive signals were observed in the COH and the 
EphB2-Fc-injected retinas, which were significantly reduced by intravitreally pre-injecting 
LY367385 or MPEP. Together, our results suggest that activation of EphB/ephrinB reverse 
signaling increase RGC excitability and apoptosis through interacting with mGluR I in COH 
retinas, in addition to the GluA2-containing AMPA receptors. 

Disclosures:  Y. Zhao: None. Q. Li: None. X. Li: None. F. Gao: None. P. Cui: None. X. Sun: 
None. Z. Wang: None. 



Poster 

287. GPCRs: Metabotropic Glutamate Receptors and Muscarinic Acetylcholine Receptors 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 287.17/D13 

Topic: B.03. G-Protein Coupled Receptors 

Support: NIH Grant 5R01NS064025-08 

Title: Tonic and phasic activation of GIRKs contribute to low dentate granule cell excitability 

Authors: *J. GONZALEZ, S. A. EPPS, S. J. MARKWARDT, J. I. WADICHE, L. 
OVERSTREET-WADICHE 
Neurobio., Univ. of Alabama At Birmingham, Birmingham, AL 

Abstract: The dentate gyrus (DG) is a main entry point for neural activity into the hippocampal 
formation, integrating sensory and spatial information from the cortex in a manner that generates 
a neural representation (“engram”) of a context. This role within the trisynaptic circuit requires 
that only a small fraction of the principal granule cells (GCs) are active at any given time. This 
sparse neural activity is enforced by powerful networks of inhibitory GABAergic interneurons in 
combination with low intrinsic excitability of GCs. Although the cellular and circuit properties 
that dictate synaptic inhibition are well studied, less is known about mechanisms that confer low 
GC intrinsic excitability. Using an electrophysiological approach here we demonstrate that intact 
G-protein mediated signaling is required to maintain the characteristic low resting membrane 
potential that differentiates dentate granule cells from CA1 pyramidal cells and immature adult 
born GCs. We show that intact G-protein signaling enables constitutive G-protein gated inwardly 
rectifying potassium channels (GIRK) activity, resulting in part from tonic GABAB receptor-
mediated stimulation of GIRKs. Perforant path electric stimulation evokes a phasic activation of 
GIRKs by synaptic GABAB receptors on mature GCs, but adult born new GCs completely lack 
functional GIRK activity, with both tonic and phasic GABAB-receptor mediated GIRK signaling 
developing only after 3-4 weeks of maturation. Using transgenic mice and optogenetic tools we 
show that GABAB evoked phasic GIRK activation is interneuron specific, arising primarily from 
neuronal nitric oxide synthase (nNOS)-expressing interneurons rather than parvalbumin or 
somatostatin-expressing interneurons, and requires expression of GIRK2 subunits. Together 
these results demonstrate that G-protein mediated signaling robustly contributes to the low 
intrinsic excitability that differentiates mature and developing dentate GCs, and suggests that 
nNOS-expressing interneurons are principal gate-keepers of GABAB-receptor synaptic 
inhibition. 
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Abstract: The kynurenine pathway is the quantitatively main branch of L-tryptophan 
degradation in the mammalian body and gives rise to a plethora of metabolites, collectively 
known as “kynurenines”. Some of these metabolites, such as kynurenic acid, quinolinic acid, 
xanthurenic acid and cinnabarinic acid interact with glutamate receptors thus influencing 
excitatory transmission in the central nervous system (CNS). Kynurenic acid, an antagonist of 
NMDA receptors at the glycine co-activation site, has been implicated in the pathophysiology of 
schizophrenia, and its levels are reduced in prefrontal cortex tissues and in the cerebrospinal 
fluid of schizophrenic patients. The higher levels of kynurenic acid in patients affected by 
schizophrenia are in line with the glutamatergic hypothesis of schizophrenia, which postulates 
that a reduced activity of NMDA receptors causes a hypofunction of GABAergic interneurons 
resulting into a hyperactivity of pyramidal neurons. Recently, metabotropic glutamate (mGlu) 
receptors have also been included in the glutamatergic theory, because drugs that activate mGlu2 
and mGlu4 receptors show efficacy in experimental animal models of psychosis. Because 
cinnabarinic acid acts as an orthosteric agonist of mGlu4 receptors (Fazio et al., Mol. Phamacol., 
2012), we decided to examine whether systemic administration of cinnabarinic acid could affect 
MK-801-induced hyperactivity in mice, which models positive symptoms of schizophrenia. We 
were surprised to find that very low systemic doses of cinnabarinic acid (0.125 mg/kg) were able 
to reduced MK-80-induced hyperactivity without affecting basal motor activity. Cinnabarinic 
acid was less potent and efficacious in mGlu4 receptor knockout mice, suggesting that, at least, 
part of the antipsychotic-like activity of the compound was mediated by the activation of mGlu4 
receptors. These findings suggest that the expected reduction in cinnabarinic acid synthesis in 
schizophrenia (which might be a downstream consequence of the reduced kynurenine 
monooxygenase activity) might contribute to the pathophysiology of the disease, and raise the 
attracting possibility that cinnabarinic acid may display therapeutic activity against positive 
symptoms of schizophrenia. 
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Abstract: In all current models of L-DOPA-induced dyskinesias (LIDs), the occurrence of 
abnormal involuntary movements (AIMs) is accompanied by the activation of extracellular 
signal-regulated kinase 1 and 2 (ERK1/2) signaling in striatal neurons. This activation is a 
consequence of the supersensitivity of D1 receptor (D1R) signaling caused by dopamine (DA) 
denervation. Antagonists of mGlu5 metabotropic glutamate receptor ameliorate L-DOPA-
induced dyskinesias, and blunt D1R agonist-induced ERK1/2 posphorylation (pERK1/2). In DA-
denervated striatal slices, D1R-mediated pERK1/2 can be inhibited by antagonizing mGlu5 
receptor or its downstream signaling mediator, phospholipase C (PLC) (Fieblinger et al., 2014). 
In the present study, we set out to (i) examine the effects of PLC inhibition in vivo, and to (ii) 
investigate its role in the DA-denervated striatum. 
Rats sustained unilateral 6-OHDA lesions of the nigrostriatal DA pathway, followed by chronic 
treatment with the D1/D5 receptor agonist SKF38393 to induce AIMs. Dyskinetic rats receiving 
challenge injections of the PLC inhibitor U73122 (30 mg/kg) had significantly lower AIM scores 
compared to vehicle-treated animals. Moreover, in vivo administration of U73122 blunted 
SKF38393-induced striatal activation of ERK1/2. These results prompted the question whether 
the activation of D1R in the DA-denervated striatum could lead to PLC activation. To answer 
this question, we used an assay of PLC activity in striatal slices estimating the production of 
[3H]-inositolmonophosphate (InsP) following SKF38393 incubation. Compared to baseline 
conditions, D1R stimulation induced a significant increase in [3H]-InsP in the DA-denervated 
striatum, but not in the intact striatum. In addition, the coapplication of SKF38393 and the 
mGlu5 receptor agonist DHPG induced a marked increase in inositol phospholipid hydrolysis 
that was (i) higher than the levels obtained when either agonist was applied alone, and (ii) 



specific to the DA-denervated striatum. In conclusion, these results are the first to indicate that 
the stimulation of D1R and mGlu5 receptor in the DA-denervated striatum converge on PLC 
activation. This signalling cascade is causally linked with the occurrence of dyskinesia. 
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Abstract: Thalamic nuclei project to the lateral amygdala (LA) and these connections are 
important for fear and anxiety. The group III metabotropic glutamate receptors 4 (mGluR4) and 
7 (mGluR7) are expressed in the LA and they are involved in acquisition and extinction of fear. 
Here, we aimed to investigate the role of these receptors in thalamo-LA synaptic transmission 
and plasticity using two new specific compounds displaying anxiolytic effects in rodents: 
ADX88178 (positive allosteric modulator for mGluR4) and ADX71743 (negative allosteric 
modulator for mGluR7). 
Whole-cell patch-clamp recordings were performed on pyramidal neurons in the LA to assess the 
roles of mGluR4 and mGluR7 on spontaneous activity, evoked thalamic synaptic transmission 
and long term potentiation (LTP). ADX88178 decreased and ADX71743 increased the frequency 
of spontaneous EPSCs. When thalamic inputs were electrically stimulated, ADX88178 decreased 
and ADX71743 increased the amplitude of the evoked responses. Moreover, both the positive 
allosteric modulator for mGluR4 and the negative allosteric modulator for mGluR7 decreased the 
LTP seen in the control group, at the thalamus to LA synapses. 
Thus, mGluR4 and mGluR7 are functionally expressed in the LA and they control both 
spontaneous neuronal activity and synaptic transmission from the thalamus. Also, the two 
receptors have the potential to modulate long term synaptic plasticity which likely impacts 
learning in the lateral amygdala. This may explain the previously described anxiolytic effects of 



ADX88178 and ADX71743 in systemically treated animals. The opposite effects of the 
compounds at cellular level, suggest that their activity is mediated by different neurons, likely 
part of parallel networks. Our data suggest a mechanism trough which mGluR4 and mGluR7 
modulate pyramidal neurons in the LA with implications for fear and anxiety disorders. 
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Abstract: The metabotropic glutamate receptor 7 (mGluR7) is a predominant group III mGluR 
in the presynaptic active zone, where it regulates the excitatory neurotransmitter release via G-
protein signaling cascade. Although it has been reported that many different GPCRs are 
regulated by post-translational ubiquitination that dynamically regulates protein turnover and 
trafficking, it remains elusive that mGluR7 undergoes ubiquitination in response to synaptic 
activity. In this study, using biochemical approaches coupled with confocal imaging, we have 
explored whether mGluR7 is a target of ubiquitination. We found that mGluR7 is ubiquitinated 
at the cytoplasmic loop 2 region and the C-terminal tail by the treatment of agonist in HEK 293T 
cells and primary cortical neurons. In addition, we found the ubiquitination of mGluR7 increases 
the endocytosis and degradation of mGluR7. Given the importance of the ubiquitin-proteasome 
system in neurodegenerative and neuropsychiatric disorders, mechanisms underlying mGluR7 
ubiquitination will provide insights into the fundamental role of mGluR7 in neurological diseases 
as well as in physiological processes. 
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Title: Phosphorylation of GABAB1 by CaMKIIβ triggers lysosomal degradation of GABAB 
receptors by regulating MIB2-mediated Lys63-linked ubiquitination 
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Abstract: G protein-coupled GABAB receptors consist of GABAB1 and GABAB2 subunits and 
control neuronal excitability by mediating slow and prolonged inhibitory neurotransmission. An 
important factor governing the signaling strength of GABAB receptors is their availability at the 
plasma membrane, which is tightly regulated by lysosomal degradation of constitutively 
internalized receptors. Sorting the receptors to the lysosomal degradation pathway requires 
Lys63-linked ubiquitination of GABAB1 by the E3 ubiquitin ligase Mind bomb-2 (MIB2). How 
MIB2-mediated Lys63-linked ubiquitination of GABAB1 is regulated remained unknown. Here 
we show that Ca2+/calmodulin-dependent protein kinase II (CaMKII) promotes MIB2-mediated 
Lys63-linked ubiquitination of GABAB receptors under physiological and pathological 
conditions. We observed an increased expression of cell surface GABAB receptors after short-
term inhibition of CaMKII and decreased receptor levels upon overexpression of CaMKIIβ, but 
not CaMKIIα. We found that CaMKII-dependent phosphorylation of GABAB1 at Ser-867 
promoted the Lys63-linked ubiquitination of GABAB1 at multiple sites that was mediated by the 
E3 ligase MIB2. Mutational inactivation of the CaMKII phosphorylation site in 
GABAB1(GABAB1(S867A)) prevented the Lys63-linked ubiquitination of GABAB1 and 
increased the cell surface expression of GABAB receptors. Conversely, the phospho-mimetic 
mutant GABAB1(S867D) strongly increased Lys63-linked ubiquitination of GABAB1 and 
decreased cell surface receptor levels. Finally, sustained activation of glutamate receptors, a 
hallmark of cerebral ischemia that downregulates GABAB receptors via lysosomal degradation, 
was accompanied with strongly increased GABAB1(Ser-867) phosphorylation-dependent Lys63-
linked ubiquitination of GABAB receptors. These findings indicate that CaMKIIβ regulates 
Lys63-linked ubiquitination of GABAB1 and thereby controls sorting of internalized GABAB 
receptors to lysosomal degradation. This mechanism regulates the amount of cell surface 
GABAB receptors under physiological as well as pathological conditions. 
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Title: New advances in the knowledge of the 5HT2A / mGlu2/3 receptor-receptor functional 
cross talk in mammal central nervous system 
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Abstract: Data in literature clearly demonstrated the existence of presynaptic-release-regulating 
mGlu2/3 autoreceptors in selected regions of central nervous system (CNS). Recent evidence 
showed that mGlu2/3 receptors can form intergroup dimers with co-localized mGluRs belonging 
to the third group as well as heteromeric complexes with non-glutamatergic metabotropic 
receptors, increasing the complexity of the scenario. It is the case of the 5HT2A receptors. Studies 
to elucidate the 5HT2A-mGlu2/3 interaction were carried out in the cortex, where they were 
mainly dedicated to describe the mGlu2/3-mediated control of serotonergic signalling. We 
recently provided evidence that spinal cord glutamatergic nerve endings are endowed with both 
presynaptic 5HT2A heteroreceptors and mGlu2/3 autoreceptors, the activation of which inhibits 
glutamate exocytosis. The two receptors co-localize on the same terminals, where they 
functionally couple in an antagonist-like manner to control glutamate exocytosis. Actually, when 
concomitantly activated, the two receptors became unexpectedly inactive. This observation 
together with the findings that i) mGlu2/3 and 5HT2A receptor immunoreactivities is largely co-
localized and ii) mGlu2/3 immunoprecipitates from spinal cord synaptosomes are also 5HT2A 
immunopositive seem best interpreted by assuming that, in spinal cord synaptosomes, the two 
receptors co-localize and functionally cross-talk in an antagonist-like manner. Consistently, 
exposure of synaptosomes to the 5HT2A antagonists (MDL11939, MDL10007, ketanserin and 
trazodone) reinforced the release-regulating activity of mGlu2/3 autoreceptors, while antagonists 
acting at presynaptic release-regulating 5HT receptors other than the 5HT2A ones (namely the 



5HT1A, 1B and 1D receptors) were inactive. The gain of function of mGu2/3autoreceptors 
elicited by 5HT2A antagonists was paralleled by an increased expression of mGlu2/3 receptor 
proteins in synaptosomal plasmamembranes. To the best of our knowledge, these findings 
provide the first demonstration of the existence of a presynaptic, heterodimeric control of 
glutamate exocytosis in spinal cord nerve endings involving mGLu2/3 and 5HT2A receptors. On 
the basis of our observations, we propose that 5HT2A antagonists could act as ”indirect positive 
allosteric modulator” (IPAM) of mGlu2/3 receptors. Our results envisage a therapeutic 
alternative to the use of mGlu2/3 direct modulators for the cure of spinal diseases typified by 
hyperglutamatergicity. 
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Abstract: Solutions containing nutritive (sucrose) and non-nutritive (saccharin) sweeteners 
stimulate intake in inbred mouse strains. Marked genetic variance has been observed for sucrose 
and saccharin intake in pharmacological analyses of inbred mouse strains with BALB/c, SWR 



and C57BL/6 mice differing in their response to dopamine (DA) and opioid receptor antagonism 
of different forms of sweet intake. Whereas DA D1 receptor antagonism (SCH23390) reduced 
sucrose (16%) intake in all three strains, opioid receptor antagonism (naltrexone) reduced 
sucrose intake maximally in C57/BL/6 mice, in intermediate fashion in BALB/c mice, but not in 
SWR mice. Saccharin (0.2%) intake was potently reduced by DA D1 receptor antagonism in all 
three strains, but was more potently reduced by opioid receptor antagonism in SWR and BALB/c 
relative to C57BL/6 mice. Scopolamine (SCOP), a muscarinic cholinergic receptor antagonist, 
reduced sweet intake and sugar-conditioned flavor preferences in outbred rats. The present study 
examined the systemic dose-dependent effects of SCOP (0.1-10 mg/kg) on saccharin and sucrose 
intakes over a 2 h time course in BALB/c, SWR and C57BL/6 mice. Sucrose intake was 
significantly reduced following all five doses across the entire time course in C57BL/6 mice, and 
following the 2.5, 5 and 10 mg/kg doses across the time course in BALB/c mice. In contrast, 
SWR mice displayed only transient (15 min) reductions in sucrose intake following the three 
higher SCOP doses. Saccharin intake was significantly reduced following all five doses across 
the entire time course in C57BL/6 mice, and following the 2.5, 5 and 10 mg/kg doses across the 
time course in BALB/c mice. In contrast, SWR mice displayed significant though smaller 
reductions in saccharin intake following the two higher SCOP doses. These data indicate that 
although both nutritive and non-nutritive sweet intakes are governed by muscarinic cholinergic 
receptor signaling, this process is subject to murine genetic variance with rank-order sensitivity 
observed in C57BL/6 > BALB/c > SWR inbred mouse strains. 
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Abstract: In addition to innate factors, learning modulates sugar intake by producing 
conditioned flavor preferences (CFP) in rodents. Genetic variance has been observed in the 
pharmacological substrates controlling the magnitude and persistence of sucrose-CFP; BALB/c 
and SWR mice exhibited stronger CFP responses than C57BL/6 mice. Systemic dopamine (DA) 
D1 and opioid, but not NMDA receptor antagonists attenuated the expression (maintenance) of 
an already-learned sucrose-CFP in BALB/c and SWR mice. DA D1 and NMDA receptor 
antagonism also impaired acquisition (learning) of sucrose-CFP in both strains, whereas opioid 
receptor antagonism impaired sucrose-CFP acquisition only in BALB/c mice, indicating 
dissociable genetic variance. Muscarinic (scopolamine: SCOP), but not nicotinic cholinergic 
receptor antagonism eliminated acquisition of sugar-CFP in rats. The present study examined 
whether SCOP blocked acquisition or expression of sucrose-CFP in BALB/c, C57BL/6 and 
SWR inbred mouse strains. In expression studies, food-restricted mice were trained in 10 one-
bottle-trials (1 h) to drink a sucrose (16%) solution mixed with one flavor (CS+, e.g., cherry) on 
odd-numbered days, and a less-preferred saccharin (0.05%) solution mixed with another flavor 
(CS-, e.g., grape) on even-numbered days. Two-bottle tests (CS+, CS-, 1 h) with the two flavors 
mixed in 0.2% saccharin were assessed over three subsequent pairs of tests in which the three 
strains received SCOP (0, 1, 5 mg/kg). Magnitude differences in sucrose-CFP were observed for 
BALB/c (77%), C57BL/6 (68%) and SWR (84%) mice. Whereas SCOP dose-dependently 
reduced expression of sucrose-CFP in BALB/c and C57BL/6 mice, it minimally altered 
expression of sucrose-CFP in SWR mice. In acquisition studies, separate groups of food-
restricted mice of the three strains received 10 one-bottle training trials (1 h) with CS+ and CS- 
solutions following vehicle, and SCOP at doses of 1, 2.5 and 5 mg/kg in daily treatment. Six 2-
bottle tests (CS+, CS-, 1 h) with the two flavors mixed in 0.2% saccharin were assessed over 
three subsequent pairs of tests without injections. SCOP dose-dependently reduced acquisition of 
sucrose-CFP in BALB/c mice with the highest dose producing indifference. SCOP’s inhibitory 
effects on acquisition of sucrose-CFP were less pronounced in C57BL/6 and SWR strains. These 
data implicate muscarinic cholinergic receptor signaling in the maintenance of sucrose-CFP in 
BALB/c and C57BL/6, but not SWR mice, and in acquisition (learning) of sucrose-CFP in the 
three strains, but especially BALB/c mice, thereby indicating strong genetic variance in sweet-
driven learning. 
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Title: Symbiotic bacteria underlie neurotoxin production and evolution of toxin resistance in 
voltage-gated sodium channels of rough-skinned newts (Taricha granulosa) 

Authors: *P. VAELLI1,2,3, K. R. THEIS4,3, J. A. FOSTER5,3, H. L. EISTHEN1,2,3 
1Integrative Biol., Michigan State Univ., East Lansing, MI; 2Ecology, Evolutionary Biology, and 
Behavior Grad. Program, East Lansing, MI; 3BEACON Ctr. for the Study of Evolution in 
Action, East Lansing, MI; 4Dept. of Microbiology, Immunol. and Biochem., Wayne State Univ., 
Detroit, MI; 5Dept. of Biol., Univ. of Idaho, Moscow, ID 

Abstract: Rough-skinned newts (Taricha granulosa) are poisonous salamanders that can possess 
high concentrations of tetrodotoxin (TTX), a potent neurotoxin that blocks voltage-gated sodium 
channel (VGSC) conductance in neurons and muscle cells. TTX is present in all species of the 
genus Taricha, but some populations of T. granulosa (hereafter “newts”) possess extreme 
quantities not seen in any other TTX-bearing species, including puffer fishes, blue-ringed 
octopuses, and many diverse marine invertebrates. Geographic variation in TTX toxicity across 
different newt populations is thought to be driven by ecological interactions with predators. 
Despite the central role of TTX in the physiology and evolution of newts, the mechanisms of 
TTX production and neurophysiological resistance are unknown. Because of the polyphyletic 
distribution of TTX among animals, we explored the hypothesis that TTX is produced by 
symbiotic skin bacteria in newts. We conducted 16S rRNA gene-based sequencing surveys to 
characterize skin-associated bacterial communities of newts from toxic and non-toxic 
populations. From here, we employed ecologically-guided cultivation strategies to target skin-
associated symbionts and produce pure cultures. We screened cultures for TTX production using 
a customized HILIC-MS/MS method and confirmed TTX production in multiple isolated 
bacterial strains. Furthermore, we investigated the molecular adaptations underlying apparent 
TTX resistance in the VGSCs of newts. We cloned and sequenced the TTX binding site, the S5-
S6 pore loop regions, of all six VGSC genes present in this species and compared sequences 
from toxic and non-toxic populations, as well as from other vertebrates. As a result, we identified 
several mutations present in the S5-S6 pore loops of all six genes, indicating a remarkable 
parallel evolution of TTX resistance across the VGSC gene family. Taken together, our results 
indicate that TTX is derived from the skin microbiome in the extremely toxic rough-skinned 
newt and that multiple adaptations in VGSCs were required for the newt nervous system to adapt 
to TTX toxicity. Overall, this research contributes to a growing understanding that symbiotic 
microbes can affect the physiology of nervous systems, and that evolution by natural selection 
may target genetic variation across both host and symbiont genomes, collectively termed the 
‘hologenome’. 
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Title: Role of CaMKIIɣ in Associative Conditioning and GLR-1 expression in C. elegans 
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Abstract: Recent work has shown that the calcium/calmodulin-kinase II (CaMKII) ɣ-isoform 
plays a role in neuronal mechanisms associated with learning and memory. In C. elegans, the 
unc-43 gene codes for an ortholog of CaMKII and previous studies report that UNC-43 regulates 
glutamate receptor expression (specifically GLR-1) in neurons. The current study examined the 
unc-43(gk452) strain (ortholog to CaMKIIᵧ) in associative conditioning and glutamate receptor 
expression to begin to elucidate the role of this particular isoform in learning. A previous report 
indicates unc-43(gk452) worms show a memory deficit for an associative appetitive chemotaxis 
assay. Research from our lab has shown unc-43(gk452) worms exhibit a learning deficit for an 
associative avoidance chemotaxis assay; a procedure that requires prolonged stimulus pairing 
(>1 hour). An associative conditioning assay whereby increased responsiveness to a discrete 
stimulus following brief paired presentations with another stimulus has been shown in C. 
elegans. Our lab has reported that pairing delivery of two distinct stimuli (blue light ~480 nm 
and a mild mechanosensory vibration; Vib) results in increased responsiveness to either the blue 
light or Vib stimulus alone. The unc-43(gk452) strain was also found to show a deficit in this 
light-vibration associative conditioning. The effects of the unc-43(gk452) mutation on glr-1 
expression levels were examined with qRT-PCR following light-vibration associative 
conditioning and in vivo GLR-1::GFP expression patterns were assessed. By observing both 
behavior and receptor expression in intact animals, these results begin to elucidate the role of this 
unique CaMKII isoform in associative forms of learning and memory. 
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Title: Calcium regulation of voltage-gated sodium channels in serotonergic raphe neurons 
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Abstract: We have previously shown that voltage-gated sodium (Nav) channels in 
spontaneously firing medullary raphé neurons inactivate with a slow component. This long term 
inactivation (LTI) modulates neuronal firing and is potentially due to an interaction with 
fibroblast growth factor - homologous factors (FHF). There is some evidence that the Nav-FHF 
interaction may also include calmodulin, and thus it may depend on [Ca2+]. Here, we test 
whether intracellular calcium concentration has any effect on LTI in these neurons. We used 
whole-cell patch-clamp to record Na+ currents in neonatal (P0-P3) rat brainstem slices, under 
two [Ca2+]i : 60 nM and 6 μM. Under voltage-clamp, we found that the Nav steady-state 
activation and inactivation curves did not shift significantly with [Ca2+]i. However, the kinetics 
of recovery from inactivation changed significantly. We also added an antibody against A-type 
FHFs to the pipette solution to perturb the Nav-FHF interaction, and observed a change in the 
recovery from inactivation, but only at low [Ca2+]i. Under current clamp, neurons loaded with 
high [Ca2+]i fired action potentials with greater amplitude and lower threshold than neurons with 
low [Ca2+]i. 
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Title: NaV subtypes in itch versus pain C-fibers in mouse skin 

Authors: D. JURCAKOVA, M. KOLLARIK, F. RU, *B. J. UNDEM 
Dept Med., Johns Hopkins Asthma Ctr., Baltimore, MD 

Abstract: Sodium channels represent a promising drug target to relieve pain and itch. We have 
evaluated the sodium channel subtypes in C-fibers in the skin using a unique, recently developed 
innervated isolated dorsal skin preparation in which action potential discharge in single afferent 
C-fibers (CV <1 m/s) nerve terminating in the skin is evaluated with extracellular electrode 
positioned in the dorsal root ganglia. The dissected section of skin also includes the main arterial 
supply through which chemical stimuli is delivered directly to the receptive field (see J. Physiol, 
2017). We have evaluated the pharmacology of the NaVs most responsible for action potential 
discharge in three C-fiber subtypes that innervate the skin, namely itch fibers (chloroquine (CQ) 
and capsaicin sensitive, high mechanical thresholds), pain fibers (CQ-insensitive, capsaicin-
sensitive, high mechanical thresholds); and low threshold mechanosensitive C-fibers (LTMCs) 
(CQ and capsaicin-insensitive, very low mechanical thresholds).We evaluated the effect of NaV 
blocking drugs added directly to the receptive field on AP discharge in response to mechanical 
stimulation. In 100% of the pain fibers (n=65) and 100% of the LTMCs (n= 8) blocking TTX-
sensitive NaVs abolished AP discharge. In contrast, 20% of itch fibers still responded normally 
when TTX-sensitive channels were blocked (n=19). In these fibers adding a NaV1.8 blocker 
(A803467) abolished the responses. We evaluated two selective NaV1.7 blockers (PF05089771 
and Cmpd 13), the results were similar so we pooled the data. Blocking NaV 1.7 abolished AP 
discharge in 63% of pain C-fibers, 40% of itch C-fibers, but only 20% of LTCMs. The selective 
NaV1.1, 1.2, 1.3 blocker ICA121431 alone did not inhibit responses in any of the three C-fiber 
phenotypes. In the presence of NaV1.7 blockade ICA abolished the response in 3 of 7 pain fibers 
and 2 of 2 LTCMs, but had no effect on itch fibers (0/4). Using single cell RT-PCR we evaluated 
the expression in individual pain (MRGPRA3-negative, TRPV1-positive) vs itch fiber neurons 
(MRGPRA3 and TRPV1 positive) retrogradely labeled from the region of the dorsal skin that 
corresponded to our functional studies. The % of pain neurons that expressed NaV 1.1, 1.2,1.3. 
1.6. 1.7, 1.8, and 1.9 was 15%, 5%, 5%, 29%, 86%, 95% and 100% (n=21), respectively. In the 
itch fibers the corresponding % of each NaV was 0%, 0% 8%, 8%, 85%, 100%, 100% (n=13). 
We conclude that NaV1.7 blockers can inhibit about 40-60% of pain and itch fibers in mouse 
skin, but is less effective in inhibiting LTCMs. Those C- fibers that respond in the presence of 
NaV1.7 blockade it is likely due to the activity of 1.8 in itch fibers, 1.6, 1.1 in pain fibers. 
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Title: The scaffold protein Magi-1 regulates voltage-dependent sodium channels in dorsal rott 
ganglion neurons 
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Abstract: The voltage-gated sodium channel NaV1.8 is preferentially expressed in small- and 
medium- sized DRG neurons specialized for the detection of noxious stimuli. The underlying 
molecular machinery responsible for the trafficking and membrane expression of NaV1.8 in 
dorsal root ganglion (DRG) remains to be fully elucidated. In this study, we have identified the 
Membrane-associated Guanylate Kinase with Inverted Orientation -1 (Magi-1), a widely 
expressed multi-PDZ (PSD-95/Dlg-A/ZO-1) and WW domain containing protein as a channel 
partner that binds directly to NaV 1.8 and plays an essential role in the functional expression of 
NaV1.8. Here, we used immunohistochemistry, electrophysiology, and membrane biotinylation 
assays to characterize the physiological significance of the Magi-1/NaV1.8 interaction in DRG 
neurons. We find that like NaV1.8, Magi-1 was preferentially expressed in small- and medium- 
sized DRG neurons. We used small interfering RNAs to knockdown Magi-1 in DRG neuronal 
cultures and observed a profound decrease in the ability for DRG neurons to fire action 
potentials and a concomitant decrease in the total sodium current as compared to a negative 
control siRNA. To further elucidate the contribution of NaV1.8 after Magi-1 knockdown, we use 
tetrodotoxin (TTX) to block all TTX-sensitive sodium currents and verified that Magi-1 
knockdown caused a significant and substantial decrease in both TTX-sensitive and TTX-
resistant sodium currents. To further determine how Magi-1 regulates NaV1.8, we conducted 
membrane biotinylation assays and demonstrated that after Magi-1 knockdown there was a 50% 
reduction in the surface expression of NaV1.8. Heterologous expression of NaV1.8 is notoriously 
difficult requiring accessory proteins, however, co-expression of Nav1.8 with Magi-1 lead to 
observable currents in heterologous cells. These findings demonstrate that Magi-1 controls the 
membrane expression of NaV1.8 in DRG neurons and that a downregulation of Magi-1 results in 
neuronal hypo-excitability. These data suggest that Magi-1 plays a central role in the functional 
expression of NaV1.8 and that Magi-1 is essential in regulating neuronal excitability through 
their interaction with sodium channels. 
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Title: Dual action of CBZ as a blocker and modulator of activation of mutant Nav1.7 channels 
that cause inherited erythromelalgia 
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Abstract: Inherited erythromelalgia (IEM), a severe pain disorder characterized by intense 
burning pain and redness of the extremities, is caused by gain-of-function dominant mutations to 
voltage-gated sodium channel Nav1.7. In the past, pharmacotherapy for IEM has generally been 
reported to be ineffective. We have previously shown that carbamazepine (CBZ) is effective for 
two IEM mutants (S241T and V400M) in vitro as well as in vivo. In principle, CBZ might act via 
either of two mechanisms: 1) the classical mechanism of use-dependent block, and/or 2) by 
correcting hyperpolarized shifts in activation, returning activation voltage-dependence towards 
more wild-type Nav1.7 values. We have shown that CBZ restores wild-type-like activation in the 
S241T and V400M Nav1.7 IEM mutations. 
Here we report another IEM mutant, Nav1.7-I234T (I234T), that responds to CBZ pretreatment 
with a depolarization of activation. As with V400M and S241T, CBZ normalizes the 
hyperpolarized voltage-dependence of activation and reduces hyperexcitability of DRG neurons 
expressing I234T. Use-dependent current reduction of I234T is not enhanced by CBZ, 
suggesting that the classical mechanism of use-dependent block is not a large contributing factor 
to this reduction in firing. We then implemented a moderate throughput automated patch-clamp 
system (Nanion Patchliner) to perform voltage-clamp on HEK293 cell lines. We successfully 
recapitulated the CBZ effect on activation of the S241T and V400M mutant channels as 
observed using manual patch-clamp, and went on to investigate the effects of additional drugs 
(CBZ derivatives oxcarbazepine and licarbazepine, and other local anesthetic and antiepileptic 
drugs). A principal concern was to utilize clinically relevant concentrations of clinically-used 
drugs equivalent to achievable therapeutic ranges in vivo. We assessed drug effects on multiple 
modes of channel gating (activation, fast-inactivation, and slow-inactivation) as well as effects 
on use-dependent block and dose-response, thereby providing a more detailed insight into both 
mechanism of drug action as well as inherent biophysical properties of the mutants. We predict 



that this in vitro pharmacology approach may mitigate the trial-and-error treatment of IEM 
patients and promote a more personalized approach to pain pharmacotherapy. 
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Title: A gain-of-function Nav1.9 mutation from patients with peripheral neuropathy is rescued 
by low temperature 
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Abstract: Sodium channel Nav1.9 is preferentially expressed in peripheral nociceptive 
somatosensory neurons and visceral afferents, and myenteric neurons. Gain-of-function 
mutations of Nav1.9 have been linked to human painful disorders, including painful peripheral 
neuropathy and familial episodic pain, and painless channelopathies. Identification and 
functional assessment of new Nav1.9 mutations will help to elucidate the phenotypic spectrum of 
Nav1.9 channelopathies. Here we report a novel Nav1.9 mutation, isoleucine 807 substitution by 
valine (I807V) in the domain II S6 segment, which was identified from two 59 year old unrelated 
patients. Both patients displayed painful symptoms including tingling in their hands and feet. 
One patient experienced dysautonomic symptoms including hyperhidrosis, palpitations, diarrhea 
and constipation. They both were diagnosed with small fiber neuropathy based on their clinical 



symptoms and abnormal quantitative sensory testing results. Our initial attempts to characterize 
this mutation after incubation of transfected neurons at 37oC were hampered because of the small 
amplitude of the Nav1.9 current. The mutant channel current was rescued by incubating 
transfected neurons at 30oC. Voltage-clamp analysis shows a 5.3 mV hyperpolarizing shift of 
activation albeit with a reduced current density compared with wild-type channels. There was no 
effect on channel steady-state fast inactivation. The hyperpolarized activation combined with 
unaffected fast inactivation indicate an increased window current within the physiological 
voltage domain close to the resting membrane potential of neurons. Since Nav1.9 channel plays 
an important role in regulating resting potential and prolonging the depolarizing response to 
subthreshold stimuli, the increased window current predicts that the expression of Nav1.9 mutant 
channels would render DRG neurons hyperexctiable, consistent with pain symptoms observed 
from the two patients carrying this Nav1.9-I807V mutation. The fact that lowering temperature 
rescues the current amplitude suggests that this mutant channel may play a more important role 
in peripheral terminals, close to a skin temperature of 32-33oC, rather than at the soma or central 
terminals which are exposed to a physiological temperature of 37oC. 
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Abstract: Voltage-gated sodium channel Nav1.7 and Nav1.8 are preferentially expressed in 
peripheral sensory neurons and are important contributors to pain signaling. Gain-of-function 
mutations in Nav1.7 and Nav1.8 have also been identified in patients with painful peripheral 
neuropathies. Using atomic structure modeling, mutant cycle analysis and pharmacological 
testing, we predicted the responsiveness of the Nav1.7 mutation S241T mutation to 
carbamazepine (CBZ), based on a similar behavior of a “seed” mutation V400M that was known 
to confirm responsiveness to CBZ. With pre-treatment of cells expressing either the S241T or the 
V400M with clinically-relevant concentrations of CBZ (30 uM), the mutation-induced 
hyperpolarizing shift of activation of Nav1.7 channels was corrected. Based on these in vitro 
data, a double-blind placebo-controlled clinical trial on two patients carrying the S241T mutation 
demonstrated clinical efficacy of CBZ treatment. Here we present a study on a novel Nav1.8 
mutation which suggests that this precision medicine approach can be extended to another 
channel. A 67-year old male patient with type 2 diabetes and neuropathic pain showed a total 
loss of intra epidermal nerve fiber density in a skin biopsy (0.0 fibers/mm), and profoundly and 
bilaterally reduced thermal and mechanical thresholds in QST testing. Genetic analysis identified 
a missense mutation in Nav1.8, S242T, which corresponds to the Nav1.7-S241T mutation. 
Voltage-clamp analysis of Nav1.8-S242T mutation demonstrated a hyperpolarized and 
accelerated activation, slowed deactivation as well as enhanced slow-inactivation, gain-of-
function features that are shared with the Nav1.7-S241T channels. However, unlike the Nav1.7-
S241T mutation, Nav1.8-S242T channels show enhanced fast-inactivation. Current-clamp 
analysis showed that like the Nav1.7-S241T mutation, Nav1.8-S242T mutant channels render 
DRG neurons hyperexcitable, manifested as reduced current threshold, hyperpolarized voltage 
threshold and increased evoked firing. The increased excitability of DRG neurons is consistent 
with pain symptoms reported by the patient carrying this Nav1.8-S242T mutation. Based on the 
location of this mutation, we hypothesized that Nav1.8-S242T channels should respond to pre-
incubation with CBZ. Voltage-clamp recordings confirmed that 30 µM carbamazepine 
depolarizes activation of Nav1.8-S242T, similar to the CBZ effect on the Nav1.7-S241T mutant 
channels. Our data show that the DI/S4-S5 linker plays an important role in the gating of Nav1.8, 
and suggest that treatment of patients carrying this mutation may be effective to treat pain. 
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Title: Gain-of-function sodium channel beta2 mutation in idiopathic small nerve fiber 
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Abstract: Small nerve fiber neuropathy (SFN) often occurs without identifiable causes, but 
recent targeted genetic studies have been performed in patients with idiopathic SFN (I-SFN). We 
sought to identify a genetic basis for I-SFN by screening patients with idiopathic SFN for novel 
mutations in the sodium channel genes which are preferentially and abundantly expressed in 
peripheral axons. 
A patient referred with possible I-SFN who met criteria of ≥2 SFN-related symptoms, normal 
strength, tendon reflexes, vibration sense and nerve conduction studies, and reduced intra-
epidermal nerve-fiber density (IENFD) plus abnormal quantitative sensory testing (QST) and no 
underlying etiology for SFN, was assessed clinically, and screened for mutations in SCN9A, 
SCN10A, SCN11A but no mutations were found in those genes. Further analysis of sodium 
channel beta subunit genes revealed a mutation upon which we have performed functional 
analyses. Functional analysis using current-clamp revealed that heterologous expression of the 
mutant beta2 subunit rendered dorsal root ganglion neurons hyperexcitable compared wild-type 
beta2 subunit. 
Sodium channel beta subunits have been reported to modulate the properties of voltage-gated 
sodium channels in a number of ways. Beta subunits can act to increase current density, alter 
inactivation kinetics, and modulate subcellular localization. In our recordings from small DRG 
neurons transfected with either WT or mutant beta2 subunits, an increase of stimulated 
excitability to expression of the mutant beta2 subunit suggests that the mutant beta2 subunit has 
altered regulation of one or more voltage-gated sodium channels. Since the difference in firing 
was largest at the stronger current injections that cause higher firing rates, we evaluated the 
relative fractions of fast (TTX-sensitive) vs the kinetically slower (TTX-resistant) sodium 
currents. In addition, we compared whether cumulative inactivation of either component was 
altered by the presence of the mutant bata2 subunit. Results of this analysis will be presented. 
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Title: Atypical changes in DRG neuron excitability and complex pain phenotype associated with 
a NaV1.7 mutation that massively hyperpolarizes activation 
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Abstract: Sodium channel Nav1.7 is known to play a central role in human pain signaling, with 
dominant gain-of-function mutations causing severe pain syndromes including inherited 
erythromelagia (IEM) and recessive loss-of-function mutations of Nav1.7 producing congenital 
insensitivity to pain. IEM is caused by mutations of Nav1.7 that hyperpolarize activation, with 
most of them shifting activation of by 5-12 mV. When expressed within dorsal root ganglion 
(DRG) neurons, these mutant channels depolarize resting membrane potential (RMP) by 4-6 mV 
and produce DRG neuron hyperexcitability that underlies a relatively stereotyped clinical 
phenotype of severe distal limb pain triggered by mild warmth. The I234T Nav1.7 mutation 
hyperpolarizes activation by 18 mV and is associated with a more complex clinical phenotype 
that can include IEM-like distal pain, proximal pain, corneal anesthesia, and absence of pain in 
response to some injuries. How a mutation that produces a gain-of-function in Nav1.7 causes loss 
of pain sensibility has remained enigmatic. Here we document additional painless injuries 
(painless fractures, painless venipuncture and injections) associated with the I234T mutation, and 
elucidate a possible mechanism by which expression of I234T mutant channels result in loss of 
excitability in a subpopulation of DRG neurons. 
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Abstract: The distinct electrical properties of axonal and dendritic membranes, and the ionic 
properties of other cellular membranes are largely a result of the ionic balance maintained by a 
multitude of transmembrane (TM) proteins such as ion channels (e.g., voltage gated sodium 
channels/Nav), ion exchangers (e.g., sodium calcium exchangers/NCX), ion pumps (sodium 
potassium ATPase/NKA); etc. The synthesis, transport, sorting to different cellular 
compartments, and insertion of these TM proteins into neuronal or other cellular membranes is 
highly regulated. The mechanisms by which these TM proteins reach their destinations are not 
well understood. We hypothesized that the actin based motor proteins, myosins known to 
transport various cellular cargoes, might play an important role in the trafficking of Nav, NCX, 
and NKA to the cellular membranes. To this end we used co-immunoprecipitation (Co-IP) and 
western blot (WB) assays, patch clamp electrophysiological recording and total internal 
reflection fluorescence (TIRF) microscopy using multiple substrates such as young or adult 
animal (mouse or rat) brain samples, rat dorsal root ganglion (DRG) or hippocampal neurons, 
ND7/23 cells and/or transiently or stably transfected HEK cells. Our results indicate that one or 
more isoforms of the class II non-muscle myosins such as myosin heavy chain 9 (myh9), myosin 
heavy chain 10 (myh10) or myosin heavy chain 14 (myh14) interact with Nav, NCX2 and NKA 
α1. Additionally, we found that other myosins such as Myo5a, Myo6 or Myo19 also interact with 
NKA α1. Voltage clamp recordings from transfected ND7/23 cells show that myh10 regulates 
current density and gating properties of Nav1.8. Overexpression of myh10 in rat DRGs also led 
to broadening of action potentials. Based on these findings we hypothesize that these novel 
interactions of myosins with TM proteins (Nav, NCX2 and NKA α1) may play an important role 
in maintaining cellular sodium, calcium and/or potassium homeostasis which might be exploited 
for developing therapeutics for pain or other neuronal or non-neuronal diseases. 
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Abstract: Chronic and neuropathic pain is a significant health problem affecting millions of 
people worldwide each year, with 1 in 5 individuals experiencing moderate to severe chronic or 
persistent pain. Neuropathic pain serves no protective or healing purpose and appears to arise 
due to an increase in intrinsic nerve excitability. Voltage-gated Na channels (NaV) are attractive 
targets for the treatment of these conditions due to their physiological role in action potential 
generation and propagation and, thus, neuronal excitability. Most of the clinically available pain 
therapeutics targeting NaV channels are rather non-selective and are associated with cardiotoxic 
and CNS side effects. NaV1.7 is found primarily in the peripheral nervous system and is thought 
to play a role in nociception and pain sensing. Recently, venom isolated from different species 
including spider and centipede have been shown to selectively block NaV1.7 and are powerful 
analgesics in animal models of pain. Similarly, mutations in the SCN9A gene have been shown 
to result in loss of function of the NaV1.7 channel in patients with congenital indifference to pain 
(CIP). The NaV1.8 gene (originally named PN3 or SNS; gene symbol SCN10A) encodes a NaV 
channel, and is selectively expressed in dorsal root ganglion (DRG) neurons. In contrast to the 
fast and rapidly inactivating TTX-sensitive channels, NaV1.8 is TTX-resistant, with slower 
kinetics, and a depolarized voltage-dependence of activation and inactivation. We present data of 
NaV1.7 and NaV1.8 on a novel high throughput screening patch clamp platform. NaV1.7 was 
expressed in CHO cells and the current voltage relationship recorded was consistent with NaV1.7 
obtained using other methods. Vhalf of activation was -24 mV (n = 275). Using a double step 
voltage protocol we were able to investigate whether compounds, such as tetracaine, exhibit state 
dependence. We show that tetracaine exhibited a lower IC50 on the second pulse, i.e. the 
inactivated state of the receptor, compared with the resting state. NaV1.8 expressed in CHO cells 
started to activate at approximately -40 mV, peaking at between 10 mV and 20 mV with a Vhalf 
of activation of -2.7 mV (n = 380). In order to study NaV channels involved in pain pathways in 
a more physiological environment, we used stem cell-derived neurons, more specifically with an 
overexpression of NaV1.8. In these cells, endogenous NaV-mediated currents were recorded with 
activation parameters consistent with NaV1.7 (i.e. blocked by TTX in the nM range). Moreover, 



information about the role of NaV channels in neuronal signalling in intact neuronal networks 
was gleaned using microelectrode array (MEA) technology. 
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Abstract: Fast-spiking parvalbumin-positive GABAergic interneurons mediate the fast rhythmic 
synaptic inhibition of pyramidal cells associated with gamma oscillations - a mechanism for 
neuronal processing of information related to memory and cognitive performance. Inappropriate 
function of fast-spiking interneurons is associated to decreased cognitive capabilities. Nav1.1 
(SCN1A) channels, located in GABAergic fast-spiking interneurons are pivotal for action 
potential generation and propagation in these neurons. Impaired Nav1.1 channel function is 
linked to various diseases in the central nervous system, including seizure disorders, autistic 
behavior and intellectual disability.In the present study we have identified a small molecule 
activator of Nav1.1 channels (3-Amino-5-(4-methoxyphenyl)thiophene-2-carboxamide, 
AA43279). In whole-cell voltage-clamp recordings using HEK-293 cells expressing human 



Nav1.1 channels, AA43279 induced a concentration-dependent increase in the Nav1.1 current 
mainly by impairing the fast inactivation kinetics of the channels. In hippocampal brain slices 
from Sprague Dawley rats, AA43279 augmented action potential firing recorded from fast-
spiking interneurons and increased the frequency of spontaneous inhibitory post-synaptic 
currents (sIPSCs) recorded in pyramidal neurons. On the other hand, AA43279 had no effect on 
action potential firing in pyramidal neurons. When tested in vivo, AA43279 had anti-convulsive 
properties in the maximal electroshock seizure threshold test. AA43279 was tested for off-target 
effects on 72 different proteins, including other Nav1.X channels and exhibited reasonable 
selectivity towards Nav1.1 channels.Taken together, AA43279 could constitute a valuable tool 
for revealing physiological and pathophysiological functions of Nav1.1 channels. 
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Abstract: Migraine is a common episodic brain disorder; 30% of patients have transient 
neurological disturbances before the headache, called aura. A mendelian form of migraine with 
aura, Familial Hemiplegic Migraine (FHM), has allowed to disclose some molecular/cellular 
pathological mechanisms. In FHM1 and 2 (CaV2.1 Ca2+ channel and Na+K+ATPase mutations, 
respectively), different dysfunctions lead to excessive glutamatergic transmission that facilitates 
CSD. FHM3 is caused by mutations of NaV1.1 (SCN1A) Na+ channel, which is particularly 
important for GABAergic neurons’ excitability. Epileptogenic loss-of-function NaV1.1 mutations 
lead to hypoexcitability of GABAergic neurons, reduced inhibition and network 
hyperexcitability. Conversely, we have shown that FHM3 mutations can cause NaV1.1 gain-of-



function and GABAergic neurons’ hyperexcitability in transfected cells, suggesting a novel 
migraine mechanism. However, it is not clear how this could lead to CSD/migraine and there is 
no causal link yet between GABAergic neurons’ hyperexcitability and CSD. 
We addressed this issue performing selective optogenetic stimulation of GABAergic neurons in 
cre/lox mice and studying the neurophysiological correlate of aura: cortical spreading depression 
(CSD): a wave of transient intense neuronal firing followed by a long lasting depolarization that 
could lead to headache. We found that increased activity of GABAergic neurons can by itself 
trigger CSD. The use of selective pharmacological blockers showed that activation of 
GABAergic or glutamatergic ionotropic receptors is not necessary for CSD initiation, whereas 
efflux of K+ ions caused by interneurons’ firing can induce [K+]out build-up, leading to initiation 
of CSD. Notably, the optogenetic stimulation of GABAergic neurons was able to ignite CSD 
also in vivo. 
Thus, we have provided a causal relationship between initial hyperactivity of GABAergic 
neurons, progressive increase of [K+]out at the site of CSD initiation, and CSD ignition. Neuronal 
firing-induced K+ build-up is the key factor for CSD ignition in this optogenetic model of FHM-
3, differently than in models of FHM-1/-2. This is a novel mechanism that may be at play in 
FHM-3 and possibly also in other types of migraine. 
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Abstract: Protein kinase B, also known as Akt, is a serine/threonine kinase that receives 
converging signals from multiple transmembrane receptors. Activation of Akt is critical in 
providing protection against neuronal hyperexcitability and synaptic dysfunction. Yet, the 
molecular mechanisms underlying this pathway are still poorly understood. Phosphorylation 
plays an essential role in regulating function of voltage-gated sodium (Nav) channels with 
profound effects on intrinsic excitability and activity-dependent plasticity. Here, we 
hypothesized that some of the known modulatory effects of Akt on excitability could arise from 
direct regulation of the Nav1.6 channel isoform that is enriched at the axonal initial segment 
(AIS) and mediates repetitive firing in neurons throughout the cortico-limbic circuit. To test this 
hypothesis, we determined the effect of triciribine, a pan Akt inhibitor, on Na+ currents in 
HEK293 cells stably expressing the Nav1.6 channel isoform using whole-cell patch-clamp. We 
found that 1 hour exposure to triciribine significantly potentiates Nav1.6 peak current density (at 
voltage step of -10 mV was -47.8±9.4 pA/pF in control, n=11 versus -99.4±14.6 pA/pF in 
triciribine group, n=11; p<0.01 with Student t-test) with no changes in voltage-dependence of 
activation and steady-state inactivation. To provide correlative evidence for this effect, we 
performed patch-clamp recordings in hippocampal slices and found that triciribine increases 
repetitive firing of CA1 pyramidal neurons (number of spikes was 15.1±3.3 in control, n=10 
versus 22.9±2.4 in the triciribine group, n=10; p<0.05 with Mann-Whitney test), and decreased 
action potential current threshold (124±17.1 pA in control, n=10 versus 75±13.4 in triciribine 
group, n=10; p<0.05 with Student t-test). To determine whether inhibition of Akt resulted in 
changes in Nav1.6 expression and pattern distribution that might explain increase in excitability, 
we studied the effect of triciribine on Nav1.6 expression level at the AIS in primary hippocampal 
cultures. Akt inhibition over a prolonged period of time (12 hour) resulted in upregulation of 
Nav1.6 channel expression at the AIS (ratio of Nav1.6 to PanNav was 0.5±0.2 in control, n=12 
versus 1.1±0.2, n=13 in triciribine group; p<0.05 with Student t-test) along with a shift in Nav 
immunoreactivity toward the distal, more excitable segment of the AIS (4.1±0.5 µm in control, 
n=15 versus 5.8±0.5 µm in triciribine group, n=14; p<0.05 with Student t-test). In summary, we 
provide a novel mechanism by which Akt might regulate neuronal excitability through a direct 
effect on Nav1.6 channel function and sub-cellular distribution. 
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Abstract: Protein:protein interactions (PPI) offer unexploited opportunities for probe 
development in the CNS. The voltage-gated Na+ (Nav) channel complex comprises of a matrix 
of interacting proteins including fibroblast growth factor 14 (FGF14), a regulator of neuronal 
excitability in the cortico-mesolimbic circuit. The FGF14:Nav1.6 complex is also known to be 
part of the glycogen synthase kinase 3 (GSK3) pathway, which is implicated in various 
neuropsychiatric disorders, including mood disorder such as anxiety and depression. However, 
little is known about how the interaction between the FGF14, Nav1.6 and GSK3 might 
contribute to changes in excitability underlying any of these disorders. Here, we present evidence 
for a disease-specific mechanism of action of a novel peptidomimetic probe, ZL181, which 
targets the PPI interface of the FGF14:Nav1.6 channel complex. Using whole-cell patch clamp 
electrophysiology in the acute brain slice preparation, we show that 1 hour incubation with 50 
µM of ZL181 increases intrinsic excitability in medium spiny neurons (MSN) of the nucleus 
accumbens (NAc) in the GSK3 knock-in mouse model of mood disorder. Specifically, compared 
to DMSO controls, ZL181 treated MSNs exhibited significantly increased number of spikes 
(6.3±3.5 spikes in control, n=3 versus 22±4.4 spikes in the ZL181 group, n=5, values taken at 
current step of 120 pA; p<0.05 with Student t-test), increased instantaneous firing (9.6±5.2 Hz in 
control, n=3 versus 30.9±5.8 Hz in the Zl181 group, n=3, values taken at current step of 120 pA; 
p<0.05 with Student t-test), and lower action potential current threshold (116.7±23.3 pA in 
control, n=3 versus 44±5.1 pA in the Zl181 group, n=5; p<0.01 with Student t-test) These data 
can be contrasted with supporting ongoing studies which demonstrate that ZL181 decreases 
excitability in MSNs of wild-type mice. Overall, these results suggest disease-specific 
remodeling of the Nav channel complex that might be of interest for mood disorder therapeutic 
development. 
Supported by: UTMB Presidential Scholars Program (KW), R01 MH095995-A1 (FL); 
1R01MH111107-01A1 (FL); John Sealy Memorial Endowment Funds (FL) 
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Abstract: The possible roles of NaV1.8 channels located in the dorsal root ganglia (DRG) and 
the spinal cord in the regulation of chemotherapy-induced peripheral neuropathy were studied in 
ICR mice. We found in the present study that repeated intraperitoneal (i.p.) injections with 
vincristine (0.1 mg/kg per day for 7 consecutive days), caused an elevation of the hargreaves 
latency and reduction of pain threshold in von-frey test. The NaV 1.8 channel expression was 
increased in DRG vincristine-induced peripheral neuropathy animal model. Next, the NaV1.8 
channels activities in DRG cells were magnified in vincristine-induced peripheral neuropathy 
animal models. Moreover, The electrical activities of NaV1.8 channels of nerves were far 
sensitive in all vincristine-induced peripheral neuropathy animal models. In addition, A803467, a 
selective NaV1.8 channel blocker, inhibited NaV1.8 channel activity in DRG, revealing IC50 
value of A803467 is 150±20 nmole. 
Furthermore, the i.p. administration with A803467 (from 20 to 80 mg/kg) attenuated vincristine-
induced neuropathy as manifested in both hargreaves and Von-frey tests in a dose-dependent 
manner. Our results suggest that NaV1.8 channels located in DRG and the spinal cord play 
important roles for the production of vincristine-induced peripheral neuropathy. 
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Abstract: Voltage-gated sodium channels (VGSCs) are strategically positioned to mediate 
cellular plasticity due to their influence on action potential waveform. VGSC function may be 
strongly inhibited by local anesthetic and antiepileptic drugs and modestly modulated via second 
messenger pathways. Here we report that allosteric modulators of the calcium-sensing receptor 
(CaSR), cinacalcet, calindol, calhex, and NPS 2143, completely inhibit VGSC current in cultured 
and acutely isolated mouse neocortical neurons. This inhibition of VGSC current persisted in 
CaSR deficient neurons, indicating a CaSR-independent mechanism. Cinacalcet-mediated 
blockade of VGSCs was prevented by the GDP analog GDPβs, indicating G-proteins mediated 
this effect. However, unlike other reports of VGSC modulation, cinacalcet-mediated inhibition 
was independent of protein kinase A or C activation. Cinacalcet negatively shifted steady-state 
inactivation of VGCs and inhibition was reversed by prolonged hyperpolarization. These data 
identify a dynamic signaling pathway by which G-proteins regulate VGSC current to indirectly 
modulate neuronal excitability. 
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Abstract: Previous studies demonstrated that Loperamide, originally known as an anti-diarrheal 
drug, is a promising analgesic agent primarily targeting mu-opioid receptors. However some 
evidences suggested that non-opioid mechanisms may be contributing to its analgesic effect. In 
the present study, Loperamide was identified as a Nav1.7 blocker in a pilot screen. In HEK293 
cells expressing Nav1.7 sodium channels, Loperamide blocked the resting state of Nav1.7 
channels (IC50=1.86±0.11 µM) dose-dependently and reversibly. Loperamide produced a 10.4 
mV of hyperpolarizing shift for the steady-state inactivation of Nav1.7 channels without 
apparent effect on the voltage-dependent activation. And the drug displayed a mild use- and 
state-dependent inhibition on Nav1.7 channels, which was removed by the local anesthetic-
insensitive construct Nav1.7-F1737A. But inhibition of Nav1.7 at resting state was not altered 
significantly by the F1737A mutation. Compared to its effects on Nav1.7, Loperamide exhibited 
higher potency on recombinant Nav1.8 channels in ND7/23 cells (IC50=0.60±0.10 µM) and 
weaker potency on Nav1.9 channels (3.48±0.33µM). Notably more pronounced inhibition was 
observed in the native Nav1.8 channels (0.11±0.08 µM) in DRG neurons. Once mu-opioid 
receptor was antagonized by Naloxone in DRG neurons, potency of Loperamide on Nav1.8 was 
identical to that of recombinant Nav1.8 channels. The inhibition on Nav channels might be the 
possible mechanism of Loperamide for pain relief beyond mu-opioid receptor. In the meanwhile, 
the opioid receptor pathway may also influence the blocking effect of Loperamide on sodium 
channels, implying a cross-talk between sodium channels and opioid receptors in pain 
processing. 
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Abstract: mRNA editing offers the potential for targeting transcripts in the living animal or 
patient, providing the possibility of treatment of underlying genetic diseases. Adenosine 
deamination in mRNA has was used to alter the conductance of mammalian fast sodiums (Naf) 
channels (NaV1.4), changing a lysine to an arginine residue in the region of the peptide that 
determines selectivity -- the aspartate-glutamate-lysine-alanine motif DEKA is altered to DERA. 
The removal of channel selectivity allowed passage of both potassium and sodium through the 
channel, altering the effective reversal potential of a proportion of these channels. The proportion 
of wild type (WT) versus edited channels (EC) can be controlled experimentally and will be 
controllable in vivo. We therefore looked at the effects of changes in the EC/WT proportion in a 
set of single cell models and in a cortical network model. In the Hodgkin-Huxley model, we 
demonstrated the expected reduction in action potential amplitude, with increase in EC/WT. At a 
point related to the size of the modeled axon (input impedance), and to the density of potassium 
channel, the action potential failed as the sodium channels could no longer source sufficient 
current to oppose the outward currents. Speed of conduction was also affected by the proportion 
of mutated channel. This was primarily noticeable at locations far from the axon terminal where 
a baseline velocity of 2 m/s was reduced by 20% before conduction failure occurred. By contrast, 
conductance speed near the axon terminal was faster, 10 m/s, and was preserved with increased 
EC/WT, as current build-up near the high-impedence boundary allowed charge to build up fast 
enough to compensate for the reduced drive. After compensating for the faster kinetics by 
reducing overall channel density, similar models could be run at mammalian temperatures as 
were run in the origianl models at 6.3 C. Modification of sodium channels has the potential for 
future clinical use for the epilepsies and for pain syndromes. 
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Title: Specific interaction of amphiphiles with sodium channels 
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Abstract: Amphiphiles are chemical compounds possessing both hydrophilic and lipophilic 
properties. They are widely used in pharmaceuticals, food, cosmetics and for drug delivery. 
Their effects include ameliorating symptoms of neurological pain, increasing blood brain barrier, 
enhancing transdermal drug delivery, and prolonging sensory-selective nerve blockade of local 
anesthetics. Their effects are thought to result from non-specific lipid-protein interactions, 
namely, a bilayer-protein hydrophobic coupling mechanism. Little is known about the molecular 
interaction between amphiphiles and target proteins. Here, we hypothesize that some 
amphiphiles specifically interact with sodium channels to exert their pharmacological action. 
Two groups of chemical analogues, Polysorbates and Spans, were selected to test the direct 
action on sodium channels using whole-cell patch-clamp recordings from transfected CHO cells 
that stably expressed the Nav1.2 sodium channel isoform. Polysorbate 20 and Polysorbate 80 
display tonic inhibition of sodium currents, modulation of voltage-dependent availability and 
larger use-dependent block. However, Spans, which are chemically analogous to Polysorbates 
but lack the poly(-O-CH2Ch3) group in their hydrophilic head, fail to modulate the function of 
sodium channels. The results indicate that 1) not all amphiphiles modulate sodium channel 
function through a bilayer-protein hydrophobic coupling mechanism; 2) Polysorbates 
specifically interact with sodium channels to inhibit sodium channel function. The specific 
interaction with sodium channels provides direct evidence that the prolonged sensory-selective 
nerve blockade of anesthetics by amphiphiles is pharmacodynamic rather than pharmacokinetic, 
and will lead to the development of novel prolonged-duration local anesthetics and a novel 
therapeutic strategy for treatment of neuropathic pain. 
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Abstract: Dravet syndrome (DS) is a severe epileptic encephalopathy with infantile onset, 
characterized by refractory seizures, increased risk of sudden death, as well as mental, behavioral 
and motor comorbidities. In most cases, the genetic basis is a haploinsufficiency caused by 
mutations in SCN1A, which encodes the alpha subunit of a voltage-dependent Na+ channel 
(Nav1.1). Due to the complex physiopathology of DS, etiological approaches such as gene 
therapy have unique chances to obtain a global improvement in the life of these patients. We aim 
to deliver a functional copy of the SCN1A gene to the brain using High-Capacity adenoviral 
vectors (HC-Ad). To provide proof of concept about the feasibility of this approach we generated 
a preliminary vector prototype carrying a codon-optimized SCN1A cDNA under the control of a 
ubiquitous promoter sequence (CAG). The expression cassette inserted into the vector genome 
was stable in E. Coli and gave rise to viable HC-Ad particles following a standard rescue and 
amplification protocol. The resulting HCA-CAG-SCN1A vector was able to infect neurons and 
increase the amount of Nav1.1 in a dose-dependent manner. Biodistribution analysis using HC-
Ad vectors encoding GFP demonstrated efficient transduction of neurons upon intracerebral 
administration. Finally, in vitro luciferase reporter assays were performed to select a regulatory 
sequence with preferential activity in GABAergic/paravalbumin-expressing inhibitory neurons. 
In summary, the results obtained so far indicate that gene therapy based on HC-Ad vectors is a 
viable option for the treatment of DS. 
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Abstract: Voltage-gated Na+ channels (Navs), which play a pivotal role in the electrical 
excitability of the central nervous system, are inhibited by clinically relevant concentrations of 
many general anesthetics and are thus highly relevant anesthetic targets. The molecular 
mechanisms of this inhibition, however, remain unclear. Here, we investigated the 
electrophysiological response of NaChBac and NaVMs, two anesthetic-sensitive bacterial 
homologs of eukaryotic Navs, to the intravenous anesthetic propofol at 2, 5, and 10 μM. In both 
NaChBac and NaVMs, propofol induced hyperpolarizing shifts of the pre-pulse inactivation and 
conductance-voltage (G-V) relationships, reduced the time constant of inactivation, and 
increased the time constant of deactivation in a dose dependent manner without significant 
effects on recovery from inactivation. Previous investigations suggested that general anesthetics 
might inhibit NaChBac by open channel block in a manner resembling local anesthetics. 
Contrary to predictions based on this mechanism, however, propofol induced hyperpolarizing 
shifts in the G-V curve with minimal effects on current amplitude and the rate of current decay in 
a non-inactivating NaChBac mutant at both 2 and 5 μM. Propofol may bind to the channel to 
stabilize the open state, ultimately facilitating activation-coupled inactivation, a mechanism that 
is supported by kinetic modeling. Guided by molecular dynamics simulations and 19F-NMR, we 
have evaluated putative propofol binding sites in the pore and voltage-sensing domains with 
electrophysiology and mutational analysis to identify structural determinants of Nav gating 
involved in modulation by propofol. With the photoactive propofol analog m-Azipropofol, we 
will use photoaffinity labeling and mass spectrometry to identify propofol binding sites in these 
Navs. 
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Title: Peptides mapping of the FGF14:Nav1.6 complex interface 
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Abstract: Voltage-gated sodium (Nav) channels provide the basis for electrical excitability in 
the brain. Nav channels are comprised of nine isoforms (Nav1.1-1.9), which are specifically 
regulated by accessory proteins such as intracellular fibroblast growth factor 14 (FGF14). FGF14 
binds directly to the cytosolic domain of the Nav1.6 channel, and regulates its biophysical 
properties and expression, leading to significant effects on intrinsic excitability in neurons. In 
pursuit of probes that could modulate the FGF14:Nav1.6 complex, we designed and synthesized 
three peptides (FLPK, PLEV, EYYV) based on homology modeling studies of the 
FGF14:FGF14 homodimer and the FGF14:Nav1.6 channel complex. To evaluate the potency 
and mechanism of action of each peptide against the FGF14:Nav1.6 channel complex, we 
combined computational modeling, molecular dynamics, split-luciferase complementation assay 
(LCA), surface plasmon resonance (SPR) and whole cell patch-clamp electrophysiology. First, in 
silico peptide docking revealed that FLPK likely interacts with residues (V160 and Y158) at the 
interface of the FGF14:Nav1.6 homology model, and subsequent LCA validation supported this 
hypothesis. Our LCA results show that FLPK disrupts the FGF14:Nav1.6 channel complex 
interaction and the effect is abolished in the presence FGF14Y158N/V160N mutations. Furthermore, 
SPR showed that FLPK has a high binding affinity for FGF14 (KD=6.4µM) and no measurable 
affinity for Nav1.6 C-tail. Lastly, using whole-cell patch clamp electrophysiology, we show that 
FLPK prevents FGF14-dependent regulation of Nav1.6 currents, voltage-dependent activation 
and steady-state inactivation of Nav1.6 channels. In summary, these results show the FLPK 
disrupts the FGF14:Nav1.6 complex which could be important for therapeutic development 
against Nav channel dysfunctions. 
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Abstract: Voltage-gated sodium (Nav) channels interact with auxiliary proteins, including 
intracellular fibroblast growth factor 13 (FGF13), which modulate their biophysical properties in 
different regions within the CNS and PNS. These protein-protein interactions (PPI) are necessary 
to maintain neuronal excitability, and FGF13 dysfunction is associated with epilepsy and 
neuropathic pain. The physiologically relevant Nav1.6 C-terminal tail binds to FGF13, and the 
functional specificity of this interaction provides an opportunity for the development of novel 
Nav isoform-specific probes. Here, we combined the split-luciferase complementation assay 
(LCA) with molecular modeling to screen various peptidomimetics to target intracellular 
FGF:Nav channel interfaces. We identified ZL192 as a potential regulator of the FGF13:Nav1.6 
complex. We show that ZL192 is specific to the FGF13:Nav1.6 complex, and has no effect on 
other Nav1.6 interactors such as FGF14. Furthermore, our dose response experiments show that 
ZL192 action is specific to the FGF13-1b (IC50 = 24.4 μM) and not the FGF13-1a isoform. Next, 
we investigated the functional impact of ZL192 on HEK293 cells stably expressing Nav1.6 and 
transiently transfected with FGF13-1b-GFP using whole-cell patch clamp recordings. Our initial 
studies show that there is a significant decrease in the peak current density at multiple voltage 
steps (at -25mV, p= 0.022, ANOVA, Fisher’s LSD) in FGF13-1b-GFP plus ZL192 compared to 
GFP-Nav1.6 cells, and a hyperpolarizing shift in voltage dependence of steady-state inactivation 
of the Nav1.6 channel in FGF13-1b-GFP plus ZL192, (p= 0.038, ANOVA post-hoc Bonferroni) 
which was not observed with FGF13-1b-GFP alone. Therefore, ZL192 might selectively 
modulate a pool of Nav1.6 channels associated with FGF13-1b leading to a directed effect on 
neuronal excitability, and a potential applicability for drug discovery in the epilepsy and pain 
fields. 
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Abstract: Glycogen synthase kinase 3 (GSK3) is a multifaceted enzyme with ubiquitous 
expression in the central nervous system (CNS). Increased levels of GSK3 trigger a cascade of 
serine/threonine (S/T) phosphorylation events that correlates with maladaptive plasticity of 
neuronal circuitries in neuropsychiatric disorders spurring an interest in identifying new 
molecular targets within this pathway for drug discovery purposes. In previous studies we have 
shown that changes in GSK3 levels modify neuronal excitability by regulating protein:protein 
interactions (PPI) between fibroblast growth factor 14 (FGF14) and the voltage-gated Na+ 
channel. Suppression of GSK3 leads to loss in neuronal excitability in hippocampal neurons with 
dispersion of the FGF14:Nav channel complex from the axonal initial segment. Based on in vitro 
phosphorylation studies showing that GSK3β phosphorylates both FGF14 and the Nav1.6 
channel, we hypothesized that GSK3β may form a stable complex with either FGF14 and 
Nav1.6. To test this hypothesis, we first applied the split-luciferase complementation assay 
(LCA) to screen the interactions between each of these proteins, as well as to show how complex 
formation is dependent upon regulation by cellular signaling pathways. Furthermore, Surface 
Plasmon Resonance (SPR) on E.coli purified proteins was used to assess putative binding 
affinity of GSK3β to either FGF14 or Nav1.6, as well as to map respective interaction sites. SPR 
studies revealed strong binding affinity (KD=0.159 µM) between FGF14 and GSK3β pointing for 
the C-tail of FGF14 as a necessary structural element mediating PPI. NMR studies using 15N-
labeled FGF14 further confirmed FGF14 binding to Nav1.6. Altogether, these results reveal 



FGF14, Nav1.6 and GSK3β as potential new structural determinants of neuronal excitability in 
the brain circuit. 
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Title: Sodium channel beta2 subunits prevent action potential propagation failures at axonal 
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Abstract: The arrival of an action potential (AP) at a presynaptic terminal dictates both calcium 
channel opening and the driving force for calcium entry, which are powerful levers modulating 
synaptic strength. Excitatory hippocampal neurons contain highly ramified axons (~200 branch 
points) that form a large number of en passant boutons (~8,000). Unmyelinated sections of axon 
are very diverse structures encompassing branch points and numerous presynaptic terminals with 
undefined molecular partners of sodium channels. At present, we have little idea about how cells 
regulate the density and subcellular distribution of ion channels to ensure AP delivery and sculpt 
the propagating waveform. This question has been particularly difficult to study in hippocampal 
neurons due to the fine structures of distal axonal branches that preclude detailed 
electrophysiological analysis. Here we have used a combination of optogenetic indicators to 
make subcellular measurements of both membrane potential and calcium influx at nerve 
terminals to study sodium channel distribution across the axon of cultured hippocampal neurons. 
Using these probes, we demonstrate that large variations in AP shape exist between branches of a 
single axonal arborization as well as disparate sensitivity to propagation blockade by TTX. We 
go on to show that these properties are independent of morphology and likely related to local 
molecular repertoires. We go on to demonstrate that Na+ channel β2 subunits (Navβ2) are 
required to prevent AP propagation failures across the axonal arborization of cultured rat 
hippocampal neurons. In the absence of Navβ2s, we identify two specific phenotypes: (1) 
membrane excitability and AP-evoked Ca2+ entry are reduced at synapses, and (2) AP 



propagation is severely compromised with over 40% of axonal branches no longer responding to 
AP-stimulation. Thus, Navβ2 is a critical regulator of axonal excitability and synaptic function in 
unmyelinated axons. Given the fact that synaptic transmission is highly sensitive to changes Ca2+ 
influx controlled by the biophysical properties of the AP, this finding reveals a new important 
role for Navβ2 subunits to control the spread of excitability in the nervous system. 
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Abstract: Voltage gated sodium channel (VGSC) types 1.2 and 1.6 are recruited to the axon 
initial segment (AIS) following the enrichment of the scaffolding protein AnkyrinG during 
development. The location and distribution of these VGSCs has a strong impact on neuronal 
excitability. Also uniquely localized at the AIS are cellular adhesion molecules (CAMs) such as 
Neuronal Cellular Adhesion Molecule and Neurofascin-186 (NF-186). While these molecules 
are known for their functions in neurite extension, axon formation, and neuron-glial interactions, 
they have recently been implicated in modulating AnkyrinG stability at the AIS, although 
mechanisms in which this occurs remain elusive. Our aim is to identify a potential role of NF-
186 in stabilizing critical AIS components and therefore influencing structural parameters of the 
AIS. We also aim to elucidate the functional consequences of NF-186 loss on action potential 
(AP) firing. Here, using primary rat hippocampal cultures, we combined localization 
measurements of fluorescently tagged VGSCs with genetic ablation of Neurofascin-186 using 
CRISPR. These localization experiments were combined with optical AP measurements that 
allow for waveform analysis using QuasAr, a genetically encoded voltage indicator that provides 
accurate detection of single action potentials as well as high-frequency trains. Additionally, the 
ability to measure voltage changes at both the soma and distal axon allowed us to observe NF-
186’s influence on both VGSC types enriched at the AIS. The loss of NF-186 altered the 
localization of AnkyrinG within the axon. Here we show the impact of NF-186 ablation on 
VGSC location and dynamics at the AIS. NF-186 may play a direct role in AnkyrinG 
localization which influences VGSC distribution and dynamics at the AIS. 
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Title: Allosteric modulatory effects of SRI-30827 on HIV-1 Tat protein-induced inhibition of 
human dopamine transporter function and cocaine condition place preference in inducible Tat 
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Abstract: The inducible HIV-1 Tat transgenic (iTat) mouse model recapitulates many aspects of 
neurocognitive impairments observed in HIV infected individuals. Tat and cocaine 
synergistically increase synaptic dopamine (DA) levels by directly inhibiting DA transporter 
(DAT) activity, ultimately leading to dopaminergic neuron damage. This study determined 
allosteric modulatory effects of SRI-30827 on HIV-1 Tat protein-mediated regulation of human 
DAT and cocaine condition place preference (CPP) in iTat mice. Results show that SRI-30827 
attenuated Tat-induced inhibition of [3H]DA uptake and [3H]WIN35,428 binding in PC12 cells 
expressing human DAT. After a 7-d doxycycline (Dox) treatment, HPLC analysis revealed that 
DA content in the prefrontal cortex (PFC) and nucleus accumbens (NAc) of iTat-Tg mice were 
increased by 92% and 37%, respectively, compared to control mice. Consistently, DA/DOPAC 
in the PFC and NAc of iTat-Tg mice was increased by 44% and 26%, respectively. We 
performed the patch clamp recording to measure medium spine neurons (MSN) firing in brain 
NAc slices of iTat mice in the presence of DA and cocaine. Results show that that action 
potential frequency of NAc shell MSN was significantly increased in iTat mice compared to 
control mice. Further, action potential frequency of NAc shell neurons was decreased in response 
to 5 µM cocaine, and further decreased when cocaine and 5 µM were applied together, which 
were completely attenuated in iTat mice. Finally, we found that ICV infusion of SRI-30827, a 
novel allosteric modulator, partially attenuated the potentiated cocaine-CPP in iTat mice. These 
findings suggest the hypothesis that Tat potentiates cocaine rewarding effect and allosteric 
modulator has potential for treatment of Tat-induced drug reward 

Disclosures:  J. Zhu: None. 



Poster 

289. Monamine Transporters 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 289.02/D51 

Topic: B.05. Transporters 

Support: The Lundbeck Foundation 

 Danish Research Counsil 

Title: Dominant negative variant of DAT associate with early-onset parkinsonism and 
psychiatric disease 

Authors: *F. H. HANSEN1, N. V. ARENDS1, S. TOLSTOY1, K. L. JENSEN1, S. APARNA2, 
J. AGUILAR2, T. SKJØRRINGE3, L. FRIBERG4, L. MØLLER5, A. GALLI7, L. E. 
HJERMIND6, U. GETHER1 
1The Panum Inst., Copenhagen, Denmark; 2Pharmacol., Vandebilt Univ., Nashville, TN; 
3Kennedy center, Copenhagen University Hospital, Denmark; 4Dept. of Neurology, Bispebjerg 
Hosp., 5Kennedy center, 6Danish Dementia Res. Ctr., Copenhagen Univ. Hosp., Copenhagen, 
Denmark; 7Dept of Molec Physio & Biophys, Vanderbilt Univ., Nashville, TN 

Abstract: The dopamine transporter (DAT) exerts a critical function in dopamine homeostasis 
by mediating reuptake of dopamine. An increasing number of missense mutations in the 
dopamine transporter (DAT) have been identified in patients suffering from psychiatric 
disorders. Moreover, complete ‘loss of function’ mutations in DAT have been identified a rare 
cause of hereditable infantile/childhood onset parkinsonism-dystonia. We recently described the 
first patient, carrying DAT missense mutations, who suffered from both early-onset 
parkinsonism and ADHD. Here, we further expand the clinical spectrum of DAT associated 
disease by presenting an additional patient that present with the unique combination of early-
onset parkinsonism and concurrent psychiatric disorder. This patient is heterozygote for a 
missense mutation in the C-terminal PDZ binding domain of DAT. Two SPECT scans of the 
patient performed seven years apart, uncovered reduced DAT binding along with a mild 
progressive worsening. A characterization of the mutant in heterologous cells revealed reduced 
dopamine uptake capacity (60% of WT DAT), attenuated amphetamine induced efflux, and 
reduced expression of DAT-K619N. Importantly, the K619N mutation has a pronounced effect 
in vivo. Drosophila Melanogaster that express the hDAT-K619N mutant show reduced dopamine 
uptake and 90% reduction in amphetamine induced dopamine efflux, compared to flies 
expressing WT hDAT. Moreover, we demonstrate that DAT-K619N has dominant negative 
actions on endogenous DAT, as viral expression of DAT-K619N in mice significantly reduces 
striatal dopamine uptake. Our identification of yet another patient with DAT associated 



parkinsonism and neuropsychiatric disorder further supports that abnormal DAT function may 
constitute a risk factor for both psychiatric disorders and parkinsonism. 
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Title: Cholesterol- and neuronal activity-dependent dopamine transporter nanodomains revealed 
by super-resolution microscopy 
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Abstract: Dopamine regulates reward, cognition and locomotor functions. By mediating rapid 
reuptake of extracellular dopamine, the dopamine transporter (DAT) is critical for spatiotemporal 
control of dopaminergic neurotransmission. Here, we show with super-resolution imaging that 
DAT is regulated by dynamic sequestration into cholesterol-dependent nanodomains in the 
plasma membrane of presynaptic varicosities and neuronal projections of dopaminergic neurons. 
Stochastic optical reconstruction microscopy (STORM) revealed irregular DAT nanodomains 
(~70 nm mean diameter) that were virtually dissolved by cholesterol-depletion. A similar DAT 
nanodomain localization was demonstrated in heterologous cells by live, photoactivated 
localization microscopy (PALM). In the neurons, dual-color dSTORM showed that tyrosine 
hydroxylase and vesicular monoamine transporter-2 are distinctively localized adjacent to, but 



not overlapping with, the DAT nanodomains. In addition, dual-color dSTORM images of DAT 
and syntaxin-1 indicate a functional role of the clustered expression of DAT. The molecular 
organization of DAT in nanodomains was reversibly reduced by short-term activation of 
NMDA-type ionotropic glutamate receptors, implicating DAT nanodomain distribution as a 
potential mechanism to modulate dopaminergic neurotransmission in response to excitatory 
input. Through super resolution microscopy, the functional characteristics of DAT clusters are 
elucidated in the context of the dopaminergic presynapse. 
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Title: Phenotypic characterization of aging dopamine transporter DAT-AAA knock-in mice 
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1Ctr. for Neurosci., 2Univ. Copenhagen, Koebenhavn N, Denmark 

Abstract: Being part of a multi-protein complex situated in the presynaptic compartment, the 
dopamine transporter (DAT) re-uptakes released dopamine from the extracellular space, thus 
maintaining synaptic dopamine homeostasis. We have developed a novel knock-in (KI) mouse 
strain with a disrupted DAT C-terminal PSD-95/Dlg1/ZO-1 homology (PDZ)-domain by 
substituting the C-terminal PDZ-target sequence (-LLV) with three alanines (-AAA) (DAT-AAA 
mice). This resulted in abolished PDZ-domain interaction and dramatic loss of functional DAT 
in striatal synaptic terminals. Interestingly, DAT mutations have recently been identified in 
patients with neuropsychiatric disorder, such as ADHD and autism, as well as in patients with 
juvenile and early-onset neurodegenerative parkinsonism. Some of these mutations display 
functional impairment similar to that observed for DAT in DAT-AAA mice. We therefore set out 
to phenotypically characterize aging DAT-AAA mice to assess their validity as a possible model 
for dopamine pathologies. Applying an extensive battery of motor tests at ages 9, 12, 15, 18 and 
21 months, we found that DAT-AAA mice showed a steady and substantial hyperactive 
locomotive behavior in the open field test when compared to wild type (WT) mice. DAT-AAA 
mice furthermore showed increased amounts of rearings at 21 months consistent with a 
preserved hyperdopaminergic motor phenotype. We found no differences in fine motor skills, 
motor coordination and balance when testing the mice in the pole test, the adhesive removal test, 
the hanging wire test and on the rotarod, nor were there signs of pathological clasping behavior 
or kyphosis. There were no differences in anxiety/exploratory behavior in the elevated plus maze 
at 12 months. Our findings in the DAT-AAA mice describe a hyperactive locomotive phenotype 
that persists with age and displays no apparent dysfunctions of fine motor skills, motor 
coordination and balance. A further exploration of this dopaminergic phenotype should be 
relevant for understanding the physiological consequences of disrupting C-terminal PDZ 
interactions in vivo and for evaluating the mice as models for dopaminergic dysfunction and 
dopamine related diseases. 
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Title: The trace amine receptor 1 (TAAR1) is coupled to Gs and G13 G-protein subunits in 
distinct subcellular compartments 
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Abstract: Amphetamine (AMPH) and its derivatives are useful therapeutic agents, but can also 
have a negative impact as a consequence of their addictive properties. Acute AMPH exposure 
elevates extracellular dopamine and glutamate by a variety of mechanisms including an increase 
in the rate of internalization of the plasma membrane dopamine transporter (DAT) and of the 
excitatory amino acid transporter 3 (EAAT3). AMPH-mediated trafficking of these carriers 
requires activation of the small GTPase RhoA that is negatively regulated by direct 
phosphorylation by protein kinase A (PKA). The trace amine receptor 1 (TAAR1) is a G-protein 
coupled receptor (GPCR) known to couple through Gsα and activate PKA signaling. TAAR1 
also has been shown previously to contribute to the actions of psychostimulants in dopamine 
neurons and thus these observations led us to examine the potential role of TAAR1 in RhoA and 
PKA activation as well as in transporter trafficking. We used CRISPR-Cas9 gene editing 
technology to disrupt the TAAR1 gene in HEK293 cells and then measured AMPH-stimulated 
trafficking of DAT and EAAT3, as well as activation of Rho and PKA. In cells lacking TAAR1, 
AMPH did not induce internalization of DAT or EAAT3. We could not detect Rho or PKA 
activation in the knockout cells despite robust responses in the parallel wildtype TAAR1(+) 
cultures. AMPH-induced internalization of DAT and EAAT3 could be restored in the knockout 
cell line by transfecting with a modified, nuclease-resistant TAAR1. We hypothesized that 
TAAR1 was coupled to more than one subtype of G-protein alpha-subunit that mediated these 
diverse actions. To test this, we used mini-genes that interfere with various alpha-subunits and 
we determined that TAAR1 also couples to a G13α, an activator of RhoA signaling. By using 
short targeting domains to direct FRET sensors to various intracellular compartments, we found 
that the TAAR1 receptors that couple to G13α subunits display signaling that is restricted to 
regions around the ER. In contrast, TAAR1- activated PKA signaling was detected in non-raft 
membranes. These observations show that TAAR1 serves as the intracellular target that mediates 



the effects of AMPH on RhoA and cAMP signaling and suggest new pathways to consider in 
order to better understand the mechanisms of action of AMPH. 
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Title: Biogenic amine transporter activity of cathinone analogues 
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Abstract: Psychostimulants are highly addictive drugs that stimulate central and peripheral 
nervous system function and cause a variety of harmful physiological effects in humans. “Bath 
salts” or “legal highs” are synthetic stimulants that have recently become a serious abuse 
problem. The major components of many of these “bath salts” are synthetic cathinones, such as 
mephedrone, methylone, and methcathinone, which produce powerful stimulant, hallucinogenic, 
and addictive effects, all of which are similar to the effects experienced by cocaine, MDMA 
(ecstasy), and amphetamine users. Like many psychostimulants, synthetic cathinones are 
biogenic amine transporter (BAT) ligands and act as either transporter reuptake inhibitors or 
substrate type releasers. Given the detrimental effects of synthetic cathinones, it is becoming 
increasingly important to understand the pharmacology of these drugs so that new treatments for 
their abuse can be developed. 
The current study set out to synthesize a series of methcathinone analogues with altered phenyl 
ring substitutions. All analogs were evaluated for BAT reuptake inhibition and release activity in 
freshly prepared rat brain synaptosomes. Our results show that several analogues are more potent 
dopamine and serotonin transporter releasers compared to methcathinone. 
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Title: Structural, functional and behavioral characterization of an in-frame deletion associated 
with autism in the dopamine transporter gene 
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Abstract: Dopamine (DA) plays an important role in the central nervous system by regulating a 
variety of functions, including cognition and motivation. While DA dysfunction is known to be 
involved in several neuropsychiatric disorders, its role in autism spectrum disorder (ASD) is 
largely unknown. We have recently identified several single nucleotide variants in the SLC6A3 
gene in individuals with ASD. The SLC6A3 gene encodes the DA transporter (DAT), a 
presynaptic membrane protein critical to DA neurotransmission. Specifically, DAT mediates the 
active high affinity re-uptake of DA from the synapse into the synaptic bouton, maintaining DA 
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homeostasis. We report a novel SLC6A3 variant identified in an ASD proband from whole 
exome sequencing. This variant encodes an in-frame deletion of three nucleotides, resulting in 
the deletion of an asparagine at position 336 (∆N336). In vitro experiments demonstrate that 
∆N336 results in nearly absent DAT-dependent DA uptake despite normal surface expression. 
We utilize Drosophila melanogaster as an animal model to determine functionally and 
behaviorally whether expression of hDAT∆N336 in DA neurons results in DA dysfunction.  
Drosophila has enabled rapid progress in neuroscience research due to its cost-effectiveness, 
genetic tractability, rapid life cycle and conserved mechanisms of neurotransmission. Notably, 
mechanisms mediating DA neurotransmission including transport, synthesis, and secretion are 
largely conserved. Expression of ∆N336 in Drosophila leads to impaired brain DA uptake and 
reverse transport of DA. Moreover, flies expressing hDAT ∆N336 display increased basal 
locomotion and grooming. This data is consistent with increased levels of extracellular DA. We 
evaluated further whether impairments in DA clearance affect defensive responses (i.e. freezing 
or fleeing) and/or social interactions, behaviors which are altered in individuals with ASD. Flies 
expressing ∆N336 display aberrant freezing, fleeing, as well as, social behaviors. These results 
add to the growing body of literature associating altered regulation of DA homeostasis to 
complications in ASD. 
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Title: Conformational changes induced by Gβ γ subunits regulate dopamine transporter function 
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Abstract: The dopamine transporter (DAT) is regulated by cellular mechanisms such as 
phosphorylation, ubiquitination, and interactions with other proteins. We have reported a 
mechanism for regulation of the DAT by Gβγ subunits of heterotrimeric G-proteins. We found 
that after G-protein activation the Gβγ subunit binds directly to the C-terminus of the DAT and 



decreases dopamine (DA) accumulation. We later found that this decrease in DA accumulation 
does not involve a change in uptake, but instead results from an increase in DA efflux through 
DAT. To further understand the mechanism of Gβγ regulation of DAT function, we examined 
whether the functional effects were linked to conformational changes in the DAT that facilitate 
efflux in HEK293 cells. An extracellularly-oriented cysteine residue (C306) in the DAT was 
used to probe conformational changes induced by the Gβγ activator peptide, mSIRK, and by 
ligands such as cocaine and other modulators of DAT function. The accessibility of C306 to an 
impermeant thiol-reactive biotin reagent was significantly reduced in cells treated with mSIRK. 
It has previously been shown that cocaine increases the accessibility of C306 by stabilizing an 
outward facing conformation of the DAT. However, pretreatment of cells with mSIRK reduced 
the cocaine-induced increase in C306 reactivity, suggesting that Gβγ activation limits the 
available binding sites for cocaine, perhaps by stabilizing an inward conformation. We also use a 
set of Cys-substitution mutants (I159C; K264C; S262C) in combination with permeant and 
impermeant thiol-reactive reagents to examine the DAT induced conformational changes that 
facilitate a shift in DAT conformation towards an inwardly-oriented efflux mode. Finally, we 
wanted to test if the observed conformational changes were result of the Gβγ binding or if the 
binding of Gβγ is conformation-dependent. For that we used the proximity-ligation assay to 
study how the interaction DAT-Gβγ is modified in the presence of different conformation-
specific DAT-ligands. Our results provide a basis for further studies to establish the structural 
determinants for dopamine efflux and the relevance of Gβγ modulation for the actions of 
psychostimulants such as cocaine and amphetamines 
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Abstract: The dopamine transporter (DAT) plays an important role in regulating dopamine (DA) 
neurotransmission by transporting extracellularly released dopamine back into dopaminergic 
neurons, thereby limiting the duration and intensity of dopamine signaling. In addition, DAT can 
also function to release DA, a process known as reverse transport or efflux. This reverse 
transport of DA through DAT is the mechanism by which amphetamine and methamphetamine 
produce their effects. Amphetamine is used clinically in the treatment of conditions such as 
attention deficit hyperactivity disorder (ADHD) and narcolepsy, but is also abused due to its 
rewarding and addictive properties. However, the molecular details associated with the actions of 
amphetamine are not well understood. Our lab reported a novel interaction between G protein βγ 
subunits and DAT, whereby Gβγ subunits bind directly to the C-terminus of DAT. Our previous 
findings showed that activation of Gβγ subunits by mSIRK down-regulate DAT-induced DA 
uptake. We recently provided additional evidence using heterologous systems and primary DA 
neurons in culture that mSIRK also increases DA efflux through DAT and this effect is blocked 
by inhibition of Gβγ subunit activation by gallein or a peptide that binds within the C-terminal 
region where Gβγ binds to DAT. Moreover, we also show, in vivo, that inhibition of Gβγ 
activation by gallein reduces amphetamine-induced increases in locomotor activity and 
extracellular DA levels in the nucleus accumbens in rats. Findings from these studies suggest 
that Gβγ subunits interact directly with DAT to regulate DA efflux and this interaction is 
involved in amphetamine’s actions. Therefore, the present study sought to further characterized 
the role of Gβγ subunits in the actions of amphetamine using ex vivo and in vivo approaches. Rat 
striatal tissue was used to determine the effects of activation of Gβγ subunits by mSIRK on 
amphetamine-induced DA release using a superfusion assay. We also determined the effects of 
mSIRK on amphetamine-induced extracellular DA levels in the nucleus accumbens using in vivo 
microdialysis. Our preliminary results provide further support for the role of Gβγ subunits in 
modulating the actions of amphetamine in the brain. 
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Title: Comparative proteomics analysis of dopamine transporter interactome upon 
methamphetamine and cocaine treatment 
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Abstract: The dopamine transporter (DAT) is a neurotransmitter transporter that regulates the 
extra-cellular concentrations of dopamine (DA) by re-uptaking DA into dopaminergic neurons. 
Psychostimulants disrupt DA homeostasis by competitively blocking DAT (cocaine) or 
inhibiting DA reuptake and reverse transport activity, resulting in increased synaptic DA levels 
and efflux of DA via DAT (methamphetamine). We investigated the proteomic differences 
between these psychostimulants by tandem mass spectrometry to examine the interacting 
proteome of DAT when exposed to methamphetamine (Meth), a DAT substrate and cocaine 
(Coc), a DAT blocker. We used Perseus software platform to interpret our proteomics data. 
Analysis of the data revealed distinct protein repertoires for Coc and Meth treated cells. We 
confirmed some known DAT interacting proteins at various time points. Post spectroscopy 
analysis revealed novel protein interactions including redox, actin-binding, calcium 
binding/regulating, and voltage-dependent proteins based on drug treatment. Here we provide a 
comprehensive, qualitative analysis of proteins detected in response to psychostimulant 
treatment. Co-immunoprecipitation and confocal microscopy experiments confirm novel protein 
interactions with DAT when exposed to Meth or Coc. Lastly, comparative analyses of the Meth 
and Coc interactome have brought to light several interesting molecular pathways, offering the 
possibility to explore psychostimulant-specific protein interactions in the cell. 
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Title: Behavioral impact of Rin GTPase and dopamine transporter trafficking: AAV studies 
using novel conditional and inducible shRNA 
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Abstract: Dopamine (DA) signaling is critical for movement, motivation, and addictive 
behavior. Following synaptic release, DA is rapidly taken up into the presynaptic neurons by the 
DA transporter (DAT), thereby spatiotemporally restricting downstream DA signaling. DAT 
plasma membrane presentation is requisite to regulate extracellular dopamine levels. Neuronal 
DAT surface expression is acutely regulated via PKC activation, which drives rapid DAT loss 
from the cell surface via endocytic trafficking. We previously reported that this mechanism 
requires the small, neuronal GTPase, Rin (Rit2). Although PKC-stimulated DAT downregulation 
has been well described for over a decade, the physiological importance of regulated DAT 
trafficking, and Rin’s role in DAT downregulation in vivo, are poorly defined. Here, we tested 
whether Rin-dependent, PKC-stimulated DAT trafficking is required for DA-related behaviors. 
To accomplish this objective, we developed an rAAV (TET-OFF/ON) vector that uses a 
tetracycline responsive element (TRE) to drive Rin-targeted shRNA expression selectively in 
cells expressing the Tet transactivator (tTA). When injected into Pitx3IRES-tTA/+ mouse midbrain, 
we observed selective reporter expression and Rin knockdown in midbrain DAergic neurons, 
which was suppressed when mice were maintained on a doxycycline diet. Rin knockdown in 
DAergic neurons resulted in an anxiolytic phenotype, as determined by elevated plus maze and 
open field behavioral assays. Ongoing experiments are testing whether Rin expression in DA 
neurons plays a role in psychostimulant reward, and whether Rin is required for PKC-stimulated 
DAT trafficking in ex vivo striatal slices. These studies are among the first to achieve both 
conditional and inducible gene knockdown in vivo and, importantly, provide evidence that 
regulated DAT trafficking may exert a robust influence on DA-dependent behaviors. 
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Title: The impact of regulated dopamine transporter endocytosis on dopamine-dependent 
behaviors: In vivo Drosophila melanogaster studies 
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Abstract: The neurotransmitter dopamine (DA) critically controls movement, sleep, learning, 
and reward. The plasma membrane dopamine transporter (DAT) clears extracellular DA 
following release, thereby spatially and temporally limiting synaptic DA availability. Recent 
reports have identified multiple DAT coding variants in attention-deficit/hyperactivity disorder, 
infantile parkinsonism-dystonia, and autism spectrum disorder probands, illustrating DAT’s 
critical role in DA homeostasis and DA-related behaviors. Both DAT activity and surface 
expression are acutely regulated by endocytic trafficking. PKC activation leads to diminished 
DAT surface levels, and studies from our lab have demonstrated that the small, neuronal 
GTPase, Rin (RIT2) and the non-receptor tyrosine kinase, Ack1, are critical factors in controlling 
DAT surface stability and endocytic response to PKC stimulation. However, it is unknown 
whether regulated DAT endocytosis impacts DA-related behaviors such as locomotion, sleep, or 
reward. Moreover, it is not known whether trafficking-dysregulated DAT coding variants 
influence DA homeostasis. For example, the DATR615C mutation, found in an autism spectrum 
proband, exhibits significantly enhanced basal endocytosis, however whether this mutation 
deleteriously affects DA-dependent behavior is unknown. The Drosophila melanogaster model 
system has provided novel insights into the impact of DAT dysfunction on DA-dependent 
behaviors. In the current study, we capitalized on the tractability of Drosophila to test whether 
perturbing DAT trafficking impacts DA-related behaviors. Overexpressing constitutively active 
Ric, the Drosophila Rin homolog, or knocking down Ric via RNAi inhibited PKC-mediated 
DAT downregulation in Drosophila cell lines, suggesting that dDAT and hDAT are similarly 
subject to Rin (or Ric)-dependent downregulation. In vivo Drosophila studies revealed decreased 
locomotion and decreased daytime, but not nighttime, sleep in response to either overexpressing 
constitutively active Ric or knocking down Ric in DAergic neurons using the TH-Gal4 driver. 
Ongoing and future experiments will test whether dDAT is subject to PKC-dependent surface 
loss, and whether this process requires Ric and/or Ric activity, in both cultured cells and ex vivo, 
intact Drosophila brains. Furthermore, we will investigate whether DAT trafficking dysfunction 
affects DA-dependent behaviors by expressing trafficking-dysregulated hDATs in a dDAT null 
background. Taken together, these studies comprise one of the first in vivo investigations testing 
the physiological impact of regulated DAT trafficking on DA-related behaviors. 
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Abstract: The serotonin transporter (SERT) localizes in cholesterol-rich microdomains within 
the plasma membrane. Although the role of these microdomains serves as a scaffold for 
phosphorylating kinases and protein-protein interactions, the role of cholesterol within these 
microdomains on serotonin transporter (SERT) function remains to be understood. To investigate 
the general role of cholesterol on SERT function, serotonergic RN46A-B14 cells were stably 
overexpressed with myc-tagged SERT. Cholesterol within lipid rafts were disrupted by 
simvastatin, an inhibitor of the rate-limiting enzyme in cholesterol synthesis, 3-hydroxy-3-
methyl-glutaryl-coenzyme A (HMGCoA) reductase. Serotonin (5-HT) transport activity was 
assayed by measurement of intracellular 5-HT content after incubation of cells with 5-HT. 
Simvastatin significantly increased 5-HT uptake in a dose and time-dependent manner at 24hr, 
48hr, and 72hr of simvastatin exposure. The SERT inhibitor, fluoxetine blocked the enhanced 
uptake at each time point, indicating that simvastatin enhances 5-HT uptake in a SERT-
dependent manner. Cholesterol precursors downstream of HMGCoA reductase were added back 
into the media to determine the pathway necessary for the enhanced 5-HT uptake. Mevalonate 
completely blocked the enhanced uptake, and geranylgeranyl pyrophosphate partially blocked 
the enhanced uptake. However, the more immediate precursor to cholesterol, squalene, did not 
block the enhanced uptake. Results indicate that simvastatin enhances 5-HT uptake via SERT in 
a manner independent of cholesterol. The involvement of the isoprenylation pathway 
downstream of HMGCoA reductase is currently under investigation. 
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Abstract: Selective neuronal vulnerability is a pervasive phenomenon in which distinct neuronal 
subtypes are differently affected by a pathological burden. In the case of Parkinson’s disease, the 
vast axonal field and high level of tonic firing activity intrinsic to dopaminergic (DAergic) 
neurons are thought to contribute to their degeneration. Interestingly, within the ventral 
midbrain, substantia nigra (SNc) DAergic neurons degenerate in the presence of Lewy bodies, 
while the neighboring DAergic neurons of the ventral tegmental area (VTA) are relatively 
spared. Because many of the data that corroborate this are from postmortem human studies, 
however, it is difficult to know which subtle differences between the two DAergic populations 
lead to the difference in vulnerability. Previous work has focused on intracellular Ca2+ flux and 
oxidative stress as important differences between the two regions, but many additional 
therapeutic targets remain unexplored. Altered dopamine transporter (DAT) activity is 
implicated in Parkinson’s disease, where missense DAT mutations are directly associated with 
adult early-onset Parkinsonism and progressive dopaminergic neurodegeneration. Kv2.1 is a 
voltage gated potassium channel that has also been shown to be dysregulated in a mouse model 
of neurodegeneration. Both modulators of neuronal excitability, Kv2.1 and DAT were shown to 
co-immunoprecipitate and the association was confirmed via FRET microscopy. Importantly, we 
found that the degree of colocalization is cell region specific in the SNc, but not the VTA. 
Functional analysis found that methamphetamine-induced DAT activation reduced the 
interaction between the two proteins and decreased Kv2.1 cluster size which is directly coupled 
to activation potential changes and thus neuronal excitability. Recent data from our lab and the 
literature suggest the sigma-1 receptor (SIG-1R), which is a chaperone protein that reduces 
oxidative stress, not only decreases DAT activity, but also interacts with Kv2.1 and DAT. 
Ongoing experiments are exploring the nature and mechanism of DAT regulation of Kv2.1 



activation potential changes in the SNc vs.VTA and SIG-1R as a novel therapeutic target to 
confer protection from degeneration in the SNc. 
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Title: Dopamine transporter interactome reveals differential interaction with DJ-1 when exposed 
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Abstract: Extracellular dopamine (DA) concentrations are tightly regulated by reuptake through 
the dopamine transporter (DAT). Methamphetamine (METH) - a widely abused psychostimulant 
- is a substrate for DAT, disrupting dopamine homeostasis by inhibiting DA reuptake and by 
triggering the reverse transport of DA into the synaptic cleft. DA dysregulation can be 
detrimental to proper brain function and has been implicated in several disease states. We 
postulated that DAT-interacting proteins are altered in the presence of METH, compared to 
control conditions, leading to the dysregulation of DAT. A proteomic-based study that employed 
liquid chromatography-tandem mass spectrometry (LC-MS/MS), immunoprecipitation, 
immunostaining and other complementary techniques, examined the interactome of DAT and 



revealed an association between DJ-1 and DAT in control conditions, but a dissociation of DJ-1 
and DAT in METH conditions. DJ-1, a multifunctional protein also known as PARK7, inhibits 
the aggregation of α-synuclein and is widely studied for its involvement in Parkinson’s Disease. 
Recently, it was reported that DJ-1 interacts with DAT to increase DA uptake; overexpression 
led to enhanced uptake of DA and knockdown lead to decreased uptake. Based on this evidence, 
we examined how DJ-1 affects DAT function in the presence of METH, contributing to the 
dysregulation of the transporter. We found that METH decreased DJ-1 interaction with DAT and 
altered DAT function. 
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Abstract: Upregulation of dynorphin/kappa-opioid receptor (KOR) systems has been implicated 
in the pathogenesis of depression and the mood dysregulation that charactizes withdrawal from 
cocaine and other drugs of abuse. Serotonin (5-HT) plays an important role in regulating the 
KOR systems impotantly, KOR proteins are expressed on serotonergic neurons and terminals. 
Presynaptic 5-HT transporter (SERT) activity controls serotonergic neurotransmission by rapid 
reuptake of released 5-HT, thus playing an important role in several behavioral and physiological 
functions. We previously demonstrated that KOR activation down-regulates SERT activity 
through decreasing active surface SERT, enhanced SERT internalization, decreased SERT 
delivery, and increased SERT phosphorylation via Akt and CaMKII dependent siganling 
pathways (PMC5148672). Our current studies showed that depending on Thr276-Ser277-SERT 
phosphorylation, KOR activaton differentially affects SERT function and trafficking. KOR-Akt 
induced decreased SERT function via Thr276 phosphorylation, while KOR-CaMKII signaling 
increased SERT function via Ser277 phosphorylation. Collectively, our studies revealed a novel 



mechanism of KOR-mediated biphasic regulation of SERT functions associated with differential 
SERT phosphorylation of Thr276 and Ser277- sites via Akt and CaMKII respectively. Moreover, 
these findings identify a novel mechanism by which KOR regulates 5-HT neurotransmission via 
phosphorylation dependent SERT regulation, and suggesting that SERT 
dysregulation/phosphorylation may be one mechanism underlying dynorphin/KOR-mediated 
alterations in mood and affect. Findings from these studies will enhance our understanding of the 
neural substrates upon which dynorphin/KOR act to regulate behaviors, aid in the development 
of effective pharmacological agents for the treatment of addiction, depression and provide new 
insights into the role of SERT phosphorylation in regulating synaptic 5-HT clearance and 
behavior. 
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Abstract: A close anatomical and physiological association exists between neurokinin and 
noradrenergic systems in the brain. The neurokinin 1 receptor (NK1R) and its endogenous ligand 
substance P have been linked to stress and drug-abuse. Animal studies indicate therapeutic 
benefits of NK1R antagonists in treating stimulant abuse and thus, the utility of NK1 directed 
therapeutics is an area of interest. Substance P is released in the rat ventral striatum following 
amphetamine (AMPH) and is known to enhance acute stimulatory effects of AMPH. On the 
other hand, NK1R antagonists decrease psychostimulant-induced locomotor activation. Our 
recent studies have shown that aprepitant, a clinically used NK1R antagonist, attenuates 
conditioned place preference (CPP) and locomotor activation induced by AMPH and cocaine 
(PMC5266628). The psychostimulants cocaine and AMPH target all three monoamine 
transporters and AMPH has nearly equal affinity for the norepinephrine and dopamine 
transporters (NET & DAT). We and other investigators have shown that AMPH as well as 
NK1R activation downregulate both NET and DAT. Here we examined whether NK1R-
mediated NET or DAT regulation is involved in AMPH-induced behaviors. Our results show 
that while aprepitant attenuated AMPH-induced CPP in the wild type and DAT knockout (KO) 



mice, it failed to affect AMPH-CPP in the NET KO mice. Our previous work demonstrated that 
substance P and AMPH mediated NET downregulation is dependent on the transporter 
T258/S259 trafficking motif (PMID16740633; PMC2939970) and that NET regulation by NK1R 
is facilitated by NET-NK1R protein-protein interactions (PMC3789959). A single bilateral intra-
accumbal microinjection of TAT-T258/S259-WT peptide but not the T258A/S259A-mutant 
peptide prior to post-conditioned test significantly attenuated AMPH-induced CPP expression 
and CPP reinstatement in rats. Collectively, our data indicate a role for NK1R-mediated 
T258/S259-dependent NET regulation in AMPH-induced behaviors. Since the sequence 
surrounding T258/S259 motif is identical in NET and DAT, ongoing studies using NET and 
DAT KO mice are exploring the utility of TAT-T258/S259 peptide strategy to delineate the role 
of T258/S259-dependent NET regulation in AMPH mediated behaviors. 
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Abstract: Following the initial proposal of sigma receptors in 1976 and subsequent molecular 
cloning of the sigma1 receptor (σ1R) in 1996, extensive studies have shown that σ1R is a unique 
membrane protein that may serve as a molecular chaperone. In 2016 a breakthrough on the 
crystal structure of σ1R revealed a homotrimer, with each protomer containing a single 
transmembrane domain, a cytoplasmic ligand-binding domain and trimerization interface. 
Because oligomerization of membrane proteins may regulate their function, we devised a novel 
biochemical method to examine σ1R multimerization. Epitope-tagged σ1R from transfected cells 
was solubilized using mild detergents, separated in non-denaturing gels, and detected by 
immunoblotting. Immuno-reactive signals were displayed as three bands, likely corresponding to 
σ1R monomer, dimer, and multimer based on their apparent electrophoretic mobility. 
Multimerization was abolished in a splice variant of σ1R lacking amino acid residues 119 - 149. 
Further, pH values in the lysis buffer substantially affected σ1R multimerization, suggesting that 



side chain protonation of certain amino acid residues may impact on σ1R protomer interaction. 
Importantly, σ1R multimers were significantly decreased by treatment with (+)-pentazocine 
(agonist) but increased by BD1063 (antagonist), suggesting that oligomerization of σ1R is 
regulated by binding of agonists or antagonists in a distinct manner. Ligand binding also 
appeared to alter multimerization of σ1R on the cell surface, as detected by surface biotinylation 
assays. Since σ1R has been shown to modulate the function of various membrane proteins, we 
hypothesize that σ1R ligands differentially regulate the formation of σ1R monomers and affect 
their dynamic interactions with client proteins. 
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Abstract: Brain serotonergic systems play a role in cognitive and affective function and have 
been implicated in the pathophysiology of trauma-related, anxiety, and affective disorders. Drugs 
that block serotonin reuptake into presynaptic terminals are used widely in the treatment of these 
disorders, and therefore understanding mechanisms underlying presynaptic clearance of 
serotonin is of major clinical interest. The neurotransmitter serotonin is cleared from brain 
synapses by the presynaptic sodium-dependent, high-affinity, low-capacity serotonin transporter, 
solute carrier family 6 (neurotransmitter transporter) member 4 (Slc6a4). However, evidence 
suggests possible expression of a second serotonin transporter, the sodium-independent, low-
affinity, high-capacity serotonin transporter, organic cation transporter 3 (Oct3; Slc22a3), in 
serotonergic neurons. However, it is unclear if Slc22a3 localizes to the presynaptic serotonergic 
terminal, or to other cellular compartments within these cells, and, furthermore, if it co-localizes 
to the same presynaptic terminals as Slc6a4. For example, recent studies at the electron 
microscope level have identified Slc22a3 expression on neuronal and glial endomembranes, 
including Golgi, mitochondrial and nuclear membranes. Using a dual label fluorescence in situ 
hybridization histochemistry approach we demonstrated overlapping expression patterns of 
tryptophan hydroxylase 2 (Tph2), the rate-limiting enzyme in the biosynthesis of brain serotonin, 
and Slc22a3 mRNA expression within the rat dorsal raphe nucleus. To understand Slc22a3 



protein location on the presynaptic terminals we used a quadruple label immunofluorescence for 
Slc6a4, Slc22a3, postsynaptic density protein 95 (Psd-95) and DAPI (4',6-diamidino-2-
phenylindole), using n-super-resolution microscope (n-SIM) imaging. We were able to 
demonstrate that Slc22a3 and Slc6a4 co-localize in the same presynaptic terminals within the rat 
dorsal raphe nucleus, the main source of serotonergic projections to forebrain limbic structures. 
These findings highlight the need to understand the dynamic interactions between Slc6a4 and 
Slc22a3 in controlling serotonin reuptake and serotonergic signaling, physiology, and behavior 
in health and disease. 
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Abstract: Central serotonin (5-HT) neurotransmission and immune system activation have been 
linked to the etiology of multiple psychiatric disorders, including depression and autism. 
Previously, we showed that peripheral immune system activation in mice using the endotoxin 
lipopolysaccharide (LPS) rapidly (30-60 min) increases 5-HT clearance, and produces 
depressive-like effects on behavior. These effects are lost in constitutive IL-1R1 knockout mice 
and in wild-type mice pre-treated with systemic injections of the p38 MAPK inhibitor 
SB203580. Moreover, we found that in vitro incubations of synaptosomes with IL-1β rapidly 
increases activity of the antidepressant-sensitive 5-HT transporter (SERT), effects absent in 



synaptosomes of IL-1R1 KO mice or synaptosomes pre-treated with SB203580. These findings 
suggest that IL-1β, via p38 MAPK signaling to SERT, mediates the ability of peripheral LPS to 
enhance rates of CNS 5-HT clearance. To validate this hypothesis, we performed in vivo 
chronoamperometry in the dorsal hippocampus (CA3) of mice, evaluating the impact of locally 
applied p38 MAPK activator anisomycin, as well as IL-1β, to enhance clearance of 5-HT. As 
predicted, anisomycin rapidly (2 minutes) enhanced 5-HT clearance, with effects blocked by 
prior application of SB203580. Similarly, local IL-1β rapidly (10 minutes) enhanced 5-HT 
clearance. Ongoing studies seek to test the actions of both systemic LPS and local IL-1β to 
modulate 5-HT clearance in mice generated that allow for 5-HT neuron-specific elimination of 
IL-1R1. Together, these experiments will further specify pathways by which peripheral and CNS 
inflammatory signaling can rapidly alter brain extracellular 5-HT homeostasis. 
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Abstract: The serotonin (5-HT) transporter (Slc6a4, SERT) plays a crucial role in regulating the 
extracellular availability of 5-HT. Current models suggest that SERT, like other solute carriers 
(SLC), translocate substrate across the membrane through a multi-state process that results in 
alternating exposure of the 5-HT binding site to the extracellular and cytoplasmic spaces. We 
hypothesize that population of these states can be biased by natural regulatory stimuli as well as 
disease-associate mutations, leading to a change in 5-HT affinity, 5-HT uptake velocity and/or 



efflux capacity, independent of SERT surface trafficking. Here we report our efforts to determine 
if these hypotheses can explain the change in transport function associated with the autism-
associated SERT coding variant Gly56Ala, using both transfected cells and the SERT Ala56 
mouse model. In one effort we are using the substituted cysteine accessibility method to compare 
Cys109 and Cys277 accessibility in WT hSERT and hSERT Ala56, expressed in HEK-MSR 
cells. Our data reveal that the t1/2 of methanethiosulfonate reagent inactivation of hSERT Ala56 
is increased for Cys109 and decreased for Cys277 compared to WT hSERT, consistent with 
stabilization of hSERT Ala56 in an outward facing conformation. We are also examining the 
sensitivity of the N-terminus to digestion by trypsin. Previous studies show that when SERT is 
stabilized in an outward facing conformation, the N-terminus of the transporter is less sensitive 
to trypsin digestion, compared to inward facing conformations. Our findings indicate that the N-
terminus of hSERT Ala56 is less sensitive to tryptic cleavage compared to WT hSERT. These 
findings are consistent with hSERT Ala56 as biased in an outward facing conformation. To 
examine conformational bias with native SERT Ala56, we are assessing fenfluramine-induced 5-
HT efflux from [3H]5-HT preloaded brain slices, prepared from mice expressing WT SERT or 
SERT Ala56. Our findings indicate that slices from SERT Ala56 mice demonstrate a dose-
dependent sensitivity for fenfluramine-mediated [3H]5-HT efflux. Since 5-HT efflux is believed 
to be favored by an inward facing conformation, a decreased efflux sensitivity to fenfluramine 
adds further support or the hypothesis that SERT Ala56 is stabilized in an outward facing 
conformation. These studies are being complemented by candidate and proteomic analyses of 
SIPs to evaluate the contribution of altered protein associations in stabilizing SERT Ala56 
conformations, as well as by studies of IL-1R1/p38A MAPK signaling, which like SERT Ala56, 
enhances SERT 5-HT affinity and increases transport function at low substrate concentrations. 

Disclosures:  M.A. Quinlan: None. D. Krout: None. M.J. Robson: None. L.K. Henry: 
None. R.D. Blakely: None. 

Poster 

290. LTP: Pre- and Postsynaptic Mechanisms II 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 290.01/E8 

Topic: B.08. Synaptic Plasticity 

Support: NIH Grant T32 GM007377 

Title: Transgenic mice carrying a serine to alanine mutation at residue 1928 of the voltage-gated 
calcium channel CaV1.2 display strong, sex-dependent differences in behavior related to 
learning, memory, and stress 

Authors: *K. E. IRETON1, J. W. HELL2 
1Neurosci., 2Dept. of Pharmacol., UC Davis, Davis, CA 



Abstract: The voltage-gated calcium channel (VGCC) CaV1.2 is the most abundant VGCC in 
the brain as well as the heart, and influences cellular excitability, gene expression, and synaptic 
plasticity in neurons. Manipulations of its activity and expression affect learning-, stress-, and 
reward-seeking-related behaviors in rodents, and genome wide association studies in humans 
have identified mutations in its gene CACNA1C as risk factors for bipolar disease and 
schizophrenia, besides the known role of a specific mutation in Timothy syndrome, a fatal 
condition causing severe mental and cardiac dysfunction. CaV1.2 channel activity is known to be 
upregulated by norepinephrine via β-adrenergic receptors (β-AR). A mutant mouse line with a 
mutation at serine 1928 to alanine (S1928A), the most important site of phosphorylation by PKA 
downstream of β-AR signaling, was previously found to display no apparent cardiac or obvious 
neurological deficits, indicating S1928 phosphorylation was not needed to regulate CaV1.2 
activity in the heart. However, our lab has recently published that strong differences exist in 
channel activity regulation and induction of theta tetanus LTP in mutant hippocampal neurons, in 
culture and brain slice, highlighting a surprising dichotomy between regulation of CaV1.2 
between brain and heart. We hypothesized that due to the mutant deficit in LTP induction, they 
ought to display at least a mild deficit in some long-term memory-dependent behaviors 
compared to wildtypes. Much to our surprise, we found strong, but sex-dependent, enhancements 
in mutant short- and long-term learning behavior, compared to litter-matched controls. The 
magnitude of the changes in behavior roughly correlated with the stress of the behavioral assay, 
indicating enhanced stress resilience in mice lacking the S1928 phosphorylation site for β-AR 
regulation. We continue to test the mice in further behavioral assays, including fear conditioning 
for a direct test of stress-related learning. Our initial results indicate a profound physiological 
role of CaV1.2 in regulating rodent learning, memory, and stress-response behaviors, and may 
add to the growing body of evidence that CaV1.2 could be a promising target for pharmaceutical 
intervention in certain human neurological disorders. 
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Title: Theta-burst firing of a single dentate granule cell induces presynaptic LTP at mossy cell-
dentate granule cell synapse 
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Abstract: The dentate gyrus, a major input area of the hippocampus, contains two types of 
excitatory neurons: dentate granule cells (GCs) and hilar mossy cells (MCs). MCs receive inputs 
from GCs and project back to GCs locally (intralamellar), contralaterally, and along the 
longitudinal (dorsoventral) axis of the hippocampus, thereby establishing an associative positive-
feedback loop (GC-MC-GC). Such projections may be important to connect the dorsal 
hippocampus, primarily involved in spatial memory, with the ventral hippocampus, primarily 
involved in emotional memory. However, how MCs contribute to dentate gyrus function remains 
poorly understood. Here, we studied the dynamic properties of MC-GC synapses using rodent 
hippocampal slices. We found that theta-burst firing (TBF) of a single GC by direct 
depolarization is sufficient to induce LTP at MC-GC synapses (TBF-LTP), but not at medial 
perforant path excitatory inputs onto GCs. While the induction of TBF-LTP requires 
postsynaptic calcium rise in an NMDA receptor-independent manner, this plasticity is expressed 
presynaptically as indicated by a decrease in paired-pulse ratio, coefficient of variation and 
failure rate. Taken together, these observations strongly suggest the involvement of retrograde 
signaling in TBF-LTP. Moreover, TBF-LTP was abolished by the TrkB antagonist ANA-12 (15 
µM) and conditional TrkB deletion from GCs, as well as by bath application of the PKA 
inhibitors H89 (10 µM) and myristoylated PKI14-22 amide (1 µM), but not by intracellularly 
loading GCs with PKI6-22 amide (2.5 µM). Thus, TBF-LTP requires postsynaptic BDNF/TrkB 
and presynaptic cAMP/PKA signaling. By increasing the strength of MC inputs onto GCs, TBF-
LTP could facilitate information transfer between dorsal and ventral hippocampus, and 
contribute to memory formation and epilepsy. 
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Abstract: Recent literature on the mechanisms of synaptic plasticity has highlighted a 
dichotomous role of synaptic and extrasynaptic NMDA receptor (exNMDAR) activation, with 
the former promoting long-term potentiation (LTP) and the latter inhibiting it. Glutamate 
transporters rapidly clear glutamate from the extracellular space, thereby preventing exNMDAR 
overactivation, and many lines of evidence suggest a dysfunction of the glutamate transporter 
proteins in various neurodegenerative diseases associated with cognitive decline. Thus, an 
attractive and well-cited hypothesis states that glutamate transporter dysfunction underlies the 
LTP and cognitive impairments in disease states including Alzheimer Disease (AD). However, 
the precise relationship between the spatiotemporal dynamics of extracellular glutamate and 
synaptic plasticity has yet to be investigated. Here, we use a novel optogenetic sensor of 
glutamate, termed iGluSnFR, to monitor extracellular glutamate dynamics in real-time (200 Hz) 
in the mouse hippocampus during standard LTP-inducing protocols. A range of concentrations of 
various glutamate transporter blockers were used to impair glutamate clearance during LTP 
induction, allowing us to characterize the relationship between glutamate uptake and LTP 
magnitude; these results were compared to those obtained for amyloid beta, a toxic protein in the 
AD brain that is thought to impair LTP in part by reducing glutamate transporter function. 
Interestingly, we found concentrations of the GLT-1 glutamate transporter inhibitor DHK that 
dramatically impaired glutamate clearance rates yet had no effect whatsoever on LTP magnitude. 
Surprisingly, LTP was not impaired until glutamate clearance rates were slowed well over two-
fold with TBOA, a nonselective glutamate transporter blocker. Lastly, Aβ had no significant 
effect on glutamate clearance rates, yet potently suppressed LTP. Overall, these data indicate that 
synaptic plasticity is not as sensitive to glutamate spillover as previously thought, and that the 
degree of transporter impairment required to inhibit LTP is likely not reached in physiological or 
even pathological conditions. 
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Abstract: Hippocampal neurons in the adult brain express the secreted chemotropic guidance 
cue netrin-1. We show that membrane depolarization and long-term potentiation (LTP) induction 
triggers dendritic post-synaptic secretion of netrin-1. Using selective genetic deletion, we 
demonstrate that neuronal expression of netrin-1 is required for activity-dependent LTP and 
hippocampal-dependent spatial memory. We show that application of exogenous netrin-1, in the 
absence of high frequency stimulation, is sufficient to potentiate excitatory glutamatergic 
transmission at hippocampal Schaffer collateral synapses. Netrin-1 functions downstream of 
NMDAR activation to engage DCC-dependent synaptic recruitment of GluA1 receptors via 
activation of CaMKII. Further, netrin-1 increases the volume of thin-type dendritic spines and 
the frequency of miniature AMPAR-mediated excitatory postsynaptic currents with no change in 
presynaptic function. Using minimal-intensity stimulation, we demonstrate that netrin-1 unmasks 
silent glutamatergic synapses. These findings indicate that activity-dependent netrin-1 release 
recruits GluA1 AMPA receptors to unmask silent synapses in the adult brain. 
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Abstract: Low doses of ketamine trigger rapid and lasting antidepressant effects after one 
injection in treatment-resistant patients with major depressive disorder. Modulation of AMPA 
receptors (AMPARs) in the hippocampus and prefrontal cortex is suggested to mediate the 
antidepressant action of ketamine and one of its metabolites (2R,6R)-hydroxynorketamine 
((2R,6R)-HNK). We have examined if ketamine and (2R,6R)-HNK affect glutamatergic 
transmission and plasticity in the mesolimbic system, brain regions known to play key roles in 
reward-motivated behaviors, mood and hedonic drive. We found that one day after the injection 
of a low dose of ketamine, long-term potentiation (LTP) in the nucleus accumbens was impaired. 
Loss of LTP was maintained for 7 days and was not associated with an altered basal synaptic 
transmission mediated by AMPARs and N-methyl-D-aspartate receptors (NMDARs). Inhibition 
of mTOR signaling with rapamycin did not prevent the ketamine-induced loss of LTP but 
inhibited LTP in saline-treated mice. However, ketamine blunted the increased phosphorylation 
of the GluA1 subunit of AMPARs at a CaMKII/PKC site induced by an LTP induction protocol. 
Moreover, ketamine caused a persistent increase in the phosphorylation of GluA1 at a PKA site. 
(2R,6R)-HNK also impaired LTP in the NAc. In dopaminergic neurons of the ventral tegmental 
area from ketamine- and (2R,6R)-HNK-treated mice, AMPAR-mediated responses were 
depressed while those mediated by NMDARs were unaltered, which resulted in a reduced 
AMPA/NMDA ratio, a measure of long-term synaptic depression. These results demonstrate that 
a single injection of ketamine or (2R,6R)-HNK induces enduring alterations in the function of 
AMPARs and synaptic plasticity in brain regions involved in reward-related behaviors. 
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Abstract: Cortical inhibitory interneurons play important roles in development, information 
processing, circuit dynamics and plasticity. These inhibitory interneurons are also driven by 
excitatory connections and thus plasticity of the excitatory synaptic transmission on interneurons 
is critical to understand the cortical functions. However, subtype-specific long-term synaptic 
plasticity remains largely unknown. Therefore, using intracellular recordings and confocal 
reconstruction, we investigated the mechanism of long-term synaptic plasticity in each subtypes 
of inhibitory interneurons, especially in late-spiking (LS) neurons of layer 2/3 of the primary 
visual cortex in rats. Inhibitory interneurons were classified into four subtypes according to the 
electrophysiological and morphological characteristics: fast-spiking (FS), LS, burst-spiking (BS) 
and regular-spiking non-pyramidal (RSNP) neurons. Excitatory postsynaptic potentials were 
recorded by stimulation of underlying layer 4. We used different conditioning stimulation to 
induce long-term depression (LTD) and potentiation (LTP). All the inhibitory neurons showed 
LTD with low-frequency stimulation (1 Hz, 15 min) except FS neurons. LTD induced in LS 
neurons was blocked by intracellular application of BAPTA (10 mM) and bath application of 
nimodipine (10 μM), but not by bath application of D-AP5 (50 μM). Theta-burst stimulation (5 
shocks at 100 Hz, 5 times at 5 Hz) did not change the synaptic efficacy in LS neurons. Tetanic 
stimulation (5 x 20 Hz trains for 1s at 0.5 Hz, 5 times at 2 min interval) reliably induced LTP in 
LS neurons as well as pyramidal neurons. LTP in LS neurons was blocked by intracellular 
application BAPTA and bath application of D-AP5 or nimodipine. These results suggest that LS 
neurons in layer 2/3 of the visual cortex exhibit bidirectional long-term changes in synaptic 
strength, which are dependent on the increase of intracellular calcium. NMDA receptors are 
specifically involved in the induction of LTP, while L-type calcium channels are involved in 
both types of plasticity. The bidirectional modification of synaptic transmission in LS neurons 
may be important in visual information processing and postnatal development. Supported by 
Basic Science Research Program through the NRF funded by the Ministry of Education, Science 
and Technology (2016R1A2B2016533). 

Disclosures:  K. Joo: None. K. Cho: None. H. Jang: None. D. Rhie: None. 

Poster 

290. LTP: Pre- and Postsynaptic Mechanisms II 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 290.07/F2 



Topic: B.08. Synaptic Plasticity 

Support: NINDS P01NS045260-01 

 NINDS R01NS057128 

 NIMH R15MH101703 

Title: PKA and Ube3a synergistically regulate SK2 synaptic expression and LTP 

Authors: *J. SUN, G. ZHU, Y. LIU, R. ADHIKARI, X. HAO, C. CATO, L. HERRERA, M. 
BAUDRY, X. BI 
Western Univ. of Hlth. Sci., Pomona, CA 

Abstract: The ubiquitin ligase, UBE3A, plays important roles in both brain development and 
function, since its deficiency results in Angelman Syndrome (AS) while its over-expression 
increases the risk for autism. We previously showed that Ube3a ubiquitinates SK2, a Ca2+-
activated small conductance potassium channel, and facilitates its removal from excitatory 
synapses. Ube3a deficiency results in increased postsynaptic SK2 levels, thereby effectively 
inhibiting NMDAR activation and LTP induction. SK2 levels in cell membranes are also 
regulated by protein kinase A (PKA); PKA phosphorylates SK2 in its C-terminal domain, 
facilitating its endocytosis. Here, we report that activation of PKA by forskolin (FSK) in 
hippocampal slices from AS mice significantly improves theta burst stimulation (TBS)-induced 
LTP by removing synaptic SK2 from synaptic membranes. FSK treatment also prevented the 
LTP enhancement of apamin, a SK2 blocker, in AS mice. Western blot analyses indicated that 
PKA activation reduced SK2 levels in hippocampal membrane fractions from AS mice. While 
TBS was unable to induce LTP in hippocampal slices from AS mice, a second TBS (TBS2) 
applied 15 min after the first TBS (TBS1) successfully induced LTP; immunofluorescence 
staining results showed that TBS1 induced a significant reduction in the percentage of SK2-
immunopositive synapses in both WT and AS mice 15 min later. Furthermore, incubation of 
hippocampal slices with KT5720, a cell-permeable specific PKA inhibitor, blocked TBS2-
induced LTP in AS mice, indicating that PKA-mediated SK2 removal could compensate for the 
lack of Ube3a-mediated SK2 removal. Subsequent experiments showed that FSK treatment not 
only increased SK2 phosphorylation but also its ubiquitination, suggesting that PKA and Ube3a 
interact to regulate SK2. Mutation of the PKA sites Ser568-570 to alanine (non-phosphorylatable 
3S/A-SK2) abolished the effect of FSK on SK2 ubiquitination in COS-1 cells, while mutation of 
Ser568-570 to aspartate (phosphomimetic 3S/D-SK2) enhanced SK2 ubiquitination. Finally, in 
vitro ubiquitination experiments with GST-3S/D-SK2 showed that phosphomimetic mutations 
significantly increased SK2 ubiquitination. Our results indicate that both Ube3a-mediated 
ubiquitination and PKA-induced phosphorylation stimulate SK2 endocytosis, and that PKA and 
Ube3a synergistically regulate synaptic SK2 levels. The complex interactions between PKA and 
Ube3a in the regulation of SK2 synaptic levels might provide new tools to for developing new 
treatments for AS patients as well as various forms of autism. 

Disclosures:  J. Sun: None. G. Zhu: None. Y. Liu: None. R. Adhikari: None. X. Hao: 
None. C. Cato: None. L. Herrera: None. M. Baudry: None. X. Bi: None. 



Poster 

290. LTP: Pre- and Postsynaptic Mechanisms II 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 290.08/F3 

Topic: B.08. Synaptic Plasticity 

Support: Israel Science Foundation (ISF) 

 The United States-Israel Binational Science Foundation (BSF) 

 National Institute for Psychobiology in Israel (for ST and NN) 

Title: The Octopus vulgaris LTP expression and maintenance is mediated by activity dependent 
long-term elevation in NO concentration 

Authors: *B. HOCHNER1, N. STERN-MENTCH1,2, N. NESHER2, T. SHOMRAT2, A. L. 
TURCHETTI-MAIA1 
1Dept of Neurobiology, Hebrew Univ., Jerusalem, Israel; 2The Ruppin Academic Center, Sch. of 
Marine Sci., Michmoret, Israel 

Abstract: The Octopus vulgaris vertical lobe (VL) is organized as a fan-out fan-in network. The 
fan-out glutamatergic synaptic connection possess a robust presynaptic, NMDA-independent, 
activity-dependent LTP. The VL LTP is important for the acquisition of long-term memory 
outside the VL (Shomrat T. et al 2008). We have previously shown that the presynaptic 
expression of LTP involves activation of nitric oxide synthase (NOS), and that a nitric oxide 
(NO)-dependent ‘molecular switch’ is responsible for the very long LTP maintenance (>10h) 
(Turchetti-Maia et al SFN 2016). This molecular switch seems to replace the common protein 
synthesis dependent LTP maintenance as 20µM anisomycin, which effectively blocks protein 
synthesis in octopus brain, neither blocked LTP induction nor its long-term expression, while 
NOS inhibitors reversibly blocked LTP expression. The presence of NOS in the VL is further 
supported by the intense positive NADPH-d labeling in the VL neuropil. Unexpectedly, our 
current results do not support the involvement of the common NO dependent cGMP cascade in 
the VL LTP, as none of the treatments that aim at intervening with this cascade, like inhibitors of 
guanylyl cyclase, cGMP analogs and phosphodiesterase inhibitors, had an effect on LTP 
expression. Moreover, NO-donors and NO-scavengers that can modulate low concentration 
ranges of NO (<nM), and thus are effective in the regulation of the cGMP cascade, had no effect 
on LTP expression. These negative results suggest that NO might function at higher 
concentrations, similar to those needed for the direct non-enzymatic proteins s-nitrosylation. To 
test the feasibility of such mechanism we adapted Dias C. et al (2016) electrochemical method to 
measure NO amperometrically in the VL neuropil. The results showed that induction of LTP 
either by tetanization or by phorbol ester are accompanied by an increase in the amperometric 



signals that correspond with the oxidation peak potential of NO (750 mV), an increase which is 
indeed at the µM range. These findings support our previous conclusion that LTP expression is 
mediated by a constitutive elevation in NO concentration and further suggest that this elevation 
is to a relatively higher µM range. In summary, our amperometric results, together with the 
abundant NADPH-d staining of the VL neuropil, suggest that LTP is mediated by a higher 
concentration range of NO that takes place at synaptic regions of the VL. We therefore 
hypothesize that a process such as s-nitrosylation, which is activated by a relatively high NO 
concentration, mechanistically could serve as an effective local retrograde message for ensuring 
specificity in presynaptic Hebbian plasticity. 
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Abstract: In many brain areas, such as the neocortex, limbic structures, and the auditory 
brainstem, glutamatergic nerve terminals also contain zinc in their synaptic vesicles (synaptic 
zinc). In the dorsal cochlear nucleus (DCN), an auditory brainstem nucleus, synaptic zinc is 
released from glutamatergic parallel fiber synapses. Synaptically released zinc inhibits 
presynaptic glutamate release by recruiting endocannabinoid signaling, and it also inhibits 
postsynaptic NMDA and AMPA receptors (NMDARs/AMPARs), thus functioning as a major 
inhibitory modulator of excitatory synaptic strength (Perez-Rosello et al., 2013; Anderson et al., 
2015; Kalappa et al., 2015). This inhibition is activity-dependent, because vesicular zinc levels 
are reduced following sound exposure (Kalappa et al., 2015). However, the signaling 
mechanisms underlying this plasticity remain unknown. To study these mechanisms, we 
employed in vitro electrophysiological recordings in DCN brain slices. Application of the 
extracellular zinc chelator ZX1 (100μM) potentiates AMPAR and NMDAR EPSCs evoked by 



stimulation of zinc-rich parallel fibers, demonstrating AMPAR/NMDAR inhibition by synaptic 
zinc. High-frequency stimulation (HFS, 3 x 100 Hz) of parallel fibers eliminates potentiation by 
ZX1, indicating activity-dependent plasticity of zinc-mediated inhibition (zinc plasticity). Zinc 
plasticity is NMDAR-independent, because it is unaffected by the NMDAR antagonist APV 
(50μM). However, zinc plasticity is blocked by the metabotropic glutamate receptor (mGluR) 
antagonist MCPG (500μM), and the Type 1-specific mGluR antaonists MPEP (4μM) and 
LY367385 (100μM). Additionally, it is blocked by the intracellular calcium buffer BAPTA 
(10mM). Therefore, zinc plasticity requires activation of Type 1 mGluRs and increases in 
postsynaptic calcium. Furthermore, the application of CPA (20μM), an inhibitor of SERCA 
ATPase which depletes calcium from intracellular stores, is sufficient to induce zinc plasticity. 
Our results demonstrate activity-dependent plasticity of zinc-mediated inhibition at DCN parallel 
fiber synapses. Zinc plasticity is NMDAR-independent, but involves activation of Type 1 
mGluRs and release of calcium from intracellular stores. Together, these results reveal a novel 
synaptic plasticity mechanism that modulates zinc-mediated inhibition of glutamatergic 
neurotransmission. 
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Abstract: Recent studies have shown that the lateral perforant path (LPP) afferents to 
hippocampus exhibit an unusual form of LTP: in contrast to potentiation in hippocampal field 
CA1, LPP LTP is dependent upon postsynaptic generation of the endocannabinoid 2-



archadonolglycerol (2-AG), presynaptic CB1 receptor (CB1R) signaling to actin, and increased 
neurotransmitter release. These findings raise questions as to the mechanisms through which 2-
AG and CB1 predominantly suppress excitatory transmission in the CA1 Schaffer-commissural 
(S-C) system but increase neurotransmitter release in LPP innervation of the dentate gyrus. As 
recent work has shown that CB1R signaling to the synaptic vesicle protein Munc18-1 is critical 
for CB1-mediated release suppression, we tested effects of CB1R agonist WIN55212-1 (WIN) in 
the two hippocampal subfields. WIN infusion (in the presence of picrotoxin) depressed S-C 
synaptic responses, blocked LTP and increased presynaptic phospho (p) Munc18-1 levels in field 
CA1. In contrast, WIN infusion increased the amplitude of lppLTP without effect on LPP 
baseline responses or presynaptic pMunc18-1 levels in the LPP field. CB1 has been reported to 
work cooperatively with integrins to signal through focal adhesion kinase (FAK) and RhoA 
kinase (ROCK) and influence the actin cytoskeleton. In line with this, we found WIN infusion 
increased presynaptic pFAK and pROCK levels in the LPP field. Similarly, high frequency 
stimulation used to induce lppLTP caused a CB1R-dependent increase in pFAK and pROCK in 
LPP terminals. These findings indicate that there is projection-specific bias in CB1R signaling 
and function in hippocampus with predominant signaling (i) through the ERK1/2 - Munc18-1 
pathway, leading to direct suppression of excitatory synaptic transmission, in field CA1 and (ii) 
through a FAK - ROCK cascade leading to enhanced neurotransmitter release in the LPP. These 
results further suggest that forms of learning that depend upon the LPP (cue identity, semantic 
information) may engage and depend upon the FAK/ROCK cascade. This was tested in rats 
trained in a two-odor discrimination paradigm known to depend on the LPP. We found that odor 
discrimination learning caused a CB1R-dependent increase in presynaptic pROCK in the LPP 
field. Together these findings show sharp differences in the bias of CB1R signaling at two major 
excitatory relays in hippocampal circuitry and suggest a neurobiological basis for discrete 
cannabinoid effects on learning. 
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Abstract: Autism spectrum disorders frequently entail disturbances in episodic memory but the 
neurobiological basis of this intellectual disability is not understood. The hippocampus is critical 
for the formation and use of episodic memory, with cue identity (‘what’) information relayed to 
hippocampus via the lateral perforant path (LPP). We have shown that in normal rats and mice 
the LPP afferents of the dentate gyrus exhibit an unusual form of long-term potentiation 
(lppLTP) that depends on the CB1 receptor and signaling by the endocannabinoid 2-
archadonolglycerol (2-AG) at excitatory synapses (Wang et al., 2016). The present 
electrophysiological analyses of acute hippocampal slices show that lppLTP is profoundly 
impaired in Fmr1-KOs relative to wild type mice. The plasticity impairment was substantially 
greater than for other major afferents to the dentate gyrus granule cells or in hippocampal field 
CA1. Behavioral studies demonstrated that learning to recognize odors presented in a series 
depends on the LPP and that such serial odor learning is severely impaired in the KOs. 
Acquisition of odor identity outside of the sequence was not affected by the mutation. Finally, 
we show that multiple strategies for enhancing 2-AG signaling in Fmr1-KO mice, rescues both 
lppLTP and serial odor learning. Thus, manipulations that target endocannabinoid transmission 
in hippocampus restore plasticity in a pathway critical to the encoding of the semantic element of 
an episode and thereby rescue an important component of cognition in Fragile X model mice. 
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Abstract: The mesolimbic dopamine circuit, and in particular the ventral tegmental area (VTA), 
processes reward and motivational behaviors. The VTA contains dopaminergic cells thought to 
mediate reward as well as GABAergic inhibitory cells that regulate dopamine cell activity. In 
response to drug exposure, synaptic connections of this circuit can be rewired via synaptic 
plasticity—a phenomenon thought be responsible for the pathology of addiction. Therefore, an 
understanding of normal and pathologic synaptic plasticity in VTA neural circuitry is critical if 
we are to better understand and treat addiction. While much is known about dopamine neuron 
plasticity, less is known regarding the potential for and type of plasticity exhibited by VTA 
GABA cells. VTA GABAs receive inhibitory input from outside the VTA, however we know 
little about these inputs and their synaptic plasticity. A recent study demonstrated a novel form of 
GABAergic long-term potentiation (LTP) onto VTA GABA cells, which was presynaptic and 
dependent on voltage-gated calcium channels and D1 dopamine receptors (Bocklisch et al., 
2013, Science). We have confirmed this GABA LTP in VTA GABA cells from GAD67/GFP-
positive mice using whole cell electrophysiology. Paired pulse ratios suggest a presynaptic 
mechanism, as noted previously (baseline, 1.20 ± 0.19; after stimulation, 0.79 ± 0.14; n=9, 
p=0.068). Therefore, we examined several presynaptic mediators of plasticity, including 
cannabinoid receptor 1 (CB1) and nitric oxide. In CB1 knock-out animals (n=6) or in the 
presence of the CB1 antagonist AM251 (n=4), significant LTP was still exhibited (p < 0.05). The 
nitric oxide synthase antagonist L-NAME also failed to block the observed LTP (n=4, p < 0.05), 
and the nitric oxide donor SNAP failed to induce plasticity (n=5, p > 0.05). This LTP was also 
independent of D2 dopamine receptors, as the D2 antagonist eticlopride did not block LTP (n=5). 
However, surprisingly this LTP appears to be NMDA-dependent, as it was blocked by the 
NMDA receptor antagonist APV (n= 4; p > 0.05). Collectively, our data suggest a presynaptic 
mechanism of LTP that is yet to be fully determined, but production of a retrograde factor 
produced from excitatory synaptic activation is likely involved. 
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Abstract: The connection along the longitudinal axis of the CA1 hippocampal cells has not 
received attention while most studies have looked at the transverse orientations of the CA3 
and/or CA1 regions. Recently, our group has shown that the CA1-CA1 pyramidal neurons are 
well-organized and have a longitudinally projecting synaptic network. This triggered an interest 
in synaptic plasticity of long-term potentiation (LTP) and long-term depression (LTD) within the 
longitudinal CA1 hippocampal region. Here we studied long-term synaptic plasticity in CA1 
longitudinal plane using in vitro and in vivo recordings. Animals used were C57BL6 mice. We 
found that the longitudinal network has N-methyl-D-aspartate receptor (NMDAR)-dependent 
LTP. Meanwhile, there is no apparent long-term depression (LTD) under the frequently used 
LTD induction protocols. These results implicate a unique functional property in the longitudinal 
projection, stimulating a further research regarding how the longitudinal network contributes to 
information processing. 
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Abstract: Previously, using whole cell (WC) recordings in acute slices of visual cortex, we 
found that 10 Hz discontinuous highly irregular stimulation patterns (interstimulus intervals with 
a coefficient of variation = 1, or CV = 1) but not regular stimulation patterns (CV = 0), led to a 
significant net long-term potentiation (LTP) of postsynaptic responses in rats with mild traumatic 
brain injury (mTBI rats) but not in control rats. Here we used field potential (FP) recordings and 
pharmacological manipulations (gama-aminobutyric acid receptor blockade, or GABAblk) to 
investigate the potential underlying mechanisms for these phenomena. Acute slices of visual 
cortex were taken from 10 - 13 week old normal rats and rats who had received an mTBI 2 - 3 
weeks prior. We applied a defined pattern of stimulation to layer 4 and made FP recordings in 
layer 2/3. Conditioning stimulation consisted of 900 pulses at 10 Hz (9 epochs x 100 stimuli 
spaced equally over 900 sec) with a CV of 0 or 1. Recording of evoked FPs were made in 



response to 0.1 Hz test stimulation before and after conditioning in artificial cerebral spinal fluid 
alone or with the addition of GABA receptor blockers (GABAblk). The post- to pre-conditioning 
ratio of the peak amplitudes of the 0.1 Hz evoked FPs was used to assess plasticity. We defined 
long-term depression (LTD) as a significant (P < 0.05, t-test) decrease (≥ 10%) in post/pre ratios, 
LTP as a significant increase in post/pre ratios, or no change (NC) as post/pre ratios that changed 
< 10% and/or were not significantly different (P > 0.05, t-test). For regular (CV = 0) stimulation, 
control rats exhibited a net LTD while mTBI rats exhibited a net NC, and this was comparable in 
WC (0.81 ± 0.08, N = 17 vs. 0.90 ± 0.07, N = 17; P = 0.40, t-test) and FP (0.89 ± 0.04, N = 16 
vs. 0.95 ± 0.05, N = 12; P = 0.44, t-test) recordings. Moreover, GABAblk did not significantly 
change FP values in controls (0.89 ± 0.04, N = 16 vs. 0.92 ± 0.04, N = 5, P = 0.79 t-test) or 
mTBI rats (0.95 ± 0.05, N = 12 vs. 0.89 ± 0.09, N = 8: P = 0.57 t-test). For highly irregular (CV 
= 1) stimulation, control rats showed a net LTD or net NC while mTBI rats showed a net LTP 
which was similar in WC (0.63 ± 0.07, N = 19 vs. 1.17 ± 0.12, N = 18; P = 0.001, t-test) and FP 
(0.94 ± 0.05, N = 24 vs. 1.15 ± 0.10, N = 17; P < 0.05, t-test) recordings. Finally, GABAblk 
reduced FP values in mTBI rats (1.15 ± 0.10, N = 17 vs. 0.99 ± 0.05, N = 18; albeit not quite 
significantly P = 0.12, t-test), but not control rats (0.94 ± 0.05, N = 24 vs. 0.95 ± 0.06, N = 18; P 
= 0.90, t-test). These results indicate that highly irregular (CV = 1) 10 Hz stimulation, but not 
regular (CV = 0) 10 Hz stimulation, activates a disinhibition mechanism that induces LTP 
following mTBI. 
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Abstract: Long-term potentiation (LTP) and depression (LTD) are the mechanisms by which 
neurons modulate their inherent synaptic plasticity and support the storage and recovery of 
memories in the mammalian brain. The ability to potentiate a synapse long term declines 



significantly in neurodegenerative disorders. In addition to deficiencies in synaptic plasticity, 
degenerating neurons display acute and chronic mitochondrial dysfunction, suggesting that 
dysregulated mitochondria play a hand in synaptic dysfunction in addition to their known role in 
apoptotic death. Our previous work shows that the anti-apoptotic protein Bcl-xL not only 
prevents somatic cell death, but it also potentiates long-term synaptic responses. Here, we show 
that Bcl-xL is responsible for dramatic changes of ATP levels at synapse-specific sites in 
hippocampal neurons during LTP. Using fluorescent imaging of an ATP-FRET (ATeam) 
construct in living cells, we find that LTP induction in cultured neurons causes a short decrease 
in ATP levels followed by a persistent long term increase in ATP production. This suggests that 
after high frequency or intense synaptic stimulation, neurons may become metabolically more 
efficient; oxygen consumption rates during LTP are now being performed to confirm or refute 
the proposed change in efficiency. The long-term increase in ATP levels of LTP-stimulated 
synapses is blocked when we inhibit Bcl-xL and when ATP synthase activity is blocked with 
oligomycin. Bcl-xL inhibition also prevents a long-term increase in surface glutamate receptor 
insertion. We are completing studies to see what effect blocking ATP synthase activity has on 
glutamate receptor insertion. In hippocampal slice recordings, inhibition of Bcl-xL greatly 
impairs early stage LTP and prevents late stage LTP. We suggest that long term changes in 
mitochondrial efficiency brought on by activity-dependent translocation of Bcl-xL to 
mitochondria are required for LTP. These results shed light upon the role of changes in 
mitochondrial metabolic efficiency in the acute induction and long-term maintenance of learning 
and memory storage. If such mitochondrial changes fail to occur, synaptic dysfunction associated 
with neurodegeneration may ensue. Our study places mitochondria and Bcl-xL at the center of 
synaptic metabolism and synaptic plasticity. 
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Abstract: Apomorphine is a dopaminergic agonist used in the treatment of Parkinson’s disease 
(PD), which activates D1-like and D2-like dopaminergic receptors. Currently, the role of 
apomorphine in non-motor activity is poorly studied, and the effects of dopaminergic activation 
in brain areas that do not have motor functions are unknown. The aim of this study is to 
determinate the effect of dopaminergic receptor activation in plasticity and behavior in the 
hippocampus. Adult mice were chronically administrated with 1 mg/kg apomorphine during 15 
days. Memory and learning, synaptic plasticity, oxidative stress response and morphological 
changes were evaluated. For plasticity experiments, electrophysiological recordings (fEPSPS) 
were obtained in the CA1 region of hippocampal slices prepared from adult mice and the effect 
on LTP of apomorphine (20 µM) studied. In this experimental condition LTP was prevented. 
Also in the presence of apopmorphine, by using the Morris water maze test, a decrease in the 
learning and the long-term memory capabilities of mice were observed. Additionally, a decrease 
in the total dendritic length of CA1 neurons, and an increase in the number of astrocytes were 
observed in the presence of apomorphine by using the Golgi-Cox stain and GFAP 
immunohistochemistry, respectively. These results suggest that, in the hippocampus, the non-
selective activation of dopaminergic receptors by apomorphine prevents LTP, causes neuronal 
damage and triggers deficiencies in learning and memory. 
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Abstract: Long-term potentiation (LTP), an activity dependent, long-lasting change in synaptic 
strength, is a critical form of synaptic plasticity underlying learning and memory and has been 
implicated in various neuropsychiatric disorders. The expression of NMDA receptor-dependent 



LTP is dependent on the trafficking of AMPA receptors (AMPARs) to the postsynaptic 
membrane. The present project is guided by the unexpected role of cell adhesion proteins, which 
mediate trans-synaptic signaling, in LTP. Specifically, the project focuses on the role of 
postsynaptic neuroligin 1 and its binding to presynaptic neurexins. This heterophilic interaction 
is present in mature and developing synapses and its absence has been shown to impair LTP. 
Here, we generate various neuroligin constructs in which different functional domains of 
neuroligin 1 are mutated. We used these constructs to determine which specific neuroligin 
domains are necessary for the AMPAR exocytosis that occurs during LTP. Specifically, we 
prepared primary dissociated mouse hippocampal cultures from neuroligin 1 (NL1) and 
neuroligin 1, 2, 3, and 4 (NL1234) conditional knockout mice (cKO) and infected these cultures 
at DIV7-9 with lentiviruses containing Cre recombinase and either wildtype (WT) NL1 or 
mutant forms of NL1. At DIV18-20, we induced a form of chemical LTP by bath applying 
glycine and measured the resultant increases in surface expression of endogenous AMPARs 
using immunocytochemistry. Our results suggest that the exocytosis of AMPARs during 
chemical LTP is impaired upon deletion of neuroligin 1; can be rescued solely by the 
extracellular domain of neuroligin 1; does not require neuroligin dimerization, and is impaired 
when NL1 binding to neurexin is inhibited. Thus, the trans-synaptic interaction between NL1 
and presynaptic neurexins appears to be necessary for the increase in surface expression of 
endogenous AMPARs following the induction of chemical LTP in dissociated cultures prepared 
from NL cKO mice. This hypothesis is also being tested using acute hippocampal slices prepared 
from NL cKO mice (see abstract from Wu et al….). 
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Title: Extrasynaptic NMDA receptor dependent long-term potentiation of hippocampal CA1 
pyramidal neurons 
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Abstract: In the adult mouse hippocampus, NMDA receptors (NMDARs) of CA1 neurons play 
an important role in the synaptic plasticity. The location of NMDARs can determine their roles 
in the induction of long-term potentiation (LTP). However, the extrasynaptic NMDARs (ES-
NMDARs) dependent LTP haven't been reported. Here, through the use of a 5-Hz stimulation 
and MK-801 (an irreversible antagonist of NMDARs) in the CA1 neurons of adult mice 
hippocampal slices, synaptic NMDARs were selectively inhibited and NMDAR-mediated 
excitatory postsynaptic currents were not recovered. We found that a robust LTP was induced by 
3-train 100-Hz stimulation when the synaptic NMDARs and extrasynaptic NR2B containing 
NMDARs were blocked, but not in the any of the following conditions: blocking of all 
NMDARs (synaptic and extrasynaptic), blocking of the synaptic NMDARs, and blocking of the 
synaptic NMDARs and extrasynaptic NR2A-containing NMDARs. The results indicate that this 
LTP is ES-NMDARs dependent, and NR2B-containing ES-NMDARs modulates the threshold of 
LTP induction. 
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Abstract: New materials at the nano- and micro-scale are being engineered for a host of 
potential neuroscience applications.This includes desired outcomes of drug delivery, cellular 
guidance, and sensing, for example. Here we have applied a newly synthesized, copper-



containing high aspect ratio structure (CuHARS), for dynamic signalling delivery to brain cells 
in vitro. CuHARS is a biocomposite discovered by our group, containing the amino acid dimer 
cystine and the metal copper. CuHARS scales from nanometer to micrometer in diameter, and 
micrometer in length. Upon synthesis termination, CuHARS is stable in water, but degraded up 
to 95% as determined by image analysis when incubated for 18 days in microglial brain cell 
culture media under physiological conditions. Degradation is accelerated by use of metal 
chelators such as ethylenediaminetetraacetic acid (EDTA), with similar near-complete 
degradation occurring in 4 days; the effect was concentration dependent (10 mM- 50mM). We 
applied these findings to the question of whether discrete, biodegradable biocomposites could be 
used in dynamic signalling networks of brain cells. We engineered two types of brain cell 
environments: 1) glial depleted, and 2) glial enriched, and then carried out intracellular calcium 
imaging on both systems. All experiments were carried out on identical platings of cells, with 
glial depleted cultures developed over time using the anti-mitotic cytosine arabinoside (1mM 
final concentration). The two cell environments once developed were stimulated with successive, 
increasing concentrations of glutamate (Glu) and with ionomycin at the end of the scan to cause 
calcium influx in all cells. Responses to Glu were detected as low as 250 nM in some cells. In 
contrast, control cultures of pure astrocytes responded consistently at 1,000x greater Glu (high 
micromolar to millimolar stimulus or to control stimuli such as KCl and ATP). The dynamics of 
intracellular calcium changes were very different in environments 1 and 2, with glial enriched 
cultures demonstrating more oscillatory dynamics post Glu compared to glial depleted cultures. 
The randomness of oscillations in stimulated cells was compared to a discrete logistic model that 
could be tuned for chaotic behavior. Using this model, it was found that glial enriched cultures 
were more chaotic. In this same imaging system, CuHARS were fluorescently labeled such that 
they could be observed simultaneously with cells. This system along with a novel degradable 
biocomposite (CuHARS) could provide new tools for dynamically stimulating brain cells over 
longer periods than when using traditional, immediately soluble chemical applications. 
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Title: Enhanced responsiveness in asynchronous irregular network states as a mechanism for 
modulating sensory awareness 
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Abstract: Desynchronized brain states are known to be associated with arousal and increased 
awareness, but the underlying cellular and network mechanisms are unknown. Here, we explore 
networks of excitatory and inhibitory neurons displaying asynchronous irregular (AI) states, 
where the activities of the two populations are balanced. At the single-cell level, it was 
previously shown that neurons subject to balanced and noisy synaptic inputs can display 
enhanced responsiveness. We show here that this enhanced responsiveness is also present at the 
network level, but only when single neurons are in a regime where their conductance state and 
fluctuation level are consistent with experimental measurements. By scanning a large number of 
AI states, we show that the network responsiveness can be explained based on the mean 
conductance state, the mean membrane potential (Vm), and the amplitude of Vm fluctuations in 
individual neurons. Optimal responsiveness is obtained when these parameters are all consistent 
with experimental measurements. Multi-layer networks endowed with such "realistic" AI states 
are capable of transmitting information reliably across layers (Fig. 1). We conclude that when 
displaying "realistic" AI states, networks can be exquisitely sensitive to afferent inputs, transmit 
information reliably, and make the information available to the entire network. We propose that 
these features define a low-level form of sensory awareness, which can be modulated at the 
millisecond scale. 

 

http://files.abstractsonline.com/CTRL/ea/1/64a/446/143/4d9/db2/853/9ee/1ea/3e3/a6/g4295_1.jpg


Figure 1: A. Scheme of successive layers each consisting of a network of excitatory and 
inhibitory neurons. A Gaussian-distributed pulse packet is given as input to a subset of neurons. 
B. Propagation of the pulse packet across layers is state dependent. Blue (Active): all layers 
displayed AI states consistent with intracellular measurements. Brown: quiescent networks (at 
equivalent Vm) for comparison. The pulse packet was reliably transmitted only in AI states, and 
the interlayer propagation speed was also faster (modified from Zerlaut and Destexhe, Neuron, 
2017; Girones and Destexhe, arXiv 2016). 
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Abstract: Introduction: Direct cortical stimulation is widely used for functional mapping of 
eloquent cortex and for interrupting seizures using closed-loop brain stimulators. The 
neurophysiological effects of cortical stimulation in a volume of cortical tissue are complex and 
difficult to predict as they may depend on the context of ongoing neural activity and may be 
affected by many factors including tissue heterogeneity, morphology, and cortical connectivity. 
To investigate how direct cortical stimulation induces neuronal activity spatially and temporally 
we combined micro-intracranial electrocorticographic (mECoG) recordings from human subjects 
with a large scale computational model of neocortex. Using single-pulse electrical stimulation 
we investigated the dynamics and evolution of stimulus-evoked cortical activity across micro-
domains sampled by micro-electrode arrays. Methods: Two adult patients (male and female) 
were implanted with a subdural grid embedded with 4x4 micro-electrode arrays (superior 
temporal or precentral/postcentral gyri). Center-to-center distances between the macro and micro 
electrodes were between 4 and 8 mm. Monopolar stimulation with biphasic pulses were 
delivered to the macroelectrode elements (pulse width 0.3 ms, stim. current 1-10 mA, 50 trials, 5 



s intervals between pulses). Data from the micro-electrodes were sampled at 30 kHz. The cortical 
model was designed in pGENESIS 2.3 to simulate the effects of monopolar stimulation on 
cortical neurons modeled as multi-compartmental cells. Stimulus-evoked responses for both 
recorded and simulated data were derived by trial-averaging. Result: Early (<10ms) and late 
cortical responses resembling sharp-and-slow waves were observed in mECoG from micro-
domains after stimulation. Early responses were difficult to analyze due to stimulation artifacts. 
Peak latency analyses of the late responses from different micro-electrodes revealed statistically 
significant differences in the measured latencies, suggesting a consistent pattern of activity 
propagation across micro-domains. This propagation was not uniform and had saltatory 
characteristics across micro-domains. Conclusions: Early cortical responses reflect direct 
neuronal recruitment by the stimulating electrode and possibly early activity propagation through 
the superficial cortical layers that follows stimulation. The late responses likely reflect 
interactions with subcortical structures, and the different latencies among late responses across 
micro-domains may partially result from initial propagation after stimulation. We have also 
observed similar effect in cortical model simulations. 
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Abstract: The cortico-striatal-thalamo-cortical (CSTC) pathway is a brain circuit that controls 
movement execution, habit formation and reward. The striatum shapes the activity of the CSTC 
pathway through the coordinated activation of two classes of medium spiny neurons (MSNs) that 
express D1 or D2 dopamine receptors. It is unknown exactly how the balanced 



excitation/inhibition in the entire CSTC pathway or in D1- and D2-MSNs shapes the network 
dynamics of the entire circuit. Here we answer this question using non-linear modeling of 
neuronal activity and bifurcation theory. Our findings indicate that a global and proportionate 
increase in excitation/inhibition pushes the system to states of generalized hyper-activity 
throughout the entire CSTC pathway. Certain disproportionate changes in global 
excitation/inhibition trigger network oscillations. Local changes in the excitation/inhibition of 
MSNs generate specific oscillatory behaviors inMSNs as well as in the CSTC pathway. These 
findings indicate that subtle changes in the relative strength of excitation/inhibition of MSNs 
powerfully control the network dynamics of the CSTC pathway, in ways that are not easily 
predicted by its own synaptic connections. 
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Abstract: Various hippocampal oscillations may differently control memory and learning. 
Hippocampal sharp waves (SWs)/ ripples are high-frequency oscillations emitted mainly during 
slow-wave sleep or quiet rest states and play a role in memory consolidation. While it is known 
that SWs are initiated in the CA3 subregion and propagate to the downstream CA1 subregion, we 
observed that they also propagate back to the dentate gyrus. However, neither the role of CA3-
to-DG SW backpropagation nor its propagation mechanism has been fully understood. We 
reasoned that mossy cells mediate the backpropagation, because these neurons receive direct 
synaptic inputs from CA3 neurons and made synaptic connection with granule cells in the 
dentate gyrus. In this study, we simultaneously recorded the membrane potentials from mossy 
cells or granule cells and the local field potentials from the CA3 stratum pyramidale. The 
recorded cells were morphologically confirmed based on post-hoc intracellular biocytin 
labelling. Compared with granule cells, mossy cells more reliably depolarized immediately after 
the generation of SWs. Therefore, mossy cells precisely reflect the activity of SWs from the CA3 



subregion. Our findings shed light on a novel mechanism underlying the SW backpropagation 
will provide a new perspective to memory consolidation. 
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Title: The characterization of hippocampal theta-driving neurons --- a time-delayed mutual 
information approach 

Authors: *S. LI1, J. XU2, G. CHEN2, L. LIN2, D. ZHOU3, D. CAI1 
1New York Univ., New York, NY; 2East China Normal Univ., Shanghai, China; 3Shanghai Jiao 
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Abstract: Interneurons are important for computation in the brain, in particular, in the 
information processing involving the generation of theta oscillations in the hippocampus. Yet the 
functional role of interneurons in the theta generation remains to be elucidated. Here we use 
time-delayed mutual information to investigate information flow related to a special class of 
interneurons --- theta-driving neurons in the hippocampal CA1 region of the mouse --- to 
characterize the interactions between theta-driving neurons and theta oscillations. For freely 
behaving mice, our results show that information flows from the activity of theta-driving neurons 
to the theta wave, and the firing activity of theta-driving neurons shares a substantial amount of 
information with the theta wave regardless of behavioral states. Via realistic simulations of a 
CA1 pyramidal neuron, we further examine to which interneuron type these theta-driving 
neurons belong. We apply time-delayed mutual information to analyze information flow between 



the experimentally recorded theta wave and the computationally obtained membrane potential 
trace induced by each of five candidate interneurons --- the basket cell, the axo-axonic cell, the 
bistratified cell, the oriensalveus/lacunosummoleculare cell, and the cholecystokinin-expressing 
basket cell. Based on the consistency of information flow from the activity of the pyramidal 
neuron to the theta wave, our analysis demonstrates that theta-driving neurons fit the 
characteristics of the cholecystokinin-expressing basket neurons. Our results suggest that it is 
important to take into account the role of cholecystokinin-expressing basket neurons in the 
generation and information processing of theta oscillations. 
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Abstract: It is well documented that synapses play a significant role in transmission of 
information between neurons. However, in the absence of synaptic transmission, neural activity 
has been observed to continue to propagate. Previous experiments conducted in our laboratory 
have shown epileptiform spikes in rodent hippocampi propagate at a consistent speed of 0.1 m/s 
and can take place in the absence of synaptic transmission. Computer simulations and osmolarity 
experiments indicate that electric fields could be responsible for this phenomenon. These data 
suggest that electric fields can activate neighboring neurons (ephaptic coupling), thereby 
generating a self-propagating wave. Here, we test the hypothesis that electric fields are directly 
responsible for the propagation by 1) determining if an applied field with amplitude similar to 
the endogenous fields can trigger a propagating wave and 2) applying an uniform electric field 
can control the speed of propagation. Experiments carried out in longitudinal hippocampal slice 
preparations perfused with 4-aminopyridine (4-AP) showed that a simulated electric field (1-5 
mV/mm) can generate a wave that travels at similar speeds to that of 4-AP activity (~0.1 m/s). 
We also observed that applying a uniform field (1-5 mV/mm) can speed up or slow down 



propagation of the spontaneous activity depending on the polarity. In addition, short-circuiting 
the field resulted in a decrease in propagating speed. These results strongly support the 
hypothesis that ephaptic coupling can be responsible for volume conduction of neural activity 
and point to a novel mechanism of neural activity propagation in the brain. 
Funding Source: NIH 2R01NS060757-05A1 & NIH 5T32 EB004314-18 
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cortex in monkeys revealed by electrical microstimulation 

Authors: *V. NACHER1, T. WOMELSDORF1,2 
1Ctr. for Vision Res., York Univ., Toronto, ON, Canada; 2Dept. of Psychology, Vanderbilt Univ., 
Nashville, TN 

Abstract: The anterior cingulate cortex (ACC) and prefrontal cortex (PFC) functionally co-
activate during the monitoring and shifting of attention. This co-activation is evident in spike-
train correlations, burst-to-LFP synchronization, and inter-areal phase-amplitude coupling. This 
diverse functional connectivity pattern is paralleled by a diverse pattern of anatomical 
connectivity with a large proportion long-range synapses made to inhibitory interneurons. One 
approach to elucidate the possible link between functional and anatomical connectivity is to 
characterize the efficacy and temporal patterning of anatomical connections using electrical 
microstimulation. Here, we set out to map this so-called “effective connectivity” across layers 
between the ACC (areas 32, 24c) and the PFC (areas 9/46d, 46d, 46v) in two awake monkeys 
using electrical microstimulation consisting of single, 2, 4 or 8 biphasic square pulses (200 µs 
duration each, 40-500 µA current amplitude), with an inter-pulse delay of 2 ms. These protocols 
reliably triggered long-range evoked responses in both directions with evoked field amplitudes 
increasing from 1 to 8 pulses and 140 to 500 µA. We found three main results. Firstly, ACC-to-
PFC stimulation resulted in shorter-latency evoked fields than PFC-to-ACC stimulation. This 
asymmetry could indicate differential synaptic connectivity profiles in both directions. Secondly, 
the majority of evoked responses showed a multiphasic pattern with 2-4 points of inflection. This 
indicates resonance or ringing phenomena that could help understanding the underlying 
mechanisms of synaptic integration. Thirdly, amplitudes of the evoked responses varied 



systematically with the laminar location of either recording or stimulation electrode. This layer 
specific amplitude modulation likely relates to the density of synaptic contacts made between 
ACC and PFC circuits. In summary, we characterized the diversity of effective connectivity 
patterns between those two brain areas whose interactions is believed to be critical for goal 
directed behavior. We believe that the effective connectivity maps we report will serve as the 
critical link to bridge the gap between anatomical connections and the possible functional co-
activations that ride on top of them during different functional states. 
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Title: Peak reduction of axonal spikes in the hippocamal mossy fibers during the high frequency 
stimulation 

Authors: *S. OHURA, H. KAMIYA 
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Abstract: Axons are considered as the reliable digital cable which enable the secure propagation 
of neuronal information from the cell body to the nerve terminal. However, axons in the central 
nervous system (CNS) have the “en passant” structures with multiple varicosities, which can be 
the risk factors of conduction block of axonal spikes. In addition, axonal voltage-gated sodium 
channels play critical roles in spike propagation, and thus accumulating inactivation of sodium 
channels might result in the frequency-dependent propagation failure. In this study, we examined 
the reliability of spike propagation and activity-dependent waveform changes in the hippocampal 
mossy fibers at different stimulation frequency. We performed the loose-patch clamp recordings 
from single mossy fiber boutons, which are the exceptionally large presynaptic terminals. In the 
mouse hippocampal slice, large mossy fiber boutons were visually identified under the IR-DIC 
optics. Extracellular stimulation at the granule cell layer of dentate gyrus evoked axonal spikes in 
all-or-none fashion. In response to supra-threshold stimulation at 0.1 Hz, axonal spikes were 
evoked in response to the most of stimuli and propagated without failure during repetitive 
stimuli. In high frequency stimulation experiments, bi-phasic stimuli were used to minimize the 
stimulation failure. Even at 50 or 100 Hz stimuli for 1 s, spike failure was also rarely observed. 
In addition, the peak amplitude of the latter spikes during the high frequency stimulation was 
significantly decreased compared to the first response, in contrast to the digital signal processing 



in the axon. Also, the width of the last axonal spikes during 1 s stimuli at 100 Hz was 
significantly increased compared to the first spike, which reflected the activity-dependent 
broadening of axonal spikes that previous study demonstrated. Mossy fibers reported to be 
expressed the higher density of sodium channels compared to the somatodendritic compartments, 
which might secure the high-fidelity propagation of axonal spikes, even in the structures causing 
impedance mismatch of thin axon shafts and large axon terminals. Furthermore, the small 
reduction of axonal spikes might result from the accumulation of sodium channel inactivation, 
which implied that the abundance of sodium channels was not sufficient to propagate the full-
size action potentials. Both peak reduction and broadening of action potentials in response to the 
repetitive-stimuli might reflect the ability of activity-dependent tuning of axonal spikes in the 
hippocampal mossy fibers. 
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Title: Scale-free correlations in neuronal activity of behaving animals 
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Abstract: It has recently been shown that resting state networks, computed from fluctuations of 
the blood oxygenated level dependent signal, exhibit divergent correlation length (CL): the 
average distance where the correlation of the fluctuations around the mean crosses zero increases 
with the system size (Fraiman & Chialvo, 2012; Haimovici et al, 2013). The existence of a 
divergent CL implies critical phenomena, in which the dynamics at all spatial scales are 
explained, after rescaling, by the same law. Examples range from spins of a magnet (Stanley, 
1987) to bird flocks (Cavagna et al, 2010). In the brain, evidence of critical dynamics, which has 
been shown to provide numerous advantages for information processing, was found mostly in the 
context of neuronal avalanches, spatiotemporal clusters of scale-free activity that propagate in 
cortical layers whose size and duration are well-described by power laws (Beggs & Plenz, 2003). 



On the other hand, CL provides an important alternative to neuronal avalanches to assess the 
dynamical state of neuronal networks, being especially useful in situations where power-law 
distributed activity cascades may be hard to obtain, such as in recordings with low temporal 
resolution, recordings affected by subsampling and/or in the case of non-stationary activity 
increases due to sensory stimulation or motor command execution. Here we investigate this issue 
in two experimental conditions: (a) multi-electrode array recordings (10x10 array, ~400 μm 
between electrodes) in premotor and prefrontal cortex of behaving nonhuman primates and (b) 2-
photon imaging (~500 μm x 500 μm field of view) in primary visual and auditory cortex of 
awake mice during sensory stimulation. Our experimental findings are complemented with 
computer simulations to explore the origins of the divergence in CL. We identify for the first 
time in behaving nonhuman primates and in the awake mouse the presence of scale-free CLs 
during stimuli or motor command processing epochs. Numerical simulations confirm a linear 
relation between network size and the CL that is indeed unique to critical dynamics. In contrast, 
deviations from critical dynamics lead to deviations from this scaling relation. Our results 
demonstrate that scale-free sensory-evoked activity in awake animals is in line with predictions 
from a neural network exhibiting critical dynamics. We therefore conclude that the brain could 
take advantage of optimization principles proposed for information processing in critical systems 
such as optimized stimulus sensitivity, information transmission, computational capability and 
mnemonic repertoires size. 
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Abstract: We examine mathematical and computational models of traveling waves that describe 
the evolution of activity propagation in networks of integrate-and-fire neurons with excitatory 
connections. The network dynamics are heavily influenced by the coupling function, which 
assumes that strength of synaptic connections depend only in the distance between neurons. The 
finite support function assumes that the amount of excitation produced by the spike of one 
neuron is equal to all neuron neighbors within a discrete synaptic footprint. We determine how 



wave velocity depends on the global excitability as well as on other neuron and network 
parameters. We take an analytical approach to compute a delayed differential equation that 
accurately describes the transient activity in the neuronal network, which can ultimately give rise 
to propagation failure or constant-speed wave solutions. We conclude that our analytical 
predictions are in perfect agreement with the numerical simulations. We determine that after the 
wave initialization, done by inducing spiking at a set region, wave speed shows transient large 
amplitude oscillations before converging to a constant speed solution or quiescence, i.e. activity 
propagation and propagation failure, respectively. We are currently examining the mechanism 
that supports stability and the basins of attraction to small perturbations. 
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Abstract: The claustrum is a small subcortical brain region known to be highly connected with 
all areas of the neocortex. Claustrum inputs and outputs are topographically organized, whereby 
spatially segregated claustrum cells receive inputs and send outputs to different cortical regions. 
Despite the wealth of anatomical knowledge regarding the interactions between the claustrum 
and cortex, there is very little information regarding the mechanisms by which claustrum neurons 
influence cortical activity and the strength of inputs to different cell types in the cortex. One 
major reason for this shortcoming arises from the fact that the claustrum is difficult to target 
anatomically or genetically. To target claustrum -> cortical circuits, we used newly developed 
retrograde AAVs (Tervo et al., Neuron 92: 372-82, 2016) to insert ChR2 specifically into 
claustrum neurons projecting to different regions of the cortex. With this technique we optically 
activated claustrum cells projecting to specific cortical regions and assessed the influence on 
different cell types and network activity patterns. These studies will provide a foundation for 
future studies seeking to understand the mechanism and function of claustrum-cortical signaling. 
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Title: Network dynamics of GABAergic neurons 
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Abstract: We analyzed properties of in vitro dissociated cortical cultures and organotypic 
cortical slices in which GABAergic neurons were transgenically labeled with a green fluorescent 
protein (GFP). We stained these neuronal cultures with the membrane permeable calcium dye 
Fura-red, so that we identified GABAergic neurons by green light illumination and 
simultaneously followed calcium transients (ΔF/F0) in GABAergic and non GABAergic neurons 
using a red light. Fluorescence images (512x512 pixels) were acquired with an Electron 
Multiplier CCD camera at acquisition rates ranging from 5 to 50 Hz. We calculated the cross-
correlation index (ρ) of the occurrence of the peaks of calcium transients in a time window of 10 
seconds, and we found that GABAergic neurons had a value of ρ = 0.728 ± 0.006 compared to 
0.591 ± 0.007 in non GABAergic neurons. This difference was statistically significant (p < 0.001 
One-way ANOVA, Tukey post - hoc test). Specifically, calcium transients larger than 30% 
(ΔF/F0) had a higher value of ρ, whereas smaller calcium transient were less correlated (0.619 ± 
0.007 vs 0.298 ± 0.011 for GABAergic neurons; 0.487 ± 0.008 vs 0.233 ± 0.011 for non 
GABAergic neurons). 
After blockage of GABA-A receptors with gabazine, the synchronization of calcium transients 
increased in both populations, maintaining higher values for GABAergic neurons (0.865 ± 0.004 
vs 0.828 ± 0.007). The mean amplitude of ΔF/F0 was similar in GABAergic and non GABAergic 
neurons, whereas the time interval between bursts was significantly lower in the GABAergic 
population (26.07 ± 2.13 seconds vs 34.62 ± 2.62 seconds; p < 0.05). The dynamics of large 
synchronous calcium transients was analyzed when fluorescence images were acquired at 50 Hz, 
in order to determine the relative timing of calcium transients in GABAergic and non 
GABAergic neurons, but no consistent delay was detected at the available temporal resolution of 
20 msec. 
Our results suggest that GABAergic neurons have more synchronized and frequent spontaneous 



activity compared to other neuronal types, and preliminary experiments in organotypic cell 
cultures seem consistent with these conclusions. Additional properties of the GABAergic 
neuronal network will be investigated. 
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Abstract: The local field potential (LFP) infers population dynamics from the local population 
of neurons. Based on LFP measures in vitro, in rodents and non-human primates using multi-
electrode arrays, it has been shown that ongoing neuronal activity in superficial cortical layer 2/3 
organizes as neuronal avalanches characterized by power law scaling. Recently, it was suggested 
that even uncorrelated neuronal activity reveals LFP measures with power law scaling (Touboul 
& Destexhe, 2017). In this latter approach the LFP was simulated from local current sources in a 
2-dimensional network using the monopolar source model. Here, we examined this approach 
both numerically and analytically, and show that such scale-invariance is solely contingent on 
the assumption of a certain spatial dependency, namely the monopole current source. 
Furthermore, we show that such an assumption would have serious unrealistic consequences and 
that it does not compare to real LFP measures. In our simulations, layer 2/3 neurons were 
randomly distributed in 3-dimensions (3D) and their synaptic currents were modeled by 
independent Poisson processes convolved with an alpha-function. An embedded electrode matrix 
allowed the calculation of the LFP as a spatially weighted sum of all synaptic currents. Spatial 
distance r dependencies of potentials including 1/r^alpha, with alpha being a constant were 
explored. We found that in 3D, alpha=1 constitutes a phase transition between two phases of de-
correlated and extremely correlated regimes: for alpha<1, both the LFP amplitude and 
fluctuations are mostly determined by distant neurons, whereas alpha>1 (which includes dipole 
reconstructions) results in de-correlated activity with a finite spatial reach for LFP’s. 
Furthermore, we show that contrary to what was reported by Touboul & Destexhe (2017), for a 
large system it would be impossible to have power law distributed LFP avalanches for alpha=1, 
as each electrode would be almost identical. On the other hand, for alpha<1 or finite size systems 



(with any alpha), we show that it is only possible to have spurious power laws for a fine-tuned 
set of the parameters (depending on the density and the size of the array). Finally, when 
compared to real LFP data from spontaneous cortical activity in nonhuman primates, power law 
distributed avalanches compare with significantly lower pair-wise correlations than those 
suggested from a monopolar source approach. Our results demonstrate the implausibility of 
deriving neuronal avalanches measured in the LFP from the simple integration of uncorrelated 
sources. 
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Title: High-precision fast-spiking basket cell discharge in the complex events of human 
neocortex 
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Abstract: In the human neocortex, solitary spikes in a subset of layer 2-3 pyramidal cells (PCs) 
trigger brief episodes of network activity known as complex events through strong excitatory 
synapses that specifically innervate GABAergic interneurons. Yet, how these layer 2-3 ”master 
PCs” configure the local network activity is not well understood. We report that single spikes in 
the PCs elicit firing of fast-spiking basket cells (FSBCs) with a short delay (average 2.7 ms) and 
high temporal precision with small jitter. The FSBC firing is triggered by >13 mV monosynaptic 
EPSP from single PC. The discharge of FSBCs is observed in the first wave of the complex 
event interneuron activity triggered by the master PCs. The FSBCs generate fast-kinetic 
inhibitory postsynaptic current (IPSCs) in layer 2-3 PCs, and similar IPSCs occur phase-locked 
to the master PC spike in the beginning of the complex events with high probability and 4.3 ms 
average delay with small jitter. In comparison, IPSCs with slow kinetics from non-fast spiking 



interneurons appear more incosistently in the complex events with variable delay and low 
probability. The high-precision discharge of FSBCs characterizes the early phase of the complex 
event interneuron activity in the human neocortex. 

Disclosures:  V. Szegedi: None. G. Molnar: None. M. Paizs: None. E. Csakvari: None. P. 
Barzo: None. G. Tamas: None. K. Lamsa: None. 

Poster 

292. Epilepsy: Synaptic Mechanisms 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 292.01/H7 

Topic: B.05. Transporters 

Support: DFG Grant LO 274/15-1 

Title: Characterization of the inhibitory effects of bumetanide and several other loop diuretics on 
the sodium-potassium-chloride-cotransporter splice variants hNKCC1A and hNKCC1B 

Authors: *P. HAMPEL1,2, K. RÖMERMANN1, N. MACAULAY3, W. LÖSCHER1,2 
1Dept. of Pharmacology, Toxicology and Pharm., Univ. of Vet. Med. Hannover, Hannover, 
Germany; 2Ctr. for Systems Neurosci. Hannover, Hannover, Germany; 3Dept. of Neurosci. and 
Pharmacol., Univ. of Copenhagen, Copenhagen, Denmark 

Abstract: Bumetanide is a loop diuretic that acts via inhibition of NKCC2 in the kidney. The 
NKCC isoform NKCC1, which is also blocked by bumetanide, is of interest in the pathology of 
neurological diseases such as epilepsy or neonatal seizures, which leads to new potential 
therapeutic indications for bumetanide. Epilepsy-associated upregulation of NKCC1 leads to a 
GABA shift from hyperpolarizing to depolarizing. Bumetanide has been proposed to restore 
GABA function in neonates with difficult-to-treat seizures as an add-on therapy to a GABA-
potentiating anti-seizure drug, such as phenobarbital (PB). A European multicentral clinical trial 
by Pressler et al. (2015) examining PB and bumetanide in neonates with PB-resistant seizures, 
however, was stopped early due to low efficacy and ototoxic adverse effects. Vibat et al. (2001) 
described two human splice-variants, hNKCC1A and hNKCC1B, of which NKCC1B is 
predominantly expressed in the brain. Thus, a substance that acts more selectively on hNKCC1B 
than hNKCC1A and penetrates better into the brain tissue than bumetanide is expected to be an 
effective anti-seizure treatment while having reduced peripheral effects. 
Rubidium-86-transport-assays using Xenopus laevis oocytes that expressed either the human 
transporter hNKCC1A or hNKCC1B were performed with several known loop diuretics, hence 
NKCC2-inhibitors, which to our knowledge mostly have not been tested previously towards their 
effects on NKCC1. The examined compounds can roughly be divided into 5-sulfamoylbenzoic 
acid derivatives, the azosemide-like group lacking an acidic group, and a group of non-



sulfonamide derivatives. For negative control, we included the thiazide diuretic xipamide and the 
antidiabetic glybenclamide. 
Bumetanide was used as a reference substance. IC50 values for bumetanide did not show 
significant differences for hNKCC1A and hNKCC1B and ranged from 0.5 to 1.1 µM in-between 
experiments. Similarly, furosemide and torasemide inhibited hNKCC1A and hNKCC1B at about 
the same potencies. In contrast, neither xipamide nor glybenclamide inhibited transport in 
concentrations up to 200 µM. Experiments with various other loop diuretics are under way. 
To our knowledge, we are first to compare the inhibitory potencies of various clinically approved 
loop diuretics towards the two major human splice-variants hNKCC1A and hNKCC1B. Though 
yet none of the tested compounds was selective for hNKCC1B, further experiments with 
chemically more diverse substances will be performed. 
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Title: Spontaneous activity and increase in seizure susceptibility in the γCaMKII KO mice  
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Abstract: Objective: Activity-dependent gene expression is central for sculpting neuronal 
connectivity and neuronal plasticity in the brain. Recently, we identified the γCaMKII as a 
shuttle protein for synapto-nuclear signaling that operates by carrying Ca++/CaM into the nucleus 
to activate CaMKIV, CREB phosphorylation and gene expression in cultured neurons. However, 
the functional importance of this signaling pathway in vivo remains unclear. Knowing that 
CaMKII’s are involved in neurological diseases like epilepsy and autism, we used a γCaMKII 
KO mouse model to investigate 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 (25 mg/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 a modified Racine Scale. Seizure 
latency was determined along with the time spent to reach the first stage (S1) and the first tonic-
clonic seizure (S4). Results: Spontaneous activity was increased in the γCaMKII KO mice 
compared to controls as seen in the mean number of single spikes (p<0.0001), repetitive spikes 
(p<0.0035), and runs of spikes (p<0.07) 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 γCaMKII KO mice compared to controls 
(p<0.0001). Also, γCaMKII KO mice required less time to reach the first stage (S1) (p<0.0001) 
or the first tonic-clonic seizure (S4) (p<0.006). Conclusions: Taken together, our results indicate 
γCaMKII, a little-studied member of the CaMKII family, may play a critical role in maintaining 
normal neuronal activity. Multiple genetic studies have suggested that γCaMKII is a risk gene 
for autism. Importantly, our data show that γCaMKII levels in autistic patients is only ~50% of 
the healthy group. Considering that about 30% ASD patients show epilepsy, our data support the 
idea that γCaMKII and, by extension, the synapto-nuclear signaling it mediates, may be involved 
in both epilepsy and autism. 
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Abstract: The absence seizures are one type of epilepsy which is characterized by a sudden loss 
of consciousness and characteristic spike-wave discharges in the electroencephalogram. Absence 
seizures are due to a decrease in the activity of the γ-aminobutyric acid receptor type A 
(GABAa) in the somatosensory cortex and an increase of the inhibition mediated by GABAa in 
the thalamo-cortical circuit. The aim of this study was to determine the effects of two 
GABAergic agonists gabapentin and gaboxadol in the absence seizures in myelin mutant taiep 
rats. 
We used 9 months old taiep rats which were implanted and fixed to a stereotactic Kopft frame 
there we implanted electrodes in the hippocampus, cerebral cortex, neck muscles and in the right 
orbit of the eye to recorded there. Gabapentin (50, 100 and 400 mg/Kg) and gaboxadol (5, 10 and 
20 mg/Kg) were given intragastrically at 0800 h. We made four 24-hour video-EEG recordings, 
the first one is control, and three additional recordings using an increasing doses scheme every 
72 hours. Off-line we analyzed the frequency and mean duration of each absence seizure and the 
latency of the first crisis. We followed the NIH rules for the care of experimental animals and the 
protocol was approved by BUAP-IACUC with the number COSM-SAL-17-I. 
The mean duration of absence seizures decreased by 2 hours after gabapentin administration 
from to 2.72 ± 0.13s with 100 mg/Kg, 2.94 ± 0.16s with 200 mg/Kg to a maximum reduction to 
2.84 ± 0.12s with 400 mg/Kg, being significant (P<0.05). On the other hand, gaboxadol 
produced a maximum effect during at 7 hours after administration with mean duration from 4.10 
± 0.12s in control conditions to 6.33 ± 0.26s with 10 mg/Kg, 4.90 ± 0.27s with 20 mg/Kg being 
significant between all doses respect to control (P<0.05). Importantly, frequency and the latency 
for the first absence seizure did not change under both treatments. 
The decrease in duration of absence seizures due to gabapentin and the increase induce by 
gaboxadol strongly suggest that different types of GABAa receptors participate in the 
modulation of thalamo-cortical circuit because gabapentin act preferentially in extrasynaptic sites 
and gaboxadol in the postsynaptic ones. 
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Abstract: Post-traumatic epilepsy (PTE) accounts for 20% of symptomatic epilepsy cases and 
5% of all epilepsy cases. The mechanisms underlying how traumatic brain injury (TBI) leads to 
PTE remain unknown, which has limited the development of interventions for preventing or 
curing epilepsy after injury. The cortex is typically the most affected brain area at the onset of a 
TBI, but the thalamus is also an important site of dysfunction after injury because of its 
reciprocal connections with the cortex. One of the prominent characteristics of the thalamus is its 
ability to produce reverberating bursting activity, which is important for sensory processing, 
attention, and the maintenance of sleep. Abnormal thalamic bursting is associated with cognitive 
dysfunction after TBI and is also pathological in some types of epilepsies. However, it remains 
unknown whether cortical TBI can alter thalamic function, and whether these alterations may be 
involved in the development of PTE. Furthermore, there is currently no cure for PTE. Here we 
use electrophysiological approaches to identify how cortical TBI may lead to hyperexcitability 
and aberrant synaptic plasticity in the thalamus, and to test whether the thalamus could be a 
potential therapeutic target for preventing or curing PTE. We hypothesized that TBI causes a 
shift in the brain’s excitation/inhibition balance by altering the excitability of thalamic neurons 
and rewiring connections in the intra-thalamic circuit. We used the controlled cortical impact 
PTE model in mice and performed electrophysiological recordings in brain slices and in vivo to 
determine if TBI in the somatosensory cortex leads to altered function of thalamic cells. Using 
whole-cell patch-clamp recordings in thalamic slices, we showed that cortical TBI reduces the 
intrinsic excitability of inhibitory neurons and enhances the intrinsic excitability of excitatory 
relay thalamocortical neurons, but that glutamatergic and phasic GABAergic synaptic function 
are unaltered in the thalamus. Using EEG/video and thalamic depth recordings during free 
behavior, we showed that post-traumatic seizures are characterized by robust high-frequency 
bursts in the somatosensory thalamus. Our study shows that TBI alters the inhibitory/excitatory 
balance in the thalamus, mainly through changes in intrinsic membrane properties of thalamic 
cells, and that the thalamus is involved in PTE seizure expression. These results reveal how 
neural circuits adapt after TBI and may provide new therapeutic strategies for enhancing 
functional recovery while preventing seizures and/or epileptogenesis after injury. 
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Abstract: Seizures affect almost 3 million peoples in US and cause cognitive and other clinical 
comorbidities and in two thirds of patients, the causes are not known (possible genetic origins, 
idiopathic generalized epilepsy). Particularly epileptic activity onset is mostly present during 
sleep-wake transition or quiet wake period, suggesting that slow-wave oscillations during sleep 
period may have important roles on seizure onset/initiation. Here we used an idiopathic 
generalized epilepsy mouse model with GABAR A322D mutation to examine the homeostatic 
potentiation of both spontaneous excitatory and inhibitory synaptic currents in layer V pyramidal 
neurons of somatosensory cortex, with whole-cell recordings in ex vivo brain slice preparation. 
Spontaneous(s) EPSCs were recorded at Cl- reversal potentials, and spontaneous(s) IPSCs 
recorded at -60mV with AMPARs being blocked. After 10 minutes slow-wave oscillation 
induction, sEPSCs or sIPSCs at 25~30 min were measured and averaged for 5 min recordings, in 
comparison to sEPSCs or sIPSCs before slow-wave oscillation induction. We found that 0.5 Hz 
cosine slow-wave oscillation (10 min) could potentiate sEPSCs (from -9.9 ± 0.81 to -14.4 ± 0.76 
pA, n=7, percentage increase 47.8 ± 6.46%, pair t-test p=0.001) and sIPSCs (from -19.9 ± 2.29 to 
-32.9 ± 3.46 pA, n=9; percentage increase 70.6 ± 15.96%, paired t-test p=0.002) in WT 
littermates, suggesting that the dynamic balance of potentiated synaptic E-I in pyramidal neurons 
induced by slow-wave oscillation is maintained. In heterozygous mice with A322D mutation, 
slow-wave oscillation still potentiated sEPSCs (from -19.58 ± 5.81 to -23.16 ± 4.05 pA, n=4, 
percentage increase 32.36 ± 16.50%, not significant different from WT increase, t-test p=0.433). 
However, slow-wave oscillation could not potentiate sIPSCs (from -17.09 ± 2.54 to -18.86 ± 
3.24 pA, n=6, percentage increase 9.40 ± 6.70%, significant from WT sIPSCs increase, t-test 
0.005), suggesting that the dynamic balance of potentiated synaptic E-I in pyramidal neurons 
might be impaired in het mice. In conclusion, slow-wave oscillation during sleep or quiet wake 
period could create the dynamic imbalance between potentiated sEPSCs and sIPSCs in het mice, 
which would exacerbate the synaptic E-I imbalance in layer V cortical pyramidal neurons and 



very likely initiate seizures in this idiopathic generalized seizures model during sleep-wake 
transition or quiet wake period. 
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Abstract: Enaminones are a novel class of compounds with reported anticonvulsant activity. 
Enhydrazinones are similar to enaminones but have a hydrazino moiety (NHNH) joined to a keto 
group through a carbon-carbon double bond. We tested if this chemical modification also yielded 
compounds with synaptic depressant and anticonvulsant activity. 350 μM thick coronal slices of 
the forebrain containing the hippocampus were generated from male Sprague-Dawley rats. 
Evoked, population spikes (PS) were recorded in the cell body layer of area CA1 of the 
hippocampus using bipolar electrodes to activate Schaeffer collateral/commissural fibers. In vitro 
seizures were generated either chemically or electrically. The effects of 3 enhydrazinones were 
tested on the PS and seizure models. All the tested enhydrazinones, EMP6, EMP8 and EMP10 
caused dose-dependent reduction in PS amplitude with estimated EC50 values of 1.7, 0.83 and 
6.62 μM respectively. 1 μM EMP8 consistently depressed the PS by -23.3 ± 2.3% (n=6). This 
effect was blocked by 50 μM bicuculline (-8.2 ± 2.2%, n=4) and by 1 μM CGP54626 (-2.4 ± 
9.3%, n=5). When in vitro seizure-like activity was induced by removing Mg2+ from the 
perfusion solution, (zero Mg2+ model) the slice developed multiple spikes(mPS) (1 vs 3.3± 0.3). 
Subsequent treatment with 1 μM EMP8, reduced the spike number to 2.0± 0.3 (36.3 ± 2.7% 
reduction, n=10). A similar result was observed when picrotoxin was used to generate mPS (3.2 
± 0.6 in picrotoxin alone vs 2.2± 0.6 in EMP8, n=7). The effect of EMP8 on zero-Mg2+-induced 
mPS was blocked by 1 μM CGP54626 (3.3 ± .4 in CGP vs 2.7± 0.4 in CGP+EMP8; n=4). EMP8 
(1 μM) also inhibited spontaneous bursting (SB) induced by zero-Mg2+ (8.3 ± 2.5 vs 0.3 ± 0.4, 
n=3), nearly 100% abolition. This effect EMP8 on SB frequency was blocked by CGP54626 (3.4 
± 1.5 vs 3.0 ± 0.5; n=4). Finally, SB induced by high frequency afferent stimulation (stimulus 
train induced bursts-STIBs) were also suppressed by EMP8 (9.0 ± 0.9/min vs 2.8 ± 0.9/min, n=4) 



yielding an average of 67.3 ± 9.9% depression. Taken together, our data indicate that 
enhydrazinones, like enaminones, suppress PS and chemically- and electrically-induced seizure-
like activity in the rat hippocampus via a GABAergic mechanism. 
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Abstract: The 5-HT2C receptor (5-HT2CR) is thought to be involved in neuronal excitability and 
seizure generation. 5-HT2CR knockout mice display spontaneous generalized convulsive seizures 
which cause a high mortality rate and a reduced threshold for various convulsant stimuli. 
Conversely, 5-HT2CR activation increased the threshold of generalized convulsive seizures 
induced by pentylenetetrazole and electroshock in mice. Here we show the 5-HT2CR also 
negatively controls non-convulsive generalized seizures, in the polygenic animal model of 
absence epilepsy, the Genetic Absence Epilepsy Rat from Strasbourg. RO60-0175, lorcaserin 
and CP809101 were capable of blocking absence seizures. Interestingly, as expected, SB242084 
blocked the effect of lorcaserin and CP809101, but also showed some anti-absence effects. One 
possible mechanism by which 5-HT2CR activation exerts antiepileptic effects is via the 
normalization of the aberrant GABAA receptor tonic inhibition in the ventrobasal thalamus seen 
in different animal models of absence epilepsy. The 5-HT2CR system seems devoid of any 
modulatory role in partial seizures, or paradoxically, have a pro-epileptic role in this type of 
epilepsy. Indeed, we observed that mCPP and lorcaserin, but not RO60-0175, were able to halt 
hippocampal afterdischarges in a rat model of temporal lobe epilepsy, an effect potentiated and 
insensitive to SB242084 pretreatment. We confirmed this evidence in the pilocarpine-model of 
status epilepticus in rats, where the RO60-0175 was devoid of any anti-seizures effect, while 
SB242084 increased the antiepileptic activity of cannabinoids agonists. In summary, 5-HT2CR 
agonists may have new therapeutic utility in generalized epilepsy. Moreover, activation of the 5-



HT2CR may also be useful for treating comorbid neuropsychiatric disorders commonly seen in 
people with epilepsy. 
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Abstract: Unverricht-Lundborg disease (ULD) is the most common form of Progressive 
Myoclonic Epilepsy (PME); a highly heterogeneous group of rare neurological disorders 
characterised by action myoclonus, tonic-clonic seizures and ataxia, with largely preserved 
cognition. The genetic causes of ULD are diverse, occurring in genes of apparently unrelated 
function with no direct effects on neuronal excitability. Recently, however, a de novo, dominant 
negative mutation in KCNC1 has been identified as a novel cause of ULD-like PME. KCNC1 
encodes Kv3.1, a member of the Kv3 family of voltage-gated potassium channels, which 
contribute to the rapid repolarisation of action potentials and high frequency firing. Kv3.1 
channels are highly expressed in fast-spiking, parvalbumin-positive interneurons, leading some 
to suggest that KCNC1-based PME represents a selective dysfunction of these cell types. Here 
we combine optogenetic and classical electrophysiological approaches with the Cre-lox genetic 
system to determine how the c.959G>A mutation in KCNC1 alters the activity of fast spiking 
parvalbumin interneurons. Our method allows for the presynaptic effects of this mutation to be 
isolated and restricted to specific excitatory or inhibitory cell types and we will focus initially, on 
how overexpression of mutant Kv3.1 channels alters the intrinsic properties of different types of 
neuron. 
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Abstract: Different odors activate specific, distributed and overlapping ensembles of ~10% of 
principal cells in piriform cortex (PCx). These cells are also interconnected via long-range 
recurrent collateral connections. The formation of odor memories is thought to result by selective 
strengthening of recurrent synaptic connections between repeatedly co-active neurons. We 
sought to examine this process by directly activating random subsets of PCx neurons. To do this, 
we first used viral vectors to express channelrhodopsin-2 (ChR2) in random subsets of ~10% of 
PCx principal cells and then repeatedly co-activated these ensembles directly. We stimulated 
these cells several times per day with brief light trains delivered via an optical fiber implanted 
above PCx (20 Hz trains for 5 s. 6x/day). Optical stimulation initially had little effect, with 
animals pausing briefly during the light train. However, within 4 days, the same stimulation 
reliably triggered a cascade of activity that culminated in massive, stage 6 running-jumping 
seizures. Continuous local field potential (LFPs) recordings revealed that cortical activity 
becomes increasingly entrained to the 20 Hz light trains over this time, and suggest this is 
required for seizures to manifest; 1, 2 or 3 s.-long light trains never produced seizures in kindled 
mice. 
To reveal the neural circuit consequences of this process, which we call “optokindling”, we 
isolated acute brain slices from injected mice and used whole-cell patch-clamp recordings to 
examine changes in synaptic connectivity. We found a large change in the balance of recurrent 
excitation/feedback inhibition in kindled mice. However, surprisingly, this was not due to robust 
increases in recurrent excitation, but rather, was due to a large decrease in feedback inhibition. 
These changes were synapse-specific, as both afferent excitatory inputs from olfactory bulb and 
the feedforward inhibitory inputs they recruit were unaffected. Consistent with this result, we 
found a dramatic decrease in GABA expression in PCx inhibitory interneurons in kindled 



mice.Next, we examined the role of endogenous and exogenous cannabinoids in seizure 
expression. Low systemic doses of the CB1 agonist, Win55,255, completely suppressed light-
evoked seizures in kindled mice. By contrast, low doses of the CB1 antagonist, AM251, 
exacerbated seizures that often killed the mice (4/7 mice, vs. 2/58 control mice). In slice 
experiments, we reveal a CB1-dependent DSE PCx that could support this on-demand 
neuroprotective effect. 
Optokindling can therefore be used to probe the consequences of pathological activity in a 
recurrent cortical circuit. 
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Abstract: Epilepsy is a neurological disorder that affects the world population and presents a 
prevalence of 2 to 5%. Animal models are a key tool for the study of the basic mechanisms of 
crisis generation and the Pilocarpine-induced Temporal Lobe Epilepsy (ELT) model simulates 
the main features of this pathology. In this model the presence of high frequency activity (250 to 
600Hz) denominated Fast Ripples (FRs) has been observed, as well as in ELT patients. FRs 
reflect the activity of a group of pathologically interconnected neurons that play an important 
role in epileptogenesis of the hippocampus. Likewise, there is experimental evidence of the 
participation of the communicating unions (UC) in epilepsy. Until now they have related to the 
modulation of gap junctions but has not worked with measuring equipment in real time without 
the intervention of human labor, as well as the administration of drugs without human 
intervention so the registration and administration can be performed without interruption, which 
allows us to analyze the data obtained with an algorithm which does not throw errors by the 
manipulation periods and gives us periods of time without real analysis or with errors of 
detection of activity. In this work we will analyze the effect of carbenoxolone on the 
hippocampus of spontaneous recurrent seizures induced by pilocarpine in order to determine the 
possible modulation of FRs by electrical synapses by a system without errors and in real time. 



Until now we have a 80% diminution of epileptiform activity in the hippocampus in only two 
wistar rats. 
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Abstract: Prolonged seizures enhance AMPAR-mediated neurotransmission and increase 
surface membrane trafficking of GluA1 subunits. Whether this GluA1 subunit plasticity 
contributes to sustaining prolonged seizures is not known. 
Adult mice lacking GluA1 subunit of AMPA receptors (GluA1-/-, KO) or GluA1 subunit-
expressing littermates (GluA1+/+, WT) were used. Electrical pulse trains (50 Hz, 0.1sec, 50-200 
uA, 10 sec duration were delivered to the left hippocampus to determine afterdischarge threshold 
(ADT). Animals received pulse trains (2X ADT) every 15 sec (5 sec off period) for 30 or 60 min. 
Animals were monitored by continuous video-EEG for 24 hr. Seizure spread was determined in 
terms of expression of Fos protein using standard immunohistochemical techniques. 
ADT in the KO mice was similar to WT mice (130 ± 12 υA). The electrically-evoked seizure 
lasted for 10-15 sec in both the strains of mice. Hippocampal stimulation for 30 min caused self-
sustaining seizures in 64% of WT mice (n=12), but not in the KO mice (n=7, p<0.05, Chi-square 
test). Stimulation for 60 min triggered self-sustaining seizures in 77% of WT mice, n=13) as 
compared to 50% of KO mice (n=11, p<0.05). Although 50% of the KO animals experienced 
prolonged seizures, the total seizure duration in these animals was shorter than that in the WT 
mice (91 ± 14 min vs 342 ± 64 min, p<0.05). 
Seizure spread to extrahippocampal areas could sustain prolonged seizures. In the WT animals 
intense Fos immunoreactivity (IR) was present in the DGCs, CA3 and CA1 pyramidal neurons, 
neurons in the subiculum, entorhinal cortex, lateral septum, cingulate and motor cortex, and 



olfactory bulbs and olfactory cortex. In contrast, Fos IR was primarily restricted to the 
hippocampi in the KO mice. The number of Fos-positive neurons was also reduced in CA1 and 
subiculum. 
WT animals in self-sustaining seizures evoked by continuous hippocampal stimulation for 60 
min were treated with calcium-permeable AMPAR blocker IEM 1460 or saline. The seizures 
lasted for 206 ± 15 min (n=17) in saline-treated animals. In contrast, seizures terminated after 
106 ± 21 min (n=5) in the mice treated with IEM 1460 30 min after the end of stimulation. 
Treatment of IEM 1460 at 15 min following stimulation led to a further shortening of seizure 
duration (51 ± 21 min, n=9, p<0.05). 
In KO mice seizure were less likely to become self-sustaining (status epilepticus). When self-
sustaining seizure were initiated in KO mice they were of shorter duration with limited spread. 
These studies combined with drug treatment study suggested a critical role for GluA1 plasticity 
in sustaining prolonged seizures. 
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Title: Potentiation of AMPA receptor-mediated synaptic transmission in hippocampal CA1 
pyramidal activated by a single seizure 

Authors: *H. SUN, J. WILLIAMSON, J. KAPUR 
Neurol., Univ. of Virginia, Charlottesville, VA 

Abstract: Rationale: Seizures consist of sustained repetitive firing of a group of neurons. 
Seizures can enhance susceptibility to further seizures but the mechanisms remain uncertain. We 
tested whether single seizure potentiates AMPA receptor (AMPAR) mediated synaptic 
transmission on seizure-activated CA1 pyramidal neurons. 
Methods: Transgenic mice that express EGFP under the control of tetracycline repressor and 
early immediate gene, cfos (Mayford) were maintained on high doxycycline diet until 48 hours 
prior to a single seizure, induced by pentyleneterazol (40 mg/kg, i.p.). Hippocampal slices 
appropriate for patch clamp electrophysiology were prepared 30 minutes after the seizure. 



Whole-cell patch clamp recordings of AMPAR-mediated EPSCs, passive and active membrane 
properties were made from GFP+ve and neighboring GFP-ve cells in the same slice. 
Results: A small number of GFP+veCA1 pyramidal neurons dispersed among GFP-ve neurons 
were visualized from hippocampal slices under fluorescent/DIC microscope. Passive membrane 
properties (resting membrane potential, membrane time constant and membrane resistance) of 
GFP +ve and neighboring GFP-ve were similar (16 pairs, from 16 animals). Although action 
potential threshold, amplitude, and width were similar, 11/20 GFP +ve cells fired >1 action 
potential in response to depolarizing current steps, only 3/20 GFP –ve (p <0.05 c2 test)did so. 
Miniature EPSCS were recorded after blocking GABA-A receptors (picrotoxin) and action 
potentials (TTX) under voltage clamp. The amplitude of mEPSCs from GFP +ve neurons (19.37 
mV +/- 1.88, mean +/- SD) was larger than that recorded from neighboring GFP –ve neurons 
(16.85 mV +/- 2.12) from the same slice and animal (P = 0.0002, paired t-test for 15 pairs). To 
investigate whether AMPAR properties were altered during seizure-induced enhancement of 
transmission, we investigated rectification of evoked EPSCs. There was inward rectification of 
eEPSCs recorded from GFP+ve neurons, which was not observed in GFP-ve neurons. 
Morphological study of the neurons performed by 3D reconstruction of biocytin filled neurons is 
in progress. 
Significance: These studies suggest that a single seizure potentiates AMPAR-mediated 
transmission in a small number of CA1 neurons, identifiable by the activation of cfos gene. 
Seizures cause calcium entry into neurons, which entry could also trigger potentiation of 
glutamatergic transmission, through insertion of GluA1 subunit into glutamatergic synapse and 
activation of cfos gene. 
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Title: Functional analysis of GABAergic gene variants in genetic generalised epilepsy 



Authors: *S. CHUNG1, K. V. EVERETT2, E. DUDLEY1, C. A. HUNT1, R. H. THOMAS3, J. 
S. DAVIES1, A. HIGGINS1, W. O. PICKRELL1, J. G. L. MULLINS1, A. V. DERRICK1, S. T. 
BELLOWS4, P. S. BERGIN5, R. J. HARVEY6, I. E. SCHEFFER4, S. F. BERKOVIC4, M. I. 
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1Swansea Univ., Swansea, United Kingdom; 2St George's Univ. of London, London, United 
Kingdom; 3Cardiff Univ., Cardiff, United Kingdom; 4Univ. of Melbourne, Melbourne, Australia; 
5Auckland District HealthBoard, Auckland, New Zealand; 6Univ. Col. London, London, United 
Kingdom 

Abstract: The link between inhibitory GABAergic neurotransmission and genetic generalized 
epilepsy (GGE) is a well-supported paradigm generated from molecular genetics of GABA 
receptor subunits, transgenic model systems, pharmacology, neuropathology, and 
electrophysiology. The focus on postsynaptic GABA channelopathies has historically attracted 
much attention, however, the research focus is evolving towards a proteomic synaptopathy 
approach. Consequently, we investigated the genetic variation within GABAergic transporters 
(GAT1 & GAT3) and biosynthetic proteins (GAD65 & GAD67) in 708 GGE cases from 
Australia, UK and New Zealand using a combination of light-scanner heteroduplex screening 
and direct Sanger sequencing. Eighteen novel or rare GABAergic variants were discovered in 34 
GGE cases with a strong preference for absence seizure syndromes. All 18 GABAergic missense 
variants had deleterious outcomes in mutation-prediction software and protein-structure 
molecular modelling. Wild-type and mutation expression-constructs were prepared for all 18 
GABAergic gene-variants in addition to a further 7 published de novo GAT1 mutations linked to 
myotonic-atonic seizures but without functional validation. GAT1 and GAT3 variants were 
analysed using various in vitro functional assays including a bespoke GABA-activity assay based 
on isotopically-labelled GABA with Mass Spectrometry, essential splice-site assays and cell-
surface trafficking status. Reduced GABA activity was observed for the majority of GAT1 and 
GAT3 gene-variants. GAD65 and GAD67 mutation constructs were tested in a highly-sensitive 
florescence-based GAD enzymatic assay using a resazurin-linked GABase microplate format. 
This revealed altered GAD activity and reduced binding properties to co-factor, pyridoxal 5′-
phosphate (PLP). This study confirms the association between GABA transport / biosynthesis 
and absence seizures in GGE syndromes, which is supported by extensive in vitro evidence with 
important patient-specific outcomes. 
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Title: Short-term depression of sprouted mossy fiber synapses from adult-born granule cells 
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Abstract: Epileptic seizures potently modulate hippocampal adult neurogenesis, and adult-born 
dentate granule cells contribute to the pathologic retrograde sprouting of mossy fiber axons, both 
hallmarks of temporal lobe epilepsy. The characteristics of these sprouted synapses, however, 
have been largely unexplored, and the specific contribution of adult-born granule cells to 
functional mossy fiber sprouting is entirely unknown. To overcome previous technical 
limitations, we use DcxCreERT2 transgenic mice to permanently pulse-label and optogenetically 
activate neurons born either before or after pilocarpine-induced status epilepticus (SE). We 
demonstrate that adult-born granule cells born prior to SE form functional recurrent 
monosynaptic excitatory connections with other granule cells by two months following SE. 
Surprisingly, although healthy mossy fiber synapses in CA3 are well characterized "detonator" 
synapses that potently drive post-synaptic cell firing through their profound frequency-dependent 
facilitation, sprouted mossy fiber synapses from adult-born cells exhibited profound frequency-
dependent depression, despite possessing some of the morphological hallmarks of mossy fiber 
terminals. Neonatally-born, mature granule cells also contributed to functional mossy fiber 
sprouting, but exhibited less synaptic depression. Interestingly, granule cells born shortly after 
SE did not form functional excitatory synapses, despite robust sprouting. Considering that adult-
born granule cells are the most likely to sprout recurrent mossy fiber axons, our results suggest 
that although they form recurrent excitatory circuits with some of the morphological 
characteristics of typical mossy fiber terminals, the functional characteristics of these sprouted 



synapses would limit the contribution of adult-born granule cells to hyperexcitability in the 
epileptic hippocampus. 
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Abstract: Epilepsy is one of the most common neurological disorders. At the cellular level, 
epileptic seizures are caused by abnormal, excessive or synchronous neuronal electrical activity 
in the brain. However, the exact mechanisms of epilepsy remain largely unknown. Neuroligin 2 
is a postsynaptic cell adhesion protein, which is exclusively located at inhibitory synapses and 
serves a role in regulating the balance between brain excitation and inhibition. Importantly, the 
imbalance between excitation and inhibition tends to cause the disruption of neuronal activities, 
which may lead to epileptic seizures. By using electroencephalogram and electrophysiological 
recordings, we found that mice lacking Neuroligin 2 display abnormal seizure-like brain 
activities and an impaired inhibitory neuronal function in an epilepsy-related thalamic circuitry. 
Importantly, the abnormal brain activity can be rescued by the administration of a drug directed 
at enhancing the inhibitory synaptic transmission. These results suggest that Neuroligin 2 
regulates normal brain function through modulating inhibition. Our findings provide crucial 
insight into the mechanisms underlying epilepsy generation and to facilitate the understanding 
and treatment of related brain disorders. 
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Title: Effects of BDNF and trk receptors on models of seizure activity in hippocampal slices 
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Abstract: It has been shown that brain-derived neurotrophic factor (BDNF) acting at trkB 
receptors may promote seizure activity in hippocampus under some conditions. Interestingly, 
few studies have examined the effects of BDNF and trk in models of seizures in hippocampal 
slices of control animals, where many investigators have examined effects of antiseizure drugs in 
the past. Therefore we used hippocampal slices from naïve rats and mice to test the effects of trk 
antagonism on seizure-like activity produced in three ways that have been commonly used in the 
past: reduced [Mg2+]o, elevated [K+]o, or disinhibition. Hippocampal slices from adult male 
Sprague-Dawley rats or C57BL6 mice were prepared with standard procedures. In brief, 400 
µm-thick horizontal slices were cut in artificial cerebrospinal fluid (ACSF) containing sucrose 
substituted for NaCl and immediately placed in an interface-style recording chamber at 32oC. 
After 30 min a NaCl-based ACSF was used containing (in mM: 126 NaCl, 3.5 KCl, 2 mM 
MgSO4, 1.25 NaH2PO4, 2.4 CaCl2, 26 NaHCO3, 10 d-glucose; pH 7.3-7.4). Recording electrodes 
containing this ACSF were positioned in area CA3. Three methods were used to induce seizure-
like activity: 1) [Mg2+]o was decreased (to nominally 0 mM), 2) [K+]o was elevated (to 7.5 mM), 
or 3) GABAA receptors were blocked with 10 µM bicuculline methiodide. The types of 
epileptiform activity that were measured were 1) epileptiform bursts (each burst composed of a 
cluster of population spikes, >50 ms duration, recurring at 0.1-0.25 Hz) and 2) spontaneous 
episodes of spreading depolarization (SD). SD was characterized by a >10 mV DC negative shift 
that lasted >5 min. The trk antagonist K252a (500 nM) reduced SD in all three seizure models 
but there was no detectable effect on epileptiform bursts (n=2 animals per seizure model where 
2-3 slices were sampled per animal). Vehicle (DMSO) had no detectable effect. If SD is 
considered analogous to a seizure, and epileptiform bursts in area CA3 are considered analogous 
to interictal spikes, the data would suggest that trk is involved in seizures but possibly not 
interictal spikes. Collectively, our findings suggest that trk antagonism could be an effective way 



to inhibit seizures that involve area CA3. The data may also be relevant to migraine, because SD 
is often considered to contribute mechanistically. 
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Abstract: Epilepsy, characterized by unprovoked recurrent seizures, is linked to behavioral 
changes such as loss of memory, difficulty learning, and decreased cognition in the postictal 
period. Status epilepticus (SE), or an uninterrupted seizure of extended length has been seen to 
not only increase the risk for the development of epilepsy later in life, but also has been linked to 
changes in structural morphology in the neuronal network. After the occurrence of SE, dendrites 
undergo a morphological change which reduces the number of dendritic spines as well as the 
dendritic branching (Swann et al, 2000). In addition to changes in dendritic morphology, 
previous studies have shown that there is a significant change in the morphology and 
accumulation of microglia in the hippocampus after an episode of SE (Schartz et al, 2016). 
Although the post-SE anatomical changes in the hippocampus have been demonstrated in CA1 
neurons up to 35 days after the event, the physiological changes that are predicted to accompany 
these changes have not been measured. In this study, we investigate the changes in hippocampal 
CA1 network responses using local field potential (LFP) recordings in slice to measure the 
synaptic efficacy at different time points following an induced episode of SE as well as induction 
of long term potentiation (LTP) to measure the synaptic plasticity retained. Preliminary results 
suggest that synaptic efficacy is diminished at and beyond 14 days post induced SE. 
Furthermore, we hypothesize that the plasticity of the remaining synapses is not affected at these 
time points. Understanding these properties in relation to microglial-mediated changes in 
synaptic density after a prolonged seizure will help with the understanding of the behavioral side 
effects that are commonly associated with epilepsy and provide information for modulation of 
neuronal mechanisms to reduce or prevent the accumulation of these effects. 
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Title: Contrasting properties of active and inactive hippocampal dentate granule cells 

Authors: *S. A. PARK1, F.-C. HSU1, H. TAKANO1, I. PETROF1, D. A. COULTER1,2,3 
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Abstract: The hippocampus is a critical mediator of spatial learning and navigation. The dentate 
gyrus contributes to this function through its sparse activation properties, which aids in 
distinguishing between similar cortical inputs (pattern separation). Using 2-photon imaging in 
awake, behaving animals navigating a virtual environment, we found that a smaller number of 
dentate granule cells (DGCs) activate at lower frequencies than neighboring CA1 pyramidal 
neurons. We explored the intrinsic and local circuit mechanisms mediating this characteristic 
sparse DGC activation. We used fos-TRAP (targeted recombination in active populations) 
transgenic mice, crossed to a tdTomato reporter mouse to label active DGCs in vivo following 
exposure of mice to an enriched environment and 4-hydroxytamoxifen injection, and then 
recorded from hippocampal slices prepared from these same mice. In fosTRAP mice, in active 
neurons, the fos promoter drives expression of CreERT, which, in the presence of tamoxifen, 
drives tdTomato reporter expression. As expected, fosTRAP labeled DGCs were sparse: on 
average, 7.2 cells were labeled with tdTomato per dentate blade in a given slice. To understand 
the intrinsic and synaptic properties that differentiate active (tdTomato+) from inactive 
(unlabeled) DGCs, we used whole-cell patch-clamp to record intrinsic properties as well as 
synaptic potentials elicited by perforant path stimulation. Active DGCs had a larger IPSC 
amplitude, shorter IPSC time-to-peak, and a longer EPSC time-to-peak compared to neighboring 
inactive DGCs. These data, where larger, faster IPSCs associate with active DGCs, are 
counterintuitive. We further tested whether intrinsic neuronal properties might contribute to 
differential activation, and found that active DGCs had a lower input resistance, and a higher 
action potential threshold, both also inconsistent with elevated excitability. These results suggest 
that DGCs activate in vivo primarily due to a difference in the afferent input, and not to local 
circuit processing. Continued investigation of the synaptic connections and microcircuit 
properties may further clarify how active and inactive DGCs process their synaptic inputs to 
generate their characteristic behavior. 



Disclosures:  S.A. Park: None. F. Hsu: None. H. Takano: None. I. Petrof: None. D.A. 
Coulter: None. 

Poster 

292. Epilepsy: Synaptic Mechanisms 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 292.19/J3 

Topic: B.11. Epilepsy 

Support: MRC project grant (MR/J013250/1) 

 Wellcome Trust / EPSRC 

 Newcastle Univeersity PhD Studentship 
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Abstract: Bathing brain slices in 0 Mg2+ artificial cerebro-spinal fluid (ACSF) induces an 
evolving pattern of epileptiform activity, including short interictal bursts of activity, and 
sustained discharges that replicate many features of tonic-clonic seizures in vivo. The most 
important, initial effect of removing Mg2+ ions is considered to be the removal of the voltage-
dependent blockade of NMDA receptors, thereby greatly enhancing the excitatory synaptic 
effects mediated by glutamate. This though occurs rapidly, and the evolving epileptiform activity 
continues over a time course of many minutes and even hours. The epileptiform discharges 
therefore, cannot be ascribed simply to the NMDA effect, but rather, will involve dynamic 
reorganisation of the network. Changes in synaptic strength are likely to contribute to this 
process. We asked therefore whether the key network transitions seen in these preparations were 
associated with changes in synaptic function. We used an optogenetic approach to selectively 
stimulate three different subclasses of neurons (pyramidal cells, and two classes of interneurons: 
parvalbumin-positive (PV+) and somatostatin-positive (SOM+) that selectively expressed 
Channelrhodopsin, while monitoring the postsynaptic effect. 
Brief optogenetic activation was achieved by 50ms flashes, delivered at 0.1Hz, close to the 
recording location through an optic fibre connected to an LED. The postsynaptic effects of 



pyramidal activation was monitored using extracellular electrodes located in layers 1 and 5. 
Interneuronal activation was monitored by whole cell patch clamp recordings of pyramidal cells. 
We found clear changes in all three synaptic pathways associated with the evolving activity, and 
acutely with local seizure activity. Interestingly, regular “open-loop” optogenetic stimulation of 
the pyramidal cells appears to alter the time course of epileptic evolution in this simple model, 
consistent with other recent studies of open loop electrical stimulation in animal epilepsy models. 
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Abstract: A post-natal decrease in intraneuronal Cl- concentration [Cl-]i dependent on the Cl--
extruding KCC2 cotransporter establishes fast synaptic GABA inhibition. Inhibitory 
phosphorylation of KCC2 at two threonines (Thr906 and Thr1007), a powerful switch of KCC2 
activity, decreases in parallel with an increase in KCC2 activity and the lowering of neuronal [Cl-

]i, but the significance of this in vivo is unknown. Here, using unbiased LC-MS/MS phospho-
proteomics, we demonstrate that KCC2 exhibits precise developmental regulation at only several 
phosphorylation sites, and most significantly at Thr906. We engineered mice to express two 
KCC2 alleles with the missense mutations Glu906 and Glu1007 “(KCC2e/e)” to mimic constitutive 
phosphorylation at these sites. KCC2e/e mice showed body weight reduction but exhibited normal 
gross and histological organogenesis and the characteristic developmental up-regulation of 
KCC2 protein. However, all KCC2e/e mice exhibited status epilepticus provoked by mild 
physiological stimulation such as brushing and tail pinch, and died within the first post-natal day. 
KCC2e/e mice showed spontaneous seizure and the frequency of seizure gradually increased 
before death. Patch-clamp measurements of E18.5 ventral spinal cord neurons in WT and 
KCC2e/e mice demonstrated that the resting Cl- level was not changed in KCC2e/e mice but Cl- 
extrusion capacity was significantly impaired after Cl- loading. In contrast to WT mice, KCC2e/e 



mice a lack of spontaneous respiratory discharge recordings from cervical ventral roots (C4) and 
altered locomotor rhythm recordings from lumbar ventral roots (L2). KCC2e/e mice exhibited 
significant abnormalities in neuronal distribution in the septum, hypothalamus, hippocampus, 
and cortex, but normal dendritic spine formation. These data demonstrate precisely regulated 
KCC2 Thr906/Thr1007 phosphorylation during brain development is essential for activity-
dependent Cl- extrusion, neuronal development, and post-natal survival. 
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Abstract: 4-Aminopyridine (4-AP) induces epileptiform discharges in a variety of brain regions. 
These events are associated with enhanced inhibitory as well as excitatory synaptic transmission. 
The relative contribution of specific subclasses of GABAergic interneurons to epileptiform 
activity in 4-AP model has not been well characterized. We have used genetically-encoded 
archaerhodopsin to investigate the role of somatostatin (SST) and parvalbumin (PV) interneurons 
in the regulation of evoked epileptiform discharges. Whole cell patch clamp recordings were 
obtained from L5 pyramidal cells in somatosensory cortex of 30 to 70 day old mice. In the 
presence of 100 µM 4-AP, local stimulation was used to evoke epileptiform activity. 
Archaerhodopsin activation in SST interneurons during (Light Off: 6385.98 ± 562.1 mV*ms vs 
Light On: 2873.44 ± 165.2 mV*ms; p < 0.05, paired t-test) and after local stimulation (Light Off: 
6601.67 ± 642.82 vs Light On: 4339.20 ± 431.6 mV*ms; p < 0.05, paired t-test) reduced the area 
under the curve (AUC) of epileptiform discharges. Similarly, archaerhodopsin activation in PV 
interneurons was effective in reducing the evoked responses when electrical stimulation occurred 
during (Light Off: 11029.35 ± 732.7 mV*ms vs Light On: 2234.16 ± 203.8 mV*ms; p < 0.05, 
paired t-test) or after (Light Off: 10610.44 ± 715.1 vs Light On: 3719.62 ± 288; p < 0.05, paired 
t-test) light onset. Light activation of the PV interneurons reduced responses to a significantly 
greater extent than that of SST interneurons both during (24.49 ± 1.2 % vs 55.19 ± 2.3 %; p < 



0.05, paired t-test) and after (44.3 ± 1.9% vs 65.26 ± 0.8%; p < 0.05, paired t-test) electrical 
stimulation. This suggests that PV neurons may be more effective in reducing excitability in the 
4-AP model. Since both types of cells were effective in reducing epileptiform activity, it raises 
the possibility that non-selective activation of interneurons could be more efficacious. 
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Abstract: Autism Spectrum Disorder (ASD) and epilepsy co-occur at a high rate of 30%, 
suggesting that they may be linked by a common mechanism. To investigate mechanisms 
involved in the development of co-morbid ASD and epilepsy, a novel mouse model with a robust 
phenotype for both disorders was developed and validated. 
BTBR T+tf/J (BTBR) mice are a well-validated model of ASD due to the ASD-like behavioural 
phenotype. This mouse model of ASD however, has not yet been shown to have co-morbid 
epilepsy. To this end, BTBR mice exposed to an immune challenge at postnatal day 7 
(lipopolysaccharide, LPS; 100 μg/kg i.p.) exhibited as adults a significant decrease in seizure 
thresholds (1% pentylenetetrazol; 2.5 ml/min i.v.; p<0.05), a significant increase in hippocampal 
electrographic seizure activity (p<0.05), and importantly, a preservation of the ASD behavioural 
phenotype when compared to saline treated controls. 
Patients affected with co-morbid ASD and epilepsy often have a high rate of intractability with 
common pharmaceutical options. A limited neurobiological understanding of these disorders has 
precluded development of effective and personalized therapeutics. The ketogenic diet (KD) 
consists of a consumed ratio of 4:1 fat to combined protein and carbohydrate by weight resulting 
in conversion of fats into fatty acids and ketone bodies, which are used as an energy source. The 
KD has been shown to be an effective treatment for medically intractable epilepsy and may 
reduce the severity of ASD behaviours in animal models. Due to a major knowledge gap in how 



the KD elicits neuroprotective and possibly disease-modifying effects, this treatment modality is 
not routinely used as a complementary alternative to pharmaceuticals. We asked if it would be 
effective in reducing the increased excitability and behavioral features in our model. 
We found that adult P7 LPS treated BTBR mice that were subsequently treated with the KD 
from P46 to P60 had a significant increase in seizure threshold compared to P7 LPS treated 
BTBR mice that remained on a standard chow diet (p<0.05). Lastly, BTBR mice treated with the 
KD had a significant reduction in a few behavioural measures of the ASD phenotype (e.g. 
frequency of self-grooming and communication) compared to BTBR mice on a standard diet 
(p<0.05). These results indicate that the KD may be effective in targeting mechanisms that are 
responsible for the epilepsy and ASD phenotype in this novel co-morbid mouse model. 
Our future directions will continue to investigate the mechanisms that lead to the development of 
co-morbid epilepsy in a mouse model of ASD with exposure to a postnatal immune challenge. 
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Abstract: In this two-part study, we evaluated incidence of seizures using EEG and changes in 
mRNA biomarkers using quantitative PCR (qPCR) in Tsc1GFAPCKO mice. First, we evaluated 
effects of rapamycin on incidence of seizures and mortality given that previous reports indicated 
these mice develop spontaneous postnatal epilepsy rescued by treatment with the mTOR 
inhibitor. EEG from mice were continuously recorded (using Pinnacle Technology’s data 
acquisition platform) from P35-P49. The vehicle-treated group (n=10) exhibited on week 5 and 6 
an average of 3.5 ± 1.1 and 2.33 ± 1.1 seizures, respectively. In contrast, the rapamycin-treated 
group that started at P35 (n=8) exhibited a reduction in seizures for weeks 5 (1.75 ± 0.65) and 6 
(0.38 ± 0.26) nearly reaching significance at week 6 (p=0.06, Tukey-Kramer). Moreover, the 
rapamycin-treated group that started at P21 (n=10) showed no seizures during week 5 and 6 
(p<0.05, Tukey-Kramer). In summary, whereas Tsc1GFAPCKO mice treated with vehicle from 



P21-48 suffered robust electrographic seizures and a significant mortality over this period, mice 
treated with 3 mg/kg rapamycin from P21-48 showed zero seizures and zero mortality over the 
same period. The group receiving rapamycin 3 mg/kg from P35-48 showed reduced seizure 
frequency and zero mortality. Thus, we confirm the protective effects of mTOR inhibition 
against seizures and premature death in these mice. Secondly, in a separate cohort, we used 
qPCR to evaluate changes in mRNA levels of transcripts involved in axon formation, synapse 
function, glutamate transport, mTOR activation, cell adhesion, angiogenesis, cell regulation, 
inflammation and unfolded protein response activation in brain at 5 weeks of age. Expression 
levels between control (Cre-; Tsc1+/flox) and Cre+; Tsc1+/flox mice were similar for all transcripts 
reported in this study. In contrast, Tsc1GFAPCKO mice (Cre+; Tsc1flox/flox) showed genotype-
dependent changes in some transcripts analyzed. Of particular note were decreased mGluR5 and 
Tyrosine Kinase c-kit and increased IBA1, CD68, ICAM1, VEGF-D, and TLR4 mRNA 
expression in Tsc1GFAPCKO mice. In some cases affected transcripts in Cre+; Tsc1flox/flox mice 
showed significant variation among individuals that cannot simply be explained by differential 
effectiveness of CRE-mediated knockout since, except one animal, all Cre+; Tsc1flox/flox mice 
showed similarly reduced expression levels of Tsc1 mRNA. Further, mRNA levels might covary 
with seizure frequency or age of seizure onset which needs to be assessed in future studies. 
Overall, our findings suggest a clear utility of using these mice to screen potential anti-epileptic 
therapeutics. 

Disclosures:  S.C. Leiser: None. A. Ghavami: None. M. Kwan: None. J. Beltran: None. D. 
Song: None. D.M. Devilbiss: None. M. Wong: None. N. Rensing: None. S.L. Roberds: 
None. D. Brunner: None. 

Poster 

293. Epilepsy: Animal Models: Consciousness, Novel Models, and Mechanisms 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 293.03/J8 

Topic: B.11. Epilepsy 

Title: A spontaneous deletion in Eml1 underlies the bilateral cortical malformation in the tish rat 
model of subcortical heterotopia 

Authors: *D. K. GROSENBAUGH1, S. JOSHI2, K. S. LEE5, M. P. FITZGERALD6, M. J. 
ANZIVINO3, M. J. MCCONNELL7, H. P. GOODKIN4 
1Dept. of Neurol., 2Dept of Neurol., 3Univ. of Virginia, Charlottesville, VA; 4Univ. of Virginia, 
Charlottesvle, VA; 5Univ. Virginia Hlth. Systems, Charlottesvle, VA; 6Children's Hosp. of 
Philadelphia, Philadelphia, PA; 7Biochem. and Mol. Genet., Univ. of Virginia Sch. of Med., 
Charlottesville, VA 



Abstract: Malformations of cortical development (MCD) are common in children with 
pharmacoresistance epilepsy. Although surgery can be successful for some, not all forms of 
MCD are operable. The tish (telencephalic internal structural heterotopia) rat, which arose 
spontaneously in a colony of Sprague-Dawley (SD) rats, is a model of severe, non-operable 
MCD. The tish rat is characterized by a large bilateral heterotopic cortex separated from the 
overlying normotopic neocortex. Prior studies reported an aberrant proliferative zone composed 
of misplaced neuronal progenitors with altered cell cycle kinetics. These misplaced cells result in 
alterations in neuronal migration which lead to the heterotopic cortex and a neuronal network 
capable of generating spontaneous seizures. However, the genetic mutation underlying this MCD 
and the earliest age of identifiable electrographic (EEG) abnormalities have not been identified. 
In EEG recordings spanning from postnatal day (P) 8 - P45, spontaneous spike wave discharge 
(SWD) bursts were determined to begin at P18 - P20 in all tish rats examined, while no 
spontaneous discharges were observed in any of the age-matched control SD rats. The presence 
of paroxysmal discharges is consistent with altered network connectivity and hyperexcitability in 
these animals beginning at a young age. We performed 30X whole genome sequencing of tish 
and SD rats, and identified a tish-specific deletion ~50kb upstream of the Eml1 locus (Rnor 6.0). 
Using RNAseq and RT-PCR, we confirmed that this deletion spans an unannotated exon 1 
leading to a 4-fold down-regulation of Eml1 transcript abundance in embryonic day (E) 18 tish 
cortex. Rescue experiments (i.e., F2 cross) demonstrated that the deletion in Eml1 segregates 
with both the observed heterotopic phenotype and the occurrence of spontaneous SWD bursts. 
These data link a mutation in Eml1 to the development of a bilateral heterotopic cortex and a 
resultant hyperexcitable network of the tish rat. Mutations in Eml1 have been identified in 
patients with subcortical heterotopia and epilepsy. These findings further strengthen the tish rat 
as a translational model of human non-operable MCD-associated epilepsy. 
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Abstract: Introduction: Epilepsy is a worldwide public health concern associated with 
debilitating neurological, cognitive, and psychosocial consequences. Current anti-seizure drugs 
can have debilitating side effects and new treatments are needed for individuals with drug-
resistant seizures. Ellagic acid, a polyphenol present in several fruits and nuts, has shown 
beneficial effects in rodent models of epilepsy and anxiety, possibly mediated through 
GABAergic pathways. “Bang-sensitive” Drosophila experience mechanically induced seizure-
like activity (SLA), possibly providing a high-throughput alternative to costly and lengthy rodent 
studies. The objectives of this study were to examine the anticonvulsant effects of ellagic acid in 
a fruit fly model of epilepsy and to explore the mechanism of action through the addition of two 
GABAA receptor antagonists: flumazenil (a benzodiazepine site antagonist) and picrotoxin (a 
GABA site antagonist or channel blocker). Method: Adult males from two Bang-sensitive 
strains (bang senseless [Bss] and easily shocked [Eas]) were fed ellagic acid, flumazenil, and/or 
picrotoxin in their food media. Following treatment, flies received mechanical stimuli (vibration) 
to induce SLA, which was recorded with a digital video camera. Results: Approximately 93% of 
flies from each strain exhibited vibration-induced SLA. Vibration induced shorter SLA in Eas 
flies than in Bss flies (~4 s vs. 6 s), and ellagic acid decreased SLA duration slightly in Eas flies 
(to ~3 s), but not in Bss flies. Flumazenil and picrotoxin each increased SLA duration in both 
strains, but more so in Eas flies (to ~6.5 s and 8.5 s, respectively). Conclusions: Vibration 
reliably induced SLA in both Bss and Eas strains of Bang-sensitive Drosophila. SLA duration in 
Bss flies was slightly longer than in Eas flies, not affected by ellagic acid, and slightly increased 
by GABAA receptor antagonists. SLA duration in Eas flies was slightly reduced by ellagic acid 
and significantly increased by GABAA receptor antagonists. These data show that seizure 
modeling with Bang-sensitive Drosophila can serve as an effective drug-screening tool for 
refractory epilepsy in humans and suggest that compounds found in plants may provide 
prophylactic benefits with regard to seizure severity. 
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Abstract: Purpose: Prolonged video-EEG monitoring in chronic epilepsy rodent models has 
become an important tool in pre-clinical drug development of new therapies, in particular for 
anti-epileptogenesis, disease modification and drug resistant epilepsy. We have developed an 
easy to use, reliable, computational tool for detection of electrographic seizures from prolonged 
EEG recordings in rodent models of epilepsy. 
Methods: We applied a novel method based on advanced time-frequency analysis which detects 
the episodes of EEG with excessive activity in certain frequency bands. The method uses an 
advanced technique of short term spectral analysis - the Similar Basis Function algorithm. The 
method was applied for off-line seizure detection from chronic EEG recordings from four 
spontaneously seizing, chronic epilepsy rat models: post-status epilepticus model of temporal 
lobe epilepsy (n=39 rats, n=124 seizures); the fluid percussion injury model of post-traumatic 
epilepsy (n=5 rats, n=49 seizures); and two genetic models of absence epilepsy - GAERS and 
WAG/Rij (n=41 and 14 rats, n=8733 and 825 seizures respectively). 
Results: High values of power spectrum in frequency band 17-25 Hz were found to specifically 
indicate seizures in all four animal models. This peculiarity comes from the frequency 
composition of single discharges within the seizures in these animals. Focusing on this band, our 
computer program detected 100% of seizures in all 99 rats. Electrode artefacts, which are usually 
present in long-term EEG recordings, may also significantly contribute to this frequency band, so 
they were also selected by the program. This selection, however, generated a very low rate of 
false positives. For their elimination, a quick user inspection was needed. The overall processing 
time for 12 day-long recordings varied from few minutes (5-10) to an hour, depending on the 
number of artefacts. 
Conclusion: Our seizure detection tool provides high sensitivity, with acceptable specificity, for 
chronic EEG recordings from chronic rat epilepsy models. This has the potential to improve the 
efficiency and rigor of pre-clinical research and therapy development using these models. 
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Abstract: Rationale: The majority (~80%) of Dravet syndrome (DS) is associated with a 
neuronal sodium channel alpha 1 subunit (SCN1A) mutation causing epilepsy onset in infancy, 
intractable seizures, sudden unexpected death, and various neurobehavioral comorbidities. The 
variable phenotypes in this disease are, at least in part, a result of modifier genes. Many Dravet 
syndrome mouse models have demonstrated the hallmark features of DS; yet none characterized 
the wide array of phenotypes. We present the developmental disease characteristics in three 
distinct C57BL/6 mice sub-strain as breeders. 
Methods: We used the F1 generations of Scn1a (129S-Scn1atm1Kea/Mmjax) mice bred to 
C57BL/6 mice from (1) The Jackson Laboratory (DS-Jax) and (2) Charles River (DS-Crl). Then 
we bred Jackson Laboratory to Charles River C57BL/6 mice for 3 generations to establish a 
hybrid sub-strain (JC) as breeders for F1 DS mice. The 3 groups of F1 DS mice, DS-Jax, DS-Crl 
and DS-JC underwent prolonged (30 minutes) febrile (LPS +hyperthermia) seizures at P30. At 
P50, select mice were implanted with EEG electrodes and recorded for 24-hours, once per week, 
for three weeks to detect electroclinical seizures. 
Results: Hyperthermia induced seizures in all (100%) 3 groups of DS mice with similar mean 
threshold temperatures as follows: DS-Jax, 39.7±0.5⁰C (n=8); DS-JC, 40.3±0.3⁰C (n=7); DS-
Crl, 39.8±0.1⁰C (n=16). Sudden unexpected and unexplained death occurred from weaning age 
until P49, mortality occurred in each of the DS mice groups: 5 deaths were noted (5/21, 24%) in 
DS-Jax while only one death each occurred in DS-JC and DS-Crl mice (1/7, 14% and 1/18, 6%, 
respectively). EEG recording showed abnormal EEG and spontaneous electroclinical seizures in 
100% (n=2/2) of DS-Jax mice, 80% (n=4/5) of DS-J-C mice, and 60% (n=3/5) of DS-Crl mice. 
Conclusion: Susceptibility to hyperthermia-induced seizures was noted in all 3 sub-strains of F1 
generation 129S-Scn1a -C57BL/6 mice. There was a dose response-like trend in both mortality 
and electrographic seizures. DS mice from the Jackson lab C57BL/6J background appear to be 
more affected, while the Charles River C57BL/6NCrl bred DS mice had the milder response to 



the SCN1A gene mutation. Our observation suggests that genetic modifiers may exist, even 
within C57BL/6 mice that originated from the same gene pool that led to variable effects on 
Dravet syndrome phenotype. 
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Abstract: Rationale: Toll-like receptors (TLRs) are innate immune receptors that are important 
in early host defense against pathogens. TLRs recognize pathogen- or damage-associated 
molecular patterns (PAMPs/DAMPs), and are either expressed on the cell surface or in the 
endosomes. TLRs 1, 2, and 6 are expressed on the cell surface, whereas TLR8 is expressed 
intracellularly. TLRs 1 and 2 have been implicated in experimental epilepsy; however, the other 
TLRs have yet to be studied. IL-2, a cytokine, regulates immune response through T-cell 
activation and it has been shown to be upregulated in epilepsy. IL-6 is both a pro- and anti-
inflammatory cytokine regulating inflammatory and immune response, and it has also been 
shown to be expressed during seizure. The chemokine RANTES (CCL5) is involved in leading 
leukocytes to the site of injury and has been shown to be upregulated in epilepsy. Here we 
investigated the gene expression changes of TLRs, cytokines, and a chemokine during 
epileptogenesis in rodent models of acquired epilepsy and chronic epilepsy. 
Methods: Freely moving male Sprague-Dawley rats (n=4 per group) received systemic 
administration of kainate and Lorazepam (KaL) and were sacrificed after 4 d, 14 d, or 20 weeks, 
and whole hippocampi were removed post treatment. The mRNA level was analyzed for the 
TLRs, IL-2, IL-6, and RANTES with custom-designed primers. Relative gene expression 
changes were calculated using the REST software (Pfaffl method). IL-2, IL-6, and RANTES 
protein expressions were analyzed using ELISA. 
Results: During epileptogenesis, except TLR1, all the other TLRs expressions were enhanced 
after 4 d, and all TLRs were further enhanced after 14 d. However, all the TLRs exhibited 
downregulation during chronic epilepsy. The mRNA expression of IL-2 was upregulated at 4 d 



but declined during 14 d epileptogenesis and chronic epilepsy. The IL-6 protein expression 
diminished at 4 d, but elevated at 14 d epileptogenesis, however, in the chronic epilepsy phase it 
remained was downregulated again. RANTES was downregulated during 4 d but was 
upregulated during 14 d epileptogenesis, and had a slight decrease in expression during chronic 
epilepsy but remained upregulated. 
Conclusion: TLRs expressions are enhanced and prolonged during epileptogenesis. Evoked 
seizures also upregulate expressions of these TLRs, but transiently and not to the same extent. 
Cytokines and chemokine expressions change during epileptogenesis and chronic epilepsy. 
These data warrant the further investigation on the role of these TLRs, cytokines, and chemokine 
in epilepto- and ictogenesis. 
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Abstract: A network inhibition hypothesis of seizure-related vulnerability to death postulates 
that seizures excite the hypothalamus and lateral septum which in turn send inhibitory 
projections to subcortical arousal centers, one of the most prominent being the nucleus pontis 
oralis (NPO) of the brainstem. A marked suppression (or total inhibition) of NPO activity would 
generally manifest as postictal generalized electroencephalography suppression (PGES) - or the 
cortical EEG “flattening” that accompanies seizures and presents a major risk for fatality. PGES 
is reportedly one of the few predictors of susceptibility to sudden unexpected death in epilepsy 
(SUDEP) in human patients. We postulate that repeated seizures will result in the progressive 
damage to NPO cells - with further deleterious effects on arousal/consciousness in epilepsy. We 
will use a novel transgenic mouse model of epilepsy (brain-derived neurotrophic factor 
overexpressing mice under the Cam/KIIa promoter) that exhibits progressive lengthening of 
PGES episodes with successive seizures (as a critical marker of severity of seizures) that does 
not require any invasive procedures to generate epileptic activity. Spontaneous seizures are 



produced in a controlled fashion by simply to tail suspension or cage shaking stimulation and 
which become more severe with time. Using this model, we will test whether repeated seizures 
cause progressive neuronal injury/death of NPO cells, which are responsible for the increased 
severity of PGES. Our preliminary data show that mice become more seizure prone with age and 
the duration of postictal generalized EEG suppression (PGES) progressively increases with each 
seizure episode. In addition, epileptic mice spend more time in non-REM sleep as a function of 
seizure frequency in inactive phase, and the average length of REM bouts decrease accordingly 
implicating deficits in normal NPO sleep function. In order to establish that the increased 
duration of PGES over repeated seizures is associated with progressive deterioration (or cell 
loss) in NPO and reflects subsequent alterations in sleep architecture, we crossed a commercially 
available live mouse strain, Thy1-eYFP (JAX 003782), with our epileptic mice and noted 
significant loss of neurons in the gigantocellular field of the NPO as a function of PGES severity. 
These findings implicate seizure-induced cellular injury in the NPO for the emerging risk for 
SUDEP. 

Disclosures:  R.P. Vertes: None. M. Gil: None. R. StClair: None. R. Lemos: None. K. 
Koroma: None. C. Isgor: None. 

Poster 

293. Epilepsy: Animal Models: Consciousness, Novel Models, and Mechanisms 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 293.09/K2 

Topic: B.11. Epilepsy 

Support: NIH RISE 

Title: Correlation of seizure-associated central apneic episode durations with their frequency of 
occurrence in a rat model 

Authors: *M. G. STEWART1, S. VILLIERE4, K. NAKASE1, R. KOLLMAR2, R. ORMAN3 
1Physiol. & Pharmacol., 2Dept. of Cell Biol., 3Physiology&Pharmacology, SUNY Downstate 
Med. Ctr., Brooklyn, NY; 4Res. Initiative for Scientific Enhancement (RISE) Program, CUNY 
Medgar Evers Col., Brooklyn, NY 

Abstract: Respiratory derangements, including irregular, tachypnic breathing and central or 
obstructive apnea can be consequences of seizure activity. Periods of seizure-associated central 
apnea suggest that seizures spread to brainstem respiratory regions to disrupt breathing. 
Recently, we showed that seizure-associated central apnea episodes are associated with 1) a reset 
of the respiratory rhythm, and 2) activation of brainstem regions serving the diving reflex to 
suppress respiratory behavior (Villiere et al., Neurobiol. Dis. 2017; 101:8-15). 
Using a rat model, we demonstrated a sequence of events ending in death that begins with 



obstructive apnea caused by seizure-induced laryngospasm (Nakase et al., Epilepsy Res. 2016; 
128:126-139). We sought to determine if patterns of central apnea behavior (duration and/or 
frequency of occurrence) correlated with the tendency for obstructive apnea to occur. 
There were not statistically significant differences in central apneic episode duration or number 
of recorded episodes in animals that eventually showed obstructive apnea compared with animals 
that never showed obstructive apnea. There was, however, a clear positive correlation of the 
average apneic episode duration with the number of apneic episodes recorded (R2=0.54) and 
their crude frequency of occurrence (events/min of recording; R2=0.58). 
Whereas the frequency or duration of central apneic episodes do not seem to be useful predictors 
of eventual obstructive apnea, the correlation of central apneic episode duration with frequency 
suggests that these episodes may reflect an attempt by brainstem networks to protect core 
physiology. A deeper understanding of seizure spread into brainstem regions may permit 
additional biomarkers (see e.g. Stewart et. al., Epilepsia 2017 in press doi:10.1111/epi.13765) to 
be established for identifying risk of severe systemic consequences of epileptic seizures. 
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Abstract: Transgenic mice can provide insights into molecular pathophysiological processes. 
Available murine models of status epilepticus (SE) and temporal lobe epilepsy (TLE) include 
seizures induced by pilocarpine or kainic acid. However, pilocarpine causes high mortality and 
extensive neuronal loss occurs following infusion of kainic acid. Electrical stimulation models of 
status epilepticus and TLE are well characterized in rats, but not in mice. 
Adult (22-25 g, 10-12 week old) male and female C57bl/6 were implanted with bipolar 
electrodes in the left hippocampi (3 mm AP, 3 mm ML, 3 mm DV), bilateral supra-dural cortical 



electrodes, and a cerebellar reference. The mice were stimulated with a 1 msec biphasic square 
wave pulse for 10 s to determine after discharge threshold (ADT). The initial stimulation was set 
at 20 υA and the intensity was increased by 20 μA until a seizure was triggered, maximum 200 
υA. The current intensity was set to twice ADT, with minimum at 100 υA, and continuous 
stimulation was performed by cyclic application of 10 sec stimulation followed by 5 sec off 
period for 60 min. SE consisted of rhythmic and evolving spike-wave discharges sustained for 30 
min or more. Mice were monitored continuously for 24 hr following the end of stimulation; the 
monitoring to determine spontaneous seizures was started 2 weeks later. Mice that developed at 
least 2 spontaneous seizures were classified as having TLE. Cell death was determined 3 days 
following SE using fluorojade labeling. Animals were perfused with PFA and horizontal brain 
sections (40 μm thick) were labeled with fluorojade-C and neuronal marker protein NeuN. 
Images were acquired on a confocal microscope. 
The ADT was 70 ± 36 μA and seizures (SE) lasted 181 ± 90 min. CHS caused SE in 82% of 
animals (28/34). 50% of the mice survived SE (n=14) and were monitored for onset of TLE. In 
the first week of monitoring none of the animals experienced spontaneous seizures, during the 
2nd week 1 out of 5 animals monitored had spontaneous seizures and the number of epileptic 
animals increased to 7 out of 14 (50%) by 7 weeks. 
Extensive fluorojade labeling was observed in CA3 and CA1 pyramidal neurons, and in dentate 
hilar neurons. 
We have developed and characterized a mouse model of SE induced by CHS. More mice 
survived SE as compared to the pilocarpine model. The pattern of neurodegeneration in the 
hippocampus was similar to that described in other models. Half of the surviving animals also 
developed epilepsy. Thus, CHS provides an alternate model of SE and TLE in mice. 
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Abstract: Absence seizures, the most common type of generalized epilepsy, consist of 
behavioral impairment and a distinctive spike-and-wave electrographic signature. These seizures, 
and associated attentional deficits and developmental difficulties, have a major impact on quality 
of life and are frequently insufficiently redressed by pharmacological treatments. Recent 
evidence shows that the degree of behavioral impairment associated with seizures is variable, 
and correlates with hemodynamic and electrographic changes. The neural mechanisms 
underlying this impairment can be investigated in a genetic model of absence seizures in the rat. 
We studied hemodynamics, electrophysiology and behavioral components of absence seizures in 
undrugged Genetic Absence Epilepsy Rats from Strasbourg (GAERS), a well-characterized and 
valid model of absence epilepsy. Incremental habituation was employed to accustom rats to head 
fixation and the environment of a high-field magnet (9.4T), allowing the acquisition of BOLD 
fMRI dynamics, cerebral blood flow, and local electrophysiology during absence seizures. 
Separate animals were used to investigate the behavioral impact of seizures in a task-free, 
unguided licking paradigm and in sensory detection and discrimination tasks. 
Cortical BOLD fMRI dynamics during seizure qualitatively match those of human absence 
seizures, reconciling previously-noted discrepancies with anesthetized rodent spike-and-wave 
discharges. Specifically, somatosensory cortex BOLD signal initially increased around seizure 
start, but then displayed a prolonged decrease as seizures continued. These dynamics were 
matched by those of both cerebral blood flow and cortical multi-unit activity. The initial increase 
in the latter was associated with increased spike-and-wave frequency rather than intensity of 
neuronal firing at each cycle, and its amplitude correlated with eventual duration of seizure 
(p<0.01). Impairment of the task-free licking behavior was observed during seizure as compared 
to matched control periods (p<0.001). 
These data suggest that mechanisms of absence seizures must be investigated in undrugged 
models, as anesthesia appears to substantively alter neuronal activity and hemodynamics as well 
as arousal and seizure-associated behavior. With further investigation we hope that greater 
understanding of the physiological mechanisms of behavioral impairment in absence epilepsy 
can guide improved treatment. 
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Abstract: The mechanism of how seizures impair consciousness is not fully understood, but 
recent evidence suggests that ictal suppression of subcortical cholinergic arousal circuits, such as 
the nucleus basalis (NB) and pedunculopontine tegmental nucleus (PPTg), may play a role. 
Functional imaging and extracellular recordings show ictal suppression of activity in the NB and 
PPTg in a rat model of limbic seizures, but the synaptic mechanisms of this depressed firing rate 
are not known. The purpose of this investigation is to elucidate whether reduced neuronal firing 
in the subcortical cholinergic arousal system during seizures is associated with reduced 
excitatory input or with increased inhibitory input to cholinergic neurons. Whole cell recording is 
commonly used to access cortical neurons in vivo, but has not been previously reported from 
deep brain structures such as PPTg. In this study, whole-cell recordings were obtained in neurons 
of the PPTg, accessed 5.4 - 6.2 mm deep measured from the cortical surface, in the brain of 
head-fixed, anesthetized rats during focal limbic seizures. Micropipettes were fabricated with a 
~10-mm taper and 4-6 MΩ resistance. The first pipette in each recording session was lowered to 
the target region and left in place for 30-60 minutes to allow the brain to form a narrow, low-
resistance canal through which subsequent pipettes may pass. Intrapipette positive pressure was 
maintained at 500 mbar throughout the descent, and dropped to <30 mbar at the target region. A 
K-gluconate-based internal solution was used for all recordings. Seizures were triggered using a 
2 second stimulation of the hippocampus through a twisted bipolar electrode with current titrated 
to seizure threshold. Continuous recordings were made using Spike2, with signal digitized using 
a Micro1401 (CED). Whole cell current clamp recordings of histologically identified cholinergic 
PPTg neurons during seizures showed hyperpolarization of membrane potential associated with 
decreased action potential firing. In addition, moment-to-moment input-resistance was measured 
using 5-10Hz 30pA hyperpolarizing current pulses. Input resistance showed an increase during 
seizures concomitant with hyperpolarization. Non-cholinergic neurons from the same region 
generally did not show these changes during seizures. These data suggest that cholinergic PPTg 
neurons show decreased firing during hippocampal seizures through a mechanism of reduced 
excitatory input. The identification of the synaptic mechanisms of depressed subcortical arousal 
during seizures may ultimately lead to new treatments aimed at preventing these changes and 
improving ictal and postictal cognition. 
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Abstract: The postictal period is an impaired state of consciousness characterized by 
electrophysiological cortical depression, decreased cortical blood flow and neurocognitive 
disturbance immediately following seizures. Using deep brain stimulation (DBS) to improve 
consciousness during the postictal period may have a major benefit on life quality for patients 
suffering from medically refractory epilepsy. Previous work has shown that bilateral stimulation 
of the thalamic central lateral nucleus (CL) during the postictal period of seizures restored 
normal-appearing cortical electrophysiology and markedly improved spontaneous behavioral 
arousal in the rodent model. Here, we focused on further investigating the effect of this 
stimulation on purposeful behavior. 
We implemented a lever-press escape/avoidance (E/A) task to evaluate task performance during 
the postictal period to assess for cognitive improvements provided by the DBS. During 
successive E/A task training sessions, animals showed an increased avoidance percentage and 
decreased response times. Post-training, bilateral CL and unilateral hippocampal and lateral 
cortex electrodes were implanted. Following recovery, animals were retrained in the task until 
they achieved >90% avoidance. In trials within a session, seizures were induced by 2 second 
hippocampal stimulation at 60 Hz. In postictal period, following the appearance of slow-wave 
activity, the CL was stimulated at 100 Hz while recording electrophysiology and behavior. As a 
natural control for behavior during an inattentive state, we compared behavior elicited during 
briefs arousal induced by conditioned tones during sleep to that measured during the post-ictal 
period. 
We found that task performance was normal during the natural sleep slow-wave period (response 
time: 12.77 ± 3.796, avoidance percentage: 79.18 ± 20.83, n=17 from 3 rats), but impaired 



during the postictal period with cortical slow wave activity (response time: 63.05 ± 3.377, 
avoidance percentage: 16.66 ± 9.617, n=8 from 3 
rats). Moreover, CL stimulation improved task performance (response time: 40.58 ± 5.988, 
avoidance percentage: 53.34 ± 10.19, n=14 from 3 rats) when compared with sham groups 
(response time: 62.69 ± 1.107, avoidance percentage: 11.11 ± 11.11, n=11 from 3 rats). 
To conclude, this is the first instance in which we identified a difference in task performance 
ability when comparing normal sleep and the postictal slow-wave period in rats. The DBS in 
bilateral CL increased the ability to perform the E/A task in the postictal period. These findings 
further support the potential role of targeted DBS to improve cognitive function in patients 
following seizures. 
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Abstract: Limbic seizures are known to impair consciousness but the neural circuit responsible 
for this alteration of brain function is still poorly understood. During temporal lobe seizures, 
intracranial EEG recordings show sleep-like slow wave activity in the cortex, accompanied by 
reduced cholinergic neurotransmission. Considering that the nucleus basalis (NB) provides the 
most cholinergic input to cortex, we propose that partial seizures originated from limbic system 
structures (eg. hippocampus) cause depressed cholinergic neuronal activity in NB via subcortical 
pathways. Our previous work demonstrated that the lateral septum (LS), a putative inhibitory 
region strongly connected to hippocampus, could induce cortical slow waves together with a 
decrease of choline release during electrostimulation in absence of seizure. Here, we examined a 



possible pathway that includes the LS and NB to explain how focal seizures originating from 
hippocampus can result in cortical depression. We applied an optogenetic approach to selectively 
stimulate cholinergic neurons in the NB during focal limbic seizures induced in a lightly 
anesthesized rat model. We found that slow oscillations in the cortex dramatically convert to fast 
waves in response to cholinergic stimulation, which support the hypothesis that cholinergic 
output from NB plays a critical role in maintaining cortical arousal. By using a combination of 
retrograde and anterograde tracing to identify LS and NB interconnections, our histology results 
did not reveal any direct anatomical connection between those two regions. However, the 
paratenial thalamic nuclei (PT), located among the midline thalamic nuclei known to participate 
in arousal, receive strong output from LS and have direct input to NB. Multiunit activity (MUA) 
recordings in PT showed a decrease of neuronal firing during seizures, which support an 
inhibitory effect from LS output and a reduced excitatory effect on NB. These results show that 
limbic partial seizures can exert an impact on a polysynaptic subcortical network including LS, 
PT and NB to facilitate the occurrence of cortical depression. Further investigation of this 
network may lead to novel therapeutic interventions aimed at improving cortical function and 
consciousness during and following seizures. 
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Abstract: Postnatal deletion of the mTOR negative regulator phosphatase and tensin homolog 
(PTEN) from a subset of hippocampal dentate granule cells is sufficient to cause epilepsy in 
mice. PTEN deletion leads to somatic hypertrophy, increased dendritic branching and aberrant 
basal dendrite formation. Whether these abnormalities appear quickly and plateau, or become 



progressively more severe over time has not been fully elucidated. To answer this question, Gli1-
CreERT2 hemizygous; PTEN flox/flox; Brainbow+/+ were treated with tamoxifen 3 weeks after birth, 
and mice were sacrificed at 7, 9, 14 and 18 weeks of age. The morphology of PTEN knockout 
cells expressing brainbow fluorochromes was compared to age-matched wildtype granule cells. 
The appearance of neuronal hypertrophy was rapid - evident in cells lacking PTEN for only four 
weeks - and showed little progression between 7 and 18 weeks. Assessment of other changes is 
ongoing. Additionally, we queried whether inflammatory changes occur at any of the time points 
examined by immunostaining for the microglial marking Iba1 and the glial marker GFAP. Iba1 
immunoreactivity was similar among time points between control and PTEN knockout mice, 
while GFAP staining was elevated at 14 and 18 weeks. Together, these data reveal the rapid 
onset of morphological changes in PTEN knockout granule cells, and the delayed onset of 
inflammatory changes. The findings support the conclusion that disease progression following 
PTEN deletion is driven by the appearance of both primary and secondary changes. 
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Abstract: Deletion of the mTOR pathway inhibitor PTEN from postnatally-generated 
hippocampal dentate granule cells causes epilepsy. Here, we conducted field potential, whole 
cell recording and single cell morphology studies to begin to elucidate the mechanisms by which 
granule cell- specific PTEN-loss produces disease. Cells from both male and female mice were 
recorded to identify sex-specific effects. PTEN knockout granule cells showed altered intrinsic 
excitability, evident as a tendency to fire in bursts. PTEN knockout granule cells also exhibited 



increased frequency of spontaneous excitatory synaptic currents (sEPSC’s) and decreased 
frequency of inhibitory currents (sIPSC’s), further indicative of a shift towards hyperexcitability. 
Morphological studies of PTEN knockout granule cells revealed larger dendritic trees, more 
dendritic branches and an impairment of dendrite self-avoidance. Finally, analysis of cells from 
male and female animals demonstrated that both female control and female knockout cells 
receive more sEPSC’s than corresponding male cells -- but also receive more sIPSC’s - resulting 
in statistically equivalent EPSC/IPSC ratios. Consistent with this latter observation, 
extracellularly evoked responses in hippocampal slices were similar between male and female 
knockouts; albeit both groups of knockouts were abnormal relative to controls. Together, these 
studies reveal a host of physiological and morphological changes among PTEN knockout cells 
likely to underlie epileptogenic activity. 
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Abstract: Epilepsy is the second most prevalent neurological disorder. One form of epilepsy, 
absence epilepsy, is characterized by typical absence seizures (ASs). ASs are brief (3-30 second) 
nonconvulsive epileptic events that consist of sudden impairment of consciousness accompanied 
by a generalized synchronous, bilateral, 2.5-4 Hz spike and slow-wave dischargers (SWDs) in 
the electroencephalogram (EEG). Various subcortical structures play a critical role in modulating 
seizures, including substantia nigra (SN) and superior colliculus (SC). These structures display 
anti- seizure effects, however, the mechanism by which they produce changes in brain-wide 
excitability are poorly understood. Both structures provide input to pedunculopontine nucleus 
(PPN), a brainstem nucleus part of the ascending reticular activating system. Activation of the 
PPN can trigger potent desynchronization of the cerebral cortex. Thus, the PPN is both 
anatomically and functionally positioned to mediate the anticonvulsant effects of SNpr and SC. 
The PPN contains a variety of cell types, including cholinergic, GABAergic and glutamatergic 



neurons. Here, we evaluated the anti-absence seizure effects of optogenetic activation in different 
neuron populations of PPN. We used ChAT::Cre and GAD::Cre Long-Evans (LE) rats 
transfected with AAV-hSyn-FLEX-Chronos-GFP or AAV-hSyn-FLEX-ArchT-GFP to activate 
or inhibit cholinergic and GABAergic neurons of PPN. To study the role of glutamatergic 
neurons, we injected AAV-CamKII-Chr2-mCheery or AAV-CamKII-ArchT-mCherry in wild-
type LE. Absence seizures were evoked by systemic administration of γ-butyrolactone - GBL 
(SWD- thalamocortical/absence seizures model) and electrographic seizures were recorded on a 
within- subject basis (i.e., with and without optogenetic activation/silencing). Optogenetic 
activation (5 Hz) of ChAT+ neurons suppressed cortical SWD absence seizures. However, 
inhibition of cholinergic neurons had no effect on number of absence seizures. Meanwhile, 
optogenetic activation of GABAergic neurons of PPN increased absence seizures, whereas 
optogenetic silencing of GABAergic neurons was without effect on seizures. Finally, activation 
or inhibition of glutamatergic neurons from the PPN have no effect of the number of seizures. 
Parallel studies are underway using DREADD-mediated modulation of PPN effect on other 
seizure types. These data indicate that different populations of neurons in the PPN exert diverse 
effects in the modulation of seizures. Using optogenetic neuronal activation in cholinergic 
neurons from PPN is a promising target for seizures control of epilepsy. 
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Abstract: Epilepsy is characterized by an enduring predisposition to generate seizures, which is 
usually followed by metabolic and neurobiological alterations. Wistar Audiogenic Rat (WAR) is 



a strain selected from the inbreeding of Wistar rats that exhibit seizures when exposed to 
acoustic stimuli. Accordingly, physiological and behavioral abnormalities make WAR an 
interesting strain for the study of epilepsy comorbidities. Based on this, the current study aims to 
evaluate in the WAR strain: 1. Maternal care under undisturbed and stressful conditions 2. 
depressive-like behaviors basally and after audiogenic kindling (Auk) 3. metabolic function. 1. 
Maternal behavior was daily monitored during lactating period for 1h in undisturbed condition 
(30 events/block). On lactating day 2 (LD2), dams (n=6) were submitted to pup retrieval test 
(PRT) and maternal defense test (MDT) was performed on LD7. There was no difference for 
arched back nursing posture, licking/grooming or time of dam in nest. There is no difference for 
number of attacks, and aggressive behaviors on maternal defense test. Although WAR latency to 
retrieve first pup, half of the litter and last pup in PRT also were not different, 100% of Wistar 
dams grouped the entire litter, whereas in WAR only 40%.2. To evaluate depressive-like 
behaviors, rats were submitted to 20 acoustic stimuli twice a day (AuK) (Wistar-AuK;WAR-
Auk), while respective controls remained undisturbed (Wistar; WAR). Animals (n=10) were 
subjected also to sucrose preference (SPT) and forced swim (FST) tests. WARs did not differ 
from Wistar in SPT, and WAR AuK group presented hedonic behavior compared to control 
groups [F(3,52)=7.11;p<0.001]. In FST, using a neuroethological analysis, WARs displayed a 
poorly connected behavioral repertoire compared to Wistar, in both pre-test and test sessions. 
WAR and WAR-AuK presented significant reduction of climbing in test session when compared 
to Wistar [F(2,16)=5.39;p=0.0162]. 3. Wistar and WARs were placed in metabolic cages (n=8). 
WARs presented significant reduction in body weight (t=14.07; p<0.001), water 
(t=5.14;p<0.001) and food intake (t=7.57;p<0.001), compared to Wistar rats. There was no 
difference in urine volume between strains but WARs show significant reduction in urine 
osmolarity (t=2.21;p<0.05). Although the WAR strain does not present differences in maternal 
behaviors in basal conditions, it seems to display alterations under stress. Also, based on the 
current findings, we suggest that inbreeding selection for seizure susceptibility is linked to 
altered stress-coping behavioral strategies and metabolic function. In addition, chronic seizures 
may alter reward systems. 
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Abstract: Spreading Depolarization (SD) is a neurophysiological phenomenon of large-scale 
depolarization of brain cells followed by a period of long-lasting neuronal inactivity. SD 
propagates through the brain at approximately 3-5 mm per minute causing an underlying 
swelling in the brain tissue invaded. This swelling alters the diffusion properties of cerebral 
spinal fluid at the cellular level, which we have utilized to visualize SD across the entire brain 
with Diffusion-Weighted Magnetic Resonance Imaging (DW-MRI). We hypothesized that SD 
invades brainstem tissue using fatal seizures, following district propagation pathways that are 
spared during non-fatal seizures. 
Combining DW-MRI with EEG monitoring we examined the propagation of SD during fatal and 
non-fatal seizures elicited by electrical brain stimulation in a mouse model of Sudden 
Unexpected Death in Epilepsy (SUDEP). In addition, we utilized optogenetic stimulation to 
induce SD in specific brain regions to examine the propagation path from targeted subcortical 
foci. This was further correlated with in vitro analyses of neuronal and synaptic activity at the 
cellular level. 
DW-MRI identified two brain regions associated with SD during seizures in the mouse SUDEP 
model. Targeted optogenetic stimulation in these regions revealed that they are specifically-
sensitive to SD only in the SUDEP model. Further, electrophysiological analyses of intrinsic 
neuronal and synaptic activity in these brain regions reveals distinct gain-of-function properties 
related to SD susceptibility. These findings highlight that distinct brain regions are involved in 
the propagation of SD to the brainstem during seizures and provide support to the theory that 
brainstem depolarization is directly linked to SUDEP. 
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Abstract: Our recent work demonstrated that despite epilepsy’s inherent heterogeneity, seizures 
exhibit a set of conserved dynamical features that allow them to be characterized based upon 
scientific principles. The types of onset and offset patterns, known as bifurcations, establish a 
dynamical taxonomy of seizure dynamics. We used this taxonomy to characterize seizures in in 
vitro models of seizure activity, using inter-spike intervals and spike amplitude trends to 
categorize a limited number of specific bifurcations, coupled with several traditional quantitative 
signal processing measurements. However, the physiological meaning and relevance behind 
these bifurcation types are currently unknown. We used these measurements for two purposes: to 
elicit the underlying physiological properties and to quantify and compare seizures across 
different experiments. Mouse brain slices containing hippocampus, amygdala, and entorhinal 
cortex regions with a variety of pro- and anti-epileptic conditions (low magnesium, epileptic 
mutations, anti-epileptic drugs (AEDs), ketogenic diet, and pre-ictal therapeutic electrical 
stimulation) were used to generate an array of different seizure types. Each seizure was 
quantified with our algorithm, which allowed scientifically-based measures of seizure dynamics 
and direct comparison of their dynamical features. 
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Abstract: The ketogenic diet (KD) has been an effective antiepileptic treatment dating back to 
the mid-1920s.  While a number of hypotheses have been advanced, the exact cellular 
mechanism that underlies the antiepileptic action of the KD remains unclear.  Evidence has been 
accumulating that ketones can directly enhance voltage-gated potassium currents gated by 
potassium channel complexes that contain Kvβ2 auxiliary sub-units which themselves possess an 
aldo-keto reductase enzymatic core domain.  Therefore, we advance the novel hypothesis that 
ketones generated under ketogenic conditions directly interact with Kvβ auxiliary sub-units to 
increase voltage-gated potassium currents which in turn reduces neuronal excitability.  
At 8 weeks of age, wild-type (WT) and Kvβ2-/- (KO) mice were separated into two groups, one 
of which was fed standard chow, and the other which was fed a KD for a minimum of 6 weeks. 
Ex vivo coronal and modified horizontal slices were prepared from each group. In virto 
extracellular field potential recordings were made from either the dorsal hippocampus (HP) of 
coronal slices, or the ventral HP, entorhinal cortex (EC) and lateral amygdala (LA) 
simultaneously in modified horizontal slices in standard aCSF, with or without the addition of 
ketones. Epileptiform bursts were induced by removing Mg2+ and increasing K+ concentrations in 
the aCSF ([Mg2+]0 aCSF).  The percentage of slices that exhibited bursting, latency to continuous 
bursting, and inter-burst interval, were measured for at least one hour after perfusion with the 
[Mg2+]0 aCSF. 
In WT mice, acute application of ketones to slices from animals that were not maintained on a 
KD significantly reduced the induction of ictal events in the ventral HP. This effect is ventral HP 
specific and was not seen in the dorsal HP, KO mice or animals maintained on a KD. In the 
ventral HP, ketogenic conditions caused a significant reduction in the latency to ictal events 
regardless of genotype, however, in the dorsal HP, this reduction not observed in KO slices. In 
both the ventral HP and the LA, maintenance of WT animals on the KD causes a reduction in the 
inter-burst interval, which is not seen in slices made from KO animals. This effect is not seen in 
the EC or the dorsal HP. Additionally, treatment with the KD appears to alter the functional 
connectivity in the brain, regardless of genotype, as measured by the order in which the three 
areas (HP, EC, & LA) begin bursting after induction with ([Mg2+]0 aCSF. Although it is not clear 
exactly how KvB2 is modulating the effects of the ketogenic diet, it is clear that these effects 
differ across brain regions, indicating that the ketogenic diet affects separate regions of the brain 
in different ways. 
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Abstract: Kindling is a neurobiological phenomenon of progressive seizure-induced plasticity 
that permanently increases susceptibility to recurring seizures, development of epilepsy, and 
progressive adverse effects of repeated seizures. The molecular, cellular, structural, and 
functional alterations induced in neural circuits by kindling are influenced by genetic 
background, as demonstrated by the recent development of distinct strains of “fast” and “slow” 
kindling rats selected and bred for “fast” or “slow” rates of kindling in response to stimulation of 
the perforant path. The “fast” and “slow” strains are referred to, respectively, as perforant path 
kindling-susceptible (PPKS) or perforant path kindling-resistant (PPKR). Compared to outbred 
Sprague Dawley (SD) rats which developed secondary generalized (Class V) seizures after 16.8 
± 2.5 afterdischarges (ADs), the PPKS and PPKR strains demonstrated Class V seizures after 
10.0 ± 1.2 and 27.3 ± 4.4 ADs, respectively, and also demonstrated distinct behavioral 
phenotypes (Langberg et al., Neurobiol Dis 85:122-129, 2015). It was of interest to determine if 
the genetic background of these strains selected by stimulation of the perforant path also 
influences seizures and neural circuit plasticity evoked by stimulation of other pathways. To 
address this question, rates of kindling development in seizure-naïve PPKS, PPKR, and outbred 
SD rats were compared in response to repeated stimulation of the olfactory bulb (OB) with 1 sec 
trains of 60 hz biphasic constant current pulses that evoked ADs. Outbred SD rats developed 
Class V seizures evoked by OB stimulation after 8.6 ± 1.4 ADs, while “fast” PPKS rats required 
6.8 ± 0.7 ADs and “slow” PPKR rats required 12.1 ± 1.4 ADs (p < 0.01, ANOVA). The rate of 
OB kindling was faster in PPKS vs. PPKR rats (p < 0.01, post-hoc t test). The results 
demonstrate that susceptibility or resistance to kindling development in the PPKS and PPKR 
strains transfers to kindling of other pathways in addition to the PP, and imply that genetic 
background conferring susceptibility or resistance to seizure-induced plasticity in the PPKS and 
PPKR strains influences multiple pathways of the central nervous system. 
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Abstract: Historically, animal EEG studies have been the standard for preclinical assessment of 
drug induced seizures. Furthermore, in a typical ex vivo study, cortical neurons derived from rat 
forebrain must be extracted and cultured on microelectrode arrays (MEA) for roughly 4 weeks 
before mature functional network activity can be utilized for seizure assessment. With recent 
advances in human stem cell technologies, iPS-derived neurons can provide spontaneous 
electrical activity closely resembling that of murine ex vivo preparations. Here, using Axion 
Maestro MEAs, the electrophysiological function was compared amongst three different iPS-
derived neuronal subtypes in the presence and absence of astrocytes. As with ex vivo 
preparations, we found that astrocytes are indeed necessary to provide iPS neurons with the 
physiological co-culture environment required for mature network level activity. Once network 
level activity was achieved (typically 2-3 weeks), co-cultures were exposed to 12 different 
compounds having a variety of seizure-related, anti-seizure, or neurotoxic activity (e.g. GABA 
A, K+ channel, Na+ channel, muscarinic ACh, glycine, D2 receptor, & MAO block). Though 
“time to assay readiness” was different, sensitivity to these compounds were similar for the three 
neuronal populations. Importantly, these co-culture models all demonstrated good predictivity 
within the 12 drug set and allowed for significantly faster “assay ready” culture times than 
typical murine ex vivo preparations. In conclusion, human iPS neurons + astrocytes provide a 
number of advantages over current models for seizure liability and anti-epileptic drug screening 
efforts and should be further explored to develop a more comprehensive library to better 
understand their predictivity for drug induced seizures. 
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Abstract: Both women and men with temporal lobe epilepsy (TLE) are at greater risk for 
reproductive endocrine disorders, but the neural mechanisms underlying these co-morbidities 
have not been elucidated. Hypothalamic gonadotropin-releasing hormone (GnRH) neurons, the 
neural output for controlling reproduction, likely play key roles in driving these co-morbidities. 
We recently demonstrated robust estrous cycle disruption in female mice in the intrahippocampal 
kainic acid (KA) model of TLE. Here, we made targeted extracellular recordings of GnRH 
neuron firing in acute coronal brain slices at 2 mo after KA/saline injection. In females, GnRH 
neurons showed distinct responses to KA-induced epilepsy depending on estrous cycle stage on 
the day of recording. On diestrus, GnRH neuron mean firing rate was increased in the KA-
treated female mice that developed prolonged (>7 d) estrous cycles (saline, n=16 cells, 0.30+0.04 
Hz, KA/prolonged n=20 cells, 1.03+0.25 Hz, p<0.01), but KA-treated female mice that 
maintained regular 4-6 d cycles did not show this change (KA/normal, n=20 cells, 0.39+0.08 
Hz). On estrus, however, GnRH neurons from KA-treated female mice displayed lower firing 
rate than control mice, and this change was not correlated with estrous cycle period (saline, n=18 
cells, 0.64+0.12 Hz; KA/prolonged, n=13 cells, 0.13+0.04 Hz, p<0.01 vs. saline; KA/normal, 
n=6 cells, 0.21+0.14 Hz, p<0.05 vs. saline). Cells located in the medial septum and preoptic area 
were most strongly affected. GnRH neurons also showed a sex-specific response to epilepsy, as 
cells from KA-treated males did not show a change in mean firing rate (saline, n=14 cells, 
0.47+0.13 Hz, KA, n=22 cells, 0.61+0.13 Hz). To examine if GnRH neuron firing pattern was 
also affected by KA treatment, we performed spike pattern analysis for burst detection in the 
recorded cells from males and diestrous females. Interspike interval joint scatter plots and k-



means clustering methods were used for burst identification and analysis. The burst duration and 
the number of spikes per burst were both increased (p<0.001) in all KA-treated mice, regardless 
of estrous cycle period or sex. Among KA-treated females, however, the intraburst firing rate 
increased significantly in those with prolonged estrous cycles but decreased in those with normal 
estrous cycles (p<0.01). In KA-treated males, by contrast, the intraburst firing rate was not 
changed. Together, these findings are the first direct demonstrations of aberrant GnRH neuron 
function in an animal model of epilepsy, and indicate dynamic and sex-specific effects of 
epilepsy on the neural control of reproduction in different reproductive physiological states. 
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Abstract: Deep brain stimulation has been used as a treatment for epilepsy, however, the 
mechanisms targets and optimal stimulation parameters are undeterminated. A novel protocol of 
stimulation is the non-periodic electrical stimulation pattern (NPS) which consists of changes in 
the temporal pattern of pulse firing, instead of periodic interpulse intervals an unstructured non-
periodic electrical stimulation is applied, with randomized interpulse interval. The delivering 
NPS at four pulses per second to the amygdala (AM) reduce the severity and number of seizures 
induced by pentylenetetrazole and pilocarpine in rats, nevertheless, the effects on epileptogenesis 
are unknown. The aim of this work was to analyze the effects of NPS applied to the AM on the 
acquisition of kindling-induced epileptogenesis in adult rats. Twenty-one adult male rats were 
implanted in the right basolateral AM. The implanted electrodes were used for daily kindling 
stimulation (AK) and NPS. Rats were divided in 3 groups: control, preemptive NPS and 
NPS/AK. Control animals were stimulated once a day with AK stimulus (1s, 60 Hz, 1ms/pulse). 
Animals in preemptive NPS group were stimulated for 10 days with NPS (20 min, four pulses 
per second, 0.1ms/pulse with non-periodic pattern) before the start of the AK. Rats in NPS/AK 
group received NPS during the development of kindling, the NPS was applied five minutes after 
of AK stimulus. The EEG of the AM was recorded. Seizure severity was classified according to 



the Racine scale, in addition to seizure stage, the afterdischarge duration (AD) and the 
generalized seizure duration (GSD) were analyzed. All animals were stimulated until exhibited 
three consecutive stage 5 seizures. Significant differences were found between NPS during AK 
animals versus control group: The number of stimulations required to reach the first stage V 
seizures, (p < 0.02) and the number of days on stage I (p < 0.004) and II (p < 0.02) seizures 
increased in NPS/AK animals compared to the control ones. The daily AD (p < 0.01), the 
cumulative AD of the 3 stages V seizures (p < 0.02) and the GSD (p < 0.02) decreased in the 
NPS/AK animals compared to the control ones. The preemptive NPS did not show differences in 
the acquisition of AK. Our data suggest an anti epileptogenic effect by NPS when the stimulation 
was applied during the development of AK. On the other hand, the NPS may be an alternative 
treatment against the progress and the pathophysiology of epilepsy, however, a better 
understanding of the role of NPS in the modulation of neural networks will help us to find the 
physiological mechanisms to achieve a better therapeutic effect with NPS. 
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Abstract: Status epilepticus (SE) is a medical emergency resulting from continuous epileptic 
seizures that persist for longer than 5 minutes. If left untreated, SE can result in devastating 
damage to the brain. While chemoconvulsants such as pilocarpine and kainate (KA) are 
commonly used to induce SE in rats, efforts to transition these models to inbred mouse strains 
have been met with numerous challenges (high mortality, inconsistent SE behavior, resistance to 
pathology). Recent studies have suggested that repeated low-dose (RLD) administration of KA 
to adult mice may provide a reliable and survivable approach for SE induction. To evaluate this 
model, KA was repeatedly administered to male C57BL/6J mice (7-8 wk; 9-10 wk; 11-12 wk) 
until onset of Racine scale 4-5 convulsive motor seizures (CMS). The effects of seizure 



induction on neuronal damage and GFAP immunoreactivity were then evaluated in medial 
temporal lobe brain regions and correlated to age. While CMS onset consistent with SE 
induction was observed in all age groups, survival and neuropathology were found to be age-
dependent, as survival rates and resistance to neuronal damage increased with age. Most 
survivors of severe KA-induced CMS exhibited frank neuronal loss of cornus ammonis (CA) 
area 1 and 3 neurons and increased GFAP staining in the hippocampal formation. The spatial 
distribution of hippocampal damage was assessed across 3 bregmas (-1.4, -2.0, and -2.6), with 
neuropathology found to be largely consistent along the ventral-dorsal axis. Interestingly, KA-
induced damage was restricted to the hippocampus, with minimal evidence of neurotoxicity 
observed in other brain regions. Collectively, while RLD administration of KA to C57BL/6J 
mice represents a reliable CMS induction method, further optimization of this model is necessary 
to reduce variability in survival rates and neuropathological outcomes. 
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Abstract: Temporal lobe epilepsy is a highly prevalent form of adult epilepsy and commonly 
modeled in mice using an intrahippocampal injection of kainic acid into the dorsal hippocampus. 
However, the hippocampus in mice is heterogeneous; targeting different aspects of the 
hippocampus may produce distinct phenotypes in an intrahippocampal kainic acid model of 
temporal lobe epilepsy. The ventral hippocampus is known to have differences in connectivity 
and function compared to the dorsal hippocampus, including greater connectivity with the 
amygdala. Furthermore, acute seizures induced via manipulation of the ventral hippocampus are 



more likely than dorsal hippocampal seizures to generalize into overt behavioral seizures. 
Therefore, mice were subjected to a unilateral injection of kainic acid in either the dorsal (n=17) 
or ventral (n=17) hippocampus to induce an initial epileptogenic insult in order to monitor 
chronic, spontaneous overt behavioral seizures as well as behavioral and anatomical phenotypes. 
These mice were compared to saline controls (n=19). The dorsally and ventrally injected kainic 
acid groups exhibited similar deficits on a spatial memory task compared to saline injected mice 
(p<0.01). Ventrally injected kainic acid mice additionally displayed a hypohedonic phenotype 
(p<0.05). Surprisingly, both dorsally and ventrally injected kainic acid groups had similar levels 
of spontaneous overt behavioral seizures (3 or greater on the Racine scale). Hippocampal 
pathology will also be compared - examining the extent and focality of several anatomical 
phenotypes of temporal lobe epilepsy including cell loss, granule cell dispersion, and mossy fiber 
sprouting. Correlations between seizures, behavior, and pathology will also be tested. These 
results inform how different aspects of the hippocampus may contribute to distinct or common 
pathologies and comorbidities observed in temporal lobe epilepsy. 
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Abstract: Introduction. Status epilepticus (SE) is an important neurological condition that 
requires immediate clinical attention. Neonatal seizures constitute one of the most common 
neurologic disorders in the newborn with the highest incidence in the first year of life. Neonatal 
status epilepticus has been extensively studied and it’s been reported it can lead to neuronal 
death by apoptosis, morphological alterations in neural networks, among others, mediated by 



excitatory amino acids and inflammatory cytokines. Neuroinflammation promotes the activation 
of microglia, astrocytes and brain endothelial cells, causing the release of glutamate, interleukin-
1α (IL-1α), interleukin-6 (IL-6) and Tumoral Necrosis Factor-α (TNF-α), which provoke 
neuronal damage. Until now, the expression of proinflammatory cytokines IL-1α, IL-6 and 
TNFα by kainic acid-induced status epilepticus in the neonatal rat brain (P2) is not known. For 
this reason, we have proposed to evaluate it. Material and methods. It was standardized a model 
of SE induced by KA in newborn rats (P2). The behavioral assessment to determine SE was 
performed using the modified Racine scale. Control and kainic acid treated rats (1.5 mg/kg, KA) 
were sacrificed 30 minutes and 24 hours after the treatment. The brains were obtained to 
determine the histological damage and expression of IL-1α, IL-6 and TNF-α in hippocampus and 
cortex by immunological techniques. We used monoclonal antibodies against the NeuN protein 
to evaluate the functional status of the neurons. The immunological staining was performed 
using previously published methods. Results. The SE model was established in newborn rats 
(P2) at a dose of 1.5 mg/kg AK, with 80% survival. The SE model caused morphological 
damage in the hippocampus and cortex regions, quantified by densitometry. We observed a 
decrease in the neuronal integration of AK-treated rats. On the other hand, there was a significant 
increase in expression of IL-1α, IL-6 and TNF-α proinflammatory cytokines in the neonatal rat 
brain by kainic acid-induced SE. A greater expression of these cytokines was observed at 30 min 
compared to 24 h later. Conclusions. We obtained an appropriate SE model with a high survival 
rate and an extraordinary reproducibility. We also defined that KA produces morphological 
damage in the hippocampus and cortex regions, both in rats sacrificed 30 minutes later and 24 
hours after the stimulus. The immunohistochemical expression of proinflammatory cytokines 
(IL-1α, IL-6 and TNF-α) is higher in the group of animals sacrificed at 30 minutes compared to 
the 24-hour group. 
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Title: Cyclooxygenase-2 inhibitors differentially attenuate pentylenetetrazol-induced seizures 
and increase of pro- and anti-inflammatory cytokine levels in the cerebral cortex and 
hippocampus of mice 
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Abstract: Seizures increase prostaglandin and cytokine levels in the brain. However, it remains 
to be determined whether cyclooxygenase-2 (COX-2) derived metabolites play a role in seizure-
induced cytokine increase in the brain and whether anticonvulsant activity is shared by all COX-
2 inhibitors. In this study we investigated whether three different COX-2 inhibitors alter 
pentylenetetrazol (PTZ)-induced seizures and increase of interleukin-1β (IL-1β), interleukin-6 
(IL-6), interferon-γ (INF-γ), tumor necrosis factor-α (TNF-α) and interleukin-10 (IL-10) levels in 
the hippocampus and cerebral cortex of mice. Adult male albino Swiss mice received 
nimesulide, celecoxib or etoricoxib (0.2, 2 or 20 mg/kg in 0.1% carboxymethylcellulose (CMC) 
in 5% Tween 80, p.o.). Sixty minutes thereafter the animals were injected with PTZ (50 mg/kg, 
i.p.) and the latency to myoclonic jerks and to generalized tonic-clonic seizures were recorded. 
Twenty minutes after PTZ injection animals were killed and cytokine levels were measured by 
ELISA. Behavioral data were analyzed by Kruskal-Wallis followed by nonparametric Dunn's 
test. Cytokine data were analyzed by three-way ANOVA, considering the brain structure as 
within-subject-factor followed by Bonferroni test. PTZ increased cytokine levels in the cerebral 
cortex and hippocampus. While celecoxib and nimesulide attenuated PTZ -induced increase of 
proinflammatory cytokines in the cerebral cortex, etoricoxib did not. Nimesulide was the only 
COX-2 inhibitor that attenuated PTZ-induced seizures. This effect coincided with an increase of 
IL-10 levels in the cerebral cortex and hippocampus, constituting circumstantial evidence that 
IL-10 increase may be involved in the anticonvulsant effect of nimesulide. 
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Abstract: Purpose. Mild traumatic brain injury (mTBI) is a risk factor for neurodegenerative 
diseases, Post-Traumatic Stress Disorder (PTSD), major depression and epileptic seizures. It is 
generated by explosions, traffic accidents, falls or impact sport events. The resulting closed-head 
injuries can be identified with Diffusion Tensor Imaging (DTI) by axonal reduction of Fractional 
Anisotropy (FA). The clinical severity is correlated with the concussion duration. mTBI 
produces Chronic Traumatic Encephalopathy (CTE), biomarked by hyperphosphorylated tau 
protein (pTau). mTBI also serves as a tool in animal models to investigate the cell biological 
mechanisms of the induced pathological states. 
Experimental. In most experiments, we used male C57BL/6N mice (7-8 weeks old) anesthetized 
with isoflurane. Their lungs and ears were protected with nylon ballistic coats and plastic plugs, 
respectively. The anesthetized mice were exposed for 0.2 msec to a supersonic helium wave 
produced by an aluminum 6 feet long and 2 inches wide shock tube. In some experiments, the 
animals were repetitively (twice or four times on subsequent days) exposed at 70 or 36 psi. 
Controls were treated similarly except for the missing helium wave. Subsequently, all mice were 
cardioperfused 2, 5, or 12 days after the last blast. The isolated brains were subjected to DTI and 
pTau histology. For absence seizure detection, three stainless steel screw electrodes were 
inserted into the skull over the hippocampus and the cerebellum. Two wire electrodes were 
additionally inserted into the neck musculature to record electromyography (EMG) activity. 
After recovery for one week, EEG and EMG signals were amplified in a range of 0.3 to 70 Hz. 
Absence seizures were identified by i.p. injection of pentylenetetrazole (PTZ). Thereafter, the 
mice were subjected to forced swim and sucrose preference tests to check on depression-like 
behavior. 
Results. No mortality was observed. The mice required 5-7 minutes to recover from one blast. 
After repetitive blast (2 x 70 psi), the recovery process needed significantly less time. Four hours 
after one exposure to 70 psi, the blood brain barrier was found to be open. By PTZ injection, a 
significant discharge at 2-4 Hz in mTBI-induced mice indicated absence seizures. 
No evidence for depression-like behavior was observed, possibly because of the antagonism 
between epileptic and depressive actions. The role of the mTBI-induced increase of pTau will be 
discussed. 
Conclusion. The hypothetical inverse relationship between epileptic and depressive processes 
will be further investigated by antiepileptic intervention. 
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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. Animal models of epilepsy are very important not only for understanding the 
fundamental neuronal mechanism of epilepsy but also for testing the efficacy of new 
antiepileptic drugs or other therapeutic interventions. 4-Aminopyridine (4-AP) is a potent 
convulsant when applied to the neocortex. Microinjection of 4-AP in vivo can induce focal 
seizures, but the volume of tissue in which the 4-AP is released over time is poorly understand. 
Here, we combined the 4-AP with fluorescamine, a fluorescent agent that reacts with primary 
amines to form a highly fluorescent compound, to characterize the radial diffusion pattern of 4-
AP. 0.5 µl fresh fluorescamine/4-AP solution was injected into rat neocortex (25mM 4-AP and 
270mM fluorescamine). We excited fluorescamine/4AP with a 395 nm LED light passed through 
a 395 ±2 nm bandpass filter. The excitation light was diverted onto the neocortex via an 
extended reflectance dichroic mirror. The emitted fluorescence was passed through a band-pass 
474±13.5 nm emission filter and collected by an Adimec 1000M/D camera. Serial imaging of the 
fluorescence of the mixture of fluorescamine and 4-AP can be used to trace the diffusion of 4-AP 
over time. The mixture of fluorescamine/4-AP showed strong fluorescence signals compared to 



the background autofluorescence of cortex. On average, injection of 4-AP leads to an early rapid 
increase in the area of fluorescence with a second slower increase from diffusion. The delay of 4-
AP starting diffusion is 210±105.9 sec (n=5 rats). The averaged diffusion distances at 1800, 
2400, 3000, 3600, 5400, and 7200 sec were 372.77 ±54.30 µm, 466.48 ±54.62 µm, 526.67 
±48.33 µm, 589.60 ±42.86 µm, 497.94 ±78.35 µm, and 428.17 ±54.15 µm, respectively. The 
average maximum distance of diffusion of 589.60 ±85.72 µm was reached at 3600 seconds. 
Taken together, these results demonstrate that the fluorescamine-based bioassay could be used as 
a novel method to investigate the distribution of 4-aminopyridine or other compounds with 
primary amines in the brain. 
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Abstract: One in twenty-six Americans are diagnosed with epilepsy at some point during their 
lifetime. While the majority of these patients achieve seizure control with medications, 
approximately one-third of epilepsy patients are refractory to therapy with antiepileptic drugs. 
Patients with refractory epilepsy are at high risk for sudden unexpected death in epilepsy 
(SUDEP). The preponderance of evidence suggests that SUDEP occurs due to seizure-induced 



respiratory and/or cardiac dysfunction. In addition, the majority of SUDEP cases occur during 
the night. Since humans tend to sleep during the night, this has been attributed to SUDEP 
occurring during sleep. Sleep state certainly affects seizures, and there is evidence that sleep state 
influences SUDEP; however, the observation that SUDEP tends to occur during the night might 
also implicate circadian influences on SUDEP that are independent of the influences of sleep 
state. We investigated this possibility here. Adult male wild-type mice were implanted with 
EEG, EMG, and EKG recording electrodes. After recovery from surgery and acclimation to the 
recording chamber, seizures were induced via maximal electroshock (50 mA, 200 msec, 60 Hz, 
biphasic sine wave) during wakefulness, non-rapid eye movement (NREM) sleep and rapid eye 
movement (REM) sleep during the daytime and the nighttime (n = 12 per condition). EEG, 
EMG, EKG, and breathing plethysmography data were collected during each seizure induction. 
Seizure severity and duration, and the effects of seizures on breathing, cardiac function, EEG 
power, and survival were assessed. Seizures induced during the daytime, the inactive phase of 
rodents, were longer in duration, more severe, and more likely to be fatal than seizures induced 
during the nighttime. Seizures induced during the daytime were also associated with more 
profound respiratory dysregulation and post-ictal EEG suppression compared to those induced 
during the nighttime. There were no statistically significant differences in the effects of seizures 
induced during different vigilance states and times of day on cardiac function. Seizures induced 
during REM sleep during either the daytime or the nighttime were fatal. Taken together these 
data suggest that time of day influences the physiological consequences of seizures that may lead 
to seizure-induced death. Additional work is needed to determine the mechanisms by which time 
of day affects seizure outcomes. Understanding these mechanisms may inform strategies to 
prevent SUDEP. 
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Abstract: Sudden unexpected death in epilepsy (SUDEP) is a leading cause of premature 
mortality in patients with medically intractable epilepsy. While the pathophysiology of SUDEP 
remains unclear, multiple risk factors have been identified, including generalized tonic-clonic 
seizure (GTC) frequency, gender, early age at seizure onset and polytherapy with anti-seizure 
drugs. The spontaneously epileptic Kcna1-null (KO) mouse, lacking the delayed rectifier 
potassium channel protein Kv1.1, has been validated as a model of SUDEP, and a recent study 
has shown that a high-fat, anti-seizure ketogenic diet (KD) significantly extends longevity 
relative to KO mice fed normal rodent chow (PMID: 27346881). Here, we investigated whether 
the KD-induced extension of lifespan in KO animals is dependent upon gender and/or age of 
onset of KD administration. As mice aged, we found that KO animals had a steadily increasing 
daily seizure frequency (6.5 ± 4.7 at postnatal days [PD] 33-38 vs. 10 ± 2.2 at PD40-45, p < 
0.01) and early demise by PD 46.9 ± 0.8 (n=112). In standard diet (SD)-fed KO mice, there was 
no difference in lifespan between male and female animals. By contrast, following KD initiation 
at PD30, KD-fed mice exhibited significantly extended longevity (PD 69.8 ± 1.7; n=36; p 
<0.01), and concomitantly had a decreased frequency of daily seizures (4.1 ± 0.9; n=36; p < 
0.01). Seizure control on the KD was similar between male and female mice, but KD-fed female 
KO mice survived longer than their male counterparts. The average ages of mortality were PD 
73.1 ± 2.5 (n=21) and PD 65.1 ± 1.4 (n=15) for females and males, respectively (p < 0.05). 
Comparing KO mice with KD onset at two different ages, we found that diet initiation at PD25 
led to longer lifespans compared to those who were placed on the KD starting at PD35. 
Collectively, these data further support the notion that the KD can retard disease progression and 
sudden death in the Kcna1-null mouse model of early developmental epilepsy, but that these 
effects are dependent on sex and age at initiation of therapy. The profound alterations in cellular 
metabolism and mitochondrial bioenergetics elicited by the high-fat diet are likely to be 
influenced by other factors as well, and future studies are necessary to clarify the specific 
mechanisms underlying the disease-modifying effects of the KD. 
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Abstract: Nerve agents are organophosphorus (OP) compounds which have been used by 
terrorist organizations and militant governments in civilian attacks. Nerve agents irreversibly 
block acetylcholinesterase activity, resulting in an accumulation of excess acetylcholine at neural 
synapses. This leads to a state of prolonged seizures known as status epilepticus, which is 
associated with significant morbidity and mortality. Benzodiazepines, the current anticonvulsant 
standard of care, become less effective as the time to treatment increases. In a mass civilian 
nerve agent exposure, concurrent trauma and limited resources would likely cause a delay in first 
response time. We have developed a rat model to test the anticonvulsant and neuroprotective 
efficacy of novel therapeutics at delayed time points. Adult, male rats with cortical EEG 
electrodes are exposed to the nerve agent soman and administered test treatments along with 
midazolam 20 minutes after seizure onset. FluoroJade B (FJB) staining is used to assess the 
neuroprotective effects of the treatments. We have validated our model using four drugs with 
established efficacy, or lack thereof, in other seizure models. Scopolamine, an anticholinergic, 
stopped seizures within one hour of treatment, in 5/9 rats treated with 5.6 mg/kg, 7/11 rats 
treated with 10 mg/kg, and 6/10 rats treated with 30 mg/kg, while saline + midazolam was 
ineffective (n = 11). Scopolamine also reduced the number of FJB+ neurons compared to 
controls in the five brain regions considered (amygdala, thalamus, piriform cortex, hippocampus, 
and parietal cortex). Memantine, an NMDA antagonist, had no anticonvulsant or neuroprotective 
effect and led to significant mortality (4/10 survivors) when tested at 56 mg/kg. Phenobarbital, a 
barbiturate, stopped seizures in rats 51.98 minutes (SEM = 14.23) after treatment in 8/8 rats 
treated with 100 mg/kg. In 4/10 rats treated with 56 mg/kg, seizures terminated, but returned an 
average of 19.63 minutes (SEM = 3.06) later and lasted throughout the day. Phenobarbital dose-
dependently reduced the number of dying cells in the amygdala only. Ganaxolone, a neuroactive 
steroid, also demonstrated dose-dependent anticonvulsant efficacy with seizures terminating in 
2/13 rats at 3 mg/kg, 3/9 rats at 6 mg/kg, and 5/9 rats at 10 mg/kg. Our results align with 
previous findings, thus validating our model as a way to successfully test the anticonvulsant and 
neuroprotective effects of novel drugs that may stop nerve agent-induced seizures. 
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Abstract: Understanding how seizures propagate across the brain is important to elucidating 
seizure dynamics and improving treatment strategies in pharmacoresistant focal epilepsy. While 
it has long been recognised that sensory stimuli can facilitate or inhibit epileptic seizures, very 
little is known about the cortical mechanisms that underpin such behaviour. Since it is thought 
that seizure propagation is restrained by feed-forward inhibition, and sensory adaptation during 
repetitive stimulation alters the balance between cortical excitation and inhibition, we sought to 
perturb focal seizure propagation dynamics through activation of sensory regions adjacent to the 
seizure focus. To this end, we exploited our established multi-modal methodology to examine 
neural and hemodynamic responses in cortex during physiological stimulation and recurrent 
focal acute seizures, and our mathematical model that allows decomposition of evoked LFPs into 
excitatory and inhibitory components. Two multi-channel depth electrodes were implanted into 
visual and adjacent vibrissal cortex of the urethane-anesthetized rat, the latter loaded with 4-
aminopyridine (4-AP, 15mM) for induction of recurrent focal seizures. 4-AP was infused into 
layer 6 visual cortex after a pre-infusion baseline recording. High-resolution spatial measures of 
total haemoglobin concentration were obtained using optical imaging spectroscopy. Whisker 
stimulation (16s, 5Hz, 1.2mA) was delivered at specific time-points following 4AP infusion and 
responses compared to controls to determine the effect of nearby epileptic activity on sensory 
processing and assess the manner in which ictal propagation is modulated by nearby sensory 
stimulation. Laterolaminar properties of epileptiform activity and resultant neurovascular 
coupling processes during the horizontal spread of epileptic activity were concurrently assessed 
using a suite of analysis techniques. Somatosensory activation in the ictal surround during 
ongoing recurrent seizures was associated with: 1) an increase in synchronisation between 
electrodes in the seizure onset zone and neighbouring S1 cortex within the gamma-frequency 
range of the LFP; and 2) a profound decrease in multi-unit activity in deep cortical layers. 



Notably, the reverse of the latter was observed in an isolated case where sensory responses and 
background cortical activity were consistent with a lighter anesthetic state. Our findings provide 
new insights into the complex effects of sensory stimulation on the propagation of adjacent acute 
focal seizures that may have important implications for our understanding of seizure dynamics. 
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Abstract: Current pre-clinical methods for characterizing the efficacy of anti-epileptic drugs 
and/or surgical interventions rely on the ability to prevent, delay, or lessen the severity of 
artificially induced seizures, either as a result of electric shock or the administration of pro-
convulsant drugs. These measures exhibit a large degree of baseline variability, requiring large 
numbers of replicates to achieve the statistical power required to demonstrate efficacy. We have 
developed a new method to detect small shifts in network excitability (e.g. seizure susceptibility) 
using optogenetically induced population discharge thresholds (oPDT), in mice, as a surrogate 
for seizure. By combining optogenetic stimulation of the hippocampus with chronic multi-site 
recording in peri-hippocampal structures of awake behaving animals, we can induce and detect 
abnormal network wide population discharges that mirror spontaneous interictal spikes in terms 
of waveform shape and latency. By varying the intensity of light we can compare the magnitude 
of the optogenetically mediated current to the probability of population discharge. This 
probability curve is well fit by a Boltzmann curve, allowing calculation of a V50. Here we 
demonstrate that the V50 is a sensitive and reliable metric of network excitability. Manipulations 
known to increase excitability such as chronic EtOH withdrawal, or sub-convulsive doses (20 
mg/kg) of pentylenetetrazol (PTZ ) produce a leftward shift in the curve compared to baseline. 



Anti-epileptic drugs, in combination with pro-convulsive manipulations, produce a rightward 
shift to baseline. oPDT baselines are remarkably stable over time, allowing for within-subject 
experimental design with multiple pharmacological manipulations, reducing the total number of 
animals needed. Furthermore we have fully characterized the close relationship between the 
oPDT and optogenetically induced seizure thresholds, thus demonstrating that the oPDT is a 
useful surrogate. The oPDT is the first example of a sensitive measure of subconvulsive network 
excitability, with broad applicability to a number of areas of investigation. 
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Abstract: Superoxide dismutase-2 (Sod2) is a critical mitochondrial antioxidant enzyme that 
catalyzes the detoxification of superoxide radicals in the mitochondrial matrix. Global deletion 
of Sod2 causes neonatal lethality. The goal of this study was to determine the consequences of 
mitochondrial oxidative stress in forebrain neurons during adulthood. A brain specific knock out 
(KO) mouse was generated by crossing an Sod2 p lox mouse strain with a neuronal basic helix-
loop-helix (NEX) cre-recombinase mouse. The homozygous lox/lox offspring (Sod2-/-) were 
compared to their wild type littermates (Sod2+/+) for redox and metabolic parameters, 
behavioral deficits and cell death. Compared to Sod2+/+ mice, Sod2-/- mice displayed lower 
body weights at 1 month (p=0.03) and 2 months (p=0.006) of age with average age of death of 
approximately 2 months. Sod2-/- mice exhibited progressive age-dependent ataxia, kyphosis, and 
eventual hind limb paralysis. A rotarod test at 6 weeks revealed a deficit in balance, grip 
strength, and/or motor coordination (p=0.001). Mitochondrial aconitase, but not fumarase 
activity, a measure of oxidative stress, was decreased in 1 month (p<0.0007) and 2 month 
(p<0.0001) old Sod2-/- mice compared to Sod2+/+ mice. Spontaneous seizure activity was 
detected in 6 week old Sod2-/- mice. Cell death, identified by Fluoro Jade B stain, was 



progressive and specific to the prefrontal cortex (p≤ 0.01) and somatosensory/motor cortex 
(p≤0.05) in Sod2-/- mice. Primary cortical cultures isolated from 5 day-old Sod2-/- and Sod2+/+ 
littermates revealed increased glycolytic rates in Sod2-/- cultures. Correspondingly, blood 
glucose levels were decreased in 6 week old Sod2-/- mice (p=0.0101). Finally, using a PCR 
array, we identified nine genes with increased expression in the prefrontal cortex of Sod2-/- 
mice. These results suggest that mitochondrial oxidative stress in forebrain neurons results in 
seizures and behavioral deficits, selective neuronal death and increased glycolysis. 
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Abstract: Ontogeny and function have been the major foci of microglia research in recent years. 
However, numerous questions remain unanswered regarding their role in pathology and whether 
monocyte-derived macrophages can assume microglia function in the adult brain. Whether or not 
monocyte-derived macrophages can engraft the brain and whether engrafted cells become 
microglia or instead retain unique functions remain major points of contention in the field. Here, 
we demonstrate that adult microglia, despite prevailing dogma, can be replaced spatially by 
peripheral monocytes without brain irradiation or blood-brain barrier disruption. However, these 
monocyte-derived engrafted macrophages do not differentiate to microglia, but acquire a unique 
transcriptomic profile. Using a bioinformatics approach, we defined signatures that detect the 
presence and unique function of engrafted macrophages among putative myeloid transcriptomes. 
Further, we developed a technique to replace microglia with hematopoietic-derived macrophages 



and compared their responses to the response of microglia under numerous physiological and 
pathological conditions. Under baseline conditions brain-engrafting macrophages cause no overt 
deficits in behavior, yet have aberrant response to peripheral or local challenges. These aberrant 
responses may be relevant for many neurological conditions and may impact neural function 
over the life of an individual. 
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Abstract: Phagocytosis is one of the crucial functions of microglia. Recently, cAMP signaling in 
microglia is suggested to regulate their phagocytic capacity. However, it remains unclear 
whether cAMP signaling enhances or attenuates microglial phagocytosis. We investigated how 
changes in the intracellular cAMP levels in microglia modulate their phagocytic capacity. For 
this purpose, we developed a coculture system of microglia with astrocytes and neurons, in 
which the in vivo-like ramified shape of microglia is maintained. We found that pharmacological 
activation of cAMP slightly facilitated microglial phagocytosis of E.coli particles. In addition, 
we investigated the role of cAMP in microglial phagocytosis by optogenetically stimulating 
photoactivated adenylyl cyclase (PAC) in cultured microglia. We also applied this system for the 
live imaging of synaptic pruning by microglia. To image microglia-synapse interactions in real 
time, hippocampal neurons were transfected with synaptophysin-mCherry and were cocultured 
with GFP-expressing microglia prepared from CX3CR1GFP/+ mice. Using this system, we 
observed a translocation of mCherry-labeled synaptophysin from axons of living neurons to 
GFP-labeled microglial processes. Thus, our experimental system is useful to examine the 
mechanisms that regulate the phagocytic capacity of microglia. 



Disclosures:  M. Andoh: None. R. Koyama: None. Y. Ikegaya: None. 

Poster 

295. Biology of Microglia 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 295.03/N1 

Topic: B.12. Glial Mechanisms 

Support: NUS Strategic Research Grant (Memory Networks in Rodent and Primate)  
 DPRT/944/09/14 (R185-000-271-646) 

Title: Epigenetic regulation of microglial phosphatidylinositol 3-kinase (PI3K) pathway 
involved in synaptic plasticity 

Authors: *G. SAW1, M. KARTHIK2, T. DHEEN1 
1Anat., 2Physiol., Natl. Univ. of Singapore, Singapore, Singapore 

Abstract: Microglial cells are the immune-competent macrophages present in the central 
nervous system (CNS). Microglia-mediated neuroinflammation has been shown in various 
neurological disorders such as Alzheimer’s disease, Parkinson’s disease, brain injury and 
infection. Phosphatidylinositol 3-kinase (PI3K) is known to play a significant role in synaptic 
plasticity in neurons. It is also expressed in microglia and its role in microglia has been mainly 
studied in the context of inflammation and phagocytosis. Studies have also shown that PI3K can 
bring about a phenotypical switch in microglia from pro-inflammatory (M1) to anti-
inflammatory (M2) which may prevent neurotoxicity. Downstream effectors of microglial PI3K 
such as protein kinase B (Akt), cAMP response element binding protein (CREB) and brain-
derived neurotrophic factor (BDNF) have been found to influence synaptic plasticity. We 
therefore hypothesise that the PI3K/Akt pathway in microglia regulates the production of BDNF 
which in turn alters synaptic plasticity. In this study, we investigated the regulation of microglial 
PI3K epigenetically through histone modification and post-translationally through sumoylation. 
Western blot and immunohistochemistry (ICC) analysis showed that sodium butyrate, a histone 
deacetylase inhibitor (HDACi) upregulated PI3K expression and the phosphorylation of Akt and 
CREB in microglia, suggesting that BDNF secretion from microglia may be altered via 
epigenetic regulation of PI3K. Knockdown of SUMO1 in stable BV2 microglia decreased the 
phosphorylation of Akt and CREB as well as the expression of BDNF. These results suggest that 
microglial PI3K is epigenetically regulated by histone modifications and post-translationally 
modified by sumoylation. We will next explore the role of microglial PI3K in long-term 
potentiation (LTP) in hippocampal slice cultures. Understanding the mechanisms by which 
microglial PI3K influences synapses may give us an insight into the ways by which it can 
modulate synaptic transmission and subsequently synaptic plasticity in learning and memory. 
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Abstract: Distinct from other type of cells in brain, microglia are derived from myelogenous 
cells and responsible for immunological and inflammatory events in central nervous system. 
While they play a major role in acute inflammation on a variety of disorders, recent studies have 
revealed that chronic inflammation caused by active microglia leads to neurodegenerative 
diseases such as Alzheimer’s disease and psychiatric diseases such as schizophrenia. Thus, the 
comprehensive understanding of brain inflammation elicited by microglial activation would 
refine therapeutic strategies of multiple neurological disorders. We have recently shown that two 
subunits of serum- and glucocorticoid-inducible kinases (SGKs), SGK1 and SGK3, are 
expressed in multiple microglial cell lines. Application of an SGK inhibitor gsk650394 results in 
enhanced lipopolysaccharide (LPS)-induced expression of iNOS and TNFα and nitric oxide 
(NO) production. These results imply the involvement of SGKs in cellular inflammatory 
responses (Inoue et al, 2016 BBRC). Here, to explore further the mechanism by which SGKs 
participate in microglial function, we focus on the roles of SGK1 in microglial BV-2 cells. We 
first employed the CRISPR/Cas9 system to introduce mutations in SGK1 gene, and successfully 
obtained heterozygous and homozygous knockout cell lines. Disruption of SGK1 gene leads to 
deramification of BV-2 cells; proportion of relatively round amoeboid cells is increased while 
that of ramified cells having long process(es) is decreased, suggesting the likelihood of 
microglial activation in SGK1-/- cells. In support of this, deleting SGK1 accelerates proliferation 
rate, another potential parameter of activation. NO is generated by an administration of LPS, and 
it is enhanced in SGK1-/- cells. In addition, those cells are treated with ATP to induce activation 
and injury, and SGK1-/- cells turn out to be more susceptible to ATP-induced cell death, 
suggesting an increase in sensitivity to apoptotic signals. Taken together, these findings 



demonstrate that SGK1 contributes to fundamental cellular function in regard with microglial 
activation. Further experiments will be performed. 
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Abstract: Microglia, the resident immune cells of the brain, are known to play important roles in 
pathological and physiological conditions. Their main function, as immune cells, is to detect the 
signs of pathogenic invasion or tissue damage, and moderate the potential damage to the CNS 
and support tissue repair. In addition, recent findings have revealed that microglia are also 
involved in maintaining the neurodevelopment process and synaptic plasticity and controlling 
other neural functions. In order to investigate detailed functions of microglia, we have 
undertaken development of a conditional gene manipulation system in microglia using Cre/loxP 
recombination. We generated a new knock-in mouse line expressing codon-improved Cre 
recombinase (iCre) under the control of the Aif1 (Allograft inflammatory factor 1, also known as 
Iba1) promotor. This Aif1-iCre line was established by insertion of iCre gene into the translation 
initiation site of the Aif1 in frame using C57BL/6N ES cells via homologous recombination. 
Resulting Aif1-iCre mice were viable, grew normally, and were fertile. By crossing the Aif1-
iCre line with the tdTomato reporter mouse line, we investigated its recombination pattern in the 
brain. We found that tdTomato fluorescence was detected in the almost cells expressing Iba1 
protein, indicating that conditional recombination was performed in a very large population of 
microglia. Although the recombination seemed to be highly microglia-selective, we also detected 
fluorescence in a minor population of excitatory neurons, which express a neuronal marker 
NeuN but contain no inhibitory transmitter GABA, in the forebrain and cells that comprise a part 
of capillary vessel throughout the brain. It seems that the recombination in these cells was due to 
transient expression of Cre recombinase at an early stage of development because no 
immunoreactivity for Iba1 was detected in the adult brain. However, no tdTomato fluorescence 
was not overlapped with the immunofluorescence for astrocyte marker GFAP, glial fibrillary 
acidic protein, or oligodendrocyte marker APC, adenamatous polyposis coli. Thus, the Aif1-iCre 
line on the C57BL/6N background will be a useful genetic tool to manipulate gene expression in 
microglia without affecting the functions of other glial cells. 
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Abstract: Translocator protein 18 kDa (TSPO) is a glial stress-response protein used in 
preclinical and clinical neuroimaging studies as a biomarker of neuroinflammation. Recent 
studies using TSPO knockout mice have questioned the long-held view that TSPO functions to 
transport cholesterol into the mitochondria for steroid synthesis. Further, the understanding of 
TSPO function in microglia is lacking. We have previously shown that TSPO ligands (TSPO-L) 
induce microglia functions consistent with an activated state, suggesting a role of TSPO in the 
inflammatory response to brain injury. Primary microglia exposed to TSPO-L (1-100 nM) 
induces ROS production which is abrogated by NADPH oxidase (NOX2) inhibitors, suggesting 
an association between TSPO and NOX2. NOX2 is a multi-subunit enzyme highly enriched in 
microglia and a major source of ROS in the CNS. To further elucidate the TSPO-NOX2 
association in microglia, we used different molecular approaches to assess protein-protein 
interaction under unstimulated or stimulated conditions (100 ng/mL lipopolysaccharide (LPS) for 
18 hours). 1) Co-immunoprecipitation (co-IP) revealed that the NOX2 subunits, gp91phox 
(gp91) and p22phox (p22), co-IP with TSPO supporting a protein-protein interaction. TSPO’s 
association with gp91 and p22 decreased with LPS stimulation, whereas TSPO’s association 
with VDAC, a mitochondrial protein, remained constant. These findings suggest that microglia 
activation changes the dynamics of the TSPO-NOX2 interaction. 2) Confocal imaging and 
colocalization analysis of TSPO/gp91/VDAC or TSPO/p22/VDAC immunofluorescence in 
microglia confirmed that TSPO colocalizes with both NOX subunits, as well as VDAC. Under 
LPS-stimulated conditions, TSPO associated with gp91 and TSPO associated with p22, exhibit 
decreased colocalization with VDAC. 3) Duolink Proximity Ligation Assay confirmed that 
TSPO interacts with p22, gp91 and VDAC in murine primary microglia. TSPO interaction with 
these proteins mirrored our co-IP data in that TSPO’s association with NOX2 subunits decreased 
with LPS activation, whereas TSPO’s association with VDAC did not change. 
Our findings suggest a novel TSPO-gp91-p22 interaction with VDAC in primary microglia that 



is disrupted by microglia activation with LPS. This TSPO-NOX2-VDAC putative complex may 
be disrupted by LPS-induced changes in membrane lipid composition, and promote the 
trafficking of TSPO, gp91, and p22 away from VDAC. We propose that the TSPO-gp91-p22-
VDAC interaction modulates the subcellular localization of gp91 and p22 proteins, thereby 
altering NOX2 activity and mitochondrial function. 
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Abstract: Previously, we reported the existence of dark microglia, a newly defined microglial 
phenotype found during chronic stress, aging, fractalkine signaling deficiency, and Alzheimer's 
disease pathology (APP-PS1 mice), but rarely present under steady state conditions (Bisht et al., 
Glia, 2016). Ultrastructurally, the dark microglia exhibited characteristic features of oxidative 
damage, and also expressed TREM2 (triggering receptor expressed on myeloid cells 2), a cell 
surface receptor that mediates phagocytosis, when found in association with the plaques of 
amyloid β. These cells appeared to be phagocytically more active than normal microglia, with 
their highly ramified and extremely thin processes extensively encircling axon terminals, 
dendritic spines, and even entire synapses, suggesting their implication in the pathological 
remodelling of neuronal circuits. Since brain development is also characterized by massive 
synaptic remodelling, including synaptic pruning, that requires microglial activity, it is important 
to look at the contribution of these highly phagocytic cells in development mechanisms to better 
understand their implication in diseases. In continuation with the previous study, we have 
attempted to characterize further these cells across stages of the lifespan, employing 
immunohistochemistry followed by transmission electron microscopy analyses. Previously, we 



found these cells to be associated with pathological states. Nevertheless, surprisingly, they are 
also abundant in the normal developing brain, as early as postnatal day 5 (P5). Detection of dark 
microglia in the early developing brain could be associated with the clearance of cellular debris 
and synaptic connections overproduced during early postnatal development, however, direct 
evidence for the involvement of dark microglia in early brain development is lacking. Recent 
studies have shown the expression of TREM2 mRNA in embryonic and postnatal brain, 
primarily in microglia. Inducing TREM2 expression in microglial cells results in an increased 
phagocytosis, whereas its knockdown causes a reduced phagocytic ability. Given the importance 
of TREM2 in mediating microglial survival and phagocytic response, we attempted to detect 
dark microglia in conditions where TREM2 protein has been knocked out. Indeed, dark 
microglia could not be detected in brain sections prepared from TREM2 knockout animal brains 
in comparison to their wildtype controls. Our focus is on the identification of specific markers 
that could selectively label these cells, in order to characterize their implication across brain 
development, plasticity, and disease. 
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Abstract: Microglia are resident innate immune cells which release many factors including 
proinflammatory cytokines or nitric oxide (NO) when they are activated in response to 
immunological stimuli. Pathophysiology of Alzheimer’s disease (AD) is related to the 
inflammatory responses mediated by microglia. Intracellular Ca2+ signaling is important for 
microglial functions such as release of NO and cytokines. In addition, alteration of intracellular 



Ca2+ signaling underlies the pathophysiology of AD, while it remains unclear how donepezil, an 
acetylcholinesterase inhibitor, affects intracellular Ca2+ mobilization in microglial cells. In this 
study, we observed that pretreatment with donepezil suppressed the TNFα-induced sustained 
intracellular Ca2+ elevation in rodent microglial cells. On the other hand, pretreatment with 
donepezil did not suppress the mRNA expression of both TNFR1 and TNFR2 in rodent 
microglia we used. Pretreatment with acetylcholine but not donepezil suppressed the TNFα-
induced intracellular Ca2+ elevation through the nicotinic α7 receptors. In addition, sigma 1 
receptors were not involved in the donepezil-induced suppression of the TNFα-mediated 
intracellular Ca2+ elevation. Pretreatment with donepezil suppressed the TNFα-induced 
intracellular Ca2+ elevation through the PI3K pathway in rodent microglial cells. Using DAF-2 
imaging, we also found that pretreatment with donepezil suppressed the production of NO 
induced by TNFα treatment and the PI3K pathway could be important for the donepezil-induced 
suppression of NO production in rodent microglial cells. Finally, phagocytosis assay showed that 
pretreatment with donepezil promoted phagocytic activity of rodent microglial cells through the 
PI3K but not MAPK/ERK pathway. These suggest that donepezil could directly modulate the 
microglial function in vitro through the PI3K pathway. 
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Title: Exosomes regulate microglia responses to inflammation and aging 
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Abstract: Microglia are important cellular sentinels in the brain, however mechanisms of 
communication directing homeostatic responses are poorly understood. Brain aging represents a 
unique model for studying such mechanisms given prominent alterations in microglia 
homeostasis driven by aging-associated inflammation and loss of proteostasis. Here, we focus 
our study on exosomes, a subtype of extracellular vesicles containing bioactive proteins, RNA 
molecules and lipids, based on their endosomal origin and previously reported involvement of 
exosomes in regulating peripheral immune cell activation. We hypothesized that aging alters 
microglia exosome production and that these changes serve to regulate microglia inflammatory 
activation. Our initial characterizations revealed increased exosome abundance in the interstitial 
space of aged compared to young brains. Additionally, aged microglia expressed significantly 
higher levels of exosome release gene, rab27a, and showed enhanced abundance of exosome-
associated proteins compared to young microglia. Utilizing in vitro approaches, we investigated 
the signaling capability of microglia exosomes by analyzing exosome content. Microglia 
exosomes contained heterogeneous mixtures of proteins and microRNAs, enriched with 
molecules involved in the regulation of inflammatory processes including cytoskeletal 
rearrangement and cytokine signaling. To directly test the signaling capability of these exosome-
associated molecules, we performed stimulation assays using exosomes from activated 
microglia. RNA sequencing identified differential induction of numerous genes involved in 
immune activation, cytokine production and phagocytosis in exosome- relative to vehicle-treated 
microglia. Functional in vitro assays corroborated these gene expression changes confirming 
exosome-mediated inflammatory propagation in microglia. To determine if exosomes regulate 
such responses during microglia aging, we performed unilateral stereotaxic injection of exosome 
inhibitor, GW4869, or vehicle into aged brains. Subsequently analysis of microglia activation 
revealed significantly higher expression of CD68 in response to exosome inhibition. Together, 
we identify a novel form of cell-cell communication in microglia with important implication in 
regulating homeostatic and inflammatory responses during aging. 
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Abstract: Transcranial focused ultrasound (FUS) enables non-invasive and controlled drug 
delivery across the blood-brain barrier (BBB) in a temporal (6- to 12-hours) and localized 
manner. Previous work reported varying degrees of microglial and astrocytic activation triggered 
by FUS over time. For example, Jordão et al (2013) showed that microglia were activated by 4 
hours, and astrocytes by 4 days, both returning to baseline levels by 14 days post-FUS. This 
work did not use a feedback controller, which can better control opening. Depending on the type 
and severity of brain challenge, microglia can display a gradient of activation, and can contribute 
to inflammation and pathology, or reduce pathology (e.g. clear amyloid-beta) and promote 
regenerative processes. Mild challenges result in earlier resolution of microglia and astrocyte 
activation, and are not associated with the detrimental characteristics of glial scars. Here, we 
investigated a time-course of glial activation following FUS coupled with a feedback controller. 
We hypothesized that FUS treatment would transiently activate microglia and astrocytes near 
permeabilized, but not ruptured, blood vessels. We developed a machine learning protocol to 
analyze, in an unbiased manner, the spatio-temporal activation of microglia and astrocytes as 
determined by changes in morphology and the intensity of established glial markers. We show 
that microglia activation occurs by 1 day post-FUS and is significantly reduced by 10 days post-
FUS. Astrocytes show activation beginning by 1 day post-FUS and remain activated at 10 days 
post-FUS. Furthermore, we quantified microglia and astrocyte proliferation, and the levels of 
stress proteins, including heat shock proteins. Microglia showed an increase in proliferation 
consistent with activation, while astrocytes did not proliferate. We observed no changes in heat 
shock proteins 70 and 90. Finally, neuronal cell death following FUS was not observed and 
erythrocyte extravasation was minimal. We conclude that following FUS, microglia and 
astrocytes are activated for at least 10 days, with progressive reductions in microglia activation. 
This activation was not associated with cell death, significant red blood cell entry in the brain, or 
changes in common heat shock proteins. 
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Abstract: Microglia play critical roles in CNS injury responses, tissue homeostasis, and can also 
modulate neuronal function and synaptic connectivity. In contrast to astrocytes and 
oligodendrocytes, which arise from multiple progenitor pools, microglia arise from yolk sac 
progenitors and are widely considered to be equivalent throughout the CNS. However, little is 
known about the basic properties of deep brain microglia, such as those residing within the basal 
ganglia (BG). Here, we show that microglial anatomical features, lysosome content, and 
membrane properties differ significantly across BG nuclei. In addition, transcriptome sequencing 
revealed significant differences in gene expression between midbrain and cortical microglia. 
Region-specific phenotypes of BG microglia emerged during the second postnatal week and 
were re-established following genetic or pharmacological microglial ablation and repopulation, 
indicating that local cues play an ongoing role in shaping microglial diversity. Together, these 
observations demonstrate that microglia in the healthy brain exist along a spectrum of distinct 
functional states and these data provide a critical foundation for defining microglial contributions 
to BG circuit function. 
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Abstract: Kynurenine 3-monooxygenase (KMO) plays a key regulatory role in the kynurenine 
pathway (KP) of tryptophan degradation, which contains several neuroactive metabolites. In 
vitro studies suggested that KMO in the mammalian brain is predominantly localized in 
microglial cells (Alberati-Giani et al., 1996; Heyes et al., 1996, Guillemin et al., 2001), but 
verification in vivo has not been provided so far. We showed recently that KMO activity is 
unchanged in adult wild-type (WT) mouse brain after depletion of microglia (Sathyasaikumar et 
al., SfN Abstr., 37.19, 2016). As KMO activity is substantially increased in the brain of R6/2 
mice, an established animal model of Huntington’s disease (HD) (Sathyasaikumar et al., 2010), 
we now examined possible impairments in KMO and other elements of cerebral KP metabolism 
in R6/2 mice after pharmacological depletion of microglial cells. To this end, we treated animals 
with the colony stimulating factor 1 receptor inhibitor PLX5622, which depletes microglia in 
normal mice by 80% after 1 week of treatment (Dagher et al., 2015). WT and R6/2 mice were 
fed either PLX5622 (1,200 ppm in chow) or normal chow for 28 days starting at 7.5 weeks of 
age (N=10-12 per group). Animals were euthanized on the last day of treatment, and KMO, 
kynureninase and 3-hydroxyanthranilic acid dioxygenase (3-HAO) activities, as well as 3-
hydroxykynurenine (3-HK), kynurenic acid (KYNA) and quinolinic acid (QUIN) levels were 
determined in the forebrain. In addition, we analyzed brain weight, body weight and rotarod 
behavior in all animals. Compared to WT animals, R6/2 mice showed increased KMO (+214%) 
and decreased kynureninase (-42 %) activity. Neither of these changes was affected in PLX5622-
treated animals. In contrast, brain 3-HAO activity was essentially identical in WT and R6/2 
mice, and PLX5622 treatment caused dramatic reductions in enzyme activity in both genotypes 
(WT: -65%; R6/2: -77%), indicating microglial localization of the majority of 3-HAO in the 
brain of both WT and HD mice. PLX5622 treatment had no significant effects on body weight, 
or on the brain levels of 3-HK, KYNA and QUIN in either genotype. Brain weight was 
significantly reduced in R6/2 mice, but PLX5622 treatment had no effect. The latency to fall 
measured by rotarod task worsened with age in R6/2 mice, but was unaffected by PLX 5622 in 
either genotype. Taken together, our data suggest that microglial cells do not harbor the majority 
of KMO and kynureninase in either physiological or pathological conditions. Possible 
compensatory events following PLX5622 treatment are currently under investigation. 
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Abstract: The inherent plasticity of the zebrafish olfactory system serves as a useful model for 
examining immune cell response after injury. Microglia are the resident immune cells of the 
central nervous system that respond to damage by migrating to the site of injury and 
phagocytizing neuronal debris. We have shown a microglial response to olfactory deafferentation 
and direct injury; however, the timing and pattern of microglial migration remains unclear. We 
hypothesize that the microglial response to deafferentation or direct bulb injury facilitate 
regeneration and that liposome-encapsulated clodronate treatment will induce specific and 
localized macrophage depletion after damage and inhibit regeneration efficiency. Peripheral 
deafferentation and direct injury to the olfactory bulb in the whole fish was performed and 
compared to results in the isolated brain removed of all afferent input and peripheral influence. 
Comparisons of whole fish treatment groups to controls showed a significant increase in 
activated microglia in the damaged bulb following peripheral deafferentation at 4, 12, 24, 48, and 
72h. Amoeboid profiles significantly increased between 1-4h, decreased between 4-12h, 
increased again at 12-24h, and decreased again at 24-48h. Following direct injury to the bulb, 
there was a significant increase in activated microglia in the ipsilateral and contralateral bulbs at 
1 and 4h after injury. At 4h after injury, there was a significant decrease in amoeboid profiles, 
which remained low until 72h. Comparisons of isolated brain treatment groups to controls 
showed significantly more activated microglia in the olfactory bulbs after 4 and 12h in culture. 
Isolated brains that received a direct injury showed a significant increase in activated microglia 
after 1, 4, and 12h in culture; however, isolated brains that received this injury showed 
significantly fewer responsive microglia in the damaged bulb when compared to direct injury to 
the bulb in the whole fish at 12h, suggesting that microglia can respond to damage without 
afferent input or peripheral influence, but only up to a certain time after injury. When liposome-
encapsulated clodronate was injected into the telencephalic ventricle 24h before insult in whole 
fish, there appeared to be a significant reduction in microglia 4h after injury but only a small 
reduction in microglia 24h after injury, perhaps suggesting a temporal significance and selective 



phagocytosis during the resolution of inflammation, particularly between the hours of 4 and 24h. 
Additional work is required to explore further the timing of the response and the potential role of 
these immune cells in recovery and regeneration after injury. 
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Abstract: Microglia cells are phagocytic immune cells in the CNS. They make up 8-13% of the 
total cell population in the brain and derive from primitive yolk-sac macrophages. Microglia 
cells have many different functions in the brain, both in normal brain development and in 
pathological conditions such as Alzheimer’s disease (AD). The exact role of microglia in AD 
remains unknown: while some studies show a positive contribution of microglia through 
clearance of amyloid-beta plaques, other studies report a negative effect of inflammatory 
cytokines released by microglia during pathology. Primary murine microglia are often used to 
model the functioning of microglial cells in vitro. However, these experiments suffer from a 
rapid loss of the in vivo microglial phenotype, due to the lack of input from other CNS cells, 
which is necessary for microglial development and homeostasis. Our primary goal was to retain 
the microglial phenotype in cultured primary microglia, by mimicking the input normally present 
in the CNS. For this purpose we have tested and developed specific culturing conditions, which 
are able to restore the in vivo phenotype in primary microglia. We used qPCR and microarray 
analysis to compare the gene expression in our cultured primary microglia to the expression 
levels seen in freshly isolated microglia. Furthermore we were interested in the functioning of 
microglia in relation to neurodegenerative disease, specifically AD. Microglial-specific activity 
such as phagocytosis (of amyloid-beta) and responses to inflammatory stimuli were tested in 
freshly isolated microglia and cultured primary microglia. Firstly, we found that the native 
microglial phenotype is indeed restored by culturing primary microglia with a specific mix of 
factors important for microglial development and functioning. We also show that this effect is 
time-dependent. Regarding the functioning of the newly generated in vivo-like primary 
microglia, we expect these cells to function in a similar fashion as freshly isolated microglia and 
thus to better resemble microglia cells inside the brain. The culturing conditions developed in our 



lab make it possible to better analyze and understand the functioning of microglia in 
neurodegenerative disease. Our main focus is on the role of microglia in antibody-mediated 
clearance of amyloid-beta plaques, to improve the development and in vitro testing of possible 
new therapeutic antibodies for AD. 
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Abstract: Impulsivity is a key behavioral feature of many mental health disorders, such as 
substance abuse, attention-deficit/hyperactivity disorder, autism, and bipolar disorder. The 
prefrontal cortex (PFC) is critical for impulse control. Maternal malnutrition in the form of high 
fat diet (HF) increases impulsivity in the adult offspring and changes PFC gene expression of 
targets involved in reward, inflammation, and epigenetics. Using this maternal malnutrition 
model for impulsivity in mice, we sought to identify cell type specific molecular mediators that 
could contribute to this behavioral phenotype. Maternal HF diet increases markers of 
neuroinflammation in the offspring, but more work is needed to understand the exact 
consequences of this proinflammatory effect for the offspring into adulthood. To this end, we 
isolated microglia from the PFC of the adult male (M) and female (F) offspring that were either 
exposed to maternal HF or control diet (CD) throughout gestation and lactation. Because stress 
exposure can enhance neuroimmune responses and alter PFC-mediated behaviors, we included 
an acute restraint challenge prior to tissue collection (8 groups total, n = 6/group: M CD 
unstressed, M CD restraint, M HF unstressed, M HF restraint, F CD unstressed, F CD restraint, F 
HF unstressed, F HF restraint). Finally, we performed high throughput RT-qPCR to measure 



microglial gene expression of 32 targets, including various cytokines, chemokines, epigenetic 
markers, and receptors expressed on microglia that are putatively involved in stress and PFC-
mediated behaviors. 
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Abstract: Studies found new-born microglia replenished the whole brain after selective 
elimination of microglia (>99%) in adult mice. Immunohistochemical evidences suggested that 
repopulated microglia were differentiated from de novo progenitors expressing Nestin in the 
brain, which raised the possibility that the cross-lineage differentiation occurs in the mature 
brain. However, the origin of repopulating microglia has been hotly debated. In the present 
study, we investigated the origin of repopulating microglia by fate mapping. We first excluded 
that repopulated microglia were from blood cells. We then identified that repopulated microglia 
were not differentiated from Nestin-positive cells. Next we demonstrated all new-born microglia 
were derived from the proliferation of surviving microglia (<0.90%). Moreover, we confirmed 
that the whole brain transcriptome were not largely altered among stages of microglial 
elimination and repopulation. In summary, we concluded that de novo microglial progenitor cells 
were not existed in the adult brain. 
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Abstract: Microglia are the resident innate immune population of the central nervous system 
that constantly survey and influence their local environment. Transcriptomic profiling has led to 
significant advances in our understanding of microglia in several disease states, but tissue 
dissociation and purification of microglia is known to lead to cellular activation. Here we use 
RiboTag translational RNAseq profiling to demonstrate that commonly used cell sorting 
methods lead to a fundamental alteration of the microglial transcriptome, with several transcripts 
that can be used to mark artifacts of isolation. Microglial RiboTag RNAseq profiling after 
peripheral immune challenge with lipopolysaccharide demonstrates unique transcriptional targets 
that are not evident using cell sorting methodology. Finally, we applied our technique to reveal 
novel shared and distinct pathways when comparing microglial transcriptomes after peripheral 
challenge with bacterial or viral mimetics. This study has broad implications for approaches that 
examine microglial transcriptomes in normal and pathological states. 
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Abstract: Microglia, the innate immune cells of the central nervous system (CNS), respond 
rapidly and dynamically to homeostatic perturbations of the CNS milieu. In the healthy 
unperturbed brain, microglial processes make frequent contacts with neurons at synapses, 
impacting synaptic remodeling and turnover of dendritic spines. However, it remains unclear 
what receptors and signaling pathways govern microglial surveillance and synapse monitoring. 
Noradrenaline is a powerful signal that can affect many aspects of synaptic function and 
plasticity. Because microglia express high levels of β2 adrenergic receptors (AR) compared to 
other cell types in the brain, we asked whether noradrenergic tone could alter microglial behavior 
with respect to synapses through β2 AR signaling. To test this hypothesis we have manipulated 
β2 AR signaling pharmacologically using the following agents: Nadolol (blood brain barrier 
(BBB) impermeant β AR antagonist), Clenbuterol (BBB permeant β2 AR agonist), and ICI 118-
551 (BBB permeant β2 AR antagonist). We paired nadolol with clenbuterol to stimulate β2 ARs 
centrally without concomitant peripheral stimulation. We then evaluated changes in basic 
microglial physiology through a combination of in vivo two-photon microscopy and 
immunohistochemical staining for Iba-1, a microglia-specific protein. We have found that 
stimulation of β2 AR signaling in vivo reduces microglial motility and pseudopodia formation 
and causes microglia to assume a less ramified morphology. We also found that stimulation of β2 
ARs leads to impaired microglial responsiveness to focal tissue injury. These experiments show 
that β2 AR signaling can affect microglial physiology and immune responses. Our next question 
was if these changes in basic microglial function could impact microglial interactions with 
neurons and functional experience-dependent plasticity. Using intrinsic optical signal imaging 
we have shown that pharmacological manipulation of β2 AR signaling impairs ocular dominance 
plasticity in the visual cortex during the visual critical period in mice. We have shown that 
microglia are directly involved in this impairment through cre-mediated excision of β2 AR 



specifically in microglia. Based on our results we believe that β2 AR signaling serves important 
roles in modulating microglial physiology and our future experiments will begin to address how 
the endogenous ligand, norepinephrine, is involved in mediating the effects observed. These 
results and future findings will improve our understanding of the signaling mechanisms that 
govern microglial interactions with synapses and how they impact activity-dependent synaptic 
modifications. 
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Abstract: Alcohol use disorders (AUDs) are associated with damage to corticolimbic brain 
regions. As the prevalence AUDs increases, it is necessary to find effective treatments. Exercise 
is a low-cost adjunctive treatment option that has been investigated. While it provides numerous 
health and cognitive benefits, the interactive effects of alcohol and exercise on the brain remain 
largely unexplored. Additionally, our current data suggest sex differences in basal microglia 
activation states as well as the microglial response to binge alcohol and exercise. Therefore, a 
better understanding is needed of the neural response to binge alcohol and exercise, as well as 
the potential sex differences in neural immune function. 
Our lab utilizes a short-term (4-day) animal model of binge alcohol exposure that results in 
coroticolimbic damage consistent with damage seen in the clinical population of chronic alcohol 
user. In this model, rats are gavaged with ethanol (25% w/v) every 8 hours for 4 days. Control 
animals receive an isocaloric control diet also by gavage. Using this model we have 
demonstrated a loss of granule cells in the dentate gyrus of the hippocampus that persisted 35 
days following the last dose of alcohol in female rats that is not seen in males. Voluntary wheel 
running, however, recovered the observed cell loss. This exciting finding supports the idea of 
using exercise as an adjunctive treatment for AUDs. However, when we examined microglia in 
the medial prefrontal cortex (mPFC) of the same animals, we found a drastically altered 
microglial response following binge and exercise that resulted in a staggering decrease in 
microglia cell number. Emerging evidence suggests alcohol exposure may be a priming stimulus 



for microglia, meaning it potentiates microglia to launch an exaggerated response to a second 
stimulus. Indeed, a morphological analysis of microglia revealed a subpopulation of larger, 
thicker cells consistent with morphological descriptions of priming. These primed microglia 
were found in all female animals regardless of experimental condition, however, the binge 
exercise group had the most. Additionally, all females (regardless of binge or exercise) show 
marked OX-42 and MHCII (both markers of early microglia activation and priming), which is 
comparably limited in males, suggesting a basal sex difference in microglia expression profiles. 
Furthermore, the female binge exercise group shows the highest expression of both markers. 
This sex difference in microglia expression profiles and morphology may contribute to female 
vulnerability to alcohol-induced neural damage. 
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Abstract: It is now appreciated that drugs of abuse - such as morphine - promote a neuro-
immune response from glia, primarily microglia, which may play an important role in mediating 
addiction-like behaviors. For example, opiate administration in rodents increases the microglial 
surface marker CD11b and neuro-immune signaling molecules such as IL-1B and TNFa within 
discrete regions of the CNS involved in reward. Additionally, addiction-like behaviors such as 
conditioned place preference (CPP) can be prevented using pharmacological blockades and 
genetic knock-outs of signaling molecules responsible for pro-inflammation from microglia (i.e. 
Toll-like receptor 4 and MyD88). However, the specific role of microglial pro-inflammatory 
signaling on morphine CPP has yet to be determined. We therefore developed a novel transgenic 
mouse in which pro-inflammatory signaling (i.e. MyD88-dependent pathway) specifically in 
microglia (i.e. CX3CR1-Cretg/0 x MyD88f/f, Cretg/0) is ablated within the CNS. Microglial 



isolations from Cretg/0 verified diminished MyD88 gene expression in the CD11b+ cells while 
CD11b- cells, Cre0/0 x MyD88f/f, and WT controls maintain MyD88. A battery of behavioral 
tests on young and aged Cretg/0 mice revealed similar levels of anxiety and social interaction 
relative to Cre0/0, indicating normal mouse behavior. Next, 4-month-old Cretg/0 and Cre0/0 
mice were trained under the morphine (3 mg/kg) CPP paradigm to assess the role of microglial-
specific pro-inflammatory signaling. Both Cretg/0 and Cre0/0 groups acquired morphine CPP, 
however the Cretg/0 group had prolonged extinction and enhanced reinstatement compared to 
Cre0/0 controls. Given that adult hippocampal neurogenesis is involved in extinction learning, 
dentate gyrus doublecortin (DCX) was then examined. Interestingly, Cretg/0 mice had decreased 
DCX relative to Cre0/0 mice after morphine CPP. To determine if microglia are involved in the 
morphine CPP induced decrease in adult neurogenesis, CD68+, a lysosomal marker found in 
microglia, DCX+ cells were also assessed. Taken together, our results suggest that microglial-
MyD88 signaling impacts extinction learning and adult neurogenesis and may have a protective 
role in addiction-like behaviors. 
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Abstract: Recent studies have suggested that microglia play critical roles in maturation and 
refinement of neural networks during postnatal brain development. Although it is known that 
microglia arise from the yolk sac and colonize the CNS during early embryogenesis and undergo 
a second wave of expansion during the first two weeks of postnatal life in rodents, it is less clear 
what intrinsic signals regulate the postnatal microglia development and how disrupted microglial 



function at this developmental stage impacts on normal brain development. Here we report that 
signal transducer and activator of transcription 3 (Stat3) signaling plays a key role in microglial 
survival and activation in postnatal developing brain. CX3CR1CreER/+:Stat3flox/flox:R26-tdTomato 
conditional mice were generated to achieve inducible and selective ablation of the 
phosphorylation site containing exon 22 of the Stat3 gene in microglia after birth (P2-P4). 
Expression of tdTomato was used to evaluate the efficacy of tamoxifen-induced Cre-
recombination and to visualize Stat3 mutant microglia. Immunohistochemistry was used to 
analyze brain tissues collected from mice at different postnatal developmental stages. Our data 
showed clear morphological differences between activated microglia at P7-P10 and ramified 
microglia at P28-30. Cell counting analysis revealed significant decrease of microglial cell 
population in the Stat3 mutant mice (P7 and P10) in comparison to littermate controls. 
Interestingly, this loss of microglia during the first 1-2 weeks was largely recovered by P30. 
However, the transient decrease of microglia at P7-P10 was associated with increased innate 
immune responses including interferon signaling, complement pathways and 
cytokine/chemokine production as determined by RNA-sequencing analysis of acutely isolated 
microglia at P7. Dystrophic dendrites of cortical pyramidal neurons were found in the mutant 
mice when analyzed at P30. The functional consequence of microglial Stat3 inactivation is being 
examined in adult mice and our preliminary data suggest behavioral alterations in the conditional 
Stat3 mice as compared with littermate controls. Together, our data demonstrate that Stat3 
signaling plays an essential role in microglial survival and activation in the postnatal developing 
brain and suggest that disruption of Stat3 signaling may elicit long-term neurological effects. 

Disclosures:  B. Barth: None. H. Lu: None. S. Kim: None. A. Bowling: None. D. Michaud: 
None. K. Konganti: None. J. Cai: None. W. Griffith: None. J. Li: None. 

Poster 

296. Oligodendrocyte and Schwann Cells Development and Myelination 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 296.01/O8 

Topic: B.12. Glial Mechanisms 

Support: NIH Grant R21NS087511 

 NIH Grant R21NS0889734 

 NIH Grant F32NS090820 

Title: Lifelong myelin plasticity along single cortical axons 

Authors: *R. A. HILL, A. LI, J. GRUTZENDLER 
Neurol., Yale Univ. Sch. of Med., New Haven, CT 



Abstract: Unlike any other cell in the cerebral cortex, myelinating oligodendrocytes are 
continuously generated in the adult. Little is known about how new cells integrate into the 
preexisting neural architecture and whether the structure and distribution of myelin internodes 
along single axons is fixed throughout life. Using high resolution label-free and fluorescence in 
vivo optical imaging with transgenic fate mapping we discovered distinct patterns of lifelong 
oligodendrocyte generation occurring in parallel with changes in myelin internode deposition, 
length, and distribution along single axons. Myelin formation was largely a result of 
oligodendrocyte generation and occurred on both previously partially myelinated and 
unmyelinated axons. The distribution of internodes and total myelin coverage of single axons 
progressed up to two years of age demonstrating that these processes continue to evolve into late 
adulthood in the mouse neocortex. These findings reveal novel forms of lifelong myelin-
dependent plasticity with broad implications for flexibility within adult cortical circuits. 
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Abstract: The ultrastructural organization of nodes of Ranvier has been investigated mainly by 
electron microscopy due to their small size (~1 µm). This technique, however, provides limited 
molecular specificity. On the other hand, the resolution power of conventional light microscopy 
impedes the identification of substructures formed by antibody labelled proteins. 
Here, we exploit Stimulated Emission Depletion (STED) super-resolution microscopy to analyze 
the nanoscale organization of axonal and glial markers at the nodes of Ranvier of teased sciatic 
nerve fibers from mice. STED nanoscopy permits to achieve resolutions of few tens of 
nanometers without compromising on the molecular specificity. We found that the ~190 nm 
periodic subcortical actin/spectrin lattice that has been previously described in cultured neurons 
is present all along myelinated axons. Indeed, this lattice is continuous at the transition between 
paranodes and nodal gaps, where betaII spectrin and betaIV spectrin are present, respectively. In 
the latter compartment, sodium and potassium channels (Kv7.2) alternate and also follow the 



~190 nm periodicity, which, however, appears less regular for adhesion molecules such as 
neurofascin-186 and nrCAM. 
Paranodes are characterized by a tight interaction between the axon and glial cells. In these 
regions, both axonal (Caspr) and glial (neurofascin-155) adhesion molecules exhibit the same 
quasi–one-dimensional order, and the axonal subcortical cytoskeleton has a periodic 
arrangement. In the paranodal loops, the glial cytoskeletal protein Ankryin B features this same 
periodic organization. Notably, we observed a high degree of interdependence between the 
position of the axonal and glial proteins, hence suggesting the presence of mechanisms that 
finely align the cytoskeleton of the axon with the one of the glial cells. 
Taken together, our observations suggest a master role for the periodic subcortical cytoskeleton 
in the organization of nodes of Ranvier and pave the way for a deeper investigation of these 
structures. 
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Abstract: Myelination in the CNS is thought to occur via two distinct, but coupled processes. 
First, highly proliferative and migratory oligodendrocyte precursor cells (OPCs) differentiate 



into mature, post-mitotic oligodendrocytes (OLs). Second, OL membrane extensions 
concentrically wrap around selected axons forming myelin. OL differentiation and myelination 
occur in a spatially and temporally stereotyped manner throughout development, which implies 
that environmental cues are at play in their regulation. There is increasing evidence that dynamic 
neuronal signaling involving neuronal activity and transcriptional control plays a role in 
regulating these processes, but it is unclear whether this is the case in regions where there is 
synchronous and robust differentiation and myelination within a short timeframe as in the early 
development of white matter tracts like the optic nerve. By eliminating dynamic neuronal 
signaling in the optic nerve our findings indicate that (1) OL differentiation and myelination are 
indeed coupled processes where myelination will occur upon differentiation if provided with a 
permissive substrate, and (2) dynamic neuronal signaling is not required for the majority of OL 
differentiation during early white matter development. We propose a model in which OL 
differentiation is largely regulated by extrinsic, non-neuronal factors during development, but 
myelination is sensitive to the biophysical properties of axonal diameter. 
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Abstract: During development of the central nervous system not all axon are myelinated, and 
each axon may have a distinct myelination pattern, combined with the oligodendrocytes ability to 
myelinate up to 50 different axons this suggest that local signals between the oligodendrocyte 
process and the axon determine whether a myelin sheath can be formed. However, our current 
knowledge about the axonal signals involved in regulating this process is very limited. 
We here identify EphA4 as the receptor responsible for ephrinA-1 induced inhibition of process 



extension in oligodendrocytes, and show that Ephrin-A1-EphA4 interaction activates a RhoA-
Rock-myosin-II signaling cascade. Inhibition of signaling at different levels of this pathway 
regulates myelination by increasing the number of myelin sheaths formed by each 
oligodendrocyte. In contrast, activation of EphA4 reduces the number of internodes formed per 
oligodendrocyte. Combined this suggest that activation of the EphA4-RhoA pathway by axonal 
ephrin-A1 negatively regulate the formation of the stable axo-glia interaction required for 
formation of a myelin sheath.  
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Title: Pentose pathway activation in M leprae-infected Schwann cells leads to reduced lactate 
generation and nerve damage 
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Abstract: Leprosy is a chronic infectious disease caused by the intracellular pathogen 
Mycobacterium leprae (M. leprae), which disturbs peripheral nerve integrity, impairing axonal 
and myelin function. There is growing evidence supporting that the molecular basis of Leprosy 
neuropathy could be located in infected Schwann cells. Of importance, Schwann cells are deeply 
involved in a wide range of axonal behavior including the maintenance of axonal and myelin 
integrity. Our group recently demonstrated that M. leprae was able to modulate Schwann cells 
glucose metabolism for its own benefit (Medeiros et al., 2016). Our results indicated that 
infected human Schwann cells increased glucose uptake with a concomitant upregulation in 
glucose-6-phosphate dehydrogenase (G6PDH) activity, the key enzyme of the oxidative pentose 
pathway. We also observed a two-fold reduction in lactate release from infected cells when 
compared to control ones. We also observed mitochondria shutdown in infected Shwann cells in 
vitro and mitochondrial swelling in myelinated and unmyelinated axons from Leprosy patients. 



Here, we advance these findings by showing that neurons treated with M. leprae-infected 
Schwann cell-derived supernatant had a marked impairment in neurites outgrowth and 
complexity. In addition, ML was able to enhance the degradation of myelin contents in infected 
Schwann cells in vitro, and nerve biopsies harvested from patients with Leprosy neuropathy have 
augmented expression of mRNA for several autophagy genes (ATG5, ATG7, BECLIN1 and 
LC3B) as compared with control non-Leprosy nerves. In short, our results points to the notion 
that low levels of lactate content along with the presence of toxic mediators in ML-infected 
Schwann cells-derived supernatant are able to disturb neuronal integrity and growth responses. 
In addition, ML infection accelerated myelin degradation by up-regulating autophagy pathways 
in vitro and in vivo. Collectively, these data indicates that the pentose phosphate pathway is 
paramount for M. leprae infection success in Schwann cells, leading to a reduction in lactate 
generation, and that infected Schwann cells are detrimental to nerve function. 
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Abstract: Axo-glial interactions are critical for Schwann cell genesis, myelination and domain 
organization of myelinated fibers. We previously characterized three members of the Nectin-like 
(Necl) cell adhesion molecules family as mediators of the axo-glial interaction along the 
internode, in the Peripheral Nervous System (PNS). Necl-4 is expressed by the myelinating 
Schwann cells whereas its ligand Necl-1 is expressed by the axon to be myelinated. Necl-2 
expressed by both cell types, is also a ligand for Necl-1, although at a lower affinity than the 
Necl-1/Necl-4 pair. As we and otthers have shown that Necl-4 is needed for PNS myelination, it 
was assumed that Necl-1 would also be pro-myelinating. Our work has now shown that Necl-1 is 



in fact inhibitory to myelination. We therefore extended our analysis to Schwann cell-expressed 
Necl-2, the other ligand for Necl-1. Using loss and gain of function approaches and the in vitro 
model of PNS myelinating, we demonstrate that Necl-2 is also inhibitory to the formation of 
myelin segments by Schwann cells. Our findings suggest that Necl-2 employs at least two 
mechanisms to prevent myelination. One is the down-regulation by Necl-2 of the pro-
myelinating Akt signaling molecule. This is most dramatically observed upon axonal contact. 
The second mechanism is a dysregulation of small GTPases Rac1 and RhoA in Schwann cells, 
leading to dramatic changes in Schwann cell morphology and stress fibers organization. The 
stress fibers are almost completely absent in Schwann cells that do not express Necl-2, whereas 
the over-expression of Necl-2 induces a 3-fold increase in the number of lamellipodia formed by 
a single Schwann cell. We are currently evaluating how Schwann cell- axon interaction is 
perturbed by the absence or over-expression of Necl-2 in Schwann cells. Both Necl-1 and Necl-2 
are expressed at birth, onward. However their developmental pattern of expression is in 
opposition. Necl-2 is strongly expressed during the first week post-nataly (onset of myelination) 
then its levels dramatically drop down, whereas the expression of Necl-1 increases over time. 
Our data suggests a new concept that Necl-1 and Necl-2 put a “negative clamp” on the pro-
myelinating properties of Necl-4, at different time points of the myelination process. 
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Title: Reversing polycomb repression in schwann cells after nerve injury 
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Abstract: The peripheral nervous system relies on Schwann cells to provide metabolic support, 
and insulating myelin that wraps the axons. Schwann cells also play a role in coordinating the 
regenerative response when peripheral nerves sustain injury. Schwann cells are a potential 



therapeutic target as they have an ability to stimulate the functional recovery and restoration of 
damaged nerves. Underlying this regeneration potential, Schwann acquire a new state by 
transdifferentiating into repair cells. In this mode of reprogramming, a number of previously 
unexpressed genes become expressed after injury and are vital for axon regeneration. Our 
preliminary data have pinpointed epigenomic pathways that are responsible for the 
reprogramming of Schwann cells to their repair state after nerve injury. We found many 
regeneration genes are dually associated with repressive histone H3K27 methylation 
(H3K27me3) and H2A ubiquitination (H2AmUb) in mature nerve prior to injury. These histone 
modifications are formed by Polycomb Repressive Complex 2 (PRC2) and PRC1 respectively, 
which either independently or in conjunction repress transcription. ChIP profiling revealed 
significant loss of H3K27me3 and H2AmUb modifications on several genes that become 
activated upon nerve injury, such as sonic hedgehog and glial-derived neurotrophic factor (Shh 
and Gdnf). Furthermore, we have investigated H3K27 demethylases JMJD3/KDM6B and 
UTX/KDM6A as the putative mechanisms that facilitate the reversal of histone methylation on 
H3K27. Previous studies have shown JMJD3 induction at 4 days post injury (Gomez-Sanchez et 
al, 2013), and we find also that UTX appears to be upregulated in 1 and 5 post injury. These data 
support the hypothesis that reversal of polycomb repression by removal of H3K27 
methylation is required for Schwann cell reprogramming after nerve injury. Analysis of 
Schwann cell-specific knockouts of these demethylases will decipher this early step of the 
regeneration timeline and test whether reversal of Polycomb repression is a requirement in 
initiating the injury response. 
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Abstract: The energetic requirement of the nervous system is extremely high in proportion to its 
size. In addition, some axons of peripheral neurons extend over 1m in humans, raising the 
question of how their metabolic needs are attained at regions distant from the neuronal cell body. 
A natural candidate to perform metabolic support functions is Schwann cells (SCs), the glia of 
the peripheral nervous system. As they ensheath both myelinated and non-myelinated axons 
along their length, SCs could provide metabolites to fuel mitochondrial activity in axons. 
Furthermore, partial oxidation of substrates might be favored in SCs to fulfill the need of carbons 
for lipid biosynthesis to produce and maintain myelin. However, the metabolic properties of SCs 
are poorly understood. In order to investigate the metabolic needs of SCs, we first bred mice 
expressing floxed Pdha1 gene and CNPase-Cre to generate Pdha1f/f ; CnpCre/+ mice and 
Pdha1f/f littermate controls. The Pdha1f/f ; CnpCre/+ animals lack pyruvate dehydrogenase 
complex (PDC) activity in SCs. PDC is responsible for connecting the glycolysis with the TCA 
cycle trough the conversion of pyruvate to acetyl-CoA. Surprisingly, there was no significant 
change in myelination, nerve conduction velocity or motor performance in Pdha1f/f ; CnpCre/+ 
mice at 1 month. In addition, results were corroborated and extended with Pdha1f/f ; P0-Cre 
mice, which did not show any morphological, behavioural or functional alteration up to 10 
months. Taken together, these results indicate that PDC function might be dispensable in SCs. A 
particularly intriguing hypothesis is that SCs satisfy their energetic requirement via glycolysis 
and secrete partially oxidised metabolites, such as lactate, to be used by axonal mitochondria. 
We are currently investigating the SC intermediary metabolism using the Seahorse Xp Flux 
Analyzer. Moreover, we are characterizing mitochondrial location and morphology in Schwann 
cells throughout development using the photo-activatable mitochondria (PhAM) mouse, which 
allows fluorescent labeling of mitochondria in SCs upon recombination mediated by P0-Cre. 
Understanding the energetic adaptations of SCs could reveal new targets for drug development 
and medical strategies aiming to restore nerve function or prevent axon damage in demyelinating 
diseases. 
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Abstract: Oligodendrocyte precursor cells (OPCs) express Ca2+ permeable AMPA receptors and 
form synapses with unmyelinated axons throughout the CNS, but the role of this signaling in 
vivo remains undefined. The primary obstacle to defining the role of this neuron-glial cell 
signaling is that OPCs express the same complement of receptors as neurons, precluding 
pharmacological manipulations. To overcome this limitation, we developed a conditional knock-
in mouse line in which the formation of functional AMPA receptors can be prevented cell 
autonomously by expressing a dominant-negative GluA2 subunit (EGFP-dnGluA2), in which a 
glutamine to arginine substitution was made in the pore region. EGFP-dnGluA2 was targeted to 
the ROSA26 locus with a conditional allele to enable cell-type specific expression. To evaluate 
whether dnGluA2 subunits are expressed at levels sufficient to modulate AMPA receptor 
function in OPCs, we bred these mice to NG2-CreER/+ mice. Double transgenic offspring were 
injected with 4-hydroxytamoxifen (4HT) at various developmental stages and analyzed 2-20 
weeks later. Tetrameric AMPA receptors containing this subunit are non-conducting and OPCs 
expressing dnGluA2 lack AMPA receptor-mediated EPSCs. Fate tracing revealed that blocking 
AMPA receptor function in OPCs in vivo enhanced their survival and rate of proliferation during 
development, and reduced their differentiation into oligodendrocytes (OLs). OPCs lacking 
functional AMPA receptors were also morphologically less complex and extended shorter 
processes. To investigate the role of this signaling in controlling the behavior of OPCs following 
demyelination, mutant and control mice were either fed with 0.2% cuprizone or subjected to 
unilateral focal demyelination by injecting 1.0% lysolecithin into the corpus callosum. The 
number of OPCs expressing dnGluA2 was significantly enhanced in demyelinated lesions in 
both conditions, indicating that recruitment of OPCs is normally reduced by AMPA receptor 
signaling. However, fate tracing revealed that the effect of AMPA receptor blockade on OPC 
differentiation was distinct in the two contexts – OL generation was reduced following 
cuprizone-induced demyelination, which lacks an adaptive immune response, and enhanced 
following lysolecithin-induced demyelination, which is associated with infiltration of peripheral 
immune cells. These results indicate that the effect of AMPA receptor signaling in OPCs is 
highly context dependent, either promoting or inhibiting lineage progression depending on the 
environment and perhaps the pattern of activity exhibited by the axons they form synapses with. 
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Abstract: Objective: Neuron activity modulates myelination and is considered a therapeutic 
target for treating demyelination diseases. Neuron activity induction can be applied to a whole 
cell in vitro, but is cumbersome in vivo. Alternatively, the stimulation can be applied focally, i.e. 
to the distal axons or to the somata only. Our objective was to develop a platform to study the 
mechanisms of activity-dependent myelination after focal neuron stimulation. Materials and 
Methods: Primary neurons were cultured in a two-chamber (somatic and axonal) device such, 
that the primary oligodendrocyte precursor cells (OPCs) plated in the axonal chamber could 
interact exclusively with the distal axons. This device was integrated with novel stimulators - 
electrical, optogenetic, and electromagnetic (ESTIM, OSTIM and MSTIM, respectively) - for 
inducing neuron activity via the stimulation in the somatic (SomaSTIM), axonal (AxonSTIM) or 
both chambers (WholeSTIM). The effects on neuron activity and myelination were assessed by 
calcium imaging, cAMP level measurements, and through quantification of OPCs differentiation 
markers and morphology. Results: We integrated the culture device with platinum electrodes to 
apply ESTIM. Calcium firing and increased cAMP level showed that the stimulation 
successfully induced neuron activity. Interestingly, an indirect stimulation of axons 
(SomaSTIM), direct stimulation of axons and OPCs (AxonSTIM), and direct stimulation of the 
whole system (WholeSTIM) had the same effects on myelination. To achieve subcellular 
OSTIM we: (i) successfully induced neuronal expression of channelrhodopsin; (ii) modified the 
device material so it blocked the light, but remained biocompatible; (iii) integrated the device 
with custom build programmable LED array. In contrast to ESTIM, OSTIM exclusively 
stimulated neurons and not OPCs. Nevertheless, the effects of SomaSTIM, AxonSTIM and 
WholeSTIM on myelination were the same. Subcellular MSTIM does not require modification 
of neuronal expression or the culture device but it requires generation of pulsatile magnetic field 
spatially restricted to the size of one chamber. The stimulator and its effects on myelination are 
being characterized. Conclusions: The cellular mechanisms of ESTIM and OSTIM are not the 



same. However, the consistency in their results strongly suggests that focal stimulation is 
sufficient to increase axon myelination. SomaESTIM and OSTIM results further imply that the 
activity-dependent myelination does not require direct stimulation of OPCs. MSTIM platform 
has the biggest translational potential as it is the least invasive out of the three presented neuron 
stimulation methods. 
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Abstract: Axons in the cerebral cortex exhibit diverse patterns of myelination, with some axons 
devoid of myelin, some exhibiting discontinuous patches of myelin, and others continuous 
myelin that is interrupted only by nodes of Ranvier. It is unclear when these distinct patterns are 
established, whether different classes of neurons exhibit consistent myelination and if these 
patterns are stable over time or modified by experience. To define the distinctive characteristics 
of cortical axon myelination in the adult brain, we examined the distribution of myelin along 
single axons in layer I of somatosensory cortex. In this region, a wide array of axons from 
different cell types comingle within the same microenvironment, such that resident 
oligodendrocytes are provided a diverse set of myelination targets. Thus, differences in 
myelination are likely to reflect axonal differences in oligodendrocyte preference and myelin 
stability. Using confocal laser scanning microscopy in horizontal sections of flattened cerebral 
cortex, we measured the distribution of myelin internodes along individual corticocortical, 
thalamocortical, and interneuron axons for up to 2-3 mm in adult (5 months old) mice. For the 
cell types that were myelinated (parvalbumin+ interneurons, neurexophilin-4+ layer 6b/7 
neurons, and neurons from ventromedial and posterior thalamic nuclei), the distribution of 
myelin was highly variable between different axons of the same cell type, as well as across 
different branches of a single axon. These results suggest that although cell identity can bias 
myelination of a given axon, other factors (e.g. activity or local environment) appear to influence 
the pattern of myelination that is established. 
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Abstract: The trafficking and targeting of proteins to distinct sites underlies the exquisite, 
polarized organization of neurons. Myelinated axons are further organized into a series of 
functionally and biochemically distinct domains, i.e. the nodes, paranodes, juxtaparanodes, and 
internodes. This organization provides a striking example of the differential targeting of proteins 
to subdomains of the axon and is essential for effective saltatory conduction. Of particular 
interest are the nodes of Ranvier, which are enriched in a multimeric complex of voltage gated 
Na+ channels form and their associated beta subunits, the neuronal cell adhesion molecules 
(CAMs) neurofascin (NF) 186 and NrCAM, and the cytoskeletal protein ankyrin G.We 
previously reported that NF186 and other axonal CAMs redistribute to the node and to other 
domains from pre-existing pools of diffusely distributed proteins on the axon surface (Zhang et 
al., Neuron 2012). In contrast, ion channels and ankyrin G require transport to the node during 
myelination. The slow replenishment of all nodal components in mature myelinated fibers also 
depends on transport. We have now directly investigated how these proteins are transported 
within the axon prior to and after myelination. To this end, we live-imaged neurons engineered 
to express combinations of proteins labeled with distinct fluorescent tags. In general, each nodal 
protein is anterogradely transported in separate vesicles except for NrCAM and NF186, which 
are co-transported in the same vesicles. Likewise, CAMs destined for other axonal domains are 
independently transported in distinct vesicles. In contrast, there is significant co-transport of 
retrogradely transported proteins presumably during recruitment into a common endocytic 
vesicle. These patterns of transport did not change with myelination. Taken together with our 
earlier study, these results support a model in which nodal component are sorted to separate 



vesicles and transported independently to the axon rather than as a preformed complex; upon 
myelination, they assemble at the node via a combination of local recruitment (CAMs) and de 
novo transport (channels and cytoskeletal proteins). 
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Abstract: Lipid rafts are crucial platform in Aβ production and aggregation, leading to the 
formation of neurotoxic Aβ oligomers in the brain. Recent findings suggest that lipid rafts are 
pathological signaling platforms where Aβ oligomers exert synaptic failure and neurotoxicity. 
We examined whether Aβ oligomers induce phosphorylated tau and impair signal transduction in 



lipid rafts from synaptosome of Tg2576 mice. Tg2576 mice and nontransgenic littermates (4, 6, 
12, and 22 month old, Tg n=18, NonTg n=18) were used. Synaptosome fraction was separated 
by Ficoll gradient fractionation. Lipid rafts fraction was separated from synaptosome by sucrose 
gradient fractionation. In Tg2576 mice, the amount of phosphorylated tau and Fyn increased in 
synaptosome, and also in lipid rafts of synaptosome with accumulation of Aβ oligomers. 
Accumulation of phosphorylated tau in lipid rafts of synaptosome began at 6 month when the 
behavioral disturbance appears in Tg2576 mice. Aβ oligomers may induce phosphorylated tau 
and Fyn-NMDA receptor signal transduction pathways in lipid rafts of synapse. 
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Abstract: The microtubule-associated cytoskeletal protein tau has been considered primarily 
axonal in healthy brains, while in Alzheimer’s (AD) the tau gradient shifts toward 
somatodendritic compartments where it accumulates as intracellular aggregates. Tau is now 
generally thought to be released into the extracellular space from synaptic terminals, facilitating 
transynaptic spreading across neural circuits, but this process is poorly understood. Our previous 
work has shown that C-terminal truncated tau is abundant in synaptic terminals, and that tau and 
exosomes are released by depolarization from Alzheimer’s disease synaptosomes. In the present 
work, synaptosomes were prepared from cryopreserved cortical (A7) samples from AD cases, 
from Aβ-independent tauopathy cases, and from cognitively normal aged control cases. The Tau 
RD P301S FRET biosensor system was used to evaluate the capability of human synaptosome-
derived extracts for seeding tau aggregation. P-2 (crude synaptosome) extracts were added to the 



biosensor cell media, and after 48 hours, cells were analyzed for FRET fluorescence using an 
ImageStream flow cytometer. Extracts from normal (n=2) and tauopathy cases (n=3) generated 
little FRET signal (<5% positive); in contrast, samples from two AD cases propagated tau 
aggregation, generating FRET signal in 43% and 28% of the populations examined (10,000 
cells/sample). These results are consistent with the hypothesis that oAβ localized to AD synapses 
accelerates tau propagation in this in vitro system. Using this system, clarification of synaptic tau 
release mechanisms in human samples can provide important insights with respect to disease 
progression and tau immunotherapies. 
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder that consists of the 
accumulation of amyloid and tau proteins in the brain, causing deficits in learning, memory, and 
behavior. Mouse models of AD highlight the role of amyloid, but tau is often less studied. 
Dyshomeostasis of trace metals in the brain, including Zinc (Zn) plays important roles in the 
progression of AD-pathology and remediation may serve as an area of future therapeutics. The 
current study utilizes a novel double transgenic mouse bred to express mutated human amyloid 
precursor protein (hAPP) and mutated human tau (P301L). Offspring are the result of a J20 x 
rTg4510 cross (Jackson Lab); this is the first mouse to be made from these parent mice. Half of 
the mice were given 10 parts per million (ppm) Zn in their drinking water and behavior was 
assessed at 3.5 months. Previous research shows that Zn supplementation can impact behavior in 
Tg mouse models of AD. Three and a half months represents an early time point in disease 



progression, when we can assess Zn supplementation on behavior early in the disease. Behaviors 
were assessed through the following tests: open field (OF), elevated zero maze (EZM) and 
Barnes Maze. Preliminary data show significant differences of genotype in time spent in the 
center of the OF and the percent time in the open arms of the EZM. Mice carrying mutations in 
both hAPP/tau (double) and only tau spent more time in the open arms of the EZM and spent less 
time in the center of the OF compared to those animals with no mutations (wildtypes). A 
significant genotype x water interaction was also seen with number of head dips in the EZM. 
Significant differences in spatial memory were seen in the Barnes Maze; animals carrying 
mutations in only tau and both hAPP/tau showed increased latencies to escape and find the target 
hole compared to wildtype animals and those with only the presence of the CaMKIIa promoter. 
Behavior will also be assessed at 7 months to examine changes as a result of increased cellular 
pathology and long-term Zn supplementation. 
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Abstract: Alzheimer’s Disease (AD) is characterized by the formation of beta-amyloid plaques 
and hyperphosphorylated tau tangles which slowly damage the brain. Zinc (Zn) is a biometal that 
can alter progression and remediation of AD. This novel mouse model includes both amyloid 
and tau pathology, and examines how they impact disease progression. J20 (hAPP) and rTg4510 
(tau) mice were obtained from Jackson Laboratory and bred to produce APP/tau offspring. Mice 
were split into groups and received either 10 parts per million Zn in their drinking water, or 
standard laboratory water. Animals were tested at 3.5 months of age in activities of daily living 
including nesting, burrowing, and circadian wheel running behavior. Preliminary data show 
animals having both hAPP/tau perform significantly worse in both nesting and burrowing, as 
early as 3.5 months of age. The animals’ wheel running activity was assessed for one week. 
Differences were seen in activity between genotypes. These non-cognitive tasks are important to 
study because the brain accumulates amyloid plaques and tau tangles, which may be impacting 



these behaviors years before diagnosis of AD. This study attempts to allow early detection of AD 
by measuring innate behaviors, which may offer insight into early detection, diagnosis, and 
treatment. No metal differences were seen at 3.5 months, in contrast to results in EZM (see 
linked poster, Lippi et. al). Behavior will also be assessed at 7 months of age to examine the 
effects of long term zinc exposure. 
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Abstract: Background 
Alzheimer´s Disease (AD) is characterized by senile plaques consisting of the Aβ peptide and 
neurofibrillary tangles formed by hyperphosphorylated tau. Aggregation of Abeta and tau play 
key roles in progression of AD, but, so far, a compelling molecular scenarios connecting both 
proteins has not been established. 
We hypothesize that many enzymes involved in biochemical pathways don’t just work together, 
but are physically associated, and their association does not come about spontaneously, but 
rather is catalyzed, by transient multi-protein complexes (MPCs) we term assembly machines. In 
our view, Aβ aggregates and tau hyperphosphorulation are both downstream consequences of 
aberrant assembly machine action and should be correctable by targeting the previously 
unappreciated assembly machines. 
Over the last decade, we have established a library of 300 small molecules targeting the 
assembly machines that catalyse viral capsid formation, termed the Hit-finder collection. By 
virtue of the diversity of viral structure, the Hit-finder collection is a promising starting point for 
discovery of assembly machine modulators able to alter events in the pathogenesis of AD. 
Objectives 
To screen the Hit-finder collection for compounds interfering with both oligomerization of Aβ 



and phosphorylation of tau, simultaneously. 
Methods 
We generated cell models that secrete either monomeric or toxic oligomeric and N-terminal 
elongated monomeric Aβ forms, and cell lines that express mutant tau. For drug target 
identification we used drug resin affinity chromatography (DRAC) followed by mass 
spectrometry. 
Results 
We identified a subset of chemotypes that, after structure-activity relationship optimization, 
reduced the secretion of toxic Aβ species at low nanomolar concentrations. DRAC revealed at 
least 8 proteins, some of which had already been described in the context of AD thus supporting 
the validity of our working hypothesis and screening approach. The most potent molecules also 
reduced total monomeric Aβ load without affecting gamma-secretase activity, or APP 
expression. Interestingly, some of the most active compounds against Aβ also reduced the 
phosphorylation of tau at specific sites in a dose dependent manner. 
Conclusion 
Novel compounds act against MPC assembly machines upstream of Aβ and tau aggregation and 
counter their misassembly into aggregates and tangles. The exact nature of these upstream MPC 
assembly machines is beginning to be revealed and will advance our understanding of AD 
cellular pathology. 
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Abstract: Retinal pathologies are suggested to be some of the earliest changes in chronic 
neurodegenerations such as Alzheimer’s disease (AD). Glaucoma, a group of chronic optic 
neuropathies that make up the leading cause of blindness worldwide, has recently been shown to 
have epidemiological and mechanistic similarities to AD. Along these lines, several lab groups 
have reported somatodendritic accumulation of the microtubule associated protein tau with 
advancing pathology in common mouse models of glaucoma. Axonal and trans-synaptic 
transport of tau is postulated to play a large role in the onset and progression of several 
neurodegenerations, yet the mechanisms remain unknown. We investigated whether application 
of tau to the retina would produce glaucomatous pathologies in normal mice. We injected 
fibrillized Alexa Fluor-tagged recombinant human tau (FlTau) into the vitreal chamber of 
C57BL/6J mouse eyes. After two weeks we found extensive astrogliosis, microglial activation, 
and loss of the retinal ganglion cell synaptic markers in subcortical visual structures 
corresponding to the injected eyes. Furthermore, these projections exhibited distinct sectorial 
patterns of pathology in the superficial superior colliculus (SC). Retinotopic sectors of SC 
exhibiting normal distribution of neural and glial markers were adjacent to areas with extreme 
gliosis and reduced synaptic marker immunoreactivity—mimicking the sectorial axonopathy 
seen in glaucoma and diabetic retinopathy. These pathological changes in SC were accompanied 
by increased levels of the FlTau, indicating that it was taken up and transported by retinal 
ganglion cells. Additionally, we saw increased gliosis and reduced synaptic markers in the 
primary visual cortex contralateral to injected eyes. Fluorescence-tagged tau label was also 
present in this region, a finding that suggests trans-synaptic transport occurred and produced 
pathology. We conclude that intraocular administration of tau induces neurodegeneration that 
mimics sectorial pathologies in other diseases affecting the retina and its projection. 
Furthermore, given its accessibility, simplicity, and straightforward connectivity, we believe that 
the primary visual system may be a useful and accessible model for studying tau-related 
mechanisms of neurodegeneration. 
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Abstract: The anterior visual system (AVS; retina, optic nerve, and optic tract) is a common site 
of neurodegeneration in blinding disorders and in more widespread degenerative conditions of 
the central nervous system (CNS) such as multiple sclerosis. Intriguingly, amyloid-beta (Aβ), a 
neurotoxic protein relevant to Alzheimer’s disease (AD), was recently identified in post-mortem 
retinal tissue of AD patients as well as in the visual system of certain animal models of AD. 
Moreover, the retina and other parts of the AVS has been implicated as some of the earliest sites 
of pathology in AD, with amyloidosis occurring before the degeneration of hippocampus and 
entorhinal cortex that characterizes this disorder. Amyloid-β aggregation and tau accumulation 
were recently reported to occur in age-related macular degeneration, diabetic retinopathy, and 
glaucoma. Given that the AVS is accessible, simple, and topographically mapped, it is an ideal 
system for studying mechanisms of, and interventions targeting, neurodegeneration. We 
exploited the accessibility of this system to study the effects of Aβ on axonopathy and 
neuroinflammation, two processes heavily implicated in CNS degenerations. To conduct these 
studies, we injected fluorophore-tagged, fibrillized Aβ into the vitreal chamber of C57BL/6J 
mice and used immunofluorescent techniques to stain brain, nerve, and retinal tissue after a 2-
week survival period. Within two weeks, amyloid fibrils were evident throughout the retina 
along with hypertrophied astrocytes in the nerve fiber layer. We also found pronounced 
astrogliosis and microglial activation in major retinal targets in the brain, including the lateral 
geniculate nucleus and superior colliculus. Even though our injection procedure exposed the 
entire retina to Aβ oligomers, gliosis was sectorial, i.e. occurring in discrete retinotopic regions, 
with surrounding areas appearing normal. This parallels the pattern of gliosis and degeneration in 
glaucoma and diabetic retinopathy, two blinding disorders where abnormal Aβ aggregation has 
been implicated. In contrast with our previous findings in mouse models of glaucoma, Aβ-
induced collicular gliosis preceded axonal transport deficits and overt axon or cell body loss. 
Overall, our findings suggest a direct role for retinal amyloidosis in AD and other chronic 
neurodegenerations, emphasizing the importance of studying the AVS as it relates to a wide-
range of neurodegenerative disorders. 
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Abstract: The scope of structures damaged in Alzheimer’s disease (AD) is rapidly expanding 
beyond the classic cortical and hippocampal associated with the hallmark cognitive and memory 
deficits of this disorder. Of these expansions, none may show more promise in helping us 
understand the pathogenesis and progression of degeneration, as well as develop much needed 
biomarkers and interventions, than the visual system. In other disorders affecting retinal ganglion 
cells (RGCs), such as glaucoma and diabetic retinopathy, axonal transport deficits and 
axonopathy precede cell body loss. Using neuronal tract tracing, immunofluorescence, and 
capillary-based western blotting techniques on a Wes Simple Western platform, we examined the 
integrity of the retinofugal projection in 3xtg mice, a widely-used model that develops age-
related, progressive AD-like neuropathology. Aged 3xtg mice (10+ months) showed loss of CTB 
transport from the retina to the superior colliculus (SC) and this was not seen in young (3 mo.) 
3xtg or age-matched background-specific (B6129SJ) and C57BL6J controls. This transport loss 
occurred in “sectors” of the retinotopic SC similar to the pattern of degeneration seen in mouse 
glaucoma models. RGC counts did not differ between young and old 3xtg mice or from controls 
and nearly 100% of RGCs in 3xtg retina took up and packaged CTB for transport. Intraocular 
pressure (a major risk factor for glaucoma) was not elevated in 3xtg mice as a function of age or 
as compared to controls. Quantification of phosphorylated tau (ptau) load in retina, optic nerve 
(ON) and retinorecipient SC using capillary electrophoresis showed significantly increased ptau-
231 burden in ON and SC, but not retina, at 10 mo. Overall, these findings are indicative of 
axonal transport deficits and tauopathy in the retinal projection of a progressive, pathological 
model of Alzheimer’s disease. This underscores the utility of the anterior visual system in 
expanding our approach to studying and understanding neurodegenerative disease. 
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Abstract: Alzheimer’s disease (AD) is the most common type of dementia caused by a 
mechanistic relationship between misfolded protein tau and amyloid-β. Previous literature has 
disclosed evidence that acknowledges the role of α-synuclein as a third key toxic component 
involved in the disease. Although a crosstalk between these abnormal proteins have been 
suggested, the mechanism of toxicity remain unclear. Dysfunctional tau is key in most types of 
dementia. However, while amyloid-β promotes tau missorting from the axon to the cell body and 
dendrites, tau mediates the detrimental effects of amyloid-β. This suggests amyloid-β and tau act 
synergistically to promote neurodegeneration. Interestingly, recent studies in mice have 
suggested that an increase in α-synuclein levels depend upon synergy between amyloid-β and 
tau. However, amyloid-beta aggregates alone do not promote cognitive decline; and neither 
dysfunctional tau nor α-synuclein reproduce the full effects of AD. Thus, dissecting the 
relationship between abnormal proteins tau and amyloid-β is pivotal in understanding the initial 
events that may drive α-synuclein dysfunction and the subsequent neurodegenerative process that 
characterizes AD. Errant proteins tau, amyloid-β, and α-synuclein are known to form pre-fibrillar 
aggregates called oligomers (multiples of monomeric proteins). These are considered the toxic 
entity of the disease and have been found within synaptic compartments in AD brains. We 
previously showed that oligomers of tau and α-synuclein exist in the same aggregates, forming 
hybrid oligomers in Parkinson’s disease cases, providing evidence of co-occurrence of α-
synuclein and tau into their most toxic forms. Herein, we investigated the synergistic relationship 
of these oligomeric species that is essential in identifying the mechanisms of toxicity in AD. 
Using stable cells lines, we found that both, amyloid-β and α-synuclein oligomers potentiate tau 
oligomers toxicity and accelerates neuronal death. Our findings provide evidence of the 
mechanism by which amyloid-β enhances the harmful effects of tau, thus, contributing to disease 
progression. 
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Abstract: Alzheimer's disease (AD), one of the most disabling syndromes in the adult 
population and the most common form of dementia in the world, has not cure or even an 
effective treatment. AD is characterized the presence of senile plaques of amyloid beta (Aβ) 
peptide and neurofibrillary tangles of phosphorylated tau protein in the brain that trigger 
neuronal loss and consequently a severe cognitive deficit which then precludes the entire life. In 
the present work, we explore the hippocampus of different groups of young and old Octodon 
degus (O. degus), an animal model for the study of non-genetic AD maintained in a clear acrylic 
aquarium (50x35x23 cm) under standard conditions; with food and water ad libitum, without 
exercise or environmental enrichment. AD hallmarks were observed by biochemical and 
histological approaches finding almost 3-fold higher Aβ1-42 and Aβ1-40 peptide levels (≈20 pg/ml 
in young animals and ≈60 pg/ml in old animals), at least 2 times increased levels of Aβ-
oligomers and the presence of Aβ aggregates called senile plaques in different areas of the 
hippocampus and cortex of old O. degus compared to young ones (up to 6 plaques per 300µm2 of 
hippocampus in old animals and no plaques in young animals). Furthermore, up to 3-fold 
increased levels of phosphorylated tau protein at different epitopes related to Aβ and microtubule 
dissemble (Thr231, Ser235, Ser202 and Thr205) were observed in the old animals. In agreement, 
the presence of tau protein aggregates were found in the old O. degus group compared to the 



young group (from 0 to 1 in young O.degus and up to 8 positive cells per field in old O. degus). 
Our data support the idea that O. degus present the main neuropathology of AD, and therefore is 
an optimal study model for this disease. 
Supported by CONICYT- PFB 12/2007 to N.C.I., FONDECYT (no. 1160724) to N.C.I., and 
FONDECYT (no. 11160651) to P.C. We also thank our special grants “Lithium in Health and 
Disease” from the Sociedad Química y Minera de Chile (SQM). 
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Abstract: The C9orf72 hexanucleotide repeat expansion is one of the most common causes of 
amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD); two disorders which 
display different protein aggregates. The C9orf72 hexanucleotide expansion is a structural 
polymorphism formed by a GGGGCC repeat region that impedes traditional transcription, and 
leads to several abortive transcripts. These transcripts can then undergo non-AUG dependent 
translation, leading to the production of several dipeptide repeat-containing proteins (DPRs) 
including GP, GA, GR, PA or PR. These DPRs form neuronal inclusions in patients with ALS 
and FTD, and several studies indicate that these inclusions are neurotoxic. Among the different 
dipeptides produced by the non-AUG translation, there are some such as GA, which have 
aggregative properties, as well as the tendency to sequester other proteins in the cell. 
Furthermore, with the increasing evidence that oligomeric species are the main cause of 
neurotoxicity in disorders such as Alzheimer’s disease and Parkinson’s disease, and with the 
ability of these DPRs to aggregate, we decided to investigate the formation of DPR oligomers. 
We demonstrate that some of these DPRs not only form oligomers, but also cross-seed with other 



proteins, causing their gain in neuronal toxicity, and perhaps the loss of function of important 
molecular pathways. Using immunohistochemical, immunofluorescent, and immunoblot 
techniques, we show the formation of these oligomeric species, and their cross seeding in vitro. 
These results show that the aggregation of DPR is harmful to the cells, and may be acting via 
several mechanisms including direct toxicity by DPR oligomers alone and in combination with 
other oligomeric proteins. Thus, the ability to detect oligomeric DPR using specific antibodies 
has great potential to further our understanding of these diseases and aid in the development of 
targeted therapeutics. 
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Abstract: Unfolded, misfolded, mutant, and oxidatively damaged proteins are a severe and 
never ending threat to cell survival. The ubiquitin proteasome system (UPS) degrades these 
abnormal proteins to prevent protein aggregation and avoid disrupting cellular homeostasis. To 
investigate the proteotoxic effects induced by impaired UPS in vivo, we developed a Drosophila 
model with “tunable” proteasome dysfunction by regulating the expression of its dβ5 catalytic 
subunit through double-stranded RNA interference (RNAi). The duration and expression level of 
the dβ5 RNAi were controlled by an RU486 inducible act5C promoter. We first assessed the 
effects of long term downregulating dβ5 in adult male and female flies. Dβ5 downregulation 
induced shorter lifespan, proteasome impairment, accumulation and aggregation of ubiquitinated 
(Ub)-proteins, locomotor dysfunction, and low resistance to oxidative stress in both fly genders. 
In females only, a potentially new 20S proteasome form exhibiting chymotrypsin-like activity 
was detected upon dβ5 downregulation. We next investigated the effects of short term (5 days) 
proteasome dysfunction. We controlled the duration and level of dβ5 downregulation via the 
conditional Gene-Switch binary system, by altering the length of RU486 administration. Our 



results demonstrate that transient proteasome impairment negatively and irreversibly affects 
lifespan and locomotor activity. Moreover, short term proteasome impairment was sufficient to 
induce long lasting Ub-protein accumulation and aggregation that was not reversed upon 
proteasome recovery. In conclusion, we clearly show that transient proteasome impairment is 
critical to the formation of irreversible Ub-protein aggregates. Moreover, short term proteasome 
impairment in adult flies can have long term negative and irreversible consequences. 
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Abstract: TDP-43 is a protein that binds to both DNA and RNA and is present mostly in the 
nucleus of the cell. This protein is required in many cell functions such as microRNA biogenesis, 
RNA splicing, and in neurons, TDP-43 has a much more critical role in synaptic plasticity and 
axonal transport. The essential role of TDP-43 was demonstrated in rodents when knockouts 
were embryonic lethal. The diseases frontotemporal dementia (FTD) and amyotrophic lateral 
sclerosis (ALS) are characterized by inclusion bodies that are formed when TDP-43 has been 
ubiquitinated and hyperphosphorylated into aggregates that are mislocalized into the cytoplasm. 
The role of TDP-43 in these diseases suggested that the protein is also involved in Alzheimer’s 
Disease (AD). The primary pathology of AD is Aβ senile plaques and Tau neurofibrillary tangles 
(NFT), though more recently TDP-43 aggregates have been shown in AD as well. A large 
amount of evidence suggests that Tau, a protein that is important to axonal transport and 
microtubule stability, forms oligomers that are the toxic entity in AD and other 
neurodegenerative diseases. Immunohistochemistry and biochemical analyses have shown that 
TDP-43 oligomers are present and interact with Tau and Aβ in AD cases and we utilize these 
techniques to further investigate these interactions. By using both generic and newly generated 
antibodies against TDP-43 oligomers in immunoblot and immunohistochemistry techniques, we 



aim to establish the incidence of these oligomers in Alzheimer’s Disease. We will investigate the 
relationship between TDP-43 aggregates and Tau in the oligomerization process and determine if 
TDP-43 and Tau form hybrid oligomers within the AD brain. Investigating the formation and 
interactors of TDP-43 oligomers in AD could lead to a better understanding of the role of cross-
seeding in the formation, stability and toxicity of the different protein aggregates in AD and may 
lead to the development of disease therapies. 
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Title: Restoration of progranulin to progranulin-deficient mice corrects lysosomal abnormalities 
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Abstract: Loss of function mutations in progranulin (GRN ) are a major autosomal dominant 
cause of frontotemporal dementia (FTD), and likely cause disease through progranulin 
haploinsufficiency. Homozygous GRN mutations that produce complete progranulin deficiency 
cause the lysosomal storage disorder neuronal ceroid lipofuscinosis (NCL), revealing that 
progranulin is critical for proper lysosomal function. Impaired lysosomal function may also play 
a role in FTD due to GRN mutations (FTD-GRN), as brains from FTD-GRN patients exhibit 
elevated levels of lysosomal proteins. As in humans, progranulin-deficient mice (Grn+/– and 
Grn–/–) exhibit lysosomal abnormalities throughout the brain, with elevated levels of lysosomal 
proteins, changes in lysosomal enzyme activity, and in Grn–/– mice accumulation of lipofuscin 



granules. In this study, we investigated whether brains from progranulin-deficient mice and FTD 
patients with GRN mutations exhibit similar lysosomal abnormalities, and tested whether 
restoration of progranulin to progranulin-deficient mice would reverse these abnormalities. 
Grn+/–and Grn–/– mice, as well as FTD-GRN patients, exhibited increased activity of β-
Hexosaminidase A (HEXA), which was associated with increased protein and RNA levels of the 
enzyme. Brains from FTD-GRN patients and Grn–/– mice had reduced activity of β-
glucocerebrosidase (GBA), an enzyme with previously reported abnormal trafficking in Grn–/– 

macrophages. Grn–/– mice also exhibited additional enzymatic changes not present in FTD-GRN 
samples. Restoration of progranulin to Grn–/– mice by intracranial injection of an adeno-
associated viral (AAV)-progranulin vector normalized activity of lysosomal enzymes and 
reduced lipofuscin levels throughout the brain. These data indicate that lysosomal dysfunction 
due to progranulin deficiency is reversible, which supports use of progranulin-boosting therapies 
for FTD-GRN patients, particularly in the early stages of disease. 
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Abstract: Age-related memory changes are not homogenous within similar aged-groups. A few 
older people will not experience problems with cognitive function and retain a “youth-like” brain 
phenotype. However, most people will notice an increase in forgetfulness and take longer to 
learn and recall information, tasks that rely heavily on the hippocampus. Fortunately, symptoms 
of normal cognitive aging are not necessarily a harbinger of dementia; nevertheless if memory 
problems worsen, it may signal advancement into mild cognitive impairment, which is an 
intermediate stage between normal age-related memory changes and the more serious disabling 



dementia. Therefore it is necessary to fully understand the neurobiology of aging to preclude the 
advancement of cognitive malfunction.The substrates involved in age-related cognitive decline 
are unknown. There is no major neuron or synapse loss in the hippocampus with this non-disease 
associated type of cognitive impairment. However, it has been proposed that voltage-signaling 
and/or Ca2+-signaling networks or interactomes within the neuron are disrupted leading to 
impairments in memory. We previously showed that single-dendrite gradients in synapse number 
and ion channels /receptors exist in young rats. For example, the number of synapses on an 
oblique dendrite decreased with distance from the main apical dendrite, and AMPAR expression 
increased while NMDAR expression decreased with distance from the soma. While 
immunolocalization of many ion channels and /or receptors is known within the young and aged 
hippocampus, little is known about the relative expression of these channels to one another. In 
this study, we employ multiple antibodies and high-resolution Array Tomography to visualize 
differences in ion channel gradients in electrophysiologically-characterized dendrites within the 
dorsal CA1 region of rats identified as being young (Y), aged-unimpaired (AU) or aged-impaired 
(AI) by two hippocampal-dependent memory tasks. We find disruption of ion channel 
interactomes involved in voltage and Ca2+ regulation in aged impaired animals. These 
experiments are necessary to identify targets for pharmacological approaches in preventing 
cognitive decline with age. 
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Abstract: In various transgenic mouse models of AD, we find that both supra- and sub-threshold 
voltage signaling, both of which are heavily influenced by passive and active dendritic 
properties, progressively deteriorate with age in hippocampal CA1pyramidal neurons. Utilizing 
functional, molecular, and ultrastructural imaging techniques, we identify the hyperpolarization-
activated, cyclic nucleotide-gated (HCN) channel as a primary suspect responsible for this 
disrupted voltage signaling. 
Calcium signaling abnormalities are thought to be a major agent involved in cellular dysfunction 
associated with AD. We sought to manipulate internal calcium signaling via the endoplasmic 
reticulum, and in doing so, elicit store depletion induced h-channel plasticity (SD-h plasticity) to 
re-establish HCN function in these altered neurons. 
Delivering intrahippocampal infusions of carvedilol (a non-specific beta-adrenergic blocker with 
affinity to antagonize ryanodine receptors) in anaesthetized transgenic mice, we find that HCN 
channel function is indeed re-established using patch-clamp recordings of hippocampal slices 
post-infusion. In addition, some hippocampal sections were processed for pre-embedding 
immunogold electron microscopy to determine channel distribution after induction of SD-h 
plasticity. These results confirm the treatment increased insertion of the channel into plasma 
membranes as well as appearing to increase protein trafficking to the distal dendrites where these 
channels are critical for proper CA1 neuron dendritic computations. 
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Abstract: The substantial cognitive deficits experienced by patients with Alzheimer’s disease 
(AD) have long been thought to be the product grey matter changes. However, recent work has 
indicated that disruptions in neural network connectivity may be attributable to changes in white 
matter (WM) integrity during AD progression. Diffusion tensor imaging (DTI) has revealed 
significant volume changes in the white matter of patients with early AD and mild cognitive 



impairment (MCI). These changes are particularly robust in the parahippocampal gyrus and 
hippocampus, which are both highly susceptible to AD pathology. In addition, oligodendrocytes 
have exhibited sensitivity to the cytotoxic effects of amyloid beta (Aβ), the principle component 
of the characteristic AD plaques. Therefore, cognitive decline during MCI and AD may be, at 
least in part, due to disrupted connectivity that results from decreased integrity of WM. Given 
the primary function of myelin in facilitating rapid action potential (AP) propagation along axons 
via saltatory conduction, it is possible to examine physiological properties that depend on 
myelination of axons. In the present study, we employed whole cell patch clamp physiology to 
monitor AP generation in the axons of CA1 pyramidal neurons of wild-type and AD transgenic 
mice. Specifically, antidromic APs were generated by a stimulating electrode placed in the 
alveus, and successful AP generation and propagation was monitored using a somatic recording 
electrode. Two types of protocols were used to assess each neuron’s ability to generate 
antidromic APs. The first consisted of two pulses spaced at varying frequencies from 2 Hz to 500 
Hz, while the second consisted of a train of ten stimuli at frequencies between 10 Hz and 100 Hz. 
Our results have shown that failure rate is increased in the CA1 pyramidal neurons of aged AD 
mice, consistent with observed changes in the WM of AD patients and animal models. 
Interestingly, the increased failure rate appears to be more pronounced at specific stimulus 
frequencies, regardless of the number of pulses used. Overall, our findings support previously 
reported WM changes in AD, as well as provide physiological characterization of the 
consequences of these WM alterations in a specific portion of the hippocampal circuit. 
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Abstract: Mitochondrial dysfunction is a prominent feature in many neurodegenerative diseases, 
such as Parkinson’s disease (PD). Many tail-anchored (TA) proteins are located to the 
endoplasmic reticulum (ER) membrane. However, TA proteins may misplace on mitochondria 
rarely and affect mitochondrial normal function. Here, we identified a new mitochondrial out 
membrane protein named JZ101 which mediates the clearance of the TA protein on 
mitochondria. And, JZ101 overexpression enhanced the fusion of mitochondria, whereas JZ101 
deficiency results in more fragmented mitochondria and impaired energy metabolism of 



mitochondria, which could be rescued by restoring the expression of JZ101. Our study may 
provide a potential target for neurodegenerative diseases. 
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Abstract: Alzheimer’s disease (AD) is the most common type of dementia and is characterized 
by the insidious degeneration of brain networks involved in memory and cognition. 
Accumulation and aggregation of the amyloid β (Aβ) peptide in the brain are pathological 
hallmarks of AD. Sequential cleavage of the amyloid precursor protein (APP) by the β- and γ-
secretases leads to generation of the Aβ peptide. We have shown that the orphan G protein-
coupled receptor 3 (GPR3) plays an important role in regulation of the γ-secretase complex and 
Aβ generation in AD. However, investigation of the in vivo functions of GPR3 is challenging 
due to the lack of availability of suitable antibodies that recognize endogenous mouse GPR3. To 
circumvent this issue with other GPCRs, fluorescently and hemagglutinin (HA) labeled GPCR 
knockin (KI) mice have been generated to study the physiological and pathophysiological 
function of several GPCRs. Several genome editing systems, including transcription activator-
like effector nucleases (TALEN), clustered regularly interspaced short palindromic repeats 
(CRISPR)/CRISPR-associated protein-9 nuclease (Cas9), and zinc finger nucleases (ZFNs) have 
been used to insert fluorescent proteins and HA tags to study receptor function. Among the three 
genome editing technologies, CRISPR/Cas9 is efficient, highly specific, and easier to design 
than TALEN and ZFNs. In the current study, we utilized a CRISPR/Cas9-mediated genome 
editing strategy to insert two HA tags into the murine Gpr3 gene. By co-injection of guide RNAs 
(gRNAs), Cas9 mRNA, and single-stranded DNAs (ssDNA) containing the HA tag sequence 
into the one-cell mouse embryos, we successfully introduced two HA tags into the N-terminus of 
the Gpr3 gene in the first generation founder mice. One founder has been bred and successful 



germline transmission has been confirmed. The HA-GPR3 KI mice are currently being used to 
investigate the expression, localization, and binding partners of GPR3 in vivo. The protein 
expression pattern and localization of GPR3 in different cell types will be essential to understand 
the physiological roles of endogenous GPR3 and to evaluate potential therapeutic approaches 
targeting GPR3 in AD. 
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Abstract: In 2004, two articles were published which suggested mutations in the leucine-rich 
repeat kinase 2 (LRRK2) gene cause autosomal dominant Parkinson’s disease (PD). This gene 
encodes for the protein of the same name, which impacts vesicular trafficking within the cell 
through phosphorylation of a subset of rab GTPases. Effector proteins, in addition to guanine 
nucleotide exchange factors (GEFs) and GTPase activating proteins (GAPs) activate and 
deactivate rabs for their various tasks. Rab activation occurs when a GEF exchanges the 
GTPase’s GDP for GTP, while inactivation occurs when a GAP initiates hydrolysis of GTP to 
GDP. A great number of GEFs and GAPs exist in the cell, which provides both specificity, and 
some redundancy, to this highly specialized system. At present, LRRK2 has been shown to 
phosphorylate 14 of these rabs: rab3A, rab3B, rab3C, rab3D, rab5A, rab5B, rab5C, rab8A, 
rab8B, rab10, rab12, rab29, rab35, and rab43. While phosphorylation of these rabs decreases 
their affinity for GEFs and GDIs, it is unclear how this may impact the downstream effects of the 
rab proteins. In this study, NeuroInitiative‘s, Simulation Environment for Experimental Design 
(SEED), was used to run in silico pathway models of rab3A, rab3B, rab3C, and rab3D, which 
play a role in vesicle trafficking and exocytosis. Data from baseline LRRK2 models was 
compared with mutated LRRK2 (G2019S) and knockout models. 

Disclosures:   L.E. Vincent: A. Employment/Salary (full or part-time):; NeuroInitiative. J.W. 
Ryan: A. Employment/Salary (full or part-time):; NeuroInitiative. D.A. Dodds: A. 



Employment/Salary (full or part-time):; NeuroInitiative. A.D. Lee: A. Employment/Salary (full 
or part-time):; NeuroInitiative. B. Behrouz: A. Employment/Salary (full or part-time):; 
NeuroInitiative. 

Poster 

299. LRRK2 Mechanisms, Targets, and Pathways 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 299.02/R8 

Topic: C.03. Parkinson’s Disease 

Support: Michael J. Fox Foundation 

Title: Inhibition of LRRK2 kinase activity results in abnormal protein dynamics and reduces 
protein stability 

Authors: *B. J. SANSTRUM, B. M. S. S. GOO, D. Z. Y. HOLDEN, D. D. DELGADO, N. G. 
JAMES 
Cell and Mol. Biol., Univ. of Hawaii at Manoa, Honolulu, HI 

Abstract: Mutations in the LRRK2 (Leucine Rich Repeat Kinase 2) gene have been linked to 
both sporadic and familial forms of Parkinson’s disease (PD). Our lab has performed many 
fluorescence-based microscopy experiments to study the protein-protein interactions of LRRK2-
EGFP in live cells. We have demonstrated that the active, membrane bound form of LRRK2-
EGFP is predominantly a dimer due to self-association on the membrane. However, lack of 
knowledge about the mutations that alter the kinase function of this protein has resulted in 
limited targeted treatment options. The most common PD-linked LRRK2 mutation, G2019S, has 
been shown to increase the kinase activity of LRRK2 resulting in major deficits in endocytosis 
and vesicle trafficking. Because of this finding, current drug discovery efforts have been geared 
toward the optimization of LRRK2 kinase inhibitors as a potential disease modifying therapy. 
Controversially, previous studies have shown adverse side effects of LRRK2 kinase inhibitors in 
peripheral tissues and decreased LRRK2 protein concentration in mouse brain lysates treated at 
therapeutic doses. Since these studies were performed postmortem, little data have been shown 
in functional living systems. This project expanded past experiments by adding LRRK2 kinase 
inhibitors (100nM) to quantify their effects on LRRK2-EGFP function in a live dopaminergic-
like neuronal system. We utilized 2-photon confocal microscopy and total internal reflection 
fluorescence microscopy (TIRF) to monitor protein dynamics and self-association of LRRK2-
EGFP in the cytosol and at the membrane. Raster image correlation spectroscopy (RICS), photon 
counting histogram (PCH), and number and brightness (N&B) replicated the decreases in 
LRRK2 protein concentration but also indicated a novel increase in dimer and higher-order 
oligomers and a decreased diffusion rate in both wild type (WT) LRRK2-EGFP and G2019S 
LRRK2-EGFP expressing cells. This suggests an alteration in protein dynamics that is 



contradictory to the intended function of kinase inhibitors. In order to characterize this functional 
abnormality in more therapeutically relevant models, we lowered the drug doses to IC50 
concentration and conducted spatial intensity distribution analysis (SpIDA) on endogenously 
expressed protein. These methods noted similar alterations in oligomerization and concentration 
when compared to vehicle treated controls. Overall, these studies show striking results about the 
effects of LRRK2 kinase inhibitors on protein dynamics. Follow up studies are needed to 
determine the extent of these notable abnormalities and the efficacy of LRRK2 kinase inhibitors 
for novel PD therapy. 
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Abstract: Mutations in LRRK2 are a common genetic cause of Parkinson´s disease (PD). 
LRRK2 interacts with and phosphorylates a subset of Rab proteins including Rab8a, a protein 
which has been implicated in various centrosome-related events. However, the cellular 
consequences of such phosphorylation remain elusive. Here, we show that pathogenic LRRK2 
causes deficits in centrosomal positioning with effects on neurite outgrowth, cell polarization and 
directed migration. Pathogenic LRRK2 also causes deficits in centrosome cohesion which can be 
detected in peripheral cells derived from LRRK2-PD patients as compared to healthy controls, 
and which are reversed upon LRRK2 kinase inhibition. The centrosomal cohesion and polarity 
deficits can be mimicked when co-expressing wildtype LRRK2 with wildtype but not phospho-
deficient Rab8a. The centrosomal defects induced by pathogenic LRRK2 are associated with a 
kinase activity-dependent increase in the centrosomal localization of phosphorylated Rab8a, and 
are prominently reduced upon RNAi of Rab8a. Our findings reveal a new function of LRRK2 
mediated by Rab8a phosphorylation and related to various centrosomal defects. 
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Abstract: Abstract: Leucine-rich repeat kinase (LRRK2) mutations are associated with 
autosomal dominantly inherited Parkinson’s disease (PD). Genome-wide-association-studies 
(GWAS) indicate that the genetic locus containing the LRRK2 gene also presents a risk factor 
for sporadic PD. A mutation in the LRRK2 kinase domain, G2019S, is most common in familial 
and apparently sporadic forms of PD. Such a mutation increases the kinase activity by ~two-fold, 
with toxic effects confirmed in vitro and in vivo. Whether LRRK2 kinase activity is essential for 
its role in PD is still hotly debated. Despite involvement of LRRK2 in several neuronal 
pathways, including cytoskeletal dynamics, vesicular trafficking, mitochondrial function, and 
autophagy, its physiological function and role in PD pathology remains unclear. In the current 
rodent study, we induced peripheral inflammation via single intraperitoneal (ip) injection of 
lipopolysaccharide (LPS) to transgenic rats expressing the human G2019S mutation featuring the 
bacterial artificial chromosome (BAC) form of the entire human LRRK2 genome locus (BAC-
hLRRK2-G2019S). BAC-hLRRK2-G2019S rats showed elevated levels of the pro-inflammatory 
cytokine IL-1β in nigral tissue 90 days after a single LPS ip injection. In addition, 90 days after 
LPS administration there was loss of dopaminergic neurons in the substantia nigra and striatal 
dopaminergic neurites in BAC-hLRRK2-G2019S rats. Moreover, LPS treated BAC-hLRRK2-
G2019S rats also exhibited gait abnormalities as early as 4 days after ip injection, which 
progressively worsened until day 60. Non-transgenic animals showed no pathobiology following 
LPS administration. In conclusion, these results suggest that LRRK2-G2019S carriers may be 
predisposed to excessive focal brain responses to a peripheral inflammatory stimulus, resulting in 
PD-like neurotoxicity and motoric deficits. To advance our investigations, we have generated 
novel rat BAC transgenic lines that express either hLRRK2-G2019S or hLRRK2-WT but lack 
endogenous rat LRRK2 (rLRRK2-/-) (BAC-hLRRK2-G2019S::rLRRK2-/-, BAC-hLRRK2-
WT::rLRRK2-/-). These new transgenic lines will allow us to remove the contributory effect of 
endogenous LRRK2 thus yielding a precise model for future experiments. Using these animal 
models, we intend to more fully characterize mutant LRRK2 function as it relates to systemic 
and central neuroinflammation, nigrostriatal vulnerability and the potential to evaluate 
therapeutic options. 
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Title: Parkinson’s disease-linked LRRK2 positively regulates type 1 Interferon-induced 
inflammatory signaling and cytokine production through selective DSCR1 phosphorylation 

Authors: H. PARK1, K. HAN1, *H. RHIM2, K. CHUNG1 
1Yonsei Univ., Seoul, Korea, Republic of; 2Korea Inst. Sci. Tech. (KIST), Seoul, Korea, 
Republic of 

Abstract: LRRK2 is a Ser/Thr kinase with mixed lineage kinase-like and GTPase domains, and 
controls neurite outgrowth and cell death. Mutations in LRRK2 gene is known to cause 
autosomal dominant late-onset Parkinsonism. Several studies have also suggested that LRRK2 is 
involved in innate immune response signaling, but the underlying mechanism is unknown yet. 
Down syndrome candidate region 1 (DSCR1, also known as regulator of calcineurin 1 or 
RCAN1) protein was shown to upregulate type 1 interferon-induced inflammatory signaling by 
modulating several intracellular targets of interleukins in immune cells. Moreover, DCSR1 
negatively affects neuronal cell death and survival through increased susceptibility to oxidative 
stress. In this study, we investigated any biochemical and functional link between LRRK2 and 
DSCR1, and their roles in type 1 interferon-mediated inflammatory signaling. At the meeting, 
our recent data concerning the action of LRRK2 on DCSR1 and DSCR1-mediated downstream 
inflammatory signaling will be presented, In conclusion, our data demonstrate that LRRK2 
directly phosphorylates DSCR1 and consequently acts as a positive regulator of inflammatory 
signaling though DCSR1 modulation under type 1 interferon stimulation. This study further 
imply that LRRK2 positively regulates inflammatory responses in Parkinson's disease. 

Disclosures:  H. Park: None. K. Han: None. H. Rhim: None. K. Chung: None. 

Poster 

299. LRRK2 Mechanisms, Targets, and Pathways 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 299.06/S2 

Topic: C.03. Parkinson’s Disease 

Support: NINDS (R01 NS071251) 

 NINDS (P50NS094733 to JS) 



Title: Age-dependent dopaminergic neurodegeneration and impairment of the autophagy-
lysosomal pathway in LRRK-deficient mice 
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Abstract: LRRK2 mutations are the most common genetic cause of Parkinson’s disease, but its 
normal physiological role in the brain is unclear. We previously generated LRRK2-/- mice and 
found no detectable phenotypes in the brain, but the kidney develops striking age-dependent PD-
like change. To determine whether the absence of the phenotypes in the LRRK2-/- brain is due to 
the relative high expression of its functional homologue LRRK1 in the brain, we developed 
double knockout mice lacking both LRRK1 and LRRK2. Here we show that inactivation of 
LRRK2 and LRRK1 results in earlier mortality and age-dependent, selective neurodegeneration. 
Loss of dopaminergic neurons in the substantia nigra pars compacta (SNpc) and noradrenergic 
neurons in the locus coeruleus is accompanied with increases in apoptosis, whereas the cerebral 
cortex and cerebellum are unaffected. Furthermore, selective age-dependent neurodegeneration 
is only present in LRRK-/- but not LRRK1-/- or LRRK2-/- brains, and is accompanied with 
increases of α-synuclein and impairment of the autophagy-lysosomal pathway. Quantitative 
electron microscopy analysis revealed age-dependent increases of autophagic vacuoles in the 
SNpc of LRRK-/- mice before the onset of dopaminergic neuron loss. These findings revealed an 
essential role of LRRK in the survival of dopaminergic neurons and the regulation of the 
autophagy-lysosomal pathway in the aging brain. 
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Abstract: The leucine-rich repeat kinase 2 (LRRK2) mutation represents a common genetic 
cause of Parkinson’s disease (PD). Although REM sleep behavior disorder is associated with 
sporadic PD and the development of synucleinopathies, REM disorders are less common in 
LRRK2 PD (Kestenbaum and Alcalay, 2017). Furthermore, the LRRK2 mutation is associated 
with altered cortical synaptic excitability, which could alter sleep-associated oscillatory activity. 
Consequently, we sought to determine if transgenic mice with the LRRK2 G2019S mutation 
expressed changes in behavioral and physiological markers of sleep and sleep depth. To 
investigate this question, we measured cortical electroencephalography (EEG) and cortical and 
subcortical local-field activity in 15 LRRK2 G2019S and 10 wild-type (WT) C57bl/6 male mice. 
Physiological and behavioral data (EMG and inertia measurement data) were acquired during 
periods of rest and active foraging behavior. Surface electrodes were implanted above 
somatosensory (S1) and visual cortex (V1). We observed that LRRK2 G2019S mice showed an 
increase in EMG activity during sleep and behavioral epochs when compared to WT mice (p < 
0.0005, Kruskal-Wallis with Tukey post-hoc). Analysis of inertial and EMG activity also 
revealed that LRRK2 G2019S mice had shorter sleep bouts during post-foraging sleep (p < 
0.005), shorter inter-sleep bout intervals in the pre-foraging sleep epoch (p < 0.05), and spent 
proportionally more time sleeping in the pre-sleep epoch (p < 0.001). Physiological 
measurements indicated that LRRK2 mice had higher power in high gamma band frequencies 
(80-120Hz) in their cortical EEG LFP (p < 0.001) and also expressed a significant increase in the 
power of sleep spindles relative to WT controls (p < 0.05, Student’s t-test) in the S1 trunk region. 
In contrast, no difference in the distributions of peak spindle frequencies and durations was 
observed between LRRK2 G2019S and WT mice. Our results suggest that the LRRK2 G2019S 
mutation alters behavioral and physiological markers of the depth of slow-wave sleep. 
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Abstract: The gene encoding for Leucine Rich Repeat Kinase 2 (LRRK2) has been linked to 
familial and sporadic/idiopathic forms of Parkinson’s disease (iPD), as well as cancer, leprosy 
and Crohn’s disease, making this gene a target for discovery therapeutics. Since it’s discovery as 
a PD gene in 2004, LRRK2 has been associated with a wide range of cellular functions but the 
physiological roles of LRRK2 remain unclear. The most prevalent and pathogenic LRRK2 
mutations in PD have been shown to affect cellular macroauthophagy in a variety of cellular 
models1,2. Furthermore, recent in vivo studies have recapitulated an effect of LRRK2 in 
autophagy signalling3,4. This raises the question whether differential autophagic activity is 
relevant to disease progression in PD patients harbouring LRRK2 mutations. To test this, we 
examined the levels of autophagic markers in the basal ganglia of G2019S LRRK2 PD post-
mortem tissue, in comparison to pathology-matched iPD. An increase in LC3-II levels was 
observed in iPD compared to controls but this was not the case for G2019S PD cases that 
showed similar levels to control cases. Furthermore, significantly lower levels of ULK1, a 
downstream effector of mTOR and AMPK involved in autophagosome generation, were 
observed in G2019S compared to iPD cases. An increase in p62 was observed in iPD but not 
reflected in G2019S cases while Lamp1 levels were found to be divergent in these cases 
compared to iPD and controls. Immunohistochemistry of p62 on brain tissue recapitulated a 
distinct signature for G2019S PD. Our data highlight a divergence of G2019S PD carriers in 
terms of autophagic response in affected brain regions compared to iPD, similar to what we have 
reported for alpha-synuclein solubility in these cases5. It is possible that the deregulation of 
autophagy and altered alpha-synuclein solubility in the LRRK2 G2019S cases are inter-linked. 
References: 
1. Manzoni, C. et al. Sci. Rep. 6, 35106 (2016). 
2. Manzoni, C. et al. Biochem. Biophys. Res. Commun. 441, 862–866 (2013). 
3. Tong, Y. et al. Molecular Neurodegeneration. 7, 2 (2012). 
4. Dodson, M. W. et al. Dis. Model. Mech. 7, 1351–1363 (2014). 
5. Mamais A et al. Neurobiol of Dis. 58, 183-190 (2013). 
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Title: Phosphorylation of p53 by LRRK2 induces microglial TNFα-mediated neurotoxicity 
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Abstract: Leucine-rich repeat kinase (LRRK2), a major causal gene of Parkinson's disease (PD), 
functions as a kinase. The most prevalent mutation of LRRK2 is G2019S. It exhibits increased 
kinase activity compared to the wildtype LRRK2. Previous studies have shown that LRRK2 can 
phosphorylate p53 at T304 and T377 of threonine-X-arginine (TXR) motif in neurons. Reduction 
of LRRK2 expression or inhibition of LRRK2 kinase activity has been shown to be able to 
alleviate LPS-induced neuroinflammation in microglia cells. In this study, we found that LRRK2 
could also phosphorylate p53 in microglia model BV2 cells. Transfection of BV2 with 
phosphomimetic p53 T304/377D significantly increased the secretion of pro-inflammatory 
cytokine TNFα compared to BV2 transfected with p53 wild type after LPS treatment. In 
addition, conditioned media from these transfected cells increased the death of dopaminergic 
neuronal SN4741 cells. Moreover, such neurotoxic effect was rescued by co-treatment with the 
conditioned media and etanercept, a TNFα blocking antibody. Furthermore, TNFα secretion was 
significantly increased in primary microglia derived from G2019S transgenic mice treated with 
LPS compared to that in cells derived from their littermates. These results suggest that LRRK2 
kinase activity in microglia can contribute to neuroinflammation in PD via phosphorylating p53 
at T304 and T377 site. 
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Abstract: Dominantly inherited missense mutations in leucine-rich repeat kinase 2 (LRRK2) are 
the most common genetic cause of Parkinson’s disease. LRRK1 and LRRK2 belong to the Roco 
family and share a high degree of sequence similarity. Our previous findings showed that 
LRRK2-deficient mice display an age-dependent dysregulation of protein degradation pathways 
in the kidney, including striking α-synuclein accumulation and aggregation and increases of 
apoptotic cell death and oxidative damage. To investigate the normal physiological role of 
LRRK and the relative contribution of LRRK1 and LRRK2 in carrying out LRRK function, we 
generated LRRK-/-, LRRK1-/- and LRRK2-/- mice. Analysis of these mutant mice and wild-type 
controls at the ages of 6, 10 and 15 months ages showed age-dependent reduction of body weight 
in LRRK-/- mice beginning at 6 months. LRRK1-/- mice also showed significant reduction of 
body weight at 15 months but not at 6 and 10 months, whereas LRRK2-/- mice are unaffected. In 
the kidney of LRRK-/- mice, significant increases of apoptotic cell death were detected at 6 
months and were further increased at 10 and 15 months of age, and apoptosis was also increased 
in the kidney of LRRK2-/- mice beginning at 10 months, whereas apoptosis in the LRRK1-/- 
kidney was unaffected. We also observed age- and genotype-dependent accumulation and 
aggregation of α-synuclein, ubiquitinated proteins and p62 in the kidney of these mutant mice. 
The detailed results of these analyses in all four genotypic groups will be presented. 
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Abstract: Chaperone-mediated autophagy (CMA) is the principal pathway for clearing alpha 
synuclein, the main component of Lewy bodies in Parkinson’s disease (PD). Lysosome-
associated membrane glycoprotein 2a (Lamp2a), the rate-limiting protein in CMA, is thought to 
be decreased in the PD substantia nigra. The effect of LRRK2 gene mutations, the most frequent 
cause of inherited PD, on Lamp2a levels is unknown. We used ELISA to measure total Lamp2 
(isoforms Lamp2a, Lamp2b and Lamp2c) in CSF from patients with sporadic PD (sPD, n = 31), 
PD patients with LRRK2 gene mutations (LRRK2 PD, n = 20), and healthy similar-aged control 
subjects with or without LRRK2 mutations (LRRK2 CTL = 30, CTL= 27). The lowest median 
Lamp2 value was in the LRRK2 PD group; median values (pg/mL) were sPD = 333, LRRK2 PD 
= 127, CTL = 436, and LRRK2 CTL = 412. The difference between Lamp2 concentrations in 
LRRK2 PD and LRRK2 CTL subjects was statistically significant (p = 0.02). Gender effects 
may have influenced this result, because the LRRK2 PD group had a larger proportion of 
females (80%) than the other three groups (52% - 63%) and Lamp2 levels in the 67 females in 
this study (median = 247 pg/mL) were lower than the levels of this protein in the 41 males 
(median = 778 pg/mL) (p = 0.0002). An ANOVA was therefore performed on log-transformed 
Lamp2 concentrations which simultaneously modeled gender, diagnosis, and interaction effects. 
Evidence was found for differences between the eight “gender*diagnosis” groups (p < 0.0001); 
Tukey-Kramer multiple comparison testing revealed that the log-transformed Lamp2 levels in 
LRRK2 PD females were statistically different (lower) than those in each of the other 
gender*diagnosis groups except for sPD females. These results suggest that CSF concentrations 
of Lamp2 may be lower in females than in males, and may also be decreased in female PD 
patients with LRRK2 mutations. Further studies are required to determine the correlation 
between CSF and substantia nigra Lamp2 levels. 
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Abstract: The Leucine-Rich Repeat Kinase (LRRK2) G2019S gain of function gene mutation is 
one of the most prevalent mutations contributing to Parkinson’s disease (PD) pathogenesis. 
Using human induced pluripotent stem cell (iPSC)-derived neurons carrying the LRRK2 G2019S 
mutation, we and others have shown that the LRRK2 mutation, which increases LRRK2 kinase 
activity, alters axon outgrowth, intracellular trafficking, mitochondrial health and autophagy. We 
have also shown that this mutation contributes to an increased vulnerability of iPSC-derived 
neurons to PD-associated cell stressors and can be rescued by treatment with LRRK2 inhibitors 
(Cooper et al., 2012, Sci Transl Med. 2012, 4;4(141):141ra90.). Previously we described that 
human iPSC-derived neurons carrying the LRRK2 G2019S mutation challenged with the 
sarco/endoplasmic reticulum Ca2+ -ATPase (SERCA) uptake blocker thapsigargin (THP), exhibit 
an increase in depolarization-induced calcium influx and a modified calcium decay (interpreted 
as buffering capacity), when compared to neurons derived from healthy subject controls. Here, 
we show that endoplasmic reticulum (ER) Ca2+ levels, measured using an ER specific calcium-
measuring organelle-entrapped protein indicator (Cepia-ER), are lower in iPSC-derived forebrain 
and midbrain dopamine neurons carrying the LRRK2 G2019S mutation compared to healthy 
subject controls. The lower level of ER calcium in LRRK2 G2019S neurons is still present even 
after THP-induced SERCA block. This phenotype was ameliorated by treatment with an 
antisense oligonucleotide that partially decreases LRRK2 levels. qPCR analysis of key ER Ca2+ 

channels and regulators, and membrane Ca2+ channels, known to regulate store operated calcium 
entry (SOCE), indicates altered expression in LRRK2 G2019S neurons. In summary, these data 
suggest that the LRRK2 G2019S mutation alters intracellular calcium homeostasis, which could 
contribute to PD-specific neuronal dysfunction. Further studies will identify specific targets of 
the ER homeostasis pathway affected by the LRRK2 G2019S mutation.  
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Abstract: Parkinson's disease (PD) is characterized by slow, progressive degeneration of 
dopaminergic neurons in the substantia nigra. The cause of neuronal death in PD is largely 
unknown, but several genetic loci, including LRRK2, have been identified. LRRK2 has GTPase 
and kinase activities, and mutations in LRRK2 are the major cause of autosomal-dominant 
familial PD. Histone deacetylases (HDACs) remove acetyl groups from lysine residues on 
histone tails, promoting transcriptional repression via condensation of chromatin. Here, we 
demonstrate that LRRK2 binds to and directly phosphorylates HDAC3 at Ser-424, thereby 
stimulating HDAC activity. Specifically, LRRK2 promoted the deacetylation of Lys-5 and Lys-
12 on histone H4, causing repression of gene transcription. Moreover, LRRK2 stimulated 
nuclear translocation of HDAC3 via the phoshorylation of karyopherin subunit α2 and α6. 
HDAC3 phosphorylation and its nuclear translocation were increased in response to 6-OHDA 
treatment. LRRK2 also inhibited myocyte-specific enhancer factor 2D activity, which is required 
for neuronal survival. LRRK2 ultimately promoted 6-OHDA-induced cell death via positive 
modulation of HDAC3. These findings suggest that LRRK2 affects epigenetic histone 
modification and neuronal survival by facilitating HDAC3 activity and regulating its 
localization. 
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Abstract: LRRK2 G2019S is the most common mutation associated with familial Parkinson’s 
disease (PD). Located in the kinase domain of LRRK2, G2019S facilitates substrate access to the 
kinase thus increasing the catalytic rate of the enzyme. Patient-derived induced pluripotent stem 
cells present increased activated caspase-3, simplification of neurites and cell body accumulation 
of α-synuclein after dopaminergic differentiation of the A9 subtype. Although some transgenic 
rodent species overexpressing human LRRK2 G2019S exist, there have not yet been similar 
modeling strategies applied to nonhuman primates. Moreover, utilization of clustered regularly 
interspaced short palindromic repeat (CRISPR)/Cas9 for precision editing, models that more 
closely mimic natural disease progression are now more achievable. In an effort to validate the 
common marmoset as a candidate species for a genomic model of PD, we first chose to 
investigate in vitro cell modeling strategies. The p.G2019S mutation derives from a g.G6055A 
mutation within exon 41. Here we report utilization of CRISPR/Cas9 that recognizes the G6055 
region of the marmoset LRRK2 genome. We have successfully isolated a marmoset embryonic 
stem cell clone that contains bi-allelic nucleotide deletions that lead to a truncated form of 
LRRK2 (tLRRK2). After the clone was expanded, we administered a dual-SMAD inhibition 
protocol that our group previously validated for differentiating marmoset stem cells to neurons. 
The wild type (WT) parental cell line was differentiated in parallel as a control for phenotypic 
comparison. On day 28 of differentiation, the cells were incubated in a maturation medium for 
two weeks. The cells were then lifted, quantified, and replated to cover slips at an equal density 



for morphological analysis and fixed one week later. After immunostaining for βIII-tubulin, 30 
different fields for parental and edited cell lines were imaged. The ImageJ plugin NeuriteQuant 
was used for objective quantification of neurite complexity. Preliminary results suggest that 
tLRRK2 in neurons leads to a significant increase in average neurite length, number of branches 
per cell and overall neurite length per cell when compared to WT controls. There was no 
significant difference in the number of cells evaluated, number of neurites per cell, branches per 
neurite length and branches per neurite. Our results demonstrate that LRRK2 may play a critical 
role in the level of neurite complexity in marmoset neurons, and that disrupting functional 
LRRK2 expression may have a reverse effect of the gain-of-function G2019S mutation 
phenotype observed in human neurons. We are currently evaluating LRRK2 G2019S marmoset 
cells. 

Disclosures:  S.C. Vermilyea: None. A. Babinski: None. S. Guthrie: None. T.G. Golos: 
None. M.E. Emborg: None. 

Poster 

299. LRRK2 Mechanisms, Targets, and Pathways 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 299.15/T7 

Topic: C.03. Parkinson’s Disease 

Support: NIG Grant R01 NS064934 

 NIG Grant R21 NS097643 

Title: Pharmacodynamic profiles of LRRK2 kinase inhibitors in transgenic rats 

Authors: *K. J. KELLY 
Univ. of Alabama At Birmingham, Birmingham, AL 

Abstract: Parkinson disease (PD) is the most common movement disorder and is pathologically 
characterized by the presence of Lewy bodies and the loss of dopaminergic neurons in the 
substantia nigra. In 2004, the genetic link between mutations in leucine rich repeat kinase 2 
(LRRK2) and PD were identified in familial PD cases. The G2019S mutation in the LRRK2 
kinase domain is the most common pathogenic mutation and leads to a gain-of-function that 
increases LRRK2 kinase activity. Small molecule LRRK2 kinase inhibitors are sought that might 
block or return LRRK2 activity to normal. Although several LRRK2 kinase inhibitors have been 
developed, few successful chronic dosing regimens in rats have been reported. Outbred rats are 
the standard rodent model in most pre-clinical campaigns to identify clinical candidate 
molecules. Here, we evaluated several chronic dosing strategies for two LRRK2 kinase 
inhibitors, PF-360 and MLi2, in wild-type and hBAC G2019S-LRRK2 transgenic rats, both on 



the Taconic Sprague Dawley outbred background. Our goal is to relate drug concentrations in the 
brain and plasma in reducing the abundance of autophosphorylated LRRK2, pS935-LRRK2, and 
total LRRK2 protein, in both the context of over-expressed mutant LRRK2 enzyme as well as 
wild-type LRRK2 protein in the rats. We developed a scalable and ultra-sensitive assay using 
protein capillary electrophoresis to assess these proteins from tissues and cerebral spinal fluid. 
Our data suggest that MLi2 and PF-360, despite both compounds binding to the LRRK2 ATP 
pocket, differentially affect total protein stability and show different sensitivities towards 
inhibition of the autophosphorylation pS1292 residue and the constitutively phosphorylated 
pS935 residue. We can demonstrate that successful long-term chronic dosing regimens are 
possible in the rat, tuned to different potencies with respect to LRRK2 inhibition. 
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Abstract: Adrenomyeloneuropathy (AMN) is the most common phenotype of X-linked 
adrenoleukodystrophy, a debilitating neurological disorder caused by mutations in the ABCD1 
gene that encodes a peroxisomal ATP binding cassette transporter (ABCD1) responsible for 
transport of CoA-activated very long-chain fatty acids into the peroxisome for degradation. 
Close examination of the known Abcd1-/- mouse model of AMN reveals a 4-fold increase of 
C26:0 levels in spinal cord. Further we discovered that mechanical hypersensitivity of Abcd1-/- 
mice begins around 9 month of age, half a year prior to motor symptoms. In previous work we 
demonstrated that rAAV9-mediated ABCD1 gene transfer via intrathecal osmotic pump (IT 
pump) led to more uniform and widespread gene delivery to CNS with reduced leakage into the 
systemic circulation compared to either intravenous injection or intrathecal bolus (IT bolus) 



injection. Here we report the biochemical and behavioral impact of intrathecal rAAV9-ABCD1 
delivery. rAAV9 encoding ABCD1 (rAAV9-ABCD1) were delivered to Abcd1-/- mice 
intrathecally (IT) at spine region L4-L5 using either a gas-tight Hamilton syringe attached to a 
33-gauge steel needle over 2mins or an osmotic pump over 24h, with PBS injections serving as 
sham control. Two weeks after injection, mice were sacrificed and tissue was collected for lipid 
analysis (C26:0 measurements). For behavioral testing another cohort of mice was similarly 
injected with rAAV9-ABCD1 at 5 months of age. Lipid analysis showed a 27% and 32% 
reduction in C26:0 of the spinal cord after rAAV9-ABCD1 IT pump and IT bolus injection 
(1X1011gc/mouse) respectively. Importantly, after AAV9-ABCD1 delivery via IT pump we 
found a 2-fold improvement in the nominal force threshold compared to the PBS injected group. 
Behavioral testing after AAV9-ABCD1 IT bolus delivery is still pending. Meanwhile, no 
significant weight loss was detected after 1X1011gc rAAV9-ABCD1 IT pump delivery compared 
to the PBS group. Even a 3-fold higher dose (3X1011gc/mouse) did not impact bodyweight, 
suggesting that intrathecal rAAV9-ABCD1 delivery is well tolerated. We conclude that rAAV9-
mediated ABCD1 gene transfer via intrathecal osmotic pump leads to biochemical correction and 
sensory improvements without associated toxicity. These findings may encourage further dose 
escalation and bode well for future clinical translation. 
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Abstract: Ataxia telangiectasia (A-T) is an autosomal recessive disorder caused by a mutated 
ATM gene, which is characterized by genomic instability and progressive cerebellar 
degeneration leading to loss of motor control. A crucial aspect of A-T disease progression may 
be the elevated level of reactive oxygen species (ROS). Interestingly, while ATM is best known 
for its function in DNA repair, it has recently been shown to have an important role in cellular 
ROS homeostasis. Our previous study revealed that oxidative stress mitigation reduces some of 
the A-T phenotypes. ATM drives efficient DNA repair through rapid phosphorylation of the 



histone variant H2AX. H2AX was recently described to elicit several functions beyond DNA 
repair, including the sensing of oxidative stress. H2AX mice recapitulate several features of Atm 
knockout mouse including defective DNA repair, immunodeficiency and increased risk of 
lymphoma. However, little is known about a role for H2AX in oxidative stress and the deficits in 
motor balance observed in Atm knockout mouse. Moreover, the neurobehavioral deficits in the 
Atm knockout mice are not robust, and the mutants do not display cerebellar degeneration. 
Therefore, there is an urgent need for a surrogate model that more faithfully recapitulates the A-
T phenotype. We have preliminary observations that mouse embryonic fibroblasts deficient for 
the histone H2AX exhibit substantial ROS. Of interest, expression of several genes involved in 
the physiologic response to oxidative stress is impaired in H2AX knockout cells. Our 
observations are consistent with evidence that H2AX-deficient cells exhibit enhanced 
cytotoxicity in response to exogenous and endogenous oxidants like hydrogen peroxide (H2O2) 
and L-buthionine-S,R- sulfoximine (BSO). Many studies have suggested a crucial role for 
oxidative stress in the key phenotypes observed in A-T. We explored the functional 
consequences of H2AX deficiency in relation to behavioral defects. Our preliminary 
observations indicate that H2AX knockout mice exhibit impaired motor performance. Our data 
provide the first evidence that deficiency of H2AX, one of the major ATM targets, results in 
increased oxidative stress and impaired motor coordination. Additional lines of investigation will 
include whether mitigation of the oxidative stress in vivo rescues mice for the observed deficits. 
Analyses of cerebellum as well as other motor balance-associated regions in the brain including 
the cortex and the striatum will help to substantiate whether the H2AX mouse is a heuristic 
model for A-T disease. 
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Abstract: Background Multiple system atrophy (MSA) is one of the most refractory 
neurodegenerative diseases with no disease-modifying treatment. Since α-synuclein (α-syn), 
known as a neuronal protein, accumulates within oligodendrocytes (OLGs) even in the early 
stage of MSA, the interaction between α-syn and OLGs is believed to play a pivotal role in MSA 



pathogenesis. As oligodendroglial α-syn pathology eventually leads to neurodegeneration in 
MSA brains, the interpretation of how extracellular α-syn affects OLGs would aid the 
development of treatment for MSA. Our research aims to elucidate the oligodendrocyte 
condition in MSA and the influence of exogenous α-syn on OLG function. 
Method To investigate the mRNA expressions of SNCA and genes for glial cell markers in MSA 
human brains, we performed quantitative PCR analysis. The frontal cortices of four MSA cases 
were examined, along with those of four control cases. For in vitro understanding of α-syn-
induced OLG dysfunction, we prepared primary OLG culture. Mixed glial cells were obtained 
from postnatal day 1-2 rat, followed by isolation of oligodendrocyte precursor cells by overnight 
shaking. Seven days after maturation induction, OLGs were used for experiments. Bacterially 
expressed recombinant human α-syn was purified by ion exchange chromatography, followed by 
3-7 days incubation with agitation at 37℃ for the preparation of α-syn pre-formed fibrils (PFFs). 
OLGs were incubated with α-syn PFFs for 24 hours (for immunoblotting), or 72 hours (for 
qPCR). 
Results Patient analysis revealed no significant difference of mRNA expressions of α-syn in 
MSA cases compared with controls. MBP and NG2 mRNA expressions showed tendency to be 
higher in MSA cases than controls. Exogenous α-syn PFFs application caused remarkable 
decrease in the protein expressions of myelin basic protein (MBP). On the other hand, the MBP 
mRNA expression was significantly increased after α-syn PFFs application. 
Discussion MBP mRNA expressions were increased both in MSA cases and in α-syn-PFFs-
treated primary OLG culture. Given that a previous study has shown the decrease of normal 
MBP and the emergence of degraded MBP in MSA human brains, the extracellular α-syn PFFs 
may trigger the degeneration of normal MBP and the compensatory increase of MBP mRNA 
expressions, which leads to the OLG dysfunction and neurodegeneration in MSA patients. 
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Abstract: In the demyelinating neurodegenerative disorder, multiple system atrophy (MSA), α-
synuclein (αSyn) protein accumulates inside myelinating oligodendroglia (OLG), forming glial 
cytoplasmic inclusions (GCIs). In MSA patients, this causes OLG glial and neuron cell death, 
demyelination, and related parkinsonian, autonomic, and cerebellar dysfunction. MSA patients 
also develop constipation. MSA mice overexpressing αSyn in OLG cells also develop GCIs and 
MSA-like symptoms. We have shown that the FDA-approved drug FTY720, is protective in 
parkinsonian mice. Our novel FTY720-analogue, FTY720-Mitoxy, crosses the blood brain 
barrier and can protect OLGs and neurons in cell culture, in part by turning up trophic factor 
expression. We propose that FTY720-Mitoxy protects MSA mice against progressive αSyn 
pathology and associated behavioral loss. MSA mice and wild type littermates received placebo 
or FTY720-Mitoxy from 8.5-11 mo by Alzet osmotic pumps. We used rotarod to assess balance 
and coordination, fecal water content to measure constipation, and carmine red gavage to 
measure total gut motility from 5-11 mo. Tissues were collected to evaluate αSyn pathology in 
brain and gut. At 4-6 mo, control and MSA mice were similar on all tests. MSA mice developed 
motor deficits that worsened by 10-11 mo in placebo treated MSA mice. After 2.5 mo of 
FTY720-Mitoxy treatment, preliminary data suggest MSA mice had better movement 
performance, reduced constipation, and improved gastrointestinal transit time. αSyn evaluation is 
underway. Evidence that FTY720-Mitoxy can slow MSA dysfunction and αSyn pathology in 
MSA mice encourages Phase I safety trials of the drug. 
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Abstract: TDP-43 aggregates are pathological hallmarks for amyotrophic lateral sclerosis (ALS) 
and frontotemporal demenia (FTD). Intriguingly, TDP-43 proteinopathies are characterized by 
loss of its nuclear staining with concomitant cytoplasmic accumulation. Furthermore, TDP-43 
aggregates are present in neurons, astrocytes and oligodendrocytes. Together the evidence 
suggests that TDP-43 mediated neurodegeneration may be caused by both loss- and gain-of-
TDP-43 functions and the damages from non-neuronal cells. To address how glial TDP-43 
dysfunctions contributes to ALS, we selectively deleted TDP-43 in mature oligodendrocytes in 
mice. Although mice with TDP-43 deleted in oligodendrocytes are born in Mendelian ratio and 
develop normally, they develop progressive neurological phenotypes leading to early lethality by 
90-days of age accompanied by age-dependent reduced myelination, altered oligodendrocyte 
biogenesis, loss of motor neurons, astrogliosis and microgliosis in the spinal cords. Our data 
showed that TDP-43 is indispensable for the functions of mature oligodendrocyte and loss of 
oligodendroglial TDP-43 may be an integral part in ALS pathogenesis. 
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Abstract: Multiple system atrophy (MSA) is a demyelinating disorder with α-synuclein (aSyn) 
protein buildup inside myelinating oligodendroglia (OLG) and brain neurons. MSA dysfunction 
includes loss of brain-derived neurotrophic factor (BDNF) in OLGs. Loss of BDNF in brain cells 
is reversed by FTY720, an FDA-approved multiple sclerosis drug. Phosphorylated FTY720 also 
causes immunosuppression by reducing blood lymphocytes, which may be undesirable for MSA 
patients. New FTY720-analogues, FTY720-C2 and FTY720-Mitoxy, are not phosphorylated but 
still increase BDNF in neurons. Thus, we hypothesize that novel FTY720-analogues increase 
BDNF in OLG cells without producing immunosuppressive effects. BDNF expression in OLN-
93, an OLG cell line, was assessed at 12 and 24 hr by qPCR after FTY720-C2 and FTY720-
Mitoxy. Immunosuppressive effects were assessed in mice treated with FTY720 (1.25 mg/kg), or 



equimolar FTY720-C2/FTY720-Mitoxy or 10X higher doses. Blood lymphocytes were counted 
by microscopy of Wright’s stained blood smears at 24 hr after treatments. FTY720, as a positive 
control, caused immunosuppressive loss of blood lymphocytes to 80% of baseline at 24 hr in 
mice. Equimolar FTY720-C2 and FTY720-Mitoxy did not alter lymphocyte counts; though 10X 
FTY720-Mitoxy caused a 10% non-immunosuppressive loss of blood lymphocytes. Moreover, 
FTY720-Mitoxy increased BDNF expression in OLN-93 cells at 12 and 24 hr, with less effect 
noted for FTY720-C2.Cumulative evidence suggests that FTY720-Mitoxy increases BDNF in 
neuronal and OLG cells, similar to FTY720, while reducing the risk of immunosuppression. This 
supports further evaluation of FTY720-Mitoxy as a potential therapy for MSA. 
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Abstract: Ubiquitin carboxy-terminal hydrolase L1 (UCHL1) is a deubiquitinase that plays a 
critical role in maintaining free ubiquitin levels in neurons. Mice that lack all UCHL1 function 
(UCHL1nm3419, UCHL1-/-) display motor neuron defects and profound corticospinal motor 
neuron (CSMN) degeneration characterized by increased ER-stress, vacuolated apical dendrites, 
and spine loss. These findings show the importance of UCHL1 for CSMN health. We 
hypothesize that in the absence of UCHL1, UCHL1 interacting partners could lose appropriate 
modulation leading to improper protein recycling or mislocalization in the neuron, and this in 
turn could reveal in underlying mechanism of CSMN vulnerability and degeneration in motor 
neuron diseases including amyotrophic lateral sclerosis. Here, we used a UCHL1-
immunoprecipitation coupled with bottom-up proteomics approach to reveal the proteins that 
interact with UCHL1 in the motor cortex. Our findings have shown that UCHL1 indeed interacts 
with numerous proteins in the motor cortex including collapsing response mediator protein-2 
(CRMP2). CRMP2 is a CRMP family member responsible for neurite outgrowth, spine 



maintenance and axon guidance. Our data demonstrates a novel interaction between UCHL1 and 
CRMP2 that could explain the pathology observed in CSMN devoid of UCHL1.  
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Abstract: L-dopa treatment in Parkinson’s disease leads to involuntary hyperkinetic movements 
called L-dopa-induced dyskinesias (LIDs). We recently showed that selective activation of 
striatal cholinergic interneurons reduces LIDs via nicotinic (nAChR) and muscarinic (mAChR) 
acetylcholine receptors. Notably, the extent of reduction was similar to that observed previously 
with nicotine treatment. We therefore probed the cholinergic mechanisms leading to LIDs 
reduction with nicotine treatment. Choline acetyltransferase (ChAT)-Cre mice were unilaterally 
lesioned with 6-hydroxydopamine to induce parkinsonism, injected with AAV5-ChR2-eYFP in 
the dorsal striatum and implanted with optical cannulas. After stable virus expression, mice were 
rendered dyskinetic using L-dopa and stimulated. As previously, short optical cholinergic 
interneuron stimulation (0.005 s ON/ 0.5 s OFF) applied for 2 h after L-dopa injection enhanced 
LIDs, while longer pulse stimulation (1 s laser on/ 0.5 s laser off) reduced LIDs. The mice were 
then divided into two groups, with one receiving saccharin and the other saccharin-containing 
nicotine (300 µg/ml, ramped over a two-week period) with L-dopa treatment continued. As 
expected, there was a reduction in LIDs in the nicotine-treated group. In addition, the nAChR 
antagonist mecamylamine decreased LIDs in saccharin-treated but not nicotine-treated mice. By 
contrast, the mAChR antagonist atropine increased LIDs expression in nicotine but not 
saccharin-treated mice. Short pulse stimulation increased LIDs in both saccharin and nicotine 
treated mice. While this effect was not blocked by mecamylamine in either treatment groups, 
atropine prevented the increase in LIDs in saccharin-treated mice and further augmented LIDs in 



nicotine-treated mice. These data suggest a pro-dyskinetic role for mAChRs, which is further 
potentiated with nicotine-treatment. We next investigated whether longer cholinergic interneuron 
stimulation still decreases LIDs after nicotine treatment. No change in LIDs was observed in the 
nicotine-treated mice with longer cholinergic activation. These data together with the lack of 
effect of mecamylamine in nicotine-treated mice suggest that nAChR desensitization is a 
common cohesive mechanism for LIDs reduction. The atropine-mediated increase in LIDs 
expression regardless of stimulation durations in nicotine-treated mice may indicate a regulatory 
relationship between desensitized nAChRs and mAChRs to exacerbate LIDs. Overall, these 
results highlight a critical role for decreased striatal cholinergic signaling arising from nAChR 
desensitization in reducing LIDs. 
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Abstract: The objective of the study was to demonstrate alterations in the sensitivity of 
corticostriatal glutamatergic terminals in the rodent with brain iron deficiency (BID), a 
pathogenetic model of Restless Legs Syndrome (RLS), and to determine if these terminals 
constitute a significant target for drugs effective in RLS, including dopamine receptor agonists 
(pramipexole and ropinirole) and α2δ ligands (gabapentin). The methods included an in vivo 
optogenetic-microdialysis approach in the rat and in vitro dynamic Bioluminescence-Resonance-
Energy-Transfer techniques in transfected cells, to determine the biochemical profile of the 
putative dopamine D2-like receptor subtypes present in corticostriatal glutamatergic terminals. 
The results demonstrate hypersensitivity of corticostriatal glutamatergic terminals (lower 
frequency of optogenetic stimulation to induce glutamate release) in rats with BID as compared 



with those with normal brain iron levels. Both hypersensitive and control glutamatergic terminals 
were significant targets for pramipexole, ropinirole and gabapentin, which significantly 
counteracted optogenetically induced glutamate release. Using selective antagonists, a significant 
involvement of D4 and D2 receptor subtypes on the effects of the dopamine receptor agonists 
was determined with the in vivo and in vitro approaches. Specifically, the results suggest the 
involvement of D4-D2S receptor heteromers. Significant differences on the efficacy of 
pramipexole and ropinirole, that depended on receptor heteromerization, were observed between 
D4.4 and D4.7, the products of polymorphic variants of the human D4 receptor gene. The 
interpretation of these results is that: i) hypersensitivity of corticostriatal glutamatergic terminals 
can be a main mechanism involved in the pathogenesis of RLS symptoms; ii) these terminals are 
already constituting targets for drugs effective in RLS; iii) selective D4 receptor agonists should 
provide a more efficient treatment with less secondary effects. 
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Abstract: Chronic administration of haloperidol to rats induces a tremulous jaw movement, also 
referred to as vacuous chewing, characterized by involuntary rapid downward deflections of the 
lower jaw. These jaw movement have been widely used as a model of the motor complications 
associated with Parkinson’s disease; anti-parkinsonian drugs reliably reverse the jaw movements. 
More recently, haloperidol-induced jaw movements have been used as a model of antipsyhotic-
induced extrapyrimadal syndrome (EPS); promising treatments for EPS, such as adenosine A2A 
receptor antagonists reliably reverse haloperidol-induced tremulous jaw movements. The model 
has a significant value for the advancement of novel chemical entities both to help derisk 
putative antipsychotics in development, or to assess the efficacy of novel candidates designed to 
reverse antipsychotic-induced extrapyramidal syndrome. While the rat model has much higher 
throughput than the Cebus monkey model, which is the gold standard animal model of EPS, a 
high-throughput execution of the model has not yet been developed. The most challenging 



barrier to increasing the throughput of the model is that it requires a live human observer to score 
the moments and it is difficult to video the behavior because the observer must “bob and weave” 
with the rats in order to maintain a line of sight to the jaw. Here we developed a system to 
loosely restrain the rats during video recording forcing the animals to face the camera. Because 
the animals are treated with haloperidol, their movement is already pharmacologically limited 
and we find that the loose restraint is sufficient to maintain the directionality of the animals 
allowing for video recording and post-hoc recording of the jaw movements. Moreover, using 
post hoc video recording allows for scoring by more than a single observer to allow for 
confirmation of the findings by an independent observer. Here we show that, using this video 
recording system, we achieve reliable recordings and measurement of the haloperidol-induced 
jaw movements, and their reversal with the selective A2A receptor antagonist istradefylline. This 
system provides a novel way to execute the haloperidol jaw movement assay much higher 
throughput, and reliability way than has been previously reported. 
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Abstract: Multiple system atrophy (MSA) is a rare, progressive neurodegenerative disorder with 
an uncertain pathophysiology, in which α-synuclein preferentially accumulates in 
oligodendrocytes rather than neurons. Aggregated α-synuclein is thought to elicit changes in 
oligodendrocyte function, such as reduced neurotrophic support and demyelination. To date, only 
transgenic murine models of MSA exist, which lead us to develop a novel viral vector-based 
model of MSA by over expressing α-synuclein in oligodendrocytes using a novel oligotrophic 
adeno-associated virus (AAV) vector, Olig001. As proof-of-concept, rats received unilateral 
injections of the Olig001 vector expressing GFP stereotaxically in the striatum. After 4-weeks, 



rodents were sacrificed and histological methods were used to assess the specificity of the viral 
vector. Using unbiased stereology, our data showed 126,574 ± 11,304 GFP-positive cells in the 
striatum, and a volume of GFP transduction to cover 3.87 ± 0.609mm3 throughout the rostral-
caudal extend of the striatum. Immunofluorescence double labeling showed 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. 
Additional cohorts of rats were injected with either Olig001-GFP or Olig001-α-syn in the 
striatum. 5-months following injection, histological analysis revealed widespread transgene 
expression throughout the striatum in both GFP and α-syn injected animals. α-syn expression, 
indicated by LB509 and phosphorylated Serine-129 immunoreactivity, revealed widespread 
inclusions in the corpus callosum and striatum, which were shown to be resistant to proteinase K 
digestion. These pathological inclusions were found to be localized in oligodendroglia, and seem 
to elicit pathological changes similar to early MSA. Marked demyelination was observed 
throughout the white matter of α-syn- but not GFP-injected animals. Within the timeframe of this 
study, no overt neurodegeneration or depletion of striatal dopamine or its metabolites were 
observed. Taken together, our data indicate that viral vector-mediated overexpression of human 
α-synuclein in oligodendroglia recapitulates pathology observed in early MSA. Longer time 
points are needed to fully evaluate the potential of this model to recapitulate neurodegeneration 
and behavioral deficits seen in MSA. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by 
the selective loss of the upper motoneurons in the cerebral cortex, and the lower motor neurons 
in the brainstem and spinal cord. Among the hypotheses to explain the neurotoxic mechanism 
that triggers neuronal death are the oxidative stress, inflammation, and glutamate excitotoxicity. 
However, the precise mechanisms which lead to such scenario remain unknown. Stem cell 
therapy is a promising alternative for treating ALS based on the fact that such cells target active 
areas of degeneration, promoting immunomodulation and local release of various neurotrophic 
factors. Thus, the present work aimed to evaluate the success of combined therapy with the 
antioxidant tempol (4-hidroxy-TEMPO) and human mesenchymal stem cells (hMSC) obtained 
from adult adipose tissue. Such treatment was performed in SOD1-G93A transgenic mice, used 
as a model for ALS. Treatment with tempol (50mg/kg) and hMSC was initiated in 70 days old 
mice (pre-symptomatic stage). Tempol was given orally (gavage) on alternate days up to 100 
days of life when the animals were sacrificed for spinal cord analysis. Cell therapy was carried 
out in 70 days old subjects through the tail vein, at the concentration of 1x105 cells. Data 
evaluation encompassed Nissl staining, for evaluation of neuronal survival and 
immunohistochemistry to evaluate astrogliosis, microglial reaction, and preservation of synapses. 
qRT-PCR was used for evaluation of pro-inflammatory cytokines, neurotrophic factors, and 
iNOS gene expression. The combined treatment of tempol and hMSC decreased astrocyte 
activation by 30% and microglial reaction by 40%. These results were paralleled with 
downregulation, by 50%, of IL1β and TNFα mRNA levels. Also, hMSC treatment led to 
downregulation of iNOS gene expression at lumbar spinal cord ventral horn. Overall, spinal cord 
microenvironment immunomodulation, by the combined therapy described herein, prevented 
motoneuron loss by 90% in 100 days old mice, which was coupled with a trend of preservation 
of synaptic circuits at the motor nucleus (lamina IX of Rexed). In turn, the association of hMSC 
and tempol administration may be considered as a promising therapy for attenuating the 
progression of ALS. 
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Abstract: Researches concerning human brain disease are hampered by the difficulties of 
obtaining live specimens. The induced pluripotent stem (iPS)-derived and differentiated cells 
allow researchers to examine disease onset and progression directly in a human culture model. 
Creating isogenic iPS cell lines conquer problems of variability in human genomes; also it is 
much easier to employ genome-editing technique, thus performing therapeutic drug screens on a 
specific human genetic background. Shinya Yamanaka played his magic using 4 genes to do 
reprogramming and generate embryonic-like iPS cells, which were supposed to herald a medical 
revolution while they are transforming biological research instead. Our previous collaborative 
study have identified a dominantly inherited heterozygous variant c.1064G>A (p.G355D) in 
ATAD3A by using whole-exome sequencing in a mother presenting with hereditary spastic 
paraplegia (HSP) and axonal neuropathy and her son with dyskinetic cerebral palsy. Results 
show that overexpression of the mutant ATAD3A fragments the mitochondrial network and 
induces lysosome mass. Furthermore, altered dynamics of the mitochondrial network and 
increased lysosomes in patient fibroblasts and neurons derived through differentiation of patient-
specific induced pluripotent stem cells were observed. These alterations were verified in patient 
fibroblasts to associate with upregulated basal autophagy through mTOR inactivation, which 
resembling starvation. Similarly, iPSC generated from patient carrying Usher syndrome causing 
mutation MYO7A were first differentiated to neurons, mitochondrial dynamic status were 
checked. And a bipolar disorder family has been identified, whole exome sequencing 
approached, fibroblasts and reprogramming iPSC were generated from the affected members, 
mitochondrial balance has been explored in patient neuronal differentiated cell model. The 
patient-specific iPSCs would provide disease pathogenesis as well as enable the evaluation of 
drug and patient classification of different types of neurodegenerative diseases. 
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Title: Neurological manifestation of Wilson disease as a distinct disease subgroup 
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Abstract: Wilson disease (WD) is an inborn error of copper metabolism (OMIM #277900) 
caused by the recessive genetic defects in the P-type copper-transporting ATPase. WD is one of 
the most common inherited metabolic disorders with the frequency of 1 in 30,000 in the Korean 
population. WD manifests as hepatic dysfunction or neurological manifestations that include 
tremor, dysarthria, ataxia, rigidity, dyskinesia, cognitive impairment and mood disturbances. In a 
previous study of a large Korean WD cohort, we found that the clinical courses of WD patients 
with neurological manifestations are more indolent and less favorable than those with hepatic 
dysfunction and without neurological manifestations. In the current study, we investigated the 
biochemical and molecular genetic features of WD with neurological manifestations to identify 
more evidences that these WD patients’ group is a distinct phenotypic or genetic group among 
WD patients. We evaluated the detailed biochemical profiles and genotypic characteristics 
between WD patients with neurological manifestations and without neurological manifestations 
in 384 Korean WD patients. Of note, all the biochemical profiles including the levels of platelet, 
liver enzymes, serum copper and ceruloplasmin were different among these two groups, and 
these differences were still significant even among the patients with liver cirrhosis. Regarding 
the correlation with genotypes, the mutation types or common mutations including p.Arg778Leu, 
p.Ala874Val, p.Asn1270Ser, p.Lys838SerfsX35 and p.Leu1083Phe, were not differentially 
distributed between the two groups. However, the low frequency of mutations in the transduction 
or ATP-hinge domain, were significantly noted in patients with neurological manifestations. The 
results of the current study provide more evidence that WD patients with neurological 
manifestations hold a distinct phenotypic and or genotypic subgroup of WD. 
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Abstract: PKD (Paroxysmal Kinesigenic Dyskinesia) is a rare autosomal dominant inherited 
paroxysmal movement disorder, which is characterized by recurrent, brief attacks of abnormal 
involuntary movements induced by sudden voluntary movements. Our previously study had 
identified that mutations in the PRRT2 (proline-rich transmembrane protein 2) gene are 
associated with PKD and that the ’c.649dupC’ missense mutation is the major causative 
mutation. However the underlying pathophysiological mechanism of PRRT2 mutations is still 
unclear. We found that PRRT2 started to express from embryonic day 18 and showed a markedly 
increased expression after postnatal stage till adulthood. In situ hybridization and 
immunoblotting results showed that PRRT2 is widely distributed in the whole brain, with high 
levels in the hippocampus, cortex, cerebellum, and thalamus. Immunofluorescence of brain slices 
revealed that PRRT2 was specifically expressed in neuron, but not in astrocytes. Consistent with 
the synaptic distribution of PRRT2, co-immunoprecipitation and GST pull-down assay 
demonstrated the interaction between PRRT2 and SNAP25 (synaptosomal-associated protein 
25). We also found that the interaction sites in PRRT2 and SNAP25 are the cytoplasmic domain 
of PRRT2 and linkage domain of SNAP25, respectively. In addition, we have generated a Prrt2 
knockout mouse model and the mutation (c.649DupC) knock-in mouse model to compare their 
motor related behaviors, neural plasticity, and epilepsy susceptibility in order to investigate the 
role of PRRT2 mutations in the pathology of PKD. 
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Title: Functional activity within the visuomotor system predicts severity of essential tremor 
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Abstract: Abstract 
Essential tremor (ET) is a neurological disease with dysfunction in the cerebello-thalamo-motor 
cortical pathway. It is unclear if other pathways in the brain also contribute to tremor in ET. ET 
patients demonstrate visuomotor control deficits, which suggests that the visuomotor pathways 
could play a significant role in tremor amplitude in ET. Here, we directly manipulated the visual 
feedback error signal during an fMRI grip force task in 19 ET patients and 19 controls, and 
hypothesized that an increase in visual feedback magnification would exacerbate tremor in the 4-
12 Hz range in ET. We also hypothesized that this increase in tremor would be accompanied 
with dysfunction within the cerebello-thalamo-motor cortical and visuomotor pathways. 
Magnifying visual feedback led to reductions in force error in ET and a control group, whereas 
only ET tremor was exacerbated by increases in visual feedback. ET had hyperactivity within 
primary motor cortex, and hypoactivity within cerebellar lobules I-IV. Further, ET patients had a 
reduced blood oxygenation level dependent (BOLD) response in several cerebello-thalamo-
motor cortical and visuomotor regions including inferior and superior parietal lobules, primary 
motor cortex, middle temporal gyrus, and cerebellar lobule VI. Approximate entropy of the 
BOLD signal showed the ET patients had irregular approximate entropy in the left superior 
parietal lobule, supplemental motor area, extrastriate area, and right somatosensory cortex. 
Multiple regression models identified that two regions in the visuomotor pathway, in addition to 
cerebellar lobules I-IV, were predictive of the clinical severity of tremor irrespective of visual 
feedback level, including the extrastriate visual areas and inferior parietal lobule. These findings 
point to novel evidence that in addition to the cerebellar-thalamo-cortical pathway, the 
visuomotor pathway is a significant predictor of tremor amplitude in ET. 
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Abstract: Development of complex movement patterns (e.g. walking) requires the coordination 
of momentum and acceleration in space with no fixed points of reference. Functional movement 
builds upon experiences of moving in space from the neonatal period forward. An infant, having 
no experience with movement in a gravitational field, creates unique system mechanics in 
relation to gravity while lacking the cognitive ability to willfully transfer might against mass. An 
infant with a medical condition at birth or during the early stages of development will miss 
opportunities to lay the foundation for complex movement. Cerebral palsy results from a brain 
insult during the time of life between birth and age 5. Current therapies and standard of care are 
aimed at symptom management with no concerted effort to organize the nervous system and 
enable habilitation through neuroplasticity. Constraints during this developmental period either 
internal or external lead to system shut down or long-term restrictions. Here, the authors describe 
a method to improve the efficiency and frequency of volitional movement in children with 
movement disorders. Utilizing specific types of movement, the authors replicate early 
developmental period experience to organize the nervous system and facilitate movement 
following developmental delays. Changes in movement patterns and system mechanics are 
outward expressions of underlying changes in the brain and are followed by changes in vision, 
sensory processing and other concomitant delays. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disorder that causes 
gradual degeneration and elimination of neurons that control voluntary muscles. Some familial 
ALS is linked to mutations in copper, zinc superoxide dismutase 1 (SOD1). This enzyme 



destroys free superoxide radicals in the cytosol but mutant forms are believed to acquire an 
adverse property. However, underlying therapeutically relevant mechanisms on how the 
mutations in SOD1 cause neurodegeneration are unknown. Here, we used transgenic mice 
expressing human G93A-SOD1 to test the hypothesis that SOD1 has a nuclear presence that 
becomes abnormal during disease. By subcellular fractionation and immunoblotting, human 
SOD1 (hSOD1) in mouse brain and spinal cord was detected in cytoplasmic and nuclear 
fractions. hSOD1 was found chromatin bound. Immunofluorescence demonstrated that the 
nuclear localization of hSOD1 was exclusive to motor neurons and interneurons, not to glia such 
as astrocytes and oligodendrocytes. This hSOD1 in neurons showed three different localization 
patterns: higher level of hSOD1 in the nucleus, in the cytoplasm, or the protein being equally 
distributed in both compartments. Furthermore, compared to pre-symptomatic G93A-SOD1 
transgenic mice, symptomatic mice showed overall decreased numbers of motor neurons and 
interneurons in the spinal cord but the expression patterns of hSOD1 and the relative percentages 
of neurons in each pattern remained comparable. Our findings suggest that degeneration of the 
vulnerable neurons in ALS is cell autonomous and nuclear hSOD1 and chromatin interactions 
could be important in the pathogenesis of the disease. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by 
progressive loss of upper and lower motor neurons resulting in impaired motor function, 
paralysis, and eventually death by respiratory failure. Currently there are no therapies for the 
treatment of ALS, indicating a clear need for the development of novel treatment options. 
Although the exact mechanisms involved in the onset and progression of the disease remain 
unknown an increase in oxidative stress has been implicated. Thus, an improved understanding 



of oxidative stress-induced motor neuron death may lead to mechanism-based therapies. One of 
our major endogenous defenses against oxidative stress is urate, an antioxidant and byproduct of 
purine metabolism. Recent findings have highlighted the neuroprotective potential of urate in 
neurodegenerative diseases such as Parkinson’s disease (PD), Huntington’s disease, Alzheimer’s 
disease (AD) and ALS. Specifically, urate was shown to be a strong molecular predictor for both 
reduced risk (PD, AD) and favorable progression (PD, ALS, HD). Furthermore, urate elevation 
was found to be neuroprotective in pre-clinical PD models. However, little is known about the 
neuroprotective effects of urate in ALS. Here we assessed the neuroprotective effects of 
increasing urate levels in the SOD1 G93A mouse model of ALS. To increase CNS urate levels, 
mice with a mutation in the gene (UOx) encoding urate oxidase, enzyme responsible for urate 
metabolism, were crossed with transgenic (Tg) SOD1 G93A mice to generate Tg SOD1/UOx-/- 
mice and littermate controls. We assessed body weight, neurological score, motor function, 
disease onset and progression. Our results demonstrate that elevated urate levels are associated 
with a twenty-day delay in the onset of hind limb paresis in the Tg SOD1/UOx-/- mutant mice 
compared to Tg SOD1/UOx+/+ or wild-type littermates. Ongoing studies are assessing the 
effects of increased urate on motor neuron counts and neuromuscular junction integrity. In 
addition, in order to validate the potentially beneficial effects of urate in the context of human 
patient motor neurons we assessed its ability to protect mutant SOD1 and isogenic control motor 
neurons in vitro. We found that pretreatment of patient motor neurons with urate significantly 
protected against glutamate and oxidative stress-induced toxicity. Together these findings 
demonstrate that, similar to PD, increasing urate levels may provide therapeutic benefits in ALS 
and support ongoing translational studies of urate elevation in patients with ALS. 
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Abstract: The present study was aimed at identifying behavioral tests that are most sensitive to 
the emergence of behavioral/neurological deficits in SOD1-G93A (SOD1) mice in a cross 
comparison with the newly proposed hPFN1G118V (PFN1) (Fil et al., 2016) mouse model of 
motor neuron disorder. The test battery consisted of commonly used metrics such as rotarod, 
open field and more complex proprietary algorithm-based behavioral platforms such as 
NeuroCube ® and SmartCube ®. In addition to behavioral assessment, histological evaluation of 
neuroinflammation in the spinal cord will also be presented. The behavioral findings demonstrate 
similarities in progressive muscle weakness and a decline in motor coordination in both models 
of motor neuron disease with a later onset and slower progression noted with PFN1 animals. 
Additionally, sophisticated algorithm-based systems determined a strong phenotype effect in 
both the PFN1 and SOD1 mice at very early ages. Our NeuroCube ® analyses identified early 
changes (8-12 weeks) related to gait geometry/ dynamics in both SOD1 and PFN1 mice, which 
progressed over time. Similarly, using SmartCube® technology we identified distinct behavioral 
changes as early as 6-7 weeks of age in SOD1 mice and 12-14 weeks for PFN1 mice. 
Histological assessment demonstrated reactive gliosis of both astro- and microglia in the spinal 
cord of end-stage disease SOD1 and PFN1 mice. Quantification of GFAP and Iba1 
immunoreactivity revealed parallels in both mouse models in addition to distinct patterns of 
microglial activation. In summary, we demonstrate similar neurological/motor function deficits 
as well as glial cell activation in SOD1 and PFN1 mice, both exhibiting clinically-relevant 
attributes of Amyotrophic Lateral Sclerosis (ALS), with more advanced computer vision systems 
identifying distinctive behavioral patterns and discriminating the phenotype at very early disease 
stages in both models. This earlier period of disease identification presents a valuable model for 
early intervention and improved assessment of potential therapeutic approaches for ALS. 
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Abstract: Introduction: Neurofilaments have emerged as an important biomarker for 
neurodegenerative disorders, especially for diseases, such as amyotrophic lateral sclerosis (ALS) 
and multiple sclerosis. Neurofilament light (NF-L), medium (NF-M) and neurofilament heavy 
(NF-H) expression is largely restricted to neurons where they serve as intermediate filaments to 
lend structural support for the cell. NF-L levels in cerebrospinal fluid (CSF) and blood have been 
demonstrated to have diagnostic and prognostic value in ALS; however, additional studies are 
required to help guide interpretation of NF-L biomarker data in an interventional trial. To gain a 
greater understanding of the factors that govern peripheral levels of this biomarker we sought a 
suitable preclinical model of neurodegeneration that also exhibited elevated NF-L in blood. 
Transgenic mice carrying the ALS-associated mutant form of human superoxide dismutase 1 
G93A (SOD1G93A) recapitulate several aspects of ALS pathology and were therefore evaluated as a 
possible preclinical model to investigate the biology of NF-L in blood. Methods/Materials: 
Plasma was collected from SOD1G93A transgenic (26-31 copies) mice and non-transgenic 
littermates (n=4 per group) at early (9 wks), mid (11 & 14 wks) and late stages (16 wks) of the 
disease. NF-L was measured using the Quanterix Simoa NF-L immunoassay with a bovine NF-L 
calibrator. Results: Plasma NF-L was elevated 15-fold in the SOD1G93A positive animals over 
SOD1G93A negative littermates at 9 weeks of age. NF-L continued to rise sharply in SOD1 G93A 
transgenic animals to 23-fold over controls at 11 weeks and 28-fold by 14 weeks, but appeared to 
plateau by 16 weeks at 30-fold over control. Discussion We observed that NF-L progressively 
increases in the plasma of SOD1G93A mouse model of ALS. Previous characterization of this 
strain has shown that denervation of neuromuscular junctions in the gastrocnemius muscle 
occurs prior to 9 weeks without significant loss motor neurons in the spinal cord. These results 
demonstrate that SOD1G93A mice can be used as a model system to investigate the mechanistic 
origins of peripheral levels of NF-L in ALS and the relationship between plasma NF-L and the 
development of motor neuron pathology. 
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Title: Altered regulation of upper motor neuron synaptic hyper-excitability by TrkB receptor 
signaling in the SOD1G93A mouse model of amyotrophic lateral sclerosis 

Authors: J. PRADHAN1, P. G. NOAKES1,2, *M. C. BELLINGHAM3 
1Sch. of Biomed. Sci., 2Queensland Brain Inst., 3Univ. of Queensland, Brisbane, Australia 

Abstract: Brain Derived Neurotrophic Factor (BDNF) is well recognized for its neuroprotective 
functions, via activation of its high affinity receptor, tropomysin related kinase B (TrkB). 
However, BDNF/TrkB signalling has also been shown to cause detrimental effects on motor 
neurons in amyotrophic lateral sclerosis (ALS), via enhancement of glutamate excitotoxicity, 
causing hyper-excitation and ultimately motor neuron death. Furthermore, direct inhibition of 
TrkB receptors has been shown to protect motor neurons from these toxic insults. However, the 
effects of TrkB receptor modulation on neurotransmission and synaptic hyper-excitability in 
cortical pyramidal neurons that are vulnerable in ALS remain to be determined.  We have 
investigated the effects of TrkB receptor modulation on excitatory synaptic activity in pre-
symptomatic mice over-expressing a human superoxide dismutase 1 G93A mutation 
(SOD1G93A) and their wild type (WT) littermates (P21-P27). Whole cell patch clamp 
recordings of spontaneous excitatory postsynaptic currents (sEPSCs) were made from layer V 
pyramidal neurons (LVPNs) of the motor cortex in acute cortical brain slices. The TrkB receptor 
agonist, 7,8 dihydroxyflavone (10μM), significantly enhanced sEPSC frequency by 131% (p-
value 0.046, n=8) in WT LVPNs; however, 7,8 dihydroxyflavone did not evoke a significant 
change in sEPSC frequency in SOD1G93A LVPNs (n=4). The TrkB receptor antagonist ANA-
12 (10nM) significantly reduced sEPSC frequency by 40% (p-value 0.011, n=4) in SOD1G93A 
LVPNs, but did not significantly reduce sEPSC frequency in WT LVPNs (n=6). There was no 
change in sEPSC amplitude after application of the TrkB agonist or antagonist for LVPNs of 
either genotype.  These results clearly demonstrate that there is an up-regulation in TrkB 
receptor-mediated enhancement of sEPSC frequency in LVPNs of the motor cortex of pre-
symptomatic SOD1G93A mice, presumably by 
enhanced endogenous BDNF.   Our results suggest that modulation of TrkB receptor signalling 
may be important in early disease pathogenesis in ALS. 
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Title: Inhibitor of differentiation 2 (ID2) as a modifying factor of oligodendrocyte dysfunction in 
the SOD1G93A mouse model 

Authors: C. EYKENS1, C. JENSEN1, A. IAVARONE2, L. VAN DEN BOSCH1, *W. L. 
ROBBERECHT3 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder defined by 
axonal retraction accompanied by selective upper and lower motor neuron degeneration. Patients 
suffer from progressive muscle atrophy and will typically die within 2 to 5 years after disease 
onset as no effective treatment is currently available. In 90% of ALS cases the etiology is 
unknown, the remaining 10% of ALS patients have a family history of disease. Dominant 
mutations in C9orf72, SOD1, TDP43 and FUS are the most frequent causes of this inherited 
form. Although traditionally viewed as a motor neuron disease, damage developed within 
nonneuronal supporting cells, such as oligodendrocytes, is crucial to motor neuron dysfunction in 
ALS. A cycle of oligodendrocyte death and replacement precedes the onset of motor neuron 
death and symptoms in ALS mice. Newly formed oligodendrocytes appear to be immature and 
dysfunctional in ALS, consistent with impaired oligodendrocyte differentiation. Motor neurons 
consequently loose an important source of both structural and trophic support, potentially 
contributing to axonal injury and motor neuron loss. In order to improve this differentiation 
process, we selectively removed Inhibitor of differentiation 2 (ID2) from oligodendrocyte 
progenitor cells (OPCs) of pre-symptomatic SOD1G93A ALS mice using a conditional, 
tamoxifen-inducible mouse model. ID2 is a basic helix-loop-helix (bHLH) transcription factor 
that impairs differentiation of oligodendrocytes in vitro and was identified as a disease modifier 
in the ALS zebrafish model established in our lab. Our results showed that oligodendrocytic ID2 
deletion was not able to delay disease onset of ALS mice, nor did it prolong survival. At disease 
end-stage, no significant improvement of oligodendrocyte function could be observed, possibly 
explaining the negative outcome on disease progression. It remains to be clarified whether ID2 
ablation confers a transient effect on oligodendrocyte differentiation or function in vivo at earlier 
stages of disease. 
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Title: Assessing skeletal muscle bioenergetics In situ in amyotrophic lateral sclerosis: 
Characterizing metabolic perturbations in a SOD1 mouse model 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease that 
primarily affects upper and lower motor neurons, causing progressive muscle wasting and 
paralysis. Systemic metabolic changes including rapid weight loss and impaired glucose and 
lipid handing have been observed in ALS patients and mouse models of ALS. While less is 
known about the mechanisms that contribute to metabolic abnormalities in ALS, recent evidence 
suggests that impairments in skeletal muscle metabolism may contribute to disease progression. 
In order to characterize alterations in skeletal muscle bioenergetics in ALS, we developed a 
novel method to assess real-time mitochondrial fuel utilization in intact extensor digitorum 
longus (EDL) muscle fibre bundles from the SOD1G93A (SOD1) mouse model of ALS and litter-
matched wild type (WT) mice. In the presence of carbonyl cyanide-p-
trifluoromethoxyphenylhydrazone (FCCP), EDL fibre bundles of mid-stage and end-stage SOD1 
mice showed increased maximal capacity when utilizing pyruvate as a substrate, indicating that 
the mitochondrial oxidation capacity increased with the disease progression. Next, we 
determined the metabolic flexibility of muscle by assessing the ability of muscle fibres to oxidize 
a particular substrate (e.g. fatty acid) with or without the presence of alternative substrates (e.g. 
glucose or glutamine). By inhibiting pyruvate, long-chain fatty acid or glutamate transporters, we 
showed decreased glucose oxidation dependence and concomitant increased fatty acid oxidation 
dependence in EDL fibres of mid-stage SOD1 mice. Although we found increased intramuscular 
lipid accumulation in EDL muscle sections of mid-stage and end-stage SOD1 mice, the intact 
EDL fibres of end-stage SOD1 mice failed to oxidize stored intracellular lipids for energy after 



the inhibition of pyruvate and glutamine utilization. Altogether, our study is the first to use real-
time assessment of cellular bioenergetics to demonstrate a transition of fuel preference towards 
fatty acid oxidation in intact skeletal muscle of SOD1 mice. In line with the previous evidence of 
higher energy demands in muscle of SOD1 mice, our data suggest that enhanced mitochondrial 
oxidation, especially fat oxidation, may occur as a positive adaptive response to maintain the 
energy balance of skeletal muscle in ALS. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disorder due to loss 
of upper and lower motor neurons (MNs). The mechanisms of neuronal death are largely 
unknown, thus prejudicing the successful pharmacological treatment. ASL is a multifactorial 
disease and one major cause for MN degeneration in ALS is represented by glutamate(Glu)-
mediated excitotoxicity, sustained by glial uptake reduction (1), abnormal Glu release (2), and 
altered Glu receptor function (3). We reported that activation of Group I metabotropic Glu 
receptors (mGluR1, mGluR5) at glutamatergic spinal cord nerve terminals produces abnormal 
Glu release in the widely studied SOD1G93A mouse model of ALS (4). We also reported that 
halving mGluR1 expression in the SOD1G93A mouse had a positive impact on survival, disease 
onset and a number of cellular and biochemical clinical features of ALS (5). We generated here 
SOD1G93A mice with reduced expression of mGluR5 (SOD1G93AmGluR5-/+) by crossing the 
SOD1G93A mutant mouse with the mGluR5 heterozigous Grm5-/+ mouse. SOD1G93AmGluR5-/+ 

mice showed prolonged survival probability, that was more pronounced in male than in female 



mice, and delayed pathology onset. These effects were associated to enhanced number of 
preserved MNs in the lumbar spinal cord; decreased expression of GFAP and CD11, as markers 
of astrocyte and microglia activation, respectively; reduced cytosolic free Ca2+ concentration and 
normalized Glu release in SOD1G93AmGluR5-/+ mouse spinal cord synaptosomes. Unexpectedly, 
when studying disease progression by measuring the RotaRod task, the hind limbs extension 
reflex and gait impairment scores, only male SOD1G93AmGluR5-/+ mice showed improved motor 
skills vs. SOD1G93A mice, while SOD1G93AmGluR5-/+ females did not. These results demonstrate 
that a lower constitutive level of mGluR5 has a significant positive impact in mice with ALS and 
support the idea that blocking Group I mGluRs may represent a potentially effective 
pharmacological approach to the disease. Rothstein, J.,D. et al 1995. Ann. Neurol. 38, 73-84; (2) 
Milanese, M., et al 2011. J. Neurochem. 116, 1028-42; (3) Van Den Bosch, et al 2000. J. Neurol. 
Sci. 180, 29-34. (4) Giribaldi et al 2013. Neuropharmacol. 66:253-63; (5) Milanese et al 2014. 
Neurobiol. Dis. 64:48-9. 

Disclosures:  M. Milanese: None. T. Bonifacino: None. F. Provenzano: None. E. Gallia: 
None. L. Cattaneo: None. A. Puliti: None. C. Usai: None. F. Conti: None. G. Bonanno: None. 

Poster 

301. Motor Neuron Disease: Animal Models I 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 301.09/V9 

Topic: C.05. Neuromuscular Diseases 

Support: ALS Finding a Cure Foundation 
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Abstract: Objectives: Populations prone to sustaining traumatic brain injury (TBI), including 
veterans and professional contact-sport athletes, might be at a higher risk of developing such 
neurodegenerative disorders as chronic traumatic encephalopathy (CTE) and amyotrophic lateral 
sclerosis (ALS). Currently, there is only a loose correlation between trauma and ALS, however, 
genetically predisposed animal models, such as the SOD1G93A ALS rat that recapitulates the 
human condition, allow us to closely study this link. 
We recently developed a novel model of repeat TBI associated with sustained motor deficits. 
Rats administered multiple TBI exhibit brain atrophy and tauopathy consistent with the TBI-
linked neurological disease CTE. These sustained deficits and pathology have not been observed 



in other rodent TBI models that deliver one-time, or repeat, unilateral insults. Using this model 
to more accurately represent injuries sustained by populations such as professional athletes and 
veterans, we further explored the link between repeat TBI and the initiation of premature onset of 
ALS in SOD1G93A rats. 
Methods: SOD1G93A rats were administered repeat TBI starting at (pre-symptomatic) postnatal 
day 60, whereby a closed-skull, bilateral controlled cortical impact (CCI) injury was delivered 
once weekly for 5 weeks. Uninjured SOD1G93A sham controls were exposed to anesthesia only. 
TBI rats were classified as having “mild” or “severe” symptoms based on rotorod performance 
following the last injury. Rats were assessed weekly for motor function and followed to disease 
endpoint. 
Results: SOD1G93A rats administered repeat TBI that were observed to have initial severe 
rotorod deficits following their final TBI, exhibited forelimb paralysis significantly earlier than 
their SOD1G93A sham counterparts (median onset: 150 vs 169 days, respectively p<.0001). 
Earlier disease onset translated into shortened survival in SOD1G93A TBI rats relative to 
SOD1G93A sham controls (median survival: 168 vs 179 days, p=.038), with no observed gender 
differences. Interestingly, rats exhibiting only mild initial rotorod deficits did not show 
exacerbation of disease. 
Conclusions: We demonstrate using a SOD1G93A rat model of ALS that recurrent TBI can lead 
to earlier disease onset. Our findings have important implications for those who are genetically 
predisposed to neurodegenerative diseases and suggest that for these individuals, exposure to 
austere environments or participation in sporting teams that have a high incidence for repeat 
concussions should be carefully considered. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterized 
by the progressive degeneration of motor neurons (MN) leading to muscle atrophy, paralysis and 



eventually death of the patients within 1-3 years from onset of symptoms. To date, there is no 
curative treatment for ALS. 
Motoneuron degeneration in ALS is caused by a complex interplay between multiple pathogenic 
processes. Molecular processes such as mitochondrial dysfunction, accumulation of SOD1 and 
TDP-43 protein aggregates, oxidative stress and Endoplasmic reticulum (ER) stress have been 
shown to contribute to dysfunction and death of MNs in ALS. 
The aim of this study was to characterize the SOD1-G93A mouse model of ALS and study 
pathological mechanisms associated in the SOD1-G93A mouse model. The progression of the 
disease in SOD1-G93A mice was evaluated by body weight changes, signs of disease and 
behavioral tests such as rotarod, grip strength and multirod system. At the disease endpoint, mice 
were sacrificed and samples from spinal cord, gastrocnemius muscle and motor cortex were 
collected for the molecular analyses of unfolded protein response (UPR) pathways. 
SOD1 mice showed reduced body weight, survival and motor deficits as compared to wild type 
littermates. In addition, MN number was reduced and UPR pathways activated in spinal cord of 
these mice. 
In the poster, we will report the effects of new molecule in SOD1-G93A mouse model. 
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Title: SOD1G93A astrocytes induce toxicity in motor neurons via a DR6-mediated pathway in 
ALS model 
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease 
caused by loss of motor neurons in the brain and spinal cord. Among the 10% familial cases of 
ALS, substitution in superoxide dismutase-1 (SOD1) gene at position G93 is one of the most 



common mutations found in ALS. Previous results in the lab have shown that conditioned media 
from SOD1G93A, but not SOD1WT expressing astrocytes were able to induce toxicity specifically 
in primary and embryonic stem cell-derived motor neurons (ES-MNs). We combined proteomics 
and genomics approaches to understand how astrocyte conditioned media (ACM) exposure 
induces motor neuron death and to identify pivotal players driving the death phenotype. Death 
Receptor 6 (DR6) is one of the candidate genes, whose activity is upregulated in motor neurons 
treated with SOD1G93A ACM. DR6 is a member of Tumor Necrosis Factor receptor superfamily 
(TNFRSF) family of receptors that has been shown to be involved in cell death signaling 
pathway and immunomodulation in various in vitro cancer cell models. Additionally, the role of 
DR6 in neurite growth is well established but its role in neuronal cell death pathway is still 
unclear. We hypothesize that DR6 might be one of the upstream signaling molecules involved in 
initiation of motor neuron cell death. Indeed, cell culture-based experiments showed that DR6 
KO motor neurons show protection against toxicity induced by SOD1G93A expressing astrocytes 
compared to WT motor neurons. To further verify these results in animal models, we used DR6 
knockout mice and viral transduction of motor neurons to assess the consequences of reduced 
DR6 levels on the disease phenotype of ALS mice. We performed a panel of morphological 
assays to determine the effect of reduced DR6 signaling on motor neuron survival and 
neuromuscular junction (NMJ) innervation. SOD1G93A mice with DR6 knock-down exhibited 
improvement in motor neuron survival (P120) compared to SOD1G93A alone but, no difference 
was detected in NMJ denervation at this time. In-spite of modest improvement in motor neuron 
counts, there was minimal effect on disease onset and survival in SOD1G93A mice with reduced 
DR6 levels. Functional recovery evaluated by behavioral testing showed transient improvement 
in grip strength. Current efforts are focused on establishing an inducible ES-derived model to 
study the molecular pathways that lead to motor neuron-specific cell death by DR6 activation. 
This study will provide an insight into the possible mechanisms involved in the signaling cascade 
leading to motor neuron death, and in combination with NMJ preserving compounds, might lead 
to new therapies for preventing or delaying ALS. 
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Title: Towards syncing polytherapy to the multi-factorial dynamics of the SOD1 G93A ALS 
pathology 

Authors: A. LEE1, S. TRAVAGLINO1, T. KITTEL1, *C. S. MITCHELL2 
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Abstract: An expansive range of preclinical ALS treatments have been evaluated in SOD1 
G93A mice with limited success. Given temporal dynamics are crucial to homeostasis, we 
hypothesize that the perceived failure of previous preclinical and clinical treatments may be due 
to the fact they targeted only one factor or were not optimally timed to the corresponding ALS 
disease stages, where the pathophysiology is dynamically ever-changing and has been found to 
be mathematically unstable. That is, ALS may require combination treatments or “polytherapy” 
initiated in sync with the corresponding target dynamics associated with each 
pathophysiologically distinct disease stage; such therapies may not necessarily target the 
initiating mechanistic perturbation, but rather, compensatory regulatory system dynamics 
capable of restoring homeostasis to halt the spread of motoneuron death. The long-term goal of 
the present work is to devise a multi-faceted polytherapy strategy that considers ALS dynamics 
at each disease stage and is clinically translatable. To this end, we first assess the efficacy of 
individual preclinical treatments targeting specific categories of ALS pathophysiology as a 
function of time, disease stage, and assessment modality (e.g. survival, general health, muscle 
function, time of onset). The approach consists of performing a multi-treatment meta-analysis of 
data transcribed from over 3,800 peer-reviewed studies to compare the individual effects of all 9 
ALS ontological pathophysiology treatment targets (e.g. apoptosis, axonal transport, cellular 
chemistry, energetics, excitability, inflammation, oxidative stress, proteomics, and systemic) 
over 7 temporal stages throughout the in vivo SOD1 G93A mouse lifespan (on average, about 
150 days). A sub-set of data, which experimentally examined the simultaneous or serial usage of 
two or more pathophysiological treatment categories is compared to the at-large traditional 
individual categorical treatments. Our presented results illustrate the best treatment targets at 
each temporal disease stage and their quantified efficacy as a function of assessment modality. 
Secondly, we present updated computational models to continuously assess inter-relationships 
and regulatory compensation needed to maintain motoneuron homeostasis in the physiological 
wild type system and re-establish post-onset homeostasis in the pathological ALS system. The 
latter models provide a foundation for in silico identification and testing of promising ALS 
polytherapy strategies precisely timed to maximally target pathology dynamics. 
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Abstract: We generated and fully characterised two novel mouse models of TDP-43 
proteinopathies, developed using N-ethyl-N-nitrosurea (ENU) mutagenesis, each containing a 
single substitution within the coding region of the mouse endogenous Tardbp gene. The first 
mutation (F210I) lies within the second RNA recognition motif (RRM2). The second mutation 
(M323K) occur within the C-terminal glycine rich domain where the majority of ALS/FTD 
causing mutations are found. However, none of the mutations have been reported in human 
patients. Both models have been extensively studied through behavioural and histopathology 
analysis. At the molecular level, RNA sequencing was used to examine alternative splicing 
events and differential gene expression from different systems, while individual nucleotide 
resolution crosslinking and immunoprecipitation (iCLIP) highlighted changes in RNA-binding 
patterns of the TDP-43 mutants. Severe molecular dysregulation was identified in both mouse 
mutants, alongside opposite changes in TDP-43 splicing activity. 
The F210I mutation leads to a dose dependent loss of TDP43 function via diminishing RNA 
binding capacity. Homozygous animals (TardbpF210I/F210I) are not viable, but depending on 
genetic background can survive up to E18.5. Heterozygous (TardbpF210/+) mice do not develop 
neurodegeneration but display extensive genome-wide molecular changes at the splicing and 
expression levels. Although the total TDP-43 protein levels are not changed by the F210I 
mutation, we detected changes in the processing of the Tardbp transcript potentially impacting 
on TDP-43 autoregulation mechanism. 
The M323K mutation leads to opposite effects to the F210I mutation in TDP-43 mediated 
splicing activity. The mutation does not affect RNA binding or TDP-43 protein levels. 
Homozygous mice (TardbpM323K/M323K) survive to adulthood on a mixed genetic background, and 
we are currently finishing their behavioural and histopathological analysis. Overall, here we 
show that point mutations within the Tardbp gene can differentially affect TDP43 known 
functions. The array of RNA binding and processing features disrupted by each mutation 



provides novel insights into how TDP-43 regulates RNA processing in vivo, revealing potential 
early molecular mechanisms in the development of ALS. 
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Abstract: TAR DNA binding protein (TDP-43) is a DNA/RNA binding protein whose 
expression is altered in diseases of TDP-43 pathology including amyotrophic lateral sclerosis 
(ALS) and frontotemporal lobar degeneration (FTLD). Amyotrophic lateral sclerosis (ALS) is a 
progressive neurodegenerative disease affecting both upper and lower motor neurons in the brain 
and spinal cord, respectively. ALS affects neurons that innervate skeletal muscles and control 
voluntary movement. Some forms of FTLD also involve motor neuron degeneration (FTLD-
MND). Loss of motor neuron input into the skeletal muscles leads to muscle weakness and 
atrophy, eventually leading to respiratory failure. Roughly 70% of ALS patients present with 
limb onset weakness, with symptoms eventually spreading to other areas. Patients with mostly 
lower motor neuron forms of ALS have a slower disease progression and have single muscle 
fibers with a larger cross-sectional area than patients with a quicker disease progression. There is 
currently no cure for TDP-43 pathologies, however, our group has been investigating the use of 
tyrosine kinase inhibitors (TKIs) for the treatment of neurodegenerative diseases. Nilotinib is a 
TKI that is FDA-approved for the treatment of chronic myelogenous leukemia. We have 
previously shown that it can induce autophagy and reduce levels of the ALS-associated protein 
TDP-43 in vitro and in vivo. In this study, we use a hemizygous transgenic mouse model that 
overexpresses human wild-type TDP-43 in neurons to examine spinal cord and skeletal muscles 
for signs of changes like those seen in TDP-43 pathology. This model uses a Thy1 promoter, 
which restricts transgene expression to neurons, allowing us to understand how changes to TDP-
43 in motor neurons may affect muscles. Homozygous TDP-43 overexpressors do show signs of 
an ALS-like phenotype, but the hemizygous mice used in this study do not have an overt 



phenotype of muscle weakness or motor deficits. We treated these hemizygous transgenic mice 
(n=4 per group) with nilotinib for 4 weeks and examined spinal cord motor neurons and muscle 
fibers in the tibialis posterior and compared with untreated transgenic and wild-type mice. We 
found that overexpression of TDP-43 in this mouse does not lead to a significant reduction in 
spinal cord motor neuron count, but does lead to a significant reduction in average muscle fiber 
area, indicating that these hemizygous mice exhibit low level muscle atrophy. In addition, 
treatment with nilotinib did not significantly increases muscle fiber size or spinal cord motor 
neuron count compared to control-treated transgenic mice. 
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Abstract: Amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration (FTLD) 
are two devastating fatal neurodegenerative diseases. Over 90% of ALS cases and approximately 
50% of FTLD cases are characterized by pathological inclusions containing the protein TDP-43. 
Mutations in TARDBP, the gene coding for TDP-43, cause some cases of familial ALS and have 
been identified in patients with sporadic ALS and FTLD, indicating that TDP-43 functions are 
critical for neuronal health. While numerous post-translational modifications of TDP-43 have 
been identified in disease, phosphorylation events at TDP-43 serines 409 and 410 are 
consistently present and used diagnostically to identify pathological TDP-43-positive inclusions. 
Phosphorylation of TDP-43 (pTDP) reduces its turnover, increases its aggregation, and promotes 
neurotoxicity and neurodegeneration. We found that the kinase CDC7 is a key regulator of pTDP 
accumulation in C. elegans and cell culture models of ALS and FTLD [1]. By phosphorylating 
TDP-43, CDC7 increases levels of neurotoxic pTDP and worsens disease phenotypes, including 
neurodegeneration. We have identified post-translational modifications of CDC7 that coincide 
with a shift in its cellular localization. This shift precedes TDP-43 phosphorylation, and may 
represent a cellular response to genotoxic stress. Understanding the regulation of TDP-43 
phosphorylation will provide insight into the causes of TDP-43 proteinopathies, and may lead to 
additional targets for therapeutic intervention. 



This work was funded by a VA Career Development Award (CDA2) to N. Liachko (# 
I01BX007080). 
1. Liachko NF, McMillan PJ, Guthrie CR, Bird TD, Leverenz JB, Kraemer BC. CDC7 inhibition 
blocks pathological TDP-43 phosphorylation and neurodegeneration. Ann Neurol. 
2013;74(1):39-52. doi: 10.1002/ana.23870. 
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Title: Activation of PI3K/mTOR pathway alleviates TDP-43-induced axonopathy in the spinal 
motor neuron in a zebrafish ALS model 
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Abstract: TAR DNA-binding protein 43 (TDP-43, TARDBP) is a major component of the 
cytoplasmic inclusions that are a pathological hallmark of amyotrophic lateral sclerosis (ALS). 
While the spinal motor neuron is a primary target for degeneration in ALS, how TDP-43 leads to 
dysfunction and degeneration of the spinal motor neuron has not been fully understood. In order 
to understand early pathological changes caused by TDP-43 toxicity, an animal model that 
allows for monitoring an identified single spinal motor neuron in vivo should prove effective. 
Exploiting the optical and genetic accessibility of zebrafish, we focus on the spinal motor neuron 
CaP, which is uniquely present in each spinal hemisegment and innervates a defined territory 
within the ventral myotome. We find that both systemic knockout and targeted overexpression of 
TDP-43 result in axonal outgrowth defects in CaPs, suggesting that dysregulation of TDP-43 at 
the protein level causes a reduction in motor unit size. Furthermore, in vivo two-photon calcium 
imaging reveals that the CaPs overexpressing TDP-43 display attenuated calcium transients in 
both the cell body and axon terminals during fictive swimming, indicating a reduced neuronal 
excitability. Consistent with this observation, pan-neuronal overexpression of TDP-43 results in 



an impaired swimming activity. By using this transgenic zebrafish ALS model, we explore 
biological pathways that rescue the toxicity associated with an elevated TDP-43 level. We 
discover that the targeted activation of PI3Kα effectively restores the axonal outgrowth of CaPs 
overexpressing TDP-43. The defects in neuromuscular synapse formation and neuronal 
excitability are also rescued, albeit partially, by the PI3Kα activation. The bath application of 
rapamycin, an inhibitor of the mTOR protein kinase, blocks the PI3Kα-mediated restoration of 
the axonal outgrowth, suggesting that mTOR is a downstream effector the rescue effect. 
Intriguingly, while rapamycin treatment inhibits the axonal outgrowth of CaPs in the wild type 
fish, it does not exacerbate the axonal outgrowth defect caused by TDP-43 overexpression, 
implying that TDP-43 causes the axonal outgrowth defect through inhibiting the mTOR 
pathway. These observations suggest that an elevated TDP-43 level hampers axonal outgrowth 
through attenuating the PI3Kα/mTOR pathway that promotes axonal outgrowth in the spinal 
motor neuron. Therefore, activation of the PI3Kα/mTOR pathway might serve as a potential 
strategy to maintain or restore motor unit size in ALS. 
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Abstract: The clinical progression of motor neuron disease (MND) suggests a pathological 
spread of neurodegeneration through the nervous system. The mechanisms that are responsible 
for the spread of neurodegeneration are not known. In vitro evidence has emerged for a ‘prion-
like’ spread of aggregates from cell to cell. 
To follow the time-course of neurodegeneration and examine the potential for transfer of 
proteins following cell stress in vivo, we took a live imaging approach in the Zebrafish spinal 
cord. We tracked fluorescently labelled cell membranes and the RNA binding protein TDP-43, 
which has been identified as the main protein of pathological inclusions that characterise MND 
and frontotemporal lobar dementia (FTLD). 
Live imaging following selective UV pulse targeting of a single motor neuron in the zebrafish 



spinal cord induced cell stress and an apoptotic or necrotic process. Ablated and dying neurons 
showed characteristic morphological changes, including the shrinkage of the cell soma, and 
progressive anterograde degeneration (blebbing) commencing at the target site and continuing 
along the axon over time. In the healthy, developing spinal cord this resulted in rapid attraction 
of local microglia and take-up of the cell body containing TDP-43. In the absence of microglia 
following PU.1 (spi1b) knockdown, stressed motoneurons underwent a stereotyped process of 
neurodegeneration including redistribution of TDP-43 from the nucleus, exosome shedding and 
eventual cell breakdown. 
This real-time representation of TDP-43 redistribution and microglial phagocytosis in the living 
zebrafish spinal cord provides novel opportunities to study the mechanisms of the spread of 
neurodegeneration. 
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Title: Impaired mitophagy in ALS mice results in degeneration of neuromuscular junctions 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a motor neuron disease starting from 
degeneration of pre-synaptic nerve terminals, known as a dying back neuropathy. Defects in 
autophagy play an important role in the progression of nerve terminal degradation in ALS. 



Importantly, some familial ALS patients have a mutation in an important autophagic gene, 
SQSTM1. Using an animal model of ALS, SOD1G93A mice, we examined whether defects in 
mitophagy, the autophagic process of degrading depolarized and degenerating mitochondria, 
play a role in motor neuron degeneration. Neuromuscular junctions (NMJs) of SOD1G93A mice 
have a greater number of autophagosomes and degenerated mitochondria compared to wild-type 
mice. These changes precede similar changes that occur in motor neuron cell bodies. 
Importantly, we detected mitophagosomes at NMJs of SOD1G93A and wild-type mice, but the 
number of mitophagosomes in NMJs did not increase in parallel with the accumulation of 
degenerated mitochondria – indicating a potential defect in mitophagy in SOD1G93A mice. In 
addition, content of mitophagic proteins were lower in motor neuron cell bodies of SOD1G93A 
mice compared to wild-type mice. To establish a causal role for defective mitophagy in the 
progression of motor neuron degeneration, we examined double knockout mice of PTEN-
induced putative kinase 1 (Pink1) and Parkin. Pink1 and Parkin are essential for sensing 
depolarized, degenerating mitochondria and recruiting autophagosomes to these mitochondria. 
Pink1/Parkin double knockout mice at 4 months of age exhibited degeneration and denervation 
of NMJs and accumulation of mitochondria in NMJ presynaptic terminals. Together these data 
support that defective mitophagy plays a role in motor neuron degeneration in ALS. 
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Abstract: Inherited peripheral neuropathy, or Charcot-Marie-Tooth disease (CMT), constitutes 
an important area of research given its cumulative frequency of greater than 1 in 2500 people and 
the lack of any curative treatments. Mouse models of inherited peripheral neuropathy contribute 
to this research effort, but also present challenges in terms of accessibility, varying degrees of 
face validity, and poorly defined genetic backgrounds. To improve the usefulness of mouse 



models of inherited peripheral neuropathy, and to facilitate rigor and reproducibility between 
investigators, we have created the Resource for Research on Peripheral Neuropathy at The 
Jackson Laboratory (www.jax.org/rrpn, email: peripheral.neuropathy@jax.org), funded by 
NINDS (R24 NS098523). The goal of this resource is to import existing models of CMT, and to 
create new models using genetic engineering when suitable models do not already exist. We 
anticipate adding five to ten models per year to this resource, with advice on prioritization 
coming from our external steering committee. These mice are then placed on a defined genetic 
background and made available to the research community through The Jackson Laboratory’s 
Mouse Repository under standard terms of use. In addition to these models being available 
through the highly visible and accessible JAX Catalog, the resource will also perform baseline 
phenotyping using a battery of clinically relevant tests. This data, and the phenotyping protocols, 
will also be publicly available. In this way, the models are validated for their disease relevance, 
and interested investigators can use public data concerning sex differences, age of disease onset, 
and severity of disease for planning experiments, performing power analyses, etc. Thus, the 
Resource for Research on Peripheral Neuropathy serves as an example of how animal models 
can be generated and made available for research with optimal rigor and reproducibility of both 
the mice and the data. 
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Abstract: While multiple sclerosis (MS) is typically understood as an autoimmune disease that 
degrades motor functioning, it can also have significant impacts on cognition. Previous studies 
suggest that MS affects the hippocampus, damaging patients’ cognitive spatial and memory 



abilities.Dysregulation of adult hippocampal neurogenesis (AHN), the birth of new granule cells 
(neuroblasts) which are necessary for proper memory formation, may be a mechanism by which 
MS disrupts hippocampal functioning. Some research suggests that exercise may lessen some 
neuropathological effects of MS. The present study utilized marmoset monkeys (Callithrix 
jacchus) to model the neurobiological impacts of MS and exercise therapy on AHN. Eight adult 
male marmosets were sensitized to myelin oligodendrocyte (MOG) glycoprotein (MOG 34-56) 
in incomplete Freund adjuvant. This was injected into eight adult male marmosets, inducing 
autoimmune encephalomyelitis (EAE) which models the neurobiological effects of MS in 
humans with relapse-remitting MS. An additional four control subjects were injected with 
incomplete Freund adjuvant alonesaline. Half of the EAE and control subjects engaged in 
aerobic exercised for 30 minutes, three days/week for 10 weeks. Sections across the antero-
posterior length of the hippocampus were immunohistochemically stained for doublecortin 
(DCX) as a marker for neuroblasts. Stereologic counts of the absolute number, proportion 
(relative to granule cells) and density of DCX cells were quantified in the dentate gyrus of the 
hippocampus, divided into the Granule Cell Layer (GCL) and the Subgranular Zone (SGZ), 
where neuroblasts proliferate. Our findings showed that although neither EAE nor exercise 
statuses had a significant main effect on any of the DCX cell measures alone (p><0.05), there 
was a significant interaction between these two variables (ANOVA, Fdf=7.103, p=0.029). 
Exercise increased absolute DCX cell numbers in the EAE group but decreased it in the control 
group. Similarly, non-significant trends were observed for %DCX cells and DCX cell density. 
These results suggest a relationship between exercise and EAE’s impact on AHN. This supports 
the hypothesis that exercise mitigates the impacts of MS on AHN. Thus, this interaction may be 
a physiological explanation of the benefit human patients see with exercise therapy, regarding 
spatial and memory cognition. 
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Abstract: Background: ALS is poorly understood and no effective therapeutics exist to stop its 
insidious progression. For some it starts in a hand or a foot, and in others with trouble 
swallowing. Once it starts, the disease progresses along the spinal cord, ultimately resulting in 
respiratory failure. Clinicopathologic human studies have shown a clear relationship between 
disease onset and lower motor neuron loss, with the most severe lower motor neuron loss at the 
site of disease onset. One long entertained observation is that ALS may be precipitated by nerve 
or brain injury. In fact, many patients with ALS are veterans or athletes (Lou Gehrig) and may 
have suffered minor nerve injuries in the limb where ALS first presents. However, it is unclear 
whether and how nerve injury plays a role in ALS development. A growing number animal 
models for ALS are based on human genetic forms of the disorder, but a large number of 
therapeutic interventions that showed efficacy in these models have failed in human clinical 
trials. Our lab and others have previously shown an increase in spinal cord microglial activation 
in post-mortem ALS patient tissue, as well as at early stage in animal models of ALS, suggesting 
microglial activation contributes to early stages of neurodegeneration. Objectives: Our current 
study seeks to link an environmental factor (nerve injury) with a genetic factor (SOD1 mutation) 
to induce symptom onset and disease progression. Methods: We performed sciatic nerve crush 
injuries in SOD1 G93A rats and littermate wild type controls in early disease stage, prior to any 
known symptoms. Functional recovery using the Extensor Postural Thrust (EPT) test was 
tracked weekly. Spinal cord tissue was collected at different stages of disease for staining and 
quantitative analysis. Results: Significantly enhanced and sustained microglial activation was 
seen in the ventral horns of SOD1 rats at 1 and 2 weeks after injury that spread to nearby, 
uninjured motor neuron pools. This microglial activation in the SOD1 animals subsided by 7 
weeks. While wild type animals showed full functional recovery by 4 weeks, the SOD1 animals 
never fully recover. Long term effects of this early injury on survival and the underlying 
mechanism by which enhanced inflammatory mechanisms lead to failed recovery are currently 
being investigated. Discussion: These studies take a unique approach to understand the effects of 
early environmental contributions (nerve injury) in a genetic model of ALS. The system 
developed could be an important new model for drug development that focuses on disease onset 
and progression rather than traditional models of survival and may therefore translate better to 
the human condition. 
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Abstract: DiGeorge/22q11 Deletion Syndrome (22q11DS), a micro-deletion of 30 to 50 genes 
on human chr.22, is associated with neurodevelopmental disorders. Cardiovascular and 
craniofacial abnormalities as well as intellectual disability, schizophrenia, autistic spectrum or 
attention deficit/hyperactivity disorders define the 22q11DS clinical phenotypic spectrum. 
22q11DS craniofacial anomalies are also linked to common perinatal feeding and swallowing 
disorders (dysphagia) whose origins remain poorly understood. We have shown that the LgDel 
mouse model of 22q11DS recapitulates the human phenotypic spectrum including perinatal 
dysphagia, prefigured by disruption of hindbrain patterning and cranial nerve differentiation in 
LgDel embryos. We also found that changes in neuronal excitability in hypoglossal nucleus 
(nXII) motoneurons recorded in brainstem slices from one week old LgDel mouse pups 
accompany LgDel perinatal dysphagia. We therefore asked whether nXII cytological 
abnormalities are also associated with LgDel feeding/swallowing difficulties. We used a 
ChAT:GFP reporter to identify and visualize nXII motorneurons. Motorneuron morphology and 
perikaryal volumes are altered in LgDel nXII. Confocal 3D reconstructions of single biocytin-
injected nXII motorneurons demonstrate dendritic and axonal abnormalities, including 
degenerating dendrites. Finally, block-face scanning electron microscopy allowed integrated 
analysis of nXII location, neuronal identity and ultrastructural characteristics in individual mouse 
pups. We confidently identified dilated mitochondrial cristae, pale mitochondrial matrix, and 
swollen Golgi and endoplasmic reticulum in nXII motoneurons of one week old LgDel but not 
wild type pups. At later ages, we found that LgDel nXII motorneurons and interneurons have 
cytoskeletally sparse, organelle depleted, pale cytoplasm, as well as reduced synaptic frequency. 
In addition, there is pronounced hypertrophy of perineuronal as well as perivascular astrocytic 
processes, especially around capillaries. In these LgDel mice there is limited evidence of dark 
degeneration; however we find no evidence of condensed chromatin and nuclear envelope 
changes associated with neuronal apoptosis. These results suggest that non-apoptotic neuronal 
degeneration in LgDel nXII may contribute to perinatal dysphagia. The developmental and 
degenerative changes in cranial nerve circuits for feeding and swallowing may reflect diminished 
dosage of several 22q11 genes that regulate neuronal mitochondrial metabolism. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a late-onset neurodegenerative disease 
affecting motor neurons. Although loss of neuromuscular junction (NMJ) is an early event, it 
remains unclear whether it is a consequence of local pathological signals or the expression of a 
degenerating neuron. Single time point observations show that a subgroup of degenerating motor 
neurons retract from their NMJs while a distinct population compensates via collateral sprouting. 
This strongly suggests that NMJ denervation is mainly dependent on the state of the neuron 
which innervates it. However, the rescue of motor neuron death does not necessarily rescues 
NMJ loss, suggesting that the local neuromuscular environment may play a key role. If that is the 
case, the initial loss of NMJs should be branch-specific and asynchronous within a single axonal 
arborization (motor-unit). Thus, we sought to directly assess the time course of structural 
changes within single motor-units using repeated in vivo imaging over a 3 month period in a 
slow progressing model of inherited ALS (SOD1G37R mice). Here we show in symptomatic mice 
that individual terminal axon branches and synapses are dismantled asynchronously for weeks 
before the whole motor axon degenerates. Denervation events tend to propagate from the first 
lost NMJ in an axonal arbor, with distal branches being more susceptible. This precise spatio-
temporal pattern implies that local micro-environment factors are involved. Surprisingly, we 
observed that dismantling of individual axonal branches is accompanied by simultaneous axonal 



sprouting and synapse formation onto nearby NMJs. Axonal arborizations sprouted almost 
exclusively onto NMJs that they did not initially innervate, thus increasing motor-unit size. 
Paradoxically, motor-units failed to re-innervate their dismantled NMJs which further suggest 
that local signals dictate the pattern of neuromuscular remodeling in ALS. This motor-unit 
dynamism was phenotypically silent as indicated by grip strength and body weight 
measurements. Our results support a model in which NMJ denervation in ALS is a dynamic, 
initially slow, process of continuous denervation and new innervation. This raises stabilization of 
NMJs or enhancement of re-innervation as attractive therapeutic targets for ALS. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is the most common form of motor neuron 
disease. Sporadic and familial forms of disease present with similar clinical symptoms and 
histopathology. Understanding the underlying pathogenesis of the disease is essential for the 
development of treatments. Mutations in the actin-associated protein, profilin 1, have been 
identified as a rare cause of familial ALS. We have developed a novel mouse model to elucidate 
the role that PFN1C71G plays in ALS. Expression of V5-tagged PFN1C71G is targeted to α-motor 
neurons in the spinal cord. Initial data shows V5-PFN1C71G expression in the anterior horn of the 
neural tube starting from embryonic stages in transgenic mice. Motor testing shows that 
transgenic mice have motor deficits on RotaRod commencing at 1 months of age. This novel 
mouse model of PFN1C71G will provide a potential tool to understand the role that PFN1 plays in 
the pathogenesis of ALS and could be used for testing future ALS therapeutics. 

Disclosures:  M.E. Brettle: None. H. Stefen: None. A. Djordjevic: None. J.W. Chan: 
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Abstract: The loss of retinal ganglion cells (RGC) and their axons is a leading cause of 
blindness and includes traumatic (optic neuropathy) and degenerative (glaucoma) eye diseases. 
Mesenchymal stem cells (MSC) have demonstrated significant neuroprotective and axogenic 
effects on RGC in both of the aforementioned models. The present study aimed to test 
neuroprotective properties of exosomes isolated from bone marrow-derived MSC (BMSC) in a 
rat optic nerve crush (ONC) and microbeads or laser photocoagulation glaucoma models. 
Exosomes were isolated from human BMSC and characterized by NanoSight, flow cytometry 
and CD63 ExoELISA. Using an in vitro axotomized rat RGC model and in vivo rat models of 
ONC and glaucoma, 3x109 exosomes were treated/injected into the cell culture well/vitreous. To 
measure their neuroprotective and axogenic capacity immunochemistry, optical computerized 
tomography (OCT) and electroretinography (ERG) were used. The composition of miRNA in 
exosomes from human BMSC and control human fibroblasts was investigated by RNA 
sequencing and used to identify candidate target mRNA in RGC. 
Both BMSC and fibroblasts secrete similar numbers of exosome as detected and analysed by 
ExoELISA, electron microscopy, flow cytometry and NanoSight. Treatment of RGC cultures 
with exosomes led to significant RGC survival (299 ± 24.1 RGC/well) compared to both 
fibroblast exosome treated (72.3 ± 6.4 RGC/well) and untreated (121.3 ± 6.2) cultures. 
Following intravitreal transplantation, exosomes successfully integrated into the inner retinal 
layers, including RGC layer. After ONC (21d), BMSC exosomes provided significant 
therapeutic effects as compared with fibroblast exosomes or uninjected eyes. For the three 
measured outputs, the thickness of the retinal neve fibre layer was 33.8 ± 4.8 μm, 21.6 ± 1.5 μm, 
and 18.0 ± 2.1 μm, respectively; RGC density was 73.3 ± 7.8/mm of retina, 20 ± 2.2/mm of 
retina, and 23.6 ± 7.7/mm of retina, respectively; and positive scotopic threshold response was 
28.6 ± 8.1 μv, 13.2 ± 3.4 μv, and 13.7 ± 1.1 μv, respectively. The significant therapeutic benefits 



were also seen in the treatment of glaucoma models. The therapeutic benefit of BMSC exosomes 
was reduced significantly if isolated from BMSC following knockdown of Argonaute 2, a 
protein that complexes with miRNA and is integral to their function. RNAseq analysis of 
miRNA from BMSC and fibroblasts exosomes identified over 20 candidate miRNA that were 
expressed exclusively or significantly higher in BMSC exosomes. 
We demonstrate for the first time that BMSC-derived exosomes offer significant therapeutic 
benefit to the protection of RGC, an effect mediated at least partially by their miRNA. 
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Abstract: The exposure to organophosphorous (OP) compounds such as the chemical warfare 
nerve agent soman (GD) can induce status epilepticus (SE) and brain damage through inhibition 
of acetylcholinesterase followed by glutamate excitotoxicity. Studies were conducted to 
investigate the long-term neurological and cardiovascular changes that occur after subcutaneous 
exposure to 1.0 LD50 GD. Adult male Sprague-Dawley rats implanted with telemetry devices to 
continuously record EEG, ECG, EMG, body temperature and activity received 1.0 LD50 GD 
(s.c.) followed by an admix (i.m.) of atropine sulfate (ATS; 2 mg/kg) and the oxime HI-6 (93.6 
mg/kg) at 1 min after exposure to increase survival, and diazepam (DZP; 10 mg/kg; s.c.) at 30 
min after onset of SE. Rats were continuously monitored for up to 10 months after GD exposure 
for physiological changes. Rats exposed to GD that developed SE displayed an increase in the 
EEG power in the delta and theta band. The power in delta, theta and alpha band remained 
chronically increased following GD exposure until the end of the study, while the power in the 
beta band decreased. GD-exposed rats that had SE developed spontaneous recurrent seizures 
(SRS; latency 5-120 days) with increased incidence over time. By 10 days post-SE, ~30% of rats 



developed SRS; by 60 days post-SE, ~70% of rats developed SRS, and by 120 days post-SE, 
100% of rats had developed SRS. Rats also presented hyperactivity, prolonged QTc intervals and 
transient increase of heart rate and ECG-derived respiration (EDR). The EMG power spectra 
increased during behavioral seizure activity and decreased after treatment with DZP. Transient 
drop in body temperature occurred in all GD-exposed rats but was faster in rats that did not seize. 
GD-exposed rats that developed SE and SRS had significant neuronal loss 10 months after 
exposure. This natural history study demonstrates that with time, epileptogenesis occurs in the 
majority of GD-exposed rats that display SE. 
This research was supported by an interagency agreement between the Biomedical Advanced 
Research and Development Authority (BARDA) and the USAMRICD. The views expressed in 
this manuscript are those of the authors and do not reflect the official policy of the Department of 
the Army, Department of Defense or the US Government. 
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Abstract: The use of telemetry for EEG recording is the most reliable option in experimental 
pharmacology and physiology because it reduces animal stress, which leads to an increase in 
data quality. Despite some disadvantages, such as a reduced number of channels when compared 
to tethered EEG systems, it better identifies oscillatory brain patterns that are pathological as a 
result of neurological injury. The development of small wireless telemetry systems with good 



signal to noise ratio and spectral resolution enables an in-depth inspection of EEG activity in 
small animals during events such prolonged seizures (status epilepticus - SE). Also, EEG 
recordings allow us to detect more epileptic abnormalities than does observation of behavioral 
seizures alone. We present here a telemetry transmitter (HD-S02) capable of signal acquisition at 
a higher sampling rate (375 Hz) when compared to our previous iterations (240 Hz). 
Additionally, an automatic calibration of each channel is implemented with no need to manually 
input the specific frequencies for each device. The battery can last for up to 5 months of 
continuous use, which is crucial in experimental epilepsy studies when spontaneous recurrent 
seizures (SRS) can be delayed in development and brief compared to the initial status 
epilepticus. Also, the longer battery life of the HD-SO2 reduces need for multiple surgeries to 
replace battery packs as is needed with some other transmitter types. The battery run-time is 
conveniently monitored and cross-talk is detected when multiple animals are placed closer than 
the recommended distance. Each transmitter broadcasts its own signal identification, and as a 
result, the recording stops when an animal is placed on the wrong receiver or too close to the 
receiver, thus avoiding the recording of invalid data. To test the efficacy of the new transmitters, 
male rats implanted with HD-S02 to continuously record the EEG, body temperature and activity 
received 1.2 LD50 GD (s.c.) followed by an admix (i.m.) of atropine sulfate (ATS; 2 mg/kg) and 
the oxime HI-6 (93.6 mg/kg) at 1 min after exposure to increase survival, and midazolam (MDZ; 
3 mg/kg; i.p.) with or without an experimental antiepileptic drug (lacosamide, rufinamide) at 40 
min after onset of SE. Rats were continuously monitored for up to 14 days after GD exposure for 
physiological changes. EEG seizures were successfully recorded after exposure, and SRS were 
detected during the sub-chronic period. These findings validate the use of HD-S02 in 
experimental pharmacology studies. In addition, the higher sampling rate can potentially permit 
the detection of more features in the EEG signal, ranging from 0.5-100 Hz. 

Disclosures:   M.D. Furtado: A. Employment/Salary (full or part-time):; BioSEaD, LLC. C. 
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Abstract: Cannabidiol (CBD), the non-psychoactive component of cannabis, has received 
increased attention as a potential therapy for treatment-resistant epilepsy. Cannabinoids have 
beneficial effects in multiple animal models of seizure, ischemia, and traumatic brain injury. 
Exposure to soman (GD), a chemical warfare nerve agent, induces status epilepticus (SE) and 
spontaneous recurrent seizures (SRS), leading to extensive neuronal damage and cognitive 
impairment. When treatment of SE is delayed, the standard anticonvulsant midazolam is 
ineffective at preventing the development of epilepsy. In the present study, we evaluated the 
potential benefits of CBD and of JZL195, a drug that increases endogenous cannabinoids 
through inhibition of degradative enzymes, against GD-induced seizure activity and 
neuropathology. Adult male Sprague-Dawley rats were surgically implanted with transmitters to 
continuously record electroencephalographic (EEG) activity. Rats received a lethal dose of GD 
(sc) followed by an admix (im) of atropine sulfate (ATS; 2 mg/kg) and the oxime HI-6 (93.6 
mg/kg) at 1 minute after GD exposure to increase survival. Rats received JZL195 (5, 10 or 20 
mg/kg, ip) 1 min after exposure or 40 minutes after SE onset. JZL195 (20 mg/kg) significantly 
decreased cell death in the basolateral amygdala and reduced the loss of inhibitory interneurons 
(GAD67+) in the piriform cortex at 72 hours after GD exposure. At 2 weeks after exposure, 
JZL195 significantly reduced the loss of mature neurons (NeuN+) in the basolateral amygdala 
and medial thalamus. In a second experiment, rats received 150 mg/kg (ip) of CBD either at 60 
or 30 minutes before GD exposure or at 1 minute after GD exposure and MDZ (3 mg/kg; sc) at 
30 minutes after SE onset. CBD administered as pretreatment reduced the risk of developing 
SRS and the number of SRS events in a time-dependent manner with the 60-minute pretreatment 
being the most beneficial. Preliminary data suggest a decrease in mature neuronal cell loss in 
CBD pretreatment groups at 2 weeks following GD exposure. Altogether, data from these studies 
suggest that cannabinoids reduce the toxic effects of GD poisoning. This research was supported 
by an NIH Interagency Agreement with the USAMRICD. 
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 US Government. 
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Abstract: Temporal lobe epilepsy (TLE) is one of the common human seizure disorders 
characterized by seizures poorly controlled with anticonvulsant medications. Earlier reduction of 
the total antioxidant status and increase of production of nitric oxide (NO) in epileptogenesis 
were demonstrated. In new approaches of TLE treatment plant flavonoids are very important, 
because of their abilities to scavenge reactive oxide species and to inhibit pathological NO. In 
our previous experiments antioxidant potency of flavonoids from saperavi (SF) was revealed. 
The aim of the first series of current experiments was to define a role of supplementation of rats 
during the early stages of epileptogenesis with SF (8 days, 25mg/kg per day, after single i.p. 
injection of kainic acid (15mg/kg)) on a number and duration of the behavioral seizure attacks. 
The effects of SF were compared with the effects of flavonoid quercetin and L-NAME (a non-
selective inhibitor of NO synthase) (8 days of administration, 25mg/kg and 40mg/kg per days, 
respectively). Behavioral seizures were monitored during open field and T-maze laboratory tests. 
It was revealed that behavioral alterations in Kainic Acid-Status Epilepticus (KA-SE) animals 
were abolished by administration of SF. The frequency and duration of behavioral seizures in 
KA-SE rats statistically decreased and correction in learning/memory ability were detected. The 
efficiency of quercetin on epilepsy induced cognitive impairment compared to the SF was less 
pronounced. L-NAME effectively blocked the KA-SE-induced seizure frequency and duration, 
but exacerbate memory deficit induced by epilepsy. The aim of the next series of experiments 
was to determine the influence of early postnatal feeding of rats with SF on electrophysiological 
characteristics of neurons in the CA1 field of the hippocampus. The specific objectives were to 
investigate the effects of SF on background spiking activity and frequency/amplitude 
characteristics of epileptiform discharges induced by high frequency electrical stimulation. Early 
postnatal feeding of rats with SF raised the network desynchronization: in the background 
activity the number of discharges was increased and the amplitude was decreased. High 
frequency electrical stimulation induced epileptiform discharges with lower amplitude and 
frequency in SF fed animals compared to the control group. It was suggested that SF has 
protective effects on the early stages of epileptogenesis. 
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Abstract: Selective estrogen receptor modulators have been used as a part of therapeutic 
schedules to prevent cognitive decline associated with aging, in which estrogenic deficiency and 
possible chronic cerebral hypoperfusion (CCH) may occur in pre- and post-menopausal women. 
The present study was aimed to evaluate the neuroprotective effect of Raloxifene in an 
experimental model of CCH (occlusion of both common carotid arteries, one-week apart), under 
absence of estrogenic cerebral influence mainly dependent on ovarian secretion. Twenty-five 
Sprague-Dawley female rats (250-300 g bw) were ovariectomized and randomly allotted, two 
weeks later, to the following groups: Sham (surgical procedures for CCH, without interrupting 
cerebral blood flow, n=10); CCH+Veh (CCH+vehicle, 10% dimethylsulfoxide in water, 0.3 
ml/day, sc, n=7); CCH+Raloxifene (CCH+Raloxifene, 3.0 mg/Kg/day, sc, n=8). After 60 days of 
vehicle or Raloxifene treatment, spatial learning and memory were evaluated in the Morris water 
maze, and brains were processed to evaluate hippocampal CA1 pyramidal neuron population. 
Parameters of spatial learning and memory (escape latencies, swimming path lengths) did not 
significantly differ along the seven successive testing days in the three experimental groups. 
However, during the probe trial (day 8) swimming through the target quadrant, as well as 
number of crossings over the precise former escape platform location, were similar in the 
CCH+Raloxifene and the Sham groups, and significantly higher (p<0.05) than in the CCH+Veh 
group. Hippocampal CA1 pyramidal neuron population was significantly reduced (p<0.05) to a 
75%, as compared to the Sham group (100%). Raloxifene treatment prevented this neuronal loss, 
and resulted in a slight non-significant increase in the pyramidal neuron population (115%). 
These results support the neuroprotective effects of Raloxifene on the brain structures being a 



part of the neural substrate for cognitive functions, affected by estrogenic deprivation and 
chronic cerebral hypoperfusion. 
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Abstract: The neuroprotection after an initial insult as seizure activity is considered essential in 
order to avoid the establishment of epilepsy. The aim of this study was to evaluate the 
neuroprotective effects of Aristotelia chilensis (Maqui berry, MB) extract and Dapsone (D) on 
the epileptogenesis associated to the damage produced by status epilepticus induced with kainic 
acid (KA) in neonate rats. Male Sprague Dawley rats (96, 12 days old) were divided into 5 
groups: Control group (C), AK group, AKMB group, AKD group and AKMBD group with 3 
evaluation time (24 h, 5 and 20 days). The kainic acid was administered once with a 3 mg/kg 
dose to induce status epilepticus. Seizure activity was assessed daily, The brains were obtained 
by craniotomy which were processed for immunofluorescence techniques to identify 
proinflammatory proteins (NFkB, IL-1 β and COX2 and immunoperoxidase for GFAP) and 
assess the damage by Fluorojade-stain, and other brains were processed for western blot to 
quantify NFkB, IL-1 β and COX2. The Maqui berry extract reduced the number of seizures at 17 
and 32 PN days, as well as the number of cells on degeneration process and the expression of 
pro-inflammatory proteins at 24 h after kainic acid injection, as compared with AK (P<0.05), 
however Dapsone had a greater effect in reducing the number of seizures at 17 and 32 PN days, 
the number of cells on degeneration process and also reduced the relative expression of pro-
inflammatory proteins at 24 h after seizures. Maqui berry extract has neuroprotective and anti-
inflamatory effects, these effects were greater with Dapsone. This study suggests that early 
intervention on the inflammation and antioxidant pathways reduces the risk of developing 
epilepsy. 
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Abstract: Protein malnutrition is associated with neurochemical implications, and behavioural 
deficits in experimental animals. Oxidative stress is a pivotal denominator underlying the protein 
malnutrition physiology. However, limited dietary restriction is implicated with reduced redox 
markers among different neuron types in vivo. Accordingly it was inquisitive to assess possible 
therapeutic property for dietary protein in a neurodegenerative model. Casein (the complete 
protein) was selected as a dietary modulant against acrylamide induced neurotoxicity in 
Drosophila melanogaster, which is an extensively used in vivo system to assess the relation 
between dietary intervention and neuronal oxidative stress. In our study, adult (8-10d) males 
were maintained on varying concentrations of dietary casein (0.1-2%; n=20 flies/vial, 
3vials/group) for 2 weeks were coexposed to acrylamide (Acr 2mM). Motor function and 
mortality were noted at regular intervals. Terminally, the fly homogenates were subjected to 
biochemical analysis for redox markers, mitochondrial function and neuronal function markers. 
Acr induced significant mortality in a time dependent manner (25%) and locomotor phenotype 
among survivors (35%) which was markedly reduced among casein groups. Casein also reduced 
the oxidative markers (hydroperoxides, protein carbonyls, GSH, SOD) and neurotoxicity 
parameters (AChE, BChE) among fly homogenates. Interestingly, coexposure with ferulic acid 
(FA, 100µM) among casein flies further protected the flies against Acr-neurotoxicity. In 
addition, modifications in the dietary carbohydrate resulted in obvious fatigue among the flies 
and therefore was not pursued in this study. From our study, dietary casein proved to be a 
significant modulator of neuronal health in vivo along with FA. Our data suggests a therapeutic 
role for dietary protein and ferulic acid-like polyphenols for neurodegenerative diseases. 

Disclosures:  G. Chandran: None. K. Sugur: None. J. Chauhan: None. 



Poster 

302. Mechanisms of Neuroprotection 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 302.09/W7 

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

Support: Research foundation Flanders (FWO-Vlaanderen) 

 Agency for innovation and entrepreneurship Flanders (Vlaio) 

Title: Shining a light on glaucoma: Optogenetic brain stimulation confers retinal neuroprotection 

Authors: *E. GEERAERTS, M. CLAES, E. DEKEYSTER, C. VAN DEN HAUTE, M. 
SALINAS-NAVARRO, L. H. ARCKENS, L. MOONS 
KU Leuven, Leuven, Belgium 

Abstract: Glaucoma is a neurodegenerative disease characterized by a progressive loss of the 
retinal ganglion cells (RGCs). The central brain targets of the RGCs are well-known to be 
important for the survival and activity of their retinal connections. To investigate this two-way 
connection between the brain and the RGCs as a neuroprotective strategy in glaucoma, a series 
of experiments was performed in which the major retinal projection in the mouse, the superior 
colliculus (SC), was optogenetically activated in an established experimental mouse glaucoma 
model. 
Optogenetic activation of the SC was performed via injection of an adeno-associated viral vector 
coding for the stable step-function opsin (SSFO). The SSFO is a channelrhodopsin 2 mutant with 
slow closing kinetics, thus facilitating prolonged neuronal activation. Transgene expression was 
shown to cover a large area of the SC. After optic fiber implantation, animals were subjected to 
the previously reported laser-induced ocular hypertension model (OHT), which induces 
glaucoma-like RGC loss. Starting one day before OHT induction, the experimental group 
received light stimulation twice daily until the animals were sacrificed at 14 dpi. Neuronal 
activation of the SC was validated via immunostaining for the immediate-early gene c-Fos and 
behavioral analysis. Activation of the SC is known to induce specific behavioral changes, such as 
turning, freezing and running, which were all observed upon repeated optogenetic stimulation. 
Behavioral changes lasted for 20 - 30 minutes, coinciding with the SSFO kinetics. Together, 
these data show that repeated optogenetic stimulation of the SC is possible. 
Furthermore, following semi-automated quantification of RGCs on Brn3a-stained retinal 
flatmounts, the optogentically stimulated group showed an significant increase in RGC survival, 
with 91% (± 4% SEM, N=21) survival versus 75% (± 6% SEM, N=16) in the non-stimulated 
group, compared to untreated eyes. Our data clearly reveal that repeated stimulation of central 
brain targets can contribute to neuroprotection of RGCs. Ongoing work includes elucidation of a 



possible mechanism, with a focus on involvement of neurotrophins. In conclusion, these results 
unveil exciting new possible treatment paradigms for glaucoma and other optic neuropathies. 
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Abstract: Introduction: Oligodendrocytes loss and myelin sheet destruction are one of the main 
events that characterize Multiple Sclerosis, a chronic neurodegenerative disease. Endogenous 
neural precursors in the adult brain may be good candidates to help restore the oligodendroglial 
population. Phenytoin promotes cell proliferation of neural precursor cells (NPCs) in the 
postnatal brain. Hence, the pharmacological stimulation of NPCs with phenytoin may represent a 
viable alternative to promote white matter regeneration. Purpose: To evaluate whether 
phenytoin promotes remyelination in the corpus callosum of adult mice intoxicated with 
cuprizone. Methods: 24 CD1 male mice were exposed to 0.2% cuprizone mixed with food chow 
for 8 weeks; then we assembled two groups: phenytoin-treated group and the untreated control 
group. The treated group received oral phenytoin (10 mg/kg) for 4 weeks upon cuprizone 
removal. The control group only received vehicle solution (0.1ml of 25% ethanol v/v solution). 
To evaluate remyelination, we quantified the number of oligodendrocyte precursor cells (OPC) 
and mature oligodendrocytes that expressed Olig2/Brdu, NG2/Brdu, RIP/Brdu cell markers, and 
the expression level of myelin basic protein (MBP), as well as and the muscle strength and 



motor coordination. Results: The number of OPC and oligodendrocytes significantly increases 
after the phenytoin administration as compared to untreated group. Densitometric analysis also 
show an increase in the expression of MBP in the corpus callosum. Functional test show a 
significant improvement in the score rates obtained with horizontal bars test in the phenytoin 
group. Conclusions: Phenytoin stimulates OPC proliferation that contributes to reestablish the 
oligodendroglial population and promotes remyelination of the corpus callosum. These cellular 
effects are associated with functional recovery in motor coordination and strength. 
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Title: Alpha7 nAChR activation or inhibition can mediate neuroprotective activity in 
hippocampal slices and in isolated mitochondria 
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Abstract: 4R-cembranoid (4R), methyllycaconitine (MLA) and 3-furan-2-yl-N-p-tolyl-
acrylamide (PAM-2) are neuroprotective drugs that target the alpha-7 nicotinic acetylcholine 
receptor (α7). However, while 4R and MLA neuroprotective activities are mediated by inhibition 
of α7, PAM-2 is a positive allosteric modulator of α7. The objective of this work is to compare 
the neuroprotective activity of PAM-2 with those of 4R and MLA, in rat hippocampal slice and 
in isolated mice mitochondria expressing α7 receptors. Recording of population spikes (PSs) in 
rat area CA1 of acute hippocampal slices was used to assess the injury caused by NMDA 
excitotoxicity and the neuroprotection by 4R, MLA, and PAM-2. The PS is the sum of axon 
potentials of functionally active pyramidal neurons synaptically elicited by stimulation of the 
Schaffer collaterals. Excitotoxicity was produced by a 10 min application of 0.5 mM NMDA 
which decreased the PS recovery to 40% of ACSF controls. The neuroprotective drugs were 



applied for one hour 30 min after NMDA. In each experiment, the initial PS was measured 
before NMDA and the final PS, one and a half hour after NMDA. Data were analyzed by 
Kruskal-Wallis ANOVA, followed by Dunn’s test. The recovery of PS was significantly 
increased when NMDA was followed by the application of 10 µM PAM-2 (68%), 10 µM 4R 
(82%), or 10 nM MLA (54%). Upon simultaneous application of 10 μM PAM-2 and 10 μM 4R, 
the PS recovery was 60%, while the application of 10 µM PAM-2 plus 10 nM MLA caused a 
recovery to 61%. All differences shown were significant (p<0.05). In conclusion, significant PS 
recovery after NMDA was observed when applying PAM-2, a positive α7 modulator, and two 
selective inhibitors of α7 nAChR, MLA and 4R. This finding could be explained by the 
involvement of different synaptic circuits. On the other hand, the fact that the positive effects of 
PAM-2 and 4R were not additive could be explained by direct competition of a positive 
modulator and an inhibitor at the α7 receptor. The activity of PAM-2 and 4R was determined in 
liver mitochondria obtained from WT and mutant mice. The results indicated that PAM-2 
efficiently attenuated Cyt c release in WT, but not α7-/- or α7/β2-/- mice mitochondria exposed 
to high Ca2+, but not to H2O2 or wortmannin, whereas 4R activity was effective against Ca2+ and 
H2O2, but less against wortmannin. These results suggest that PAM-2 and 4R inhibit Cyt c 
release by distinct intracellular pathways, where PAM-2 activity is mediated by α7-containing 
AChRs triggering CaKMII-dependent, but not Src- or PI3K-dependent, intracellular pathways. 

Disclosures:  V.A. Eterovic: None. H.R. Arias: None. M. Skok: None. D. Perez: None. P.A. 
Ferchmin: None. 

Poster 

302. Mechanisms of Neuroprotection 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 302.12/W10 

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

Support: NIH R01AG0145264 

Title: Palmitate-enriched diet mitigates BDNF expression in the brain 
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Abstract: A multitude of epidemiological, clinical, and laboratory studies have suggested that 
diets rich in saturated fat precipitate cognitive impairment and exacerbate cognitive decline in 
the elderly leading to an increase in the risk for dementia and neurodegenerative disorders. 
Palmitic acid (palmitate) is the most abundant saturated free fatty acid (sFFA) present in the 
saturated fat higher palmitate levels in the plasma inversely correlate with cognitive function. 



However, the molecular mechanisms underlying the effects of a palmitate-enriched diet in the 
derangement of cognitive function and evoking learning and memory deficits has not been 
characterized. Herein, we determined the effects of a palmitate-enriched diet and exogenous 
treatment on Brain-derived Neurotrophic Factor (BDNF) expression, in the mouse brain and SH-
SY5Y human neuroblastoma cells, respectively. We fed a cohort of nine-month old wild-type 
C57BL/6J mice (n=15), a palmitate-enriched diet or a control-chow diet for three months and 
determined the effects on BDNF expression in cortex and hippocampus and elucidated the role 
of changes in cAMP/PKA/CREB signaling pathways that results in changes in CREB-binding to 
the BDNF promoter by ChIP-qPCR. We further determined the extent to which exogenous 
palmitate treatment of human neuroblastoma SH-SY5Y cells evokes changes in cAMP/PKA 
signaling pathway that results in altered CREB activation and CREB-mediated BDNF expression 
and delineated the signaling cascades by selective knock-down of kinases and ectopic expression 
of transcriptionally-inert mutant forms CREB. We demonstrate, in palmitate-treated human 
neuroblastoma cells and in the brains of palmitate-enriched diet-fed mice, that palmitate evokes a 
reduction in cAMP levels leading to a mitigation in PKA-mediated CREB activation that 
culminates in attenuated BDNF expression. We further show that the mitigation of CREB 
transcriptional activity is essential for the palmitate-induced decrease in BDNF expression, as 
constitutively active CREB precludes the deleterious effects of palmitate on BDNF expression. 
Our study highlights the derangements in cAMP/PKA/CREB signaling pathway as the conduit 
for palmitate-induced down-regulation of BDNF, the most abundant neurotrophin and growth 
factor in the brain that is indispensable for neuronal survival and synaptogenesis, and other facets 
of neuronal physiology integral in learning and memory. 
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Abstract: Heat shock proteins (Hsps) are highly conserved proteins that play important roles in 
cellular repair and protective mechanisms that counteract protein misfolding and aggregation that 
are features of neurodegenerative diseases. HSPA6 (Hsp70B') is an inducible member of the 
HSPA (Hsp70) multigene family that has received little attention compared to the more widely 
studied HSPA1A (Hsp70-1). Interestingly, the HSPA6 gene is found in the human genome but is 
not present in mouse and rat. Hence it is absent in current animals models of neurodegenerative 
diseases which have been characterized as protein misfolding disorders. To advance knowledge 
of this little studied HSPA member, the effect of selective knockdown of HSPA6 and HSPA1A 
was examined in relation to the ability of differentiated human SH-SY5Y neuronal cells to 
survive thermal stress. Induction of Hsps by low dosage co-application of celastrol and 
arimoclomol was observed to enhance the ability of differentiated neuronal cells to tolerate heat 
shock. Small interfering RNA (siRNA) knockdown of HSPA6, or HSPA1A, resulted in loss of 
the protective effects of co-application of celastrol/arimoclomol. More pronounced effects were 
observed at 44°C heat shock compared to 43°C. These results suggest that induction of both 
HSPA6 and HSPA1A is required for the protection of differentiated human neuronal cells from 
cellular stress. 
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Abstract: Diabetic retinopathy (DR) is the most common ocular disease of people under 
diabetes, which gradually leads to visual impairment and blindness. Three major pathogenic 



components define DR, namely neovascularization, neurodegeneration and inflammation. 
Available therapeutics target only the formation of new blood vessels. Recent findings propose 
that the imbalance between prosurvival neurotrophic factors and inflammatory components lead 
to apoptosis and pro-inflammatory responses. We have shown that BNN27, a novel synthetic 
DHEA derivative that interacts with neurotrophin receptors -thus called microneurotrophin-, 
reverses the diabetes-induced retinal damage (on amacrine retinal cells and ganglion cell axons). 
More specific, it activates the NGF TrkA receptor and its downstream prosurvival signaling in 
the Streptozotocin (STZ)-model of DR. The main aim of the present study was to examine the 
effect of BNN27 on the diabetes-induced changes a) in the immature isoform of NGF, proNGF, 
which binds with high affinity to the p75 NTR neurotrophin receptor, b) on gliosis, and c) on the 
pro- and anti-inflammatory mediators in the STZ-model of DR. BNN27 attenuated the diabetes-
induced increase in proNGF, p75NTR, glial fibrillary acidic protein (GFAP) and Iba-1 (microglia 
marker) expression. The levels of the transcription factor NFkB, known to be implicated in the 
production of pro- inflammatory cytokines, were increased in the diabetic retina. BNN27 
attenuated the diabetes-induced increase in the pro-inflammatory cytokines TNFα and IL-1β. In 
addition, it up-regulated the levels of the anti-inflammatory cytokines IL-10 and IL-4. The 
PI3K/Akt signaling pathway is also implicated in survival by regulating the production of pro-
inflammatory cytokines. In the diabetic retina, Akt kinase phosphorylation was amplified, while 
BNN27 attenuated the phosphorylation of Akt kinase in a dose-dependent manner. In conclusion, 
these results provide important findings regarding the effects of the microneurotrophin BNN27 
on the expression of proNGF and p75NTR, gliosis and inflammation in the diabetic retina. 
However, further studies are necessary in order to support its beneficial use as therapeutic for the 
treatment of diabetic retinopathy. 
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Abstract: Although increasing numbers of cancer patients are experiencing excellent outcomes 
with prolonged survival with chemotherapy, many chemotherapeutic agents often cause 
Chemotherapy Induced Peripheral Neuropathy (CIPN), a serious, painful, and dose-limiting 
complication. There are currently no effective therapies that prevent CIPN. In order to examine 
the mechanisms that lead to axon degeneration in CIPN and identify new therapeutic pathways 
for the treatment, we asked if genetic deletion of Sarm1 (sterile α-motif-containing and 
armadillo-motif containing protein) which has a pivotal role in activating axonal degeneration 
following injury, is protective against axonal degeneration in mouse CIPN models. Paclitaxel (25 
mg/kg three times for one week), Cisplatin (4 mg/kg once a week for 4 weeks) and Bortezomib 
(0.8 mg/kg twice a week for 4 weeks) are administered by tailvein injections to wild-type mice 
and Sarm1 knockout mice. The key manifestations of mouse peripheral neuropathy models, 
including loss of intra epidermal nerve fibers (IENF), thermal hyperalgesia, and reduction in 
sensory evoked responses were observed in wild-type mice, but Sarm1 knockout mice did not 
show loss of IENF, thermal hyperalgesia or reduction in sensory evoked responses. As genetic 
deletion of Sarm1 blocks the development of peripheral neuropathies induced by these three 
different chemotherapy drugs that cause peripheral neuropathy via different mechanisms of 
actions, our findings suggest that axonal degeneration in CIPN has a final common pathway 
mediated by Sarm1. Therapeutic strategies aimed at reducing or inhibiting SARM1 activity may 
offer a new therapeutic target for CIPN. 

Disclosures:  A. Cetinkaya-Fisgin: None. X. Luan: None. N. Reed: None. A. Hoke: None. 

Poster 

302. Mechanisms of Neuroprotection 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 302.16/W14 

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

Support: NIH NS094507 

Title: Intestinal dysbiosis affects motorsensory function after intracerebral hemorrhage 

Authors: *G. KONE, C. IADECOLA, J. ANRATHER 
Feil Family Brain and Mind Res. Inst., Weill Cornell Med., New York, NY 

Abstract: While intracerebral hemorrhage (ICH) accounts for only 15-20% of all strokes, it is 
the most deadly of stroke subtypes with a 40-50% mortality within 1 month. The brain damage 
that occurs following ICH is in part determined by inflammation, mediated by both innate and 



adaptive immune cells. In particular, regulatory T-cells and γδT cells have both been shown to 
infiltrate the brain following ICH (Mracsko et al., Stroke, 2014). Furthermore, regulatory T-cell 
implants have been shown to limit neuroinflammation and improve functional outcomes 
following ICH (Yang et al., International Immunopharmacology, 2014). We have previously 
shown that intestinal dysbiosis, induced by antibiotic-produced alterations of the intestinal 
microbiota, can alter T-cell trafficking to the brain and reduce brain injury following ischemic 
stroke (Benakis, et al., Nature Medicine, 2016). In the present study we explored whether 
intestinal dysbiosis can similarly provide neuroprotection in ICH. C57BL/6 mice treated with 
amoxicillin and clavulanic (AC) acid in tap water were housed alone (AC sensitive) or co-housed 
with seeder mice that had AC resistant gut flora which were then transferred to their cage mates 
(AC resistant). ICH was induced via stereotaxic injection of 0.075U bacterial collagenase into 
the striatum. Sensorimotor function was assessed using the tape test 1 day prior and on days 1, 3, 
and 7 following ICH and measuring the time to contact and removal of tape on the forepaws. On 
day 7, brains were sectioned to measure swelling by comparing the volumes of the hemisphere 
ipsilateral and contralateral to the lesion. AC sensitive mice made earlier contact with tape on 
their contralesional forepaw on day 1 (42± 29s) and day 3 (13± 7s) than AC resistant mice made 
on day 1 (91± 36s, p = 0.0049; Mann-Whitney U test) and day 3 (55± 33s, p=0.0007, n=15). 
Similarly, AC sensitive mice more quickly removed tape from their contralesional forepaw on 
day 1 (86± 37s) and day 3(65± 30s) than AC resistant mice did on day 1(150± 24s, p=0.0120) 
and day 3 (147± 21s, p= 0.0001, n=13). Brains from AC sensitive mice showed a trend for less 
swelling of the injured hemisphere, but this change did not reach statistical significance in this 
small group (p>0.05; Mann-Whitney U test). These results suggest that the gut-brain axis may 
play a role in the evolution of functional decline following ICH, and suggest a novel therapeutic 
avenue for attenuating the inflammatory response following ICH. 
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Abstract: Nr2e3 is a retina-specific nuclear receptor and a master regulator of photoreceptor 
gene expression. Chemical modulation of this receptor has great potential as a therapeutic 
strategy to treat retinal degenerative diseases like Retinitis Pigmentosa (RP) and macular 



degeneration. Toward this end, we have identified several series of small molecule modulators of 
Nr2e3 that regulate the expression of photoreceptor-specific genes. Thus far, we have focused on 
two series of chemically distinct compounds, the Photoregulin1 (PR1) series and the 
Photoregulin2 (PR2) series. Manipulation of photoreceptor expression with either PR1 or PR2 
slows the progression of retinal degeneration in vitro in the RhoP23H and Pde6bRd1 models of RP 
(Nakamura et al., 2016). However, in vivo analyses with these series, especially the PR1 series, 
were limited by the compounds’ potency, solubility, and stability in vivo. We have also 
identified a third series, Photoregulin3 (PR3), which is more potent than the first two series. 
After systemic delivery, PR3 has large effects on rod photoreceptor gene expression (e.g. Nrl, 
Rhodopsin, Gnat1) by RNAseq analysis. In RhoP23H mice, a model of autosomal dominant RP, 
most rod photoreceptors undergo cell death by the end of the third postnatal week, and we 
hypothesized that decreasing Rhodopsin expression with PR3 treatment would prevent retinal 
degeneration in this model. We treated RhoP23H mice with PR3 or vehicle from postnatal day 12-
14 (P12-14) until P20 and assessed retinal structure and function at P21. PR3-treated RhoP23H 
mice had larger scotopic and photopic ERG responses than littermate controls, in addition to 
significantly decreased degeneration of photoreceptors. Together, our data suggest that 
pharmacological disruption of Nr2e3 signaling may be a therapeutically advantageous strategy 
for the treatment of RP and other degenerative diseases of the retina. 
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Title: Intrathecally injected bone marrow stromal cells produce sustained neuropathic pain 
reduction via neuro-immune regulation 
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Abstract: Chemotherapy-induced peripheral neuropathy is the de facto toxic effect that limits 
the administration of anti-neoplastic agents such as paclitaxel in the treatment of cancer. This 



toxic effect limits the utilization of aggressive chemotherapeutic regimens associated with an 
increase in patient survival from cancer. Understanding the mechanisms of chemotherapy-
induced peripheral neuropathy may enable the development of treatments to curtail the 
neurotoxicity of chemotherapeutic agents and allow for increased usage of aggressive treatment 
regimens in oncology. Chen et al. discovered that intrathecal injection of bone marrow stromal 
cells (BMSCs) reduced peripheral neuropathy for more than two months in murine chronic 
constriction injury and spared nerve injury models. The study found that TGF-β1 was the factor 
secreted by BMSCs responsible for the reduction in neuropathic pain, and furthermore the 
injected BMSCs migrated specifically to injured dorsal root ganglia through an interaction 
between CXCR4 and CXCL12. In this study, we examined the effects of BMSC intrathecal 
injections on peripheral neuropathy in the murine paclitaxel model (four intraperitoneal 
injections on alternate days at a concentration of 2.0mg/kg). We discovered that at a single 
injection of a similar dosage (3.0 x 105 cells) of BMSCs into the intrathecal space of paclitaxel-
treated mice produced a significant reduction in mechanical allodynia that lasted for more than 
six weeks. The analgesic effect of intrathecally injected bone marrow stromal cells in paclitaxel-
induced peripheral neuropathic mice was reversed by an intrathecal injection of anti-TGF-β1 
antibody, suggesting TGF-β1 as the specific factor secreted by BMSCs that inhibits neuropathic 
pain. We also confirmed that TGF-β1 injected intrathecally at a dosage of 100ng produced an 
immediate but transient reduction in mechanical allodynia in paclitaxel-treated mice. These 
findings suggest that bone marrow stromal cells injected into the intrathecal space secreting 
factors including TGF-β1 can produce significant and sustained analgesia for pain associated 
with chemotherapy-induced peripheral neuropathy. 
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Abstract: Organophosphate (OP) poisoning is a global issue. The organophosphorus compounds 
manifest toxicity by inhibiting neurochemical, acetylcholinesterase (AChE).Oxime is used to 



reactivate the inhibited AChE. First oxime was developed in 1956, named pralidoxime. 
However, its efficacy is controversial. Hence, there is pressing need to develop a new efficacious 
oxime. Present study was aimed and designed to introduce a novel efficacious oxime and 
compared with another experimental oxime, K27. In silico and in vitro methods were employed 
to assess the potency and compare the efficacy of novel oximes against paraoxon (POX) 
inhibited AChE. 
Molecular docking of the oximes revealed that novel oximes K378 and K727 binds at peripheral 
anionic site (PAS) with low binding affinity and high binding energy. Other tested oximes were 
having high binding affinity and low binding energy for the active catalytic site at the bottom of 
the gorge. LogP determination showed that novel oxime K727 possess low permeability to blood 
brain barrier. Intrinsic toxicity of K727 and K378 (in term of IC50) were 0.99 µM and 0.94 µM 
respectively. Percent reactivation (R50) for PAM-Cl, K27, K727 and K378 were found to be 
135.45 µM, 2.68 µM, 1.7109X1014 µM and 2.67X1017 µM respectively. Apparent rate constant 
of the oximes revealed slow apparent rate constant for K727 (≈0.002 moles/minute) and K378 
(≈0.005 moles/minute) in comparison K27 (≈0.06 moles/minute), and PAM-Cl (≈0.02 
moles/minute). The delayed time point application of oximes showed that K27 is effective even, 
when applied after 20 minutes of intoxication by POX. Other oximes decreased the efficacy with 
increase in time point of oxime application 
It is concluded that K378 and K727 are not efficacious than pralidoxime. However, pralidoxime 
is inferior in efficacy than K27. Further work with structurally different organophosphates is 
suggested. 
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Abstract: Prolonged exposure to cocaine affects VTA-NAc dopaminergic neurons resulting in 
imbalance to mesolimbic pathway in vivo, contributing to relapse seen in chronic cocaine 
addiction. Our previous study in rat model of cocaine addiction demonstrated that retinal 
pigment epithelial (RPE) cells grafted into NAc, helped to reduce drug seeking in high-dose 
cocaine-self-administering animals after a period of abstinence (Venkiteswaran et al. 2016). To 
verify this and to understand the underlying mechanisms, we investigated if cocaine induced 
neuronal death and RPEC-mediated rescue could occur in primary cultures of mouse fetal ventral 
mesencephalic (mFVM) neurons. mFVM tissue dissected from E13.5 mouse embryos was made 
to single cell preparation and was cultured in vitro. These cultures were exposed to increasing 
doses of cocaine (3 µM to 1300 µM) in vitro for 24 hours. After this, the cultures were fixed and 
stained for tyrosine hydroxylase (TH) and quantified the TH positive neurons by stereology. The 
study showed in vitro dose responsive neuronal degradation and also upregulation of glial cell 
proliferation in the mFVM cultures when exposed to increasing doses of cocaine. Cocaine 
treated mFVM cultures were treated with RPEC conditioned medium (RPE-CM) 1) 24 hours 
prior to cocaine administration (pretreatment), 2) with cocaine administration (simultaneous 
treatment), and 3) 24 hours after cocaine administration (post treatment) in vitro. As controls, 
Glial Derived Neurotropic Factor (GDNF, 1µg/ml) and Pigment epithelial derived factor 
(100ng/ml) were used to treat separately on the mFVM, cultured in vitro. The cultures were fixed 
on day 6 and the dopaminergic neurons were analyzed by TH immunocytochemistry, stereology 
and neuron tracing techniques. TH positive neurons were quantified by petrimetrics and neuronal 
characteristics were measured using Neurolucida. GDNF and PEDF treatments showed better 
survival of dopaminergic neurons in the cocaine treated mFVM cultures. However the neuronal 
characteristics were different for the two growth factors. Treatment with RPE-CM showed better 
survival of TH positive neurons with healthier neuronal characteristics. 

Disclosures:  K. Venkiteswaran: None. T. Cayton: None. S. Singh: None. A. Patel: None. T. 
Subramanian: None. P. Sue Grigson: None. 

Poster 

302. Mechanisms of Neuroprotection 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 302.21/W19 

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

Support: NIH Grant R15NS090384 

 Private donation to MSU-B foundation 

 NIH Grant P20GM103474 

Title: Using Trichostatin A to rescue Trka+ neurons in a mouse model of familial dysautonomia 
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Biol. and Physical Sci., Montana State Univ. Billings, Billings, MT 

Abstract: Familial Dysautonomia (FD) is a severe neurodevelopmental and neurodegenerative 
disease that devastates the peripheral nervous system, culminating in death of most patients by 
age 40. FD results from a single base mutation in the gene Ikbkap/Elp1 that encodes the 
scaffolding unit for the Elongator complex. A hallmark feature of FD, present at birth, is a 
severely reduced number of TrkA+ pain and temperature sensing nociceptors in the dorsal root 
ganglia. Previous studies in a mouse model for FD have shown that impaired neurogenesis 
during embryonic development contributes to this decreased number of nociceptors. Multiple 
studies in both familial dysautonomia patients and mouse models of FD have also documented 
reduced levels of acetylated histone H3. To examine whether depleted histone acetylation may 
play a causal role in the failed production of TrkA+ neurons during embryogenesis, we evaluated 
the ability of the histone deacetylase inhibitor, Trichostatin A (TSA), to rescue TrkA+ neuron 
number in Wnt1-Cre ; IkbkapLoxP/LoxP conditional knockout (CKO) mice where Ikbkap/Elp1 is 
selectively ablated in the peripheral nervous system. Although CKO pups die within 24 hours of 
birth, their survival through development allowed us to ask whether hyper-acetylation of histones 
during embryogenesis could rescue TrkA+ neuron number. Pregnant dams were treated with 
either 1mg/kg of Trichostatin A (experimental) or vehicle alone (control), at E8.5, E10.5, and 
E12.5, a time frame corresponding to neurogenesis in the mouse dorsal root ganglia. 
Quantification of TrkA+ neuron number at E17.5 shows a significant increase in TSA-treated 
embryos over vehicle controls (132.9% increase; p<.00001). We are currently exploring the 
molecular and cellular mechanisms via which histone deacetylase inhibition rescues TrkA+ 
neuron number during embryogenesis. 
The post-natal death of Wnt1-Cre; IkbkapLoxP/LoxP pups has been attributed to complications of a 
cleft palate. Interestingly, TSA treated CKO embryos show significant changes in head 
morphology at E17.5. We are currently investigating whether this altered head development 
includes correction of cleft palate such that CKO pups survive beyond their first 24 hours. 
Further studies will also evaluate the ability of Trichostatin A to protect cultured mature neurons 
in vitro, as well as to prevent neurodegeneration in vivo, in adult mice. 
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Title: Rescuing synaptic activity in prion-disease mice 
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Abstract: It has been suggested that nitric oxide and S-nitrosylation are involved in the 
pathogenesis of various neurodegenerative disorders including Parkinson’s disease (PD), and 
Alzheimer’s disease (AD). Elevated neuroinflammation levels that characterize these pathologies 
are largely associated with an increased production of nitric oxide (NO) leading to abnormal 
protein S-nitrosylation. We use a mouse model of neurodegeneration to investigate the role of 
nitric oxide mediated pathways at the synapse and its contribution to neuronal decline. We show 
that in prion-infected mice synaptic activity is dramatically decreased. Indeed the amplitude and 
frequency of miniature EPSCs are lowered together with potassium currents. However chronic 
injection of a NOS inhibitor L-NAME totally rescues presynaptic release probability / the 
number of functional synaptic sites and the density/conductance of postsynaptic receptors at 
individual synapses. We evaluate the impact of blocking nitric oxide synthase on memory and 
survival of the prion mice. We further examine the expression of synaptic proteins like synapsin 
and complexin1/2 in prion-infected mice as the disease progresses using Western blotting and 
immunohistochemistry. Future work will study the effect of chronic L-NAME treatment on 
synaptic protein expression and nitrosylation status of synaptic proteins. 
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Abstract: Our mechanistic understanding of how neurons respond to stress and injury is 
incomplete, and this lack of fundamental knowledge impedes the development of urgently 
needed therapies for neurological diseases. We used an RNA-Seq screen against multiple stress 
conditions to unravel the common transcriptional signature of acutely stressed cortical mouse 



neurons. Our expression screen and subsequent retests identified GDPGP1 as a novel stress-
responsive gene. GDPGP1 expression is down-regulated in primary cortical mouse neurons 
following hypoxic and oxidative stress. Further, knockdown of GDPGP1 in primary cortical 
mouse neurons leads to widespread neuronal cell death. To characterize the in vivo function of 
GDPGP1 in the neuronal response to stress and injury, we used a genetic approach in C. elegans. 
GDPGP1 has a single homologue in C. elegans, mcp-1. mcp-1 shows neuron-specific expression 
and, consistent with our results in cultured mouse cortical neurons, is transcriptionally down-
regulated in response to a range of stresses. Loss-of-function mutations of mcp-1 improve axon 
regeneration after axotomy, but lead to increased degeneration of GABA neurons as well as 
reduced survival of worms following environmental stress. Taken together, our data identifies 
GDPGP1/mcp-1 as a novel stress-responsive gene in nematode and mammalian neurons, and 
suggest that GDPGP1 has an important in vivo function in mediating neuronal responses to 
multiple stresses. The downregulation of GDPGP1 in injured or stressed neurons might 
contribute to loss of cell survival. 
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Title: Neuroprotection and neurodegenerative response by CB1 and CB2 cannabinoid receptor 
inactivation after neonatal peripheral nerve lesion 
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Abstract: Neonatal peripheral nerve lesion results in degeneration of spinal motoneurons and 
dorsal root ganglia (DRG) already at the acute phase post-axotomy. Neurotrophic substances 
may prevent such cell loss, allowing axonal regeneration and rehabilitation. We have previously 
shown that cannabidiol (CBD), a non-psychotropic component of cannabis leaves, is 
neuroprotective for both motoneurons and DRG neurons, when administrated during the five 
subsequent days post nerve lesion. CBD can activate the endocannabinoid system, via 



cannabinoid receptors, namely CB1 and CB2. However, the relative importance of each receptor 
is elusive regarding neuronal response to axonal transection. Therefore, the aim of present work 
was to investigate the neuroprotective effects of CBD by selectively inactivating CB1 and CB2 
receptors following neonatal sciatic nerve lesion. For this purpose, Wistar neonatal rats (P2) 
were subjected to unilateral sciatic nerve injury and treated with CBD (15mg/Kg) or vehicle 
solution for five consecutive days. CB1 and CB2 were blocked alone or simultaneously by the 
use of AM251 (CB1 antagonist) and AM630 (CB2 antagonist). Neuronal survival was assessed 
by direct counting in Nissl stained sections. RT-qPCR was used to measure gene expression of 
CB1, CB2, BDNF, and GDNF both in the lumbar intumescence and DRGs. Similarly, 
immunohistochemistry was used to evaluate protein expression in situ. Unexpectedly, the spinal 
motoneuron survival was 40% greater than vehicle when CBD alone or the combination of 
AM251 and AM630 were used. Also, qRT-PCR analysis demonstrated that AM251 and AM630 
alone or together generated 40% decrease of CB1 receptor and 20% of BDNF gene expression. 
Importantly, the use of CB1 and CB2 antagonists result in a significant increase of CB2 and 
GDNF gene expression in the DRGs (60% upregulation), suggesting that cannabinoid receptors 
blockade also impacts the primary afferents response to injury. Taking together, the results 
herein show that the cannabinoid receptors can play a role in the neuroprotective and 
regenerative response after peripheral nerve lesion during the neonatal phase. 
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Abstract: Maintaining motoneuron (MN) survival is critical for successful neuroregeneration 
after peripheral nerve injury. Elucidating the cellular mechanisms that determine whether a MN 



survives or perishes after a peripheral nerve injury will be necessary for the development of 
therapies for the treatment of nerve injury and may yield important clues about the pathogenesis 
of amyotrophic lateral sclerosis (ALS), a disease which is also thought to be initiated by a distal 
insult to the MN axon. Of particular interest to our laboratory is interleukin-10 (IL-10), an anti-
inflammatory cytokine. We have previously found that a central source of IL-10 is required for 
CD4+ T cells to mediate MN survival after facial nerve axotomy (FNA) and that axotomy 
induces astrocytes to upregulate IL-10 receptors. The objective of this study is to investigate the 
cellular source and role of IL-10 in mediating neuroprotection after FNA. Immunohistochemistry 
and utilization of an IL-10/GFP reporter mouse revealed that astrocytes were positive for IL-10 
after FNA, whereas microglial production of IL-10 was undetectable. Unexpectedly, MN 
themselves appeared to be constitutive producers of IL-10. To determine whether a glial source 
of IL-10 is critical for MN survival, we generated Cre/lox mouse strains to selectively knock 
down IL-10 in microglia and astrocytes. In accordance with our previous findings, knockdown of 
IL-10 in microglia had no effect on MN survival after axotomy. To our surprise, knocking down 
IL-10 in astrocytes also did not affect MN survival. These results have led to the hypothesis that 
a neuronal source of IL-10 is necessary for MN survival after FNA, potentially by modulating 
glial reactivity. Experiments to address this neuronal source of IL-10 are underway. The pattern 
of IL-10 expression in the mSOD1G93A mouse model of ALS after FNA is also under 
investigation. These studies pave the way for future application of immune-modulating therapies 
after nerve injury. 
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after optic nerve crush 
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Abstract: Injured mature CNS axons do not regenerate in mammals. Activating transcription 
factor 3 (ATF3) is a member of a family of ATF/cyclic AMP responsive element binding 



transcription factors and was identified as a protein whose activity is regulated by stressful 
stimuli. In the peripheral nervous system, upregulation of ATF3 expression is closely linked to 
the survival of neurons and the regeneration of their axons following axotomy. Here, we sought 
to determine whether ATF3 promotes the survival of CNS neurons and the regeneration of their 
axons using an optic nerve crush model. In zebrafish which are able to regenerate the optic nerve 
after transection, a 19.2 fold upregulation of atf3 expression was demonstrated in the retina 48h 
after optic nerve crush compared with uninjured retina. In order to elucidate whether 
overexpression of ATF3 may stimulate regeneration of the optic nerve in mammals, we 
performed intravitreal injections of recombinant AAV2.9/2yF vector encoding mouse ATF3 
2.3E+10 viral particles into adult mouse eyes one week before the optic nerve crush, 
AAV2.9/2yF encoding for mCherry was used as negative control. Survival of retinal ganglion 
cells (RGCs) and regeneration of their axons were analyzed one week after crush. RGC were 
identified by positive RBPMS staining whereas axons were labeled with the anterograde 
fluorescent tracer cholera toxin beta. Intravitreal injection of AAV encoding ATF3 increased 
survival of RGCs by 23% relative to eyes injected with control AAV encoding cherry protein or 
non-injected eyes. ATF3 overexpression induced significant regeneration of RGC axons with an 
approximate 3-fold higher number of axons 1mm distal to the laminin+ crush site compared with 
controls. At 40d post-crush, some axons were identified within the optic chiasm after ATF3 
overexpression. . The optomotor test was done using the OptoMotry system and was used to 
record head movements (optomotor reflex; OMR) in an animal in response to a rotating visual 
stimulus. ATF3 overexpression led to a partial restoration of OMR compared to control animals 
35 days after the crush. Altogether, these results indicate that ATF3 has a neuroprotective and 
axogenic effect on injured RGCs, promoting the restoration of some visual-dependant 
behaviours. 
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Abstract: Pretreatment with Cromolyn sodium (CGS) produces neuroprotector effects in 
experimental hypoxia-ischemia and Status epilepticus (SE). However, at present it is unknown if 
its administration after SE is able to prevent the subsequent neuronal damage. This study was 
focused to investigate if a single administration of CGS applied 1 h after pilocarpine-induced SE 
can reduce the neuronal damage in hippocampus. Rats (n=20) received one saline solution 
administration (1 ml/kg, i.p.) per day for 5 consecutive days for habituation to manipulation. 
Twenty-four hours after the last saline injection, animals received the administration of lithium 
chloride (3 mEq/kg i.p.), and 18 h later, methylscopolamine (1 mg/kg, s.c.) was applied. 
Pilocarpine (30 mg/kg, i.p.) was injected 30 min after methylscopolamine to induces SE. Two 
hours after the establishment of SE, rats were injected with diazepam (2.5 and 1.25 mg/kg, i.m, 1 
h and 8 h after SE, respectively) to reduce the convulsive seizures. A group of animals (CG-SE 
n=6) was injected with CGS (50 mg/kg s.c.) 1 h after the first administration of diazepam. The 
SE control group (SS-SE n=8) was manipulated as described above except that vehicle was 
applied instead of CGS. A control group (SS, n=6) received vehicle instead of pilocarpine. 
Animals were sacrificed 24 h after SE and the brain was used to evaluate neurons in process of 
death using Fluoro-Jade B. We found that the control group presented scarce cell in process of 
death. In contrast, SS-SE group showed neuronal damage 24 h after SE in dorsal hippocampus 
(dentate gyrus, 363.4±128 mm3; hilus, 186.7±28 mm3; CA1, 233.3±155 mm3 and CA3, 
260.3±48 mm3), lateral-dorsal thalamic nucleus (260.3±24 mm3) and layers V and VI of cortex 
(213.3±49 mm3). When compared with SS-SE group, CGS-SE group presented less neuronal 
damage induced in the dorsal hippocampus (dentate gyrus, 86% p=0.0158; hilus, 42% p=0.0122; 
CA1, 80% p=0.0377 and CA3, 68% p=0.0093). This situation was not evident in the lateral-
dorsal nucleus of thalamus and neocortex. In conclusion, our data indicate that CGS applied after 
SE can be used as a therapeutic strategy to reduce the subsequent neuronal damage. 
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Abstract: The use of nerve agents (NA) in recent years, even against civilians, bring again to the 
forefront the question of readiness and whether the existing medical countermeasures can save 
lives and protect against the long-term health consequences of exposure. The primary action of 
NA is the inhibition of acetylcholinesterase, which, in addition to the peripheral cholinergic 
crisis, induces status epilepticus (SE); if SE is not adequately controlled, death may ensue, or 
brain damage, with long-lasting neurological and behavioral consequences. The total duration of 
SE after exposure determines to a significant degree the extent of brain damage. In previous 
research from our group, antagonists of GluK1-containing kainate receptors (GluK1Rs) were 
found to be effective against soman-induced seizures even when administration is delayed 1 hour 
or later. On the other hand, diazepam (DZP), the only FDA-approved anticonvulsant for the 
treatment of NA-induced seizures, has been demonstrated in animal models to lose efficacy with 
delayed administration; furthermore, we have observed significant recurrence of convulsive 
seizures after the initial SE is terminated by DZP, making the total duration of SE with 24 hours 
post-exposure no different from that in animals who do not receive anticonvulsant treatment. In 
the present study, we compared the occurrence of recurrent seizures after treatment of soman-
exposed rats with tezampanel (LY293558) or DZP. We have analyzed video-EEG of animals 
exposed to 1.4X LD50 soman (pretreated 30 min earlier with 125 mg/kg HI-6 and administered 2 
mg/kg Atropine Sulfate at 1 min after exposure) and treated with DZP (10 mg/kg) or LY293558 
(50 mg/kg) at 1 to 2 hours after exposure. The latency to the appearance of recurrent convulsive 
seizures was significantly longer in animals treated with LY293558 (1020 ± 78 min) versus DZP 
(330 ± 28 min). We also used power spectrum analysis to study the progression of recurrent 
electrographic seizures during the 24-hour period post-exposure. Although seizures recurred 
after either LY293558 or DZP treatment, LY293558 was significantly more efficacious in 
suppressing them, thus reducing the total duration of SE in the 24-hour post-exposure period 
significantly more than DZP. The data suggest that targeting the glutamatergic system to 
suppress seizures after NA exposure will not only terminate the initial SE but also reduce 
significantly the total duration of post-exposure seizures, which predicts significant protection 
against brain damage; suppression of the total duration of seizures in the 24-hour post-exposure 
period cannot be achieved by drugs targeting the GABAergic system, such as DZP. 
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Abstract: Controlling the nucleoplasmic concentration of free calcium ions (Ca2+) is essential 
for the physiological activity of neurons, such as gene expression and 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 as 
transcription factors directly controlled by extracellular hormone signaling. 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 in the nuclear envelope control the 
Ca2+ concentration of the nucleoplasm in neurons. Specifically, it was identified how direct 
binding of estrogen receptors to inositol 1,4,5-trisphosphate receptors on the nucleoplasmic face 
of the nuclear envelope affects release of Ca2+ from the nuclear envelope by controlling the 
activity of this major type of ligand-gated intracellular Ca2+ release channels in the nuclear 
envelope of 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 in the nucleus 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 the nuclear 
envelope and in the nucleoplasm as well as altered susceptibility of neurons to stimuli selectively 



elevating nucleoplasmic Ca2+ levels. The work indicates that Ca2+ signaling in the nucleus of 
neurons mediated by inositol 1,4,5-trisphosphate receptors as Ca2+ dependent intracellular Ca2+ 
release channels is critically controlled by steroid hormone receptor binding. Such nucleoplasmic 
Ca2+ signaling controlled by protein-protein interactions in neurons of the central nervous system 
potentially provides a novel mechanism for both genomic as well as non-genomic actions of 
steroid hormone receptors as a new target for drug development in the area of 
neurodegeneration. 

Disclosures:  P. Koulen: None. 

Poster 

302. Mechanisms of Neuroprotection 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 302.30/W28 

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

Title: EphB2 controls depression & cognitive impairment by regulating neurogenesis in 
hippocampus 

Authors: *Y. XIAOKAITI1, V. LURIA2, H. ZHANG3, J. O'DONNELL1, Y. XU1 
1Dept. of Pharmaceut. Sci., State Univ. of New York at Buffalo, Buffalo, NY; 2Dept. of Systems 
Biol., Harvard Med. Sch., Boston, MA; 3Depts Behav Med. & Psych, Pharm, West Virginia 
Univ. Hlth. Sci. Ctr., Morgantown, WV 

Abstract: EphB2 activates signaling transduction in central nervous system by interacting with 
membrane-anchored ligands ephrins. EphB2 (receptor tyrosine kinase) is considered to mediate 
development of the neurogenic niche of excitatory neurons, implicating its role in 
neuropsychiatric disorders. However, how EphB2 controls depression and memory and cognitive 
processes remain partially understood. The present study examined depression-like behaviors 
and cognitive impairment induced by EphB2 knockout (KO) in series behavioral tests and the 
correlation with hippocampal neurogenesis. The EphB2 KO mice produced depression-like 
behaviors and deficits in spatial memory and cognition in comparison with matched wild-type 
littermates in tail suspension, forced swimming, Morris water maze, novel object recognition and 
novel object location tests. Further study suggested that depletion of EphB2 significantly reduced 
expression of neural stem cells (NSCs)/progenitor cells (NPCs), and also affected differentiation 
of neural progenitors in the hippocampus. These alterations were accompanied by the findings 
that increased N-methyl-D-aspartate (NMDA) receptor 2B, decreased phosphorylation of cAMP-
response element binding protein (pCREB) and brain derived neurotrophic factor (BDNF) levels 
were significant in EphB2 KO mice. These alterations exhibited by knockout of EphB2 highlight 
that EphB2 receptor controls the progression of depression and cognitive impairment by 
increased hippocampal neurogenesis, which implicate that EphB2 is one of candidate molecules 



for modulating the production and integration of new neurons for treatment of emotional and 
cognitive disorders. 
Key Words: EphB2; depression; cognition; neurogenesis; NMDA-2B receptor 
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Abstract: The dysfunction of cholesterol metabolism may be a crucial event that leads to the 
progression of multiple sclerosis (MS). Using a rat experimental autoimmune encephalomyelitis 
(EAE) model of MS, the specific changes of main molecule involved in the retaining of 
cholesterol homeostasis in the spinal cord: cholesterol 24-hydroxylase (CYP46A1) expression 
was monitored on gene and protein level during the course of disease. The present study is aimed 
to explore the molecular pattern of CYP46A1 expression over the course of EAE and cell type(s) 
accountable for its expression. EAE was induced in Dark Agouti rats by immunization with the 
spinal cord tissue homogenate and Complete Freund’s adjuvant. Animals were sacrificed 9, 13, 
and 22 days after immunization. First signs of the disease appeared at 9 days after immunization 
and the disease reached a peak at day 13. Clinical signs of EAE decreased afterwards during the 
period of recovery, and all rats completely recovered by day 22 (end of the disease). 
Development of EAE signs was accompanied with body weight loss; maximal loss coincided 
with paralysis at the peak of disease. Myelin lipid debris was seen only at the peak of EAE and 
was efficiently removed until the end of disease. Since CYP46A1 is a crucial molecule for 
elimination of cholesterol excess, a detailed cellular profiling of CYP46A1 expression was 



undertaken, and revealed regional and temporal specificities in its distribution. Double 
immunofluorescence staining showed presence of CYP46A1 protein in neurons, infiltrated 
macrophages, microglia and astrocytes in the areas of demyelination, implying that these cells 
have a role in cholesterol turnover during EAE. Summarizing, the observed changes in the 
regulation of cholesterol metabolism EAE may enhance symptoms at the onset and peak of the 
disease, but during the recovery period could contribute to the regeneration of myelin sheath. 
The fact that cholesterol is a crucial, rate-limiting factor for myelin growth and that its 
metabolites may have a role in promoting autoimmunity as inflammatory mediators, warrants 
further investigation of cholesterol metabolism in autoimmune diseases like MS. 
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Abstract: Diabetes-induced encephalopathy is a well-reported consequence among diabetic 
subjects. Alteration includes cellular, molecular and functional complications. Nevertheless, the 
mechanisms responsible for the pathogenesis and the therapeutic strategies are not fully reported. 
In the present investigation, baicalein as a flavonoid was examined as a protective agent against 
the experimental diabetic neurodegenerative diseases based on its potent free radical-scavenger 
activity. Baicalein was orally administered in two different doses (25 and 50 mg kg1- day1-) to 
diabetic rats for five consecutive weeks. Following the end of the treatment, cerebral cortex 
tissues were harvested and directly frozen in liquid nitrogen till analysis. Baicalein markedly 
lowered the expressions of inflammatory cytokines including interleukin (IL)-1β, tumor necrosis 
factor (TNF)-α and IL-6 and corrected the altered levels of neurotrophic factors such as brain 
derived neurotrophic factor (BDNF), nerve growth factor (NGF) and insulin growth factor 
(IGF)-1 in the diabetic cerebral cortex tissues compared to untreated diabetic group. Taken 
together, these finding indicate the beneficial role of baicalein in alleviating the provoked 
inflammation and enhancing the neurotrophic support in the diabetic cerebral cortex. 
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Abstract: The cytochromes P450 (CYP) are membrane proteins that are expressed in the 
endoplasmic reticulum of plants, fungi and animal cells. They contribute to the degradation of 
endogenous and exogenous compounds including drugs and carcinogens. CYP presents a variety 
of isoforms, 2C and 2J isoforms have epoxygenase activity. CYP epoxygenases have been 
considered the major producers of short chain fatty acids, such as epoxyeicosatrienoic acids 
(EETs) from the oxidation of arachidonic acid (AA). EETs have diverse biological properties 
including anti-inflammatory activities, inhibiting NF-κB as a transcriptional factor, thus avoiding 
its participation in the production of pro-inflammatory cytokines. 
It has been seen that phenomena such as inflammation and infection can affect the regulation of 
epoxygenases during the metabolism of AA to EETs, inhibiting their transcriptional expression 
in tissues like heart, liver and kidney. It has also been shown that these enzymes are expressed in 
brain, but its regulation by inflammation has not been studied yet in this important organ. Based 
on previous studies and in the relevance that the EETs have acquired, we seek to determine if 
there are changes in the expression and protein levels of CYP2J3 and CYP2C11 in the cortex and 
hippocampus of animals exposed to LPS as a result of the presence of pro-inflammatory 
cytokines such as IL-6, IL-1β and TNF-α in the brain. We performed an in vivo model of 
neuroinflammation by the intraperitoneal administration of LPS (1mg/kg) to male Wistar rats, 
and as a vehicle, commercial saline solution. The sacrifice was by decapitation at 6, 12, and 24 
hours, obtaining the hippocampus and the cerebral cortex of the control and treated rats. We 
evaluated the transcriptional expression of CY P2J3 and 2C11 in these tissues by RT-PCR, 
considering GAPDH as the housekeeping gene. Our results show for the first time that LPS 
treatment in the periphery (i.p. administration) is able to downregulate CYP 2J3 and 2C11 
expression in the brain. Pro-inflammatory cytokine levels in the cerebral cortex will be 



determined by specific ELISA kits and CYP protein levels will be determined by Western Blot 
in the hippocampus and cerebral cortex to further confirm our hypothesis. 
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Abstract: Neuroinflammation is a multifaceted biological response of the nervous tissue to 
harmful stimuli, cell damages, and some metabolic diseases. It is a vital component of the 
immune response to promote healing and restoration. However, prolonged inflammation can be 
harmful. Emerging evidences suggest that it plays a significant role in the pathogenesis and 
exacerbation of neurodegenerative diseases such as Alzheimer’s Disease, Parkinson’s Disease 
and Multiple Sclerosis. Neuroinflammation is commonly characterized by activated microglia 
and abnormal levels of cytokines, such as IL-6 that has both pro- and anti-inflammatory effects. 
IL-6 is needed for the activation of the immune system. IL-6 binds IL-6 receptor and the 
complex associates with gp130, a signal transducer, to initiate signaling via JAK/STAT pathway. 
This process contributes to the regenerative and protective effect of IL-6 signaling during 
inflammation. IL-6 is also found to bind to the soluble form of IL-6 receptor (sIL-6R) and this 
complex instead induces IL-6 trans-signaling in cells with gp130 only in their membrane. This 
condition is reported to stimulate inflammation. However, a soluble form of gp130 (sgp130) is 
described to bind the IL-6/sIL-6R complex that suppresses the IL-6 trans-signaling and regulates 
inflammation. This effect is characterized by several studies on animal models of human diseases 
such as intestinal and acute inflammation, rheumatoid arthritis, sepsis, arteriosclerosis, asthma, 
and various cancers. In a high fat diet-induced obesity model, the increased level of sgp130 in 
the plasma suggests an antagonistic response to systemic inflammation. While the position of 
sgp130 in IL-6 signaling is well-established and proofs of its role in regulating inflammation are 
growing, less information on its effect in neuroinflammation is available. In addition, 
investigations on the effects of sgp130 in the expression of other inflammation modulators are 
limited. Thus, we investigated the influence of sgp130 in neuroinflammation. We examined the 



effects of exogenous sgp130 in TLR3-mediated inflammation. This study is aimed at describing 
the effects of a three-consecutive day intraperitoneal administrations of exogenous sgp130 in 
healthy and immunocompromised wildtype mice to specifically evaluate the expression profiles 
of cytokines with or without poly I:C. Hippocampal tissues were analyzed for cytokine levels. 
The results showed that sgp130 alone evoked an immune response and demonstrated significant 
effects on the expression of several cytokines. We also found that sgp130 altered several 
cytokines in the poly I:C inflammation model. 
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Abstract: Neuroinflamation has been suggested to play a significant role alcohol-related brain 
dysfunction. Thiamine deficiency (TD) is a key contributor to alcohol-related brain damage. The 
goal of this study was to determine the long-term impact of Chronic Ethanol Treatment (CET; 
20% ethanol in drinking water for 6 months) and thiamine deficiency (induced by pyrithiamine-
induced thiamine deficiency and thiamine free diet; PTD) on the expression of several key 
neuroimmune genes (IL-1β, IL-6, TNFα, IκBα) in brain regions with established vulnerabilities 
to alcohol-related brain damage (thalamus, hippocampus, frontal cortex). Using real time RT-
PCR assessments, we observed only minor fluctuations in these neuroimmune genes as a result 
of CET, regardless of the structure being examined. In contrast, PTD treatment led to a profound 
increase in all four neuroimmune genes within the thalamus, a structure that demonstrates severe 
pathology as a result of TD. Cytokine changes in the thalamus ranged in magnitude from 
moderate (3-4 fold increase for IL-1β and IκBα) to severe (10-40 fold increase in TNFα and IL-



6, respectively). Though a similar pattern was observed in the hippocampus and frontal cortex, 
overall fold-increases were comparatively small relative to the thalamus. Importantly, 
neuroimmune gene induction varied significantly as a function of severity of TD, and displayed a 
gradual decline across recovery (24-hr, and 3 weeks post-treatment). Overall, these data suggest 
that rapid induction of neuroimmune genes may contribute to the severity of thalamic lesions 
induced by TD. Furthermore, TD, rather than a life-long history of alcohol consumption per se, 
appears to contribute greater vulnerability toward neuroinflammation. Finally, the temporal 
aspects of neuroimmune gene induction suggests the degree of TD may be a key driver of 
neuroimmune gene expression and subsequent neuroinflammation. 
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Abstract: Two of the key physiological hallmarks of cerebral palsy (CP) are an impaired blood-
brain barrier (BBB) and neuroinflammation. Recent nanotechnology efforts have taken 
advantage of the impaired BBB, for targeted attenuation of neuroinflammation. It has previously 
been shown in a neonatal model of CP induced by maternal-fetal inflammation that motor 
function, BBB integrity, and survival can all be increased dramatically by targeted delivery of N-
acetyl cysteine, a potent anti-oxidant/anti-inflammatory agent, to activated microglia and 
astrocytes via dendrimers. We have recently discovered that the restoration of the BBB could be 
time-dependent, which may have major implications on the development of a dosing regimen for 
dendrimer-based therapies in preclinical models, due to the fact that neuroinflammation persists, 
but becomes less accessible over time. 
To study BBB repair dynamics after neonatal exposure to maternal inflammation, pregnant New 
Zealand white rabbits are given an intrauterine dose of LPS endotoxin on gestation day 27, then 



labor is induced on day 29 and kits are obtained. To investigate whether the BBB was becoming 
less penetrable over time, kits were injected i.v. with Evan’s Blue Dye (EBD) at varying time 
points after birth. After sacrifice the brain was perfused with saline, flash frozen, microdissected, 
and homogenized in 50% trichloroacetic acid for spectroscopic quantification. The quantity of 
EBD in the brain tissue decreased incrementally over a 24-hour period, indicating a decrease in 
permeability of the BBB. Additionally, occludin expression is currently undergoing analysis 
through western blot, which is expected to further confirm the time-dependent repair of the BBB 
in the absence of therapeutics. 
For analysis of the impact on dendrimer therapy, dendrimer-cyanide 5 dye conjugate (D-Cy5) 
was administered to the kits i.v. at varying time points after birth. 24 hours after D-Cy5 
administration, kits were sacrificed and perfused, and D-Cy5 quantification was performed 
similarly to EBD. The results show significantly decreased uptake of D-Cy5 at later time points, 
suggesting that the ability of the dendrimer to cross the BBB is diminished over time. 
This data indicates that BBB repair may function independently of neuroinflammation within 
this model of CP, and that for effective treatment of CP with dendrimer nanotechnologies, 
administration may have to occur in the early stages of the disease, or may require higher dosing 
to achieve the same effective concentration of drug in the brain. These results are integral to 
understanding mechanisms of CP as well as other neonatal conditions marked by maternal 
inflammation. 
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Title: Intranasal IGF-1 protects against neonatal lipopolysaccharide-induced neuroal 
inflammation in the brain of juvenile rats 
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Abstract: Neonatal lipopolysaccharide (LPS) exposure-induced brain inflammation resulted in 
motor dysfunction and brain dopaminergic neuronal injury, and increased the risks of 
neurodegenerative disorders in adult rats. Our previous studies showed that intranasal 
administration of insulin-like growth factor-1 (IGF-1) protects against LPS-induced white matter 
injury in the developing rat brain. To further examine whether IGF-1 protects against LPS-
induced brain neuronal injury and neurobehavioral dysfunction, recombinant human IGF-1 
(rhIGF-1) at a dose of 50 µg/pup was administered intranasally 1 hour following intracerebral 
injection of LPS (1 mg⁄kg) in postnatal day 5 (P5) Sprague-Dawley rat pups. Neurobehavioral 
tests were carried out from P7 to P21, and brain neuronal injury was examined at P21. Our 
results showed that LPS exposure resulted in disturbances of motor behaviors in juvenile rats. 
Moreover, LPS exposure caused injury to central catecholaminergic neurons, as indicated by 
reduction of tyrosine hydroxylase (TH) immunoreactivity in the substantia nigra (SN) and 
ventral tegmental area (VTA), and brain noradrenergic neurons, as indicated by reduction of TH 
immunoreactivity in the locus coeruleus (LC) of the P21 rat brain. The LPS-induced reduction of 
TH+ cells were observed at a greater degree in the SN and LC of the P21 rat brain. Intranasal 
rhIGF-1 treatment attenuated LPS-induced central catecholaminergic neuronal injury and motor 
behavioral disturbances, including locomotion, beam walking test and gait analysis. Intranasal 
rhIGF-1 administration also attenuated LPS-induced elevation of IL-1β levels and numbers of 
activated microglia, and cyclooxygenase-2+ cells, which were double labeled with TH+ cells in 
the SN, VTA, and LC of the P21 rat brain. These results suggest that IGF-1 may provide 
protection against neonatal LPS exposure-induced central catecholaminergic neuronal injury and 
motor behavioral disturbances, and that the protective effects are associated with the inhibition of 
microglia activation and the reduction of neuronal oxidative stress by the suppression of the 
neuronal cyclooxygenase-2 expression. 
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Abstract: Women diagnosed with breast cancer are considerably more likely to develop a mood 
disorder and to report cognitive deficits than women in the general population. Previous studies 
suggest that peripheral tumors, such as mammary tumors, may create an immune response that 
can drive neuroinflammation, in turn leading to depression and cognitive deficits. In the present 
study, two cohorts of female Balb/C mice received bilateral orthotopic injections of syngeneic 
67NR, 4T07, or 4T1cells (1x105 cells per injection) to induce mammary tumors. Approximately 
three weeks later, cognitive function (via fear conditioning) or depressive-like behavior (via tail 
suspension and forced swim test) was assessed. Tissues were collected following the completion 
of behavioral testing. Proinflammatory cytokine levels were increased in the serum (IL-1β, 
TNFα, IFNγ) and livers (IL-1β, IL-6, TNFα) of mice injected with 4T07 or 4T1 cell lines 
compared to the 67NR cell line and vehicle control. IL-1β was increased in both the 
hippocampus and cortex of mice injected with 4T07 or 4T1 cell lines relative to the vehicle and 
67NR treatment groups. However, mammary tumors had no effect on hippocampal neurogenesis 
(DCX+ cells) and did not alter depressive-like behavior or induce cognitive deficits. 
Collectively, these data demonstrate that similarly sized tumors can produce differential immune 
responses both peripherally and centrally and that tumor-induced neuroinflammation can exist 
without resulting in the development of depressive-like behavior or cognitive deficits. 
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Abstract: Retinoic acid (RA) is a vitamin A-derived lipophilic molecule that plays major roles 
during development of the nervous system. The RA signaling pathway is also present in parts of 
the adult nervous system, and components of it are upregulated after injury. Recently we have 
shown that the components of RA signaling are present at low to moderate levels in frog retinas 
and tecta of control, unoperated animals. After optic nerve injury, there is a large increase in the 
synthetic enzyme RALDH and the retinoic acid receptors (RARs) in the frog retina. It is not 
known whether similar changes take place in the glia of the injured optic nerve. The objective of 
the present study is to characterize the RA signaling system in the frog optic nerve and to 
determine the changes that occur after axotomy and application of RA. We performed optic 
nerve crush and applied into the nerve either saline solution or retinoic acid. We examined the 
optic nerves at 48h, one week, and two weeks after axotomy with immunocytochemistry and 
electron microscopy. Our results indicate that RARs are present in the optic nerve glia at very 
low levels, and that one week after axotomy there is a significant increase in staining intensity in 
those glial cells. Electron microscopy studies of the proximal, injury, and distal sites of the optic 
nerves show macrophages filled with secondary lysosomes and residual bodies. Application of 
RA to the optic nerve causes a significant increase in the number of macrophages present one 
week after optic nerve injury. Immunocytochemistry of various macrophage subtypes was 
carried out followed by confocal microscopy. The vast majority of cells were F4/80-positive in 
saline- and RA-treated nerves. We also identified a sub-population of anti-inflammatory M2 
macrophages (arginase-positive) at the injury and distal sites. We are currently studying the 
changes in time and location of these populations. In conclusion, axotomy increases RARs in 
optic nerve cells. The application of RA affects the number and the distribution of macrophages 
after optic nerve injury and it may play a role in the success of optic nerve regeneration. 
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Abstract: Humanin (HN) is a 24-residue neuroprotective peptide. HN with a substitution of 
glycine for serine 14 (HNG) is a highly potent HN derivative and shows neuroprotective activity 
at nano M levels in vitro. HNG reduced amyloid burden and suppressed cognitive impairment in 
a mouse model of Alzheimer's disease. HNG also ameliorated amnesia induced by a muscarinic 
receptor antagonist and a GABAA receptor agonist in mice. In addition, HN is noted to suppress 
LPS-induced cytokine production and activation of primary astrocytes in vitro. This indicates 
that HN has anti-inflammatory function to glial cells. However, the effects of HN on 
neuroinflammation in vivo remain unclear. Cuprizone (CPZ), a cupper chelator, induces 
demyelination in the central nervous system when mice are exposed to it for four to eight weeks 
(long-term exposure). A short-term (one week) exposure to CPZ triggers schizophrenia-like 
behavior in mice. In these mice, neuroinflammatory responses, up-regulation of a 
proinflammatory cytokine and glial activation, but not demyelination were observed, indicating 
that inflammatory responses occur prior to demyelinateion. Here, we tested the effect of HNG on 
these responses induced by short-term CPZ exposure in mice. Intraperitoneal injection of HNG 
for one week reversed the CPZ-induced deficit in object recognition memory but not in working 
memory. We detected activation of microglia and astrocytes in these mice by 
immunohistchemistry. Quantitative analysis showed no significant changes by HNG in CPZ-
induced glial activation. We then analyzed levels of transcripts for glial markers in hippocampi 
by quantitative PCR. Though the effect was limited, HNG significantly suppressed CPZ-induced 
activation of microglia and astrocytes. On the other hand, HNG did not alter the reduced level of 
myelin-specific transcript as a result of CPZ treatment. These results imply cell-type-specific 
action of HN. These findings suggest that HN can suppress neuroinflammation and associated 
cognitive deficit in a wide range of neurological disorders. 
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Abstract: Huntington's disease (HD) is a hereditary neurodegenerative disorder caused by a 
mutation in exon 1 of the huntingtin gene. HD courses with neuronal loss and 
neuroinflammatory processes, among other pathological processes. Mast cells (MCs) participate 
in inflammatory processes, where histamine (Hist) is the principal mediator. In different 
neuroinflammation models, His potentiates NMDA receptor-mediated cytotoxic effects. 
Intrastriatal (i.e.) administration of quinolinic acid (QUIN; NMDA agonist) in rodents mimics 
the most representative neurochemical characteristics of HD. In this study, we set to investigate 
the participation of MCs in the neurological and oxidant damage observed in a neurochemical 
model of HD. For this purpose, were used MCs-deficient Kit w-sh / w-sh mice (Wsh) and 
C57BL6 / J mice administered with QUIN (30nmol/μL, i.e.) as a reference for damage. To verify 
the participation of MCs in the QUIN-induced damage, Wsh mice were reconstituted with MCs 
precursors derived from mouse bone marrow (BMMCs). Reconstitution with BMMCs was 
performed by two routes: intracerebroventricular (ICV) (5x105 cells) and intraperitoneal (IP) 
(2x106 cells). In parallel, a group of animals was administered with Hist ICV (5 μg). Ipsilateral 
turns, striatal GABA content, lipid peroxidation (LP) and reactive oxygen species (ROS) were 
measured. Wsh mice presented a lower number of ipsilateral turns, GABA, LP and ROS levels in 
response to QUIN, in comparison to the control. I.p. reconstituted mice showed no significant 
difference from un-reconstituted Wsh mice. In contrast, Wsh mice ICV reconstituted with 
BMMCs or administered ICV with Hist increased the number of ipsilateral turns and GABA 
levels similar to control. Our results demonstrate that, at central level, His secreted by MCs 
potentiates the neurological and oxidative damage in this neurochemical model of Huntington 
disease. 
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Title: Fibroblasts infiltrate the spinal cord in experimental autoimmune encephalomyelitis 

Authors: *S. L. YAHN, J. LI, R. BRAMBILLA, J. K. LEE 
Neurolog. Surgery, Univ. of Miami, Miami, FL 

Abstract: Remyelination failure is a crucial component of disease progression in the 
autoimmune demyelinating disease Multiple Sclerosis (MS). The regenerative capacity of 
oligodendrocyte progenitor cells to differentiate into myelinating oligodendrocytes is likely 
influenced by many aspects of the lesion environment including inflammatory signaling and 
extracellular matrix deposition. These features of MS lesions are typically ascribed to infiltrating 
leukocytes and reactive astrocytes. Here we demonstrate that fibroblasts also infiltrate the spinal 
cord parenchyma in the animal model of MS, experimental autoimmune encephalomyelitis 
(EAE). Using Col1α1-GFP transgenic mice, we show that perivascular/meningeal fibroblasts are 
activated in the spinal cord at EAE onset and infiltrate the parenchyma by the peak of behavioral 
deficits. Furthermore, infiltrating fibroblasts are associated with areas of macrophage 
accumulation, demyelination, and fibronectin deposition. These results implicate fibroblasts in 
EAE pathology and suggest that fibrotic mechanisms may serve as novel therapeutic targets. 
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Title: Low dose of Diphenyleneiodonium (DPI), specific NADPH oxidase 2 (NOX2) inhibitor, 
targets NOX2 & ameliorates experimental autoimmune encephalomyelitis (EAE) severity in 
mouse model 

Authors: *C.-F. HU1, S.-J. CHEN1, J.-S. HONG2 
1Pediatric Dept., Tri-Service Gen. Hosp., Taipei, Taiwan; 2NIEHS, Rtp, NC 

Abstract: Nicotinamide adenine dinucleotide phosphate oxidase, type 2, (NADPH oxidase 2, 
NOX2), a key superoxide-producing enzyme which forms reactive oxygen species (ROS), plays 
a critical role in microglia-mediated chronic neuroinflammation & subsequent progressive 



dopaminergic neurodegeneration in Parkinson’s disease in mouse model. However, seldom 
articles discuss about the values & effects on different diseases, like experimental autoimmune 
encephalomyelitis (EAE) in mouse model. The aim of this study was to evaluate the 
characteristics & effects of low dose of NOX2 inhibitor, diphenyleneiodonium (DPI) in 
moderate severity of EAE mouse model. Furthermore, we want to ask whether NOX2 knockout 
mice show disease protection through reducing superoxide production & subsequent 
inflammatory process. 
Our preliminary data reveal that pre-treatment strategy with DPI (both intravenous injection & 
drinking water formula) significantly attenuates progressive encephalomyelitis & reduces the 
severity of limbs paralysis of mice after disease induction. Meanwhile, NOX2 knockout mice 
show EAE protection through the inhibition of microglia activation, less peripheral macrophages 
infiltration in the central nervous system (CNS), & also a reduction in the expression of 
proinflammatory factors. 
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Title: Intestinal microbiota modulates depressive-like behavior in a mouse model of multiple 
sclerosis 

Authors: *J. E. GOERTZ, I. A. MARIN, A. GAULTIER 
Univ. of Virginia, Charlottesville, VA 

Abstract: In addition to the traditional motor impairments that are hallmark symptoms, 
depression has been found to be one of the most common symptoms in multiple sclerosis (MS) 
patients. While the immune system was previously thought to be the main link between this 
autoimmune disease and depression, new evidence points to the microbiome, the collection of 
organisms that live in and on the body, as an active player in depression etiology. The 
microbiome has recently been implicated in autoimmunity, as data has shown that autoimmune 
disease cannot be induced in germ-free mice and also that the microbiota composition may be 
responsible for the gender bias observed in the prevalence of autoimmune diseases. Previous 



studies from our lab have shown that the microbiome, and in particular Lactobacillus, are 
involved the development of stress-induced depression in mice. Therefore, we hypothesize that 
changes in the gut microbiota in response to autoimmune disease induce depressive behavior. In 
order to tackle this problem, we induced experimental autoimmune encephalomyelitis (EAE), the 
mouse model of MS to examine the effect of disease on behavior and microbiota composition. 
We utilized the sucrose preference test and the social preference test to measure depressive 
behavior as the disease progressed. 16S sequencing showed robust changes in the composition of 
intestinal microbiota. These data suggest the microbiota in the gut, specifically Lactobacillus, is 
altered in mice affected by CNS autoimmune disease in correlation with their depressive 
behavior. Further research in this area may suggest new leads in developing novel therapies that 
could be used to treat depression in MS patients. 
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Title: Dose-dependent effects of systemic inflammation on murine cortical activity 
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Abstract: Introduction: Neuroinflammation is associated with cognitive and behavioral 
anomalies, but the mechanisms are unclear. At its extreme, during delirium, profound changes in 
cognitive function are accompanied by increased slow wave activity, and decreased 8-14Hz 
phase lag index (PLI) connectivity, in the EEG. We sought to model the changes in the 
behavioral and EEG responses to systemic inflammation by administering Lipopolysaccharide 
(LPS). Methods: All procedures were approved by the UW-Madison Animal Care and Use 
Committee. 14 mice (male; BL6 background; 12-20 wks old) were instrumented with bilateral 
parietal and frontal skull screw EEG electrodes. After 5-7 days recovery, mice were given 
intraperitoneal (IP) saline injections, and 1-2 days later IP injections of LPS (12.5, 25 or 125 
ug/kg). Animals were tethered to a lightweight headstage during the experiment allowing 
movement to signify wakefulness. Data were collected for 1 hr prior and at 2-3 hrs post-
injection. Average power was computed in the EEG δ (1-4 Hz), θ (4-10Hz), α (10-20 Hz), β (20-



30 Hz) and γ (30-100Hz) bands during movement defined via video recording. Comparisons 
were between the post-injection:control ratios of normalized band power (to total power) for 
saline versus LPS. Additionally, 8-14Hz PLI was calculated between frontal and parietal 
electrodes. Results: LPS increased average delta power across frontal and parietal electrodes at 
12.5 ug/kg (p=0.0079), 25 ug/kg (p=0.0016) and 125 ug/kg (p=0.0022) during wakefulness. At 
125 ug/kg, parietal delta power changes were more significant than frontal (p=0.046) but not for 
12.5 ug/kg (p=0.06) or 25 ug/kg (p=0.11). Multi-way ANOVA showed a trend to effect for LPS 
dose (p=0.06) but not electrode (p=0.39). LPS also decreased alpha and gamma power at each 
dose tested (p<0.05) but with no effect of dose in multi-way ANOVA (alpha LPS dose effect 
p=0.15; gamma LPS dose effect p=0.24). 125 ug/kg LPS also decreased frontoparietal 8-14Hz 
band PLI (p=0.0057) with no effect at the other doses (p>0.05). Conclusions: Ongoing studies 
will resolve the dose-dependence, and electrode site-dependence of inflammation. LPS injection 
is a promising model for neuroinflammatory effects on brain activity in wakefulness confirmed 
by spontaneous movement. 
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fluorescent images in lipopolysaccharides treated animals 

Authors: *C.-C. WENG, C. HOU, C. ZENG, C.-J. HSIEH, S. LI, H. LEE, R. H. MACH 
Radiology, Univ. of Pennsylvania, Philadelphia, PA 

Abstract: Reactive oxygen species (ROS) play a critical role in the “neurotoxic” form of 
inflammation occurring in several neurodegenerative disorders. However, there is little data 
regarding the relationship between the in vivo ROS and neuroinflammation. For a better 
understanding, herein we performed the distribution correlation analysis between [18F]ROStrace 
and some common inflammation markers in a lipopolysaccharides (LPS) treated animal model. 
The LPS-treated mice (female Balb/c, body weight 20-25 g) received a 5 mg/kg i.p. injection of 
LPS 24 hr before study. Firstly, a 60-min dynamic PET scan was performed after an i.v. injection 
of [18F]ROStrace (~11MBq in 0.1 mL saline solution). To verify the ROS distribution, a dose of 
15 mg/kg dihydroethidium (DHE) was also i.v. injected to the same animal after imaging, and it 



was sacrificed 30 min after DHE injection. The brain was sectioned and acquired for ex vivo 
[18F]ROStrace autoradiography and DHE fluorescence. For further information on the 
inflammation, the sections were also stained for GFAP and Iba-1 and fused with the DHE 
images. 
From the in vivo PET images of LPS-treated animals, we found a high uptake of the 
[18F]ROStrace in the brain, and a steady-state was reached roughly 30 min after tracer injection. 
Examination of the ex vivo autoradiography showed that the uptake ratio of the whole brain is 
about 3-fold higher in the LPS-treated group compared to the control one, and the tracer uptake 
was mainly distributed in the subregions of cortex, thalamus, hippocampus, and cerebellum. This 
showed a good correlation with the DHE fluorescent images and the antibody staining results. 
The [18F]ROStrace PET images can clearly delineate the ROS generation in the LPS-treated 
animal, and the ex vivo autoradiography further shows the tracer uptake regions were colocalized 
with the ROS markers, DHE and inflammation antibodies. This study provides evidence that 
[18F]ROStrace is useful for further in vivo ROS research. 
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Title: Persistence of cognitive deficits in the absence of systemic inflammation following acute 
LPS administration in immune-competent and immunodeficient mice 

Authors: *S. REGE, H. HACKBART, A. TEICHERT, J. MASUMI, S. P. BRAITHWAITE, S. 
MINAMI 
Alkahest, Inc., San Carlos, CA 

Abstract: Peripheral inflammation has been linked to cognitive dysfunction in both animal 
models and in humans. Elevated levels of peripheral cytokines, classical hallmarks of 
inflammation, have been associated with lower cognitive performance, and there exists a well-
established relationship between peripheral inflammation and cognitive dysfunction in patients 
experiencing acute infection and recent surgical procedures. However, there is little known about 
the long-lasting effects of transient systemic inflammation on cognitive function. Here we 
demonstrate that an acute dose of LPS peripherally can result in persistent cognitive dysfunction 
in the absence of elevated systemic inflammation. We administered a high (5mg/kg) and low 
(1mg/kg) dose of LPS to 2-month-old C57Bl/6 mice and assessed cognitive performance one 
week and one month later. The high dose group demonstrated diminished cognitive performance 



in hippocampus dependent tests, like novel object recognition and y-maze, both one week and 
one month after administration of LPS. The low dose group was less affected after one month, 
with the only deficiency observed in the novel object recognition test. There were no effects on 
locomotor function or general physical health of the mice at either one week or one month after 
treatment. Immunocompromised mice are often used as a model to test human protein-containing 
therapies; in order to test the utility of these mice in an acute peripheral inflammation-induced 
cognitive dysfunction model, we treated NOD.Cg-PrkdcscidIl2rgtm1Wjl/SzJ (NSG) mice and found 
that their performance in hippocampus-dependent tests was slightly impaired. Additionally, we 
measured levels of circulating inflammatory cytokines immediately after LPS induction and 
terminally, at which point we assessed brain tissue by histological methods and performed 
protein analysis of neuronal and inflammatory cell markers. These results indicate that LPS can 
be utilized to establish a model of cognitive dysfunction induced by acute systemic inflammation 
in both immune-competent and immunodeficient mice, thus enabling future studies to better 
understand the relationship between inflammation and cognition. 
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Title: Baicalein neutralizes brain oxidative stress in diabetic rat model 

Authors: *S. ALSHARARI1, S. AL-REJAIE2 
1Dept Pharmacol & Toxicol, 1217 E. Marshall St, Richmond, VA; 2Dept Pharmacol & Toxicol, 
King Saud Univ., Riyadh, Saudi Arabia 

Abstract: Diabetic-induced encephalopathy is a well-documented complication in diabetic 
patients, which is characterized by cellular, molecular and functional alterations. Nevertheless, 
the mechanisms responsible for the pathogenesis and the therapeutic strategies are not fully 
reported. In the present investigation, a flavonoid baicalein was examined as a protective agent 
against the experimental diabetic neurodegenerative diseases based on its potent free radical-
scavenger activity. Baicalein was orally administered in two different doses (25 and 50 mg kg1- 
day1-) to diabetic rats for five consecutive weeks. At the end of the treatment period, the cerebral 
cortex tissues were harvested and directly frozen in liquid nitrogen till analysis. Baicalein, 



especially the higher dose, improved insulin and blood glucose levels. In addition, diabetic 
associated oxidative injury in the diabetic cerebral cortex tissues was ameliorated by baicalein, 
which was manifested by enhanced glutathione, superoxide dismutase and catalase activities and 
decreased lipid peroxidation products compared to untreated diabetic rats. Taken together, these 
finding indicate the beneficial role of baicalein in alleviating the provoked oxidative stress in the 
diabetic cerebral cortex. 
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Title: CCL2 increases neuronal excitability during the early stage of systemic inflammation 
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Abstract: Acute infection by bacteria and viruses, if not kept in check, can quickly become 
systemic, leading to inflammatory responses in the brain. Young children are particularly 
vulnerable, with inflammation-induced cephalomeningitis being a leading cause of death among 
newborns, especially premature babies. The long-term effects of neuroinflammation on the brain 
function and behavior have been studied extensively, while its acute effects (within the first few 
hours) are relatively unknown. Here, using different systemic inflammation models, including 
Lipopolysaccharides (LPS), Poly(I:C) and ODN 1668, to respectively mimic infections mediated 
by bacteria, RNA virus and DNA viruses, we demonstrated that during the early stage of 
infection (within 2 hours), mice exhibited increased neuronal excitability and increased 
susceptibility to kainic acid induced seizure. High level expression of the chemokine (C-C motif) 
ligand 2 (CCL2) was observed in all three models, with the effects of LPS being highest. 
Overproduction of CCL2 may interfere with normal brain development and neuronal function, 
which may in turn, result in inflammation-induced neuronal hyperexcitability. Consist with this 
hypothesis, bath application of CCL2 in acute brain slices increased the frequency of miniature 
excitatory postsynaptic currents (mEPSCs) in hippocampal and cortical pyramidal neurons, as 
well as their neuronal firing. Further investigations demonstrated that the effects of LPS induced 
increase in mEPSC frequency and neuronal excitability were blocked in CCL2 knockout mice. 
Together, these results demonstrate that CCL2 plays a key role in regulating excitatory synaptic 
transmission and neuronal excitability, during the early stage of systemic inflammation. 
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Abstract: With the increase in international human and material exchanges, contagious and 
infectious epidemics are being discovered. One of the effective methods of inhibition is the rapid 
development and supply of vaccines. Considering the safety of the brain during vaccine 
development is very important. However, manuals for brain safety assays for new vaccines are 
not uniform and efficient globally. Therefore, the aim of this study is to establish positive control 
protocol for effective brain safety test to help rapid vaccine development. Using the 
characteristics of tight junction of blood-brain barrier with the selective defense of the brain, it is 
possible to destroy this important micro-structure by administering lipopolysaccharides (LPSs), 
thereby artificially increasing the permeability of the parenchyma. The conditions are established 
so that the degree of brain penetration or brain destruction of a newly developed vaccine can be 
quantitatively identified. The most effective conditions were suggested by measuring the time-
dependent expression of two types of mice (C57BL/6 and ICR), two types of LPSs (Salmonella 
and Escherichia), and tight junction biomarkers (ZO-1 and Occludin) after exposure to LPSs. In 
the future, we hope the positive-protocol will be able to speed up the determination of brain 
safety of various vaccines through this condition. 
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Abstract: Cognitive problems frequently accompany neurological manifestations of multiple 
sclerosis (MS). Therefore, evaluation of cognitive performance in mouse models of MS is 
needed to determine learning and memory parameters that change with the emergence of MS-
related symptoms and can be used as benchmark phenotypes for testing of drug candidates. We 
assessed cognitive behavior of female 9-10-week-old C57Bl/6J mice subjected to continuous 
cuprizone exposure by oral gavage (400 mg/kg daily) for two or four weeks and compared their 
performance to that of vehicle-treated mice. Cuprizone causes death of mature oligodendrocytes 
leading to demyelination, mostly, in the corpus callosum, that resembles pathology seen in MS 
patients. Cuprizone-treated mice demonstrated multiple deficits in a sequence of touchscreen-
based operant tasks of gradually increasing difficulty. In particular, in comparison to vehicle-
treated animals, cuprizone-treated mice completed fewer trials, responded more slowly to visual 
stimuli, and were also slower to collect food reward after correct responses. Furthermore, 
cuprizone-treated mice exhibited significantly lower accuracy of responses during “Punish 
incorrect” stage of operant training. In contextual/cued fear conditioning experiments, in the 2-
week cohort, cuprizone-treated mice demonstrated significantly lower levels of both contextual 
and cued freezing than vehicle-treated mice. In the 4-week treatment cohort, a significant effect 
of treatment was observed only on contextual freezing level. Mild demyelination was observed 
in the 2-week cuprizone-treated cohort as reflected by significantly lower fractional anisotropy 
values in forceps minor of the corpus callosum and external capsule of cuprizone-treated 
animals. Stronger demyelination was induced by the longer, 4-week treatment, as indicated by 
larger and more widespread decreases of fractional anisotropy values in the brain of cuprizone-
treated mice (forceps minor of the corpus callosum, genu of corpus callosum, body of corpus 
callosum, splenium of corpus callosum, external capsule, internal capsule) compared to 
myelination levels in the brain of animals that received vehicle. Our results suggest that 
touchscreen operant tests and fear conditioning paradigms sensitively detect cognitive 
consequences of MS-like anatomical brain abnormalities caused by relatively short exposures to 



cuprizone. Therefore, novel drug candidates for MS-treatment could be screened for their ability 
to reverse those cognitive deficits and to improve brain structural parameters in longitudinal 
experiments in the same animals. 
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Abstract: The experimental autoimmune encephalomyelitis (EAE) is an inflammatory 
demyelinating disease of the central nervous system characterized by infiltration of immune cells 
into the CNS and subsequent demyelination by activated myelin-specific T-cells. We have 
characterized two models of EAE; the chronic myelin oligodendrocyte glycoprotein (MOG) 
induced model in C57BL/6J mice and the relapsing/remitting proteolipid protein (PLP) induced 
model in SJL mice. Altogether 20 female C57BL/6J and SJL/J between 9-10 weeks of age were 
inoculated with MOG35-55/CFA or PLP139-151/CFA, respectively, without PTX for the induction 
of the chronic and relapsing/remitting EAE models. Mice were then monitored for clinical signs 
of disease development and changes in body weight for three weeks before sacrificing the 
cohorts for harvesting of draining lymph nodes (DLN), brain and spinal cord samples for 
immunophenotyping and characterization by flow cytometry and immunohistochemistry. The 
EAE development in both models showed first clinical signs roughly 10 days after the 
inoculations. The chronic C57BL/6J model reached higher clinical score and showed no relapse 
of the disease development whereas this was observed in the SJL model. In the 
relapsing/remitting SJL model, the clinical signs were also less severe in comparison to chronic 
model. Flow cytometry analysis of the brain tissue showed elevated T-cell populations, 
significant invasion of CNS-associated monocytes from periphery as well as upregulation of the 
microglial population in both models. Finally, the analysis of the DLN tissues showed that the 
levels of NK-cells seem to be more elevated in the MOG model than in the PLP model. 
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Abstract: The birth of an extremely premature baby (≤28 weeks of gestation) is costly to health 
systems. Children born extremely prematurely can experience repeated hypoxic injury to the 
brain and can develop attention deficit hyperactivity disorder (ADHD). In a new Sprague-
Dawley rat model of repeated hypoxic brain injury during the equivalent of extreme prematurity, 
ADHD-like hyperactivity and a lower absolute number of midbrain dopaminergic neurons in the 
ventral tegmental area was observed. Yet, treatment with melatonin, which is safe in clinical 
neonatology and a known antagonist of the proposed biological mechanisms that generate a 
lower number of midbrain dopaminergic neurons in the ventral tegmental area, has not been 
investigated. Nor has the effect of melatonin on ADHD-like hyperactivity been investigated. 
Hence, the aim of this study was to investigate whether treatment with melatonin rescues 
ADHD-like hyperactivity and midbrain dopaminergic neurons in the ventral tegmental area. 
Postnatal day 1-3 Sprague-Dawley male rats were exposed to repeated hypoxia and divided into 
treatment groups of repeated hypoxia diluent-treated (n = 9 pups) and repeated hypoxia 
melatonin-treated (n = 10). At 9 months-of-age, each rat was tested for ADHD-like hyperactivity 
using a well characterised fixed interval test. At 10 months-of-age, each rat was perfuse-fixed, 
and its right cerebral hemisphere was serially sectioned and then immunohistochemically stained 
with an antibody to the catecholaminergic enzyme, tyrosine hydroxylase, to label dopaminergic 
neurons. The absolute number of dopaminergic neurons in the ventral tegemental area was then 
measured using the Cavalieri and disector methods. There was no significant difference between 
the repeated hypoxia melatonin-treated and the repeated hypoxia diluent-treated animals for the 
extent of ADHD-like hyperactivity (repeated measures ANOVA, p = 0.35) and the absolute 
number of midbrain dopaminergic neurons in the ventral tegmental area (Student’s t-test, p = 
0.15, two-tailed test, n = 7/group and 6/group, respectively). The results of this study suggest that 



melatonin does not rescue ADHD-like hyperactivity and dopaminergic neurons in the ventral 
tegmental area after repeated hypoxic brain injury during the equivalent of extreme prematurity. 
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Abstract: Transendothelial trafficking of immune cells into the central nervous system (CNS) 
and disruption of the blood brain barrier (BBB) are pathophysiological hallmarks of 
neuroinflammatory disorders like multiple sclerosis (MS). Accumulating evidence suggest that 
oxidative stress plays a major role in the pathogenesis of MS, whereas a specific influence of 
oxidative stress on BBB dysfunction in MS was unclear so far. Here, we identify NADPH 
oxidase type 4 (NOX4) as a specific and direct modulator of BBB integrity. Deficiency of 
NOX4, but not NOX1 or NOX2, rendered mice more susceptible to experimental autoimmune 
encephalomyelitis (an animal model of MS) and was accompanied by a remarkable enhancement 
of BBB disruption and CNS inflammation. Murine and human in vitro analysis revealed that lack 



of NOX4 amplifies leukocyte trafficking by modified endothelial cells. Further, reduced 
endothelial NOX4 expression was found in CNS tissue of individuals suffering from MS 
indicating an important role of NOX4 also in humans. Our study demonstrates, for the first time, 
that NOX4 is an important and direct regulator of BBB integrity. 
NOX4 activation can decrease BBB damage and cell invasion during neuroinflammation and 
may offer a novel strategy for the treatment of MS. 
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Abstract: Chronic brain neuronal inflammation has been proposed to play an important role in 
the development of neurodegenerative disorders in adult life. Our previous study showed that 
perinatal lipopolysaccharide (LPS) exposure induced a chronic neuronal inflammation, as 
indicated by increases in cytokines and pro-inflammatory molecules-induced cyclooxygenase-2 
(COX-2)+ cells, and enhanced adult susceptibility to develop neurodegenerative disorders 
triggered by rotenone, a commonly used pesticide. The objective of the current study was to 
examine whether celecoxib, a selective COX-2 inhibitor, has long-lasting protective effects and 
attenuates LPS-induced motor behavioral dysfunction and LPS-enhanced susceptibility to 



rotenone toxicity in later life of these rats. Intraperitoneal (i.p.) injection of LPS (2 mg/kg) or 
saline was performed on postnatal day 5 (P5) Sprague-Dawley male rat pups, and celecoxib (20 
mg/kg) or vehicle was administered (i.p.) 5 min after LPS injection. On P70, rats were 
challenged with rotenone through subcutaneous mini-pump infusion at a dose of 1.25 mg/kg per 
day for 14 days. Motor behavioral tests were carried out from P70 to P98. Rats were sacrificed 
and LPS-induced injury to the dopaminergic system was assessed by losses of tyrosine 
hydroxylase immunoreactive neurons in the substantia nigra. Our results showed that neonatal 
administration of celecoxib provided protection against rotenone-induced neurobehavioral 
impairments including bradykinesia, akinesia, and rigidity in rats with the neonatal exposure to 
LPS. Celecoxib treatment also provided protection against LPS-enhanced rotenone-induced brain 
injury in adult rats, including loss of tyrosine hydroxylase positive neurons, a decrease in 
mitochondrial complex I activity, and an increase in the number of activated microglia in the 
substantia nigra of P98 rats. Results from the current study suggest that treatment with celecoxib 
has long-lasting protective effects against perinatal brain inflammation-enhanced adult 
susceptibility to environmental toxin-induced neurodegenerative disorders. Our results are useful 
for studying mechanisms involved in the pathogenesis of dopaminergic neuronal injury induced 
by infection/inflammation and the development of potential therapeutics. 
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Abstract: Neuroinflammation is typically considered a negative response following neuronal 
injury and damage. For example, inflammatory microglia become polarized from the “inactive” 
surveying (or ramified) state following neuronal loss and promote a classic cytokine-mediated 
inflammatory response. Neuroinflammation can, however, play a beneficial role in the healthy 
adult brain. Ramified microglia elicit positive effects through neuronal and synapse pruning to 
maintain proper neuronal number and connections. To identify the role of inflammation in both 
healthy and natural degenerative states, we employed the natural seasonal regression of the 
motor pathway responsible for song production in Gambel’s white crowned sparrow 
(Zonotrichia leucophrys gambelii). Neuronal number in the song control nucleus HVC (proper 
name) changes seasonally such that as male sparrows transition between breeding and 
nonbreeding conditions, HVC neuronal number increases and decreases by about 68,000 
neurons, respectively. As a result of the seasonal apoptosis of HVC neurons, neural stem cell 
proliferation increases - a process termed natural reactive neurogenesis. With this unique model 
of natural and rapid neurodegeneration, we show that inflammation is both necessary and 
sufficient for increases in reactive neurogenesis using pro- and anti-inflammatory agents during 
health and degenerative states, respectively. Quantification of the number of ramified and 
activated microglia in HVC using immunohistochemistry further suggests that local 
inflammatory status is conferred to the neural stem cells via microglia. 
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Abstract: Excessive cholinergic neurotransmission, particularly that involving the muscarinic 
receptor (MR), initiates seizure activity following exposure to the organophosphorus nerve agent 
soman. The MR antagonist scopolamine has been shown to prevent the onset of soman-induced 
seizures when given as a pretreatment or shortly after soman exposure. Scopolamine, however, is 
a non-specific MR subtype antagonist. The purpose of this study was to determine if antagonism 



of specific MR subtypes is necessary to prevent soman-induced seizures. Using an up-down 
dosing procedure over successive animals we evaluated the microinjection of MR subtype 
specific antagonists into the basolateral amygdala or area tempestas (structures implicated as 
possible foci for soman-induced seizures) for their ability to pharmacologically modulate seizure 
activity. Rats were surgically prepared one week prior to the experiment with electrodes to 
record brain electroencephalographic (EEG) activity and with guide cannula bilaterally directed 
toward a designated brain structure. On the day of the experiment, animals were pretreated by 
microinjection (1 μl/cannula) with a MR subtype specific antagonist and intraperitoneal HI-6 
(150 mg/kg). Thirty minutes later, animals were injected subcutaneously with 180 μg/kg soman 
(1.6 x LD50) followed one minute later by 2.0 mg/kg atropine methyl nitrate intramuscularly. 
Animals were then returned to a cage where EEG was monitored for seizure activity. The MR 
subtype specific antagonists telenzepine (M1) and 4-DAMP (M3) provided an anticonvulsant 
effect when injected into the basolateral amygdala (anticonvulsant ED50 = 30.06 and 40.79 
µg/µl/cannula, respectively). Rats injected with telenzepine into the basolateral amygdala also 
had the highest survival rate, followed by those injected with 4-DAMP. In the area tempestas 
only the M2 antagonist methoctramine produced an anticonvulsant effect (anticonvulsant ED50 = 
107.90 µg/µl/cannula) while also having the highest survival rate. The results show that different 
MR subtypes within the basolateral amygdala and area tempestas respond to produce an 
anticonvulsant effect against soman-induced seizures while also increasing survivability of the 
specimens. More MR subtypes provided an anticonvulsant response in the basolateral amygdala 
than in the area tempestas. These results suggest that the response of multiple MR receptor 
subtypes within a brain structure may thus contribute to a greater anticonvulsant effect by non-
specific MR subtype antagonists such as scopolamine. 
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Abstract: Converging evidence from animal and human studies suggest that an early target of 
Alzheimer’s disease (AD) amyloid pathology is synaptic activity within the entorhinal cortex 



(EC), dentate gyrus, and Cornu Ammonis 3 (EC/DG/CA3) network. A major function of this 
hippocampal network is to perform pattern separation; the ability to process overlapping 
environmental cues into unique representations and distinguish similar, yet non-identical 
contexts. We have previously shown that aged Tg2576 mice (a model for early AD that 
recapitulates amyloid pathology, hippocampal cognitive deficits and disrupted EC/DG/CA3 
circuitry) exhibit improved circuit and cognitive performance with peroxisome proliferator 
activated receptor gamma (PPARγ) agonism. PPARγ is a nuclear receptor and transcription 
factor that can be activated with FDA-approved drugs. Since we have found that the PPARγ 
transcriptome and proteome contains mediators and markers for neurogenesis, we postulated that 
cognitive tests that require continued adult neurogenesis (e.g., context discrimination) would be 
altered in Tg2576 AD mice compared to littermate controls and that RSG treatment would 
normalize this behavior. Consistent with enhanced acute BrdU uptake, a mitotic marker, Tg2576 
performed superiorly to littermate controls in context discrimination and cranial irradiation 
significantly impaired both groups’ ability to distinguish between similar contexts. Further, 
PPARγ agonism improved wild type performance. Conversely, Tg2576 groups exhibited delayed 
context discrimination with rosiglitazone treatment suggesting an effect of PPARγ agonism on 
subgranular zone mitosis as measured with BrdU incorporation. Interestingly, doublecortin 
quantitation of neuronal precursor cells and immature neurons incorporated into the granule cell 
layer of the hippocampus revealed no significant difference between untreated and rosiglitazone 
treated wild type and Tg2576 groups. 
Thus, superior context discrimination in Tg2576 appears to be due to enhanced mitosis in the 
subgranular zone; however, the extent to which subsequent adult-born neuronal precursors and 
immature neurons contribute to the dentate gyrus circuit is still open. PPARγ agonism appears to 
reduce BrdU incorporation with no net effect on doublecortin-positive neuronal precursors and 
immature neurons leaving it open still as to the mechanism underlying improved context 
discrimination in wildtype mice with rosiglitazone treatment. 
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Abstract: Chronic alcohol consumption is associated with neurotoxicity and cognitive 
impairment. However, the neurobiological mechanism underlying alcohol's neurotoxic effects is 
poorly understood. We postulate that alcohol-induced neuroinflammation plays a role in 
alcohol's neurotoxic effects. Here, we determine if chronic alcohol use is associated with 
neuroinflammation. Towards this aim, we used [11C]PBR28 positron emission tomography 
(PET) to measure the expression of the 18-kDa Translocator Protein (TSPO) in a rat model of 
alcoholism in vivo. TSPO is predominantly expressed in activated microglia and astrocytes in the 
brain, and therefore considered a biomarker of neuroinflammation. 
10 rats (Wistar, male, mean weight=547±3) became alcohol dependent (AD) by passively 
inhaling alcohol sprayed in their cage for 14hrs/day during a 1.5-2.5 month period (blood alcohol 
levels averaged 196 mg/dL). [11C]PBR28 brain PET scans were performed for each rat along 
with a control (n=10, mean weight=568±6g). After scanning, rats were sacrificed and brains 
harvested for [3H]PK-11195 autoradiography.  
In vivo results show consistently lower whole brain uptake of [11C]PBR28 in AD rats compared 
to controls. Autoradiography confirms these results, showing lower specific binding of [3H]PK-
11195 in brains from AD rats. These results are consistent with our findings that human subjects 
with alcohol use disorder (AUD) express lower levels of TSPO in their brains. This may reflect 
alterations in the innate immune response of rats and humans exposed to chronic alcohol. 
Experiments to determine whether this alteration can recover after 1 month of abstinence are 
underway. 
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Abstract: The corpus callosum (CC) is the largest fiber bundle in the CNS connecting left and 
right cerebral hemispheres and mediating interhemispheric communication. In multiple sclerosis 
(MS) patients, the CC exhibits focal demyelinating lesions and axonal damage from early disease 
stages. CC damage may contribute to cognitive dysfunction in MS. Although several 



immunomodulating therapies have been approved for MS patients, no therapies exist that target 
remyelination. Objective: Using systemic cuprizone and focal lysolecithin induced damage 
models of demyelination/remyelination, we assessed neuronal functional decline and recovery 
using axonal conductance and histological analysis of myelin. Methods: For the cuprizone 
model, mice were fed with cuprizone for 5 weeks to induce demyelination and then returned to 
normal diet for 8 weeks to allow remyelination to occur. The CC was dissected at several time 
points over the 13 week period for electrophysiological and histological analyses. One cohort of 
cuprizone fed animals was treated with Triiodothyronine (T3), a pro-myelinating agent, to 
determine whether enhancing remyelination affects axonal conductance. For the focal 
demyelination model, lysolecithin was injected directly into the CC, tissue was collected at 
various time points and myelin was analyzed. Results: In the cuprizone model, CC axonal 
conductance was correlated with histological analysis of demyelination during the 5 weeks of the 
cuprizone diet. Upon removal of cuprizone, CC axonal conductance slowly recovered as did 
axon remyelination. However, axonal conductance did not reach control values within the 13 
week period examined. As expected, T3 treatment enhanced myelination and preserved neuronal 
function as reflected by axonal conductance. In the lysolecithin model, demyelination peaked at 
one week post-injection and was followed by spontaneous remyelination over 2-3 weeks. Axonal 
conductance is being assessed in this model following treatment with compounds known to 
enhance remyelination. Conclusions: Axonal conductance provides a direct measurement of 
neuronal function in vivo, reflecting changes in myelin integrity during demyelination and 
remyelination. This functional readout can be used in combination with histology to assess 
remyelination enhancing therapeutics for MS. 
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Authors: *E. ANDRIAMBELOSON, B. HUYARD, E. POIRAUD, F. LAUGA, C. NEVEU, S. 
WAGNER 
NEUROFIT, ILLKIRCH, France 

Abstract: Systemic inflammation is believed to play a role in ageing as well as in various 
dementia-related neurological disorders. Indeed, several lines of evidence indicate positive 
association between systemic inflammation and cognition and other aspects of behaviour in the 



elderly and demented. 
The present study was conducted to investigate the impact of systemic inflammation on 
cognitive function in mice. To this end, a single intraperitoneal administration of a non-septic 
dose of lipopolysaccharide (LPS) (0.25 mg/kg) was undertaken and the time course of cognitive 
decline was assessed. Reduced spontaneous alternation of mice in a T-maze was used as a 
measure of cognitive deficit. 
Results showed that 1 week after the injection of LPS, a dramatic reduction in the alternation of 
mice in the T-maze was observed which suggests a cognitive deficit in LPS-treated mice. 
Although the cognitive deficit persisted for up to 3 weeks following LPS injection there was no 
change of the general health of mice. Furthermore, the locomotor behavior of LPS-mice as 
assessed by spontaneous free exploration in the open-field was comparable to that of naive mice. 
The treatment of LPS- treated mice with Memantine, a drug approved for cognitive enhancement 
in the elderly, fully restored their cognitive performance. Similar pattern of result was obtained 
with donepezil, another approved cognitive enhancer drug. Moreover, LPS-induced cognitive 
deficit was fully prevented by treatment of mice with anti-inflammatory drugs such as 
dexamethasone or ibuprofen, which confirmed the inflammatory-driven mechanism of LPS-
induced cognitive impairment. This mechanism was supported by the increased levels of 
inflammatory mediators (TNF-α and IL1-β) in the hippocampus. Interestingly, cognitive relapse 
was observed after discontinuation of the anti-inflammatory therapy, which indicates the 
presence of an underlying chronic and persistent inflammation process. 
Taken together, these above results suggest that low grade systemic inflammation is capable of 
mediating sustained cognitive impairment in mice. 
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Abstract: Alzheimer’s disease (AD) is characterized by the accumulation of beta-amyloid 
plaques and neurofibrillary tangles. Our laboratory has previously demonstrated that repeated 



bouts of inflammation increase beta-amyloid within the hippocampus of C57BL6/J mice. Given 
the relationship between inflammation and AD pathology onset and progression, we sought to 
explore how a second series of lipopolysaccharide (LPS) injections will impact beta-amyloid 
levels. Male C57BL6/J mice were given daily injections of LPS (250μg/kg) or sterile saline for 
seven days. Fourteen days following the last injection, animals were administered another series 
of daily injections of LPS or sterile saline. Hippocampal tissue was collected and assayed to 
quantify total beta-amyloid levels. Results demonstrated that animals given one round of LPS 
injections had significantly more beta-amyloid than saline injected controls, whereas animals 
administered two rounds of LPS had intermediary levels of beta-amyloid. This effect appears to 
be driven by the reduced inflammatory response to the secondary exposure to LPS, following a 
fourteen-day recovery. Specifically, four hours following the first LPS injection of the second 
series, animals previously exposed to LPS had significantly less central and peripheral 
inflammation than animals exposed to LPS for the first time. The mechanism behind this 
diminished inflammatory response may not be due to endotoxin tolerance but, rather, result from 
antibody production against LPS or beta-amyloid, as IgM levels were increased in animals 
exposed to LPS in the first injection series. The specificity of these antibodies is currently being 
explored. 
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Abstract: Autosomal dominant mutations in the progranulin gene (GRN) cause a drastic 
reduction in progranulin (PGRN) and granulin levels contributing to the pathogenesis of familial 
frontotemporal degeneration (FTD), the most common form of early-onset dementia. Rare 
homozygous GRN mutations in humans cause neuronal ceroid lipofuscinosis (NCL), which 
shares neuropathological features with FTD-GRN patients, suggesting shared disruption of 
lysosomal pathways. Multiple studies have implicated PGRN as a key regulator of 
neuroinflammation and neurodegeneration. Genetic ablation of the GRN gene is associated with 
aberrant increases in phagocytosis and pro-inflammatory cytokine production in microglia. 
Further, global Grn KO and microglia-specific Grn KO mice have increased sensitivity to the 
neurotoxin MPTP. Most recently Grn deficiency was shown to promote circuit-specific synaptic 
pruning by microglia via complement activation. While intense focus has been placed on 
investigating the effect of GRN deficiency in microglia, we have focused our efforts on 
investigating the effects of GRN loss in all major subsets of peripheral immune cells based on the 
rationale that peripheral-central immune cross-talk is key for brain health and disruptions in 
these pathways may promote degeneration. We performed deep-immunophenotyping using flow 
cytometry of brain, spleen, and peripheral blood of Grn KO and WT mice ages 18-22 months. 
We found a generalized increase in cell numbers in the blood with an increased frequency of NK 
cells and Ly6C+ monocytes in blood as well as increased MHC-II expression on B cells and 
monocytes in blood; and a decreased proportion of non-CD4/CD8 T-cells made up CD3+ T cell 
populations. In addition, Grn KO mice displayed decreased NK cells, B cells, and macrophages 
in the spleen with decreased expression of MHC-II; and non-CD4/CD8 T-cells make up a larger 
proportion of CD3+ T cells in their spleen. These novel findings support a model for PGRN in 
regulation of peripheral immune cell populations and raise the interesting possibility that analysis 
of peripheral immune cells could shed light on the role of central-peripheral immune cross-talk 
in the pathogenesis of FTD patients with GRN mutations. Immunophenotyping analyses of 
immune populations in the brain of Grn KO vs WT mice is underway and will be compared with 
changes observed in the periphery [Funding provided by NIH/NINDS 5R01NS092122 and 
5R01NS093362, and The Bluefield Project to Cure FTD]. 
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Abstract: TRAIL, a proapoptotic cytokine belonging to the TNF superfamily, is a potent inducer 
of neuronal death in animal models of Alzheimer's disease (AD). TRAIL effects appear mediated 
by its death receptor 5 (DR5). Immunoneutralization of TRAIL results in restored cognition, as 
well as in blunted expression of inflammatory molecules in the AD 3x transgenic mouse brain. 
To better understand the role of TRAIL in neurodegeneration, in-vitro experiments were run to 
analyse the impact of treatment with amyloid-beta (AB), as compared to TRAIL, on survival of 
dispersed Trail- r-deficient mouse embryonal hippocampal cells. Next, the expression of TRAIL, 
TRAIL-R, as well as microglia and astrocytes markers were studied in the hippocampi of 
animals undergone treatment with fragment 1-42 of AB. Hippocampal cells from Trail-r-
deficient mice showed significant resistance to death induction by both AB 1-42 or TRAIL, as 
compared to cells Trail-r-proficient mice. Immunofluorescence showed decreased activation of 
microglia (Iba-1) and astrocytes (GFAP) after stereotactical treatment of Trail-r-deficient mice 
with AB 1-42. Finally, western blot analysis of hippocampi from Trail-r-deficient mice treated 
with AB 1-42, showed decreased expression of either IL-1, iNOS and phosphorylated tau 
protein. The bulk of these results demonstrate that lack of TRAIL-R is associated with 
substantial decline of noxious effects of AB 1- 42, providing genetic evidence that, during AB-
related neuroinflammation, TRAIL supplies a pivotal contribute to subsequent neurodegenerative 
processes. In conclusion, according to these results, it is plausible to hypothesize that the TRAIL 
system may be regarded as a potential target for innovative AD therapy. 
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Title: A model of neonatal Zika virus infection for the study of neurodevelopmental disorders 
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Abstract: Zika virus (ZIKV) infection during pregnancy has been largely associated with 
microcephaly and neurodevelopmental disorders. The epidemic of ZIKV which started in 2015 
was considered a public health emergency of international concern by the World Health 
Organization. However, how ZIKV affects the developing brain is poorly understood and most 
of the studies performed so far are based on infection performed in immunodeficient mice. This 
study aims to investigate whether early neonatal ZIKV infection leads to histological or 
behavioral changes related to brain function in immunocompetent, wild type mice throughout 
their lifespan. For such, both male and female Swiss mice were infected subcutaneously with 
ZIKV (strain isolated from a Brazilian patient) at post-natal day 3 (PND3) and early neonatal 
reflexes were assessed. ZIKV-infected group showed no impairment in reflex development 
compared to Mock mice. Viral replication in the brain and cytokine expression were assessed by 
qPCR. ZIKV successfully replicated in the brains of immunocompetent mice. Motor dysfunction 
were found in pre-weaning pups infected with ZIKV compared to Mock animals. ZIKV-infected 
group showed persistent decrease in body weight gain and by PND70 mortality rates were 
approximately 60% in ZIKV-infected group (0% in Mock group). Finally, histological and 
immunohistochemical analysis will be made in the animals to evaluate the organization of 
cortical structure and brain inflammation. We believe our study will help guide public health 
policies for ZIKV-exposed babies and children around the world, positively contributing to the 
field. Ethical approval: CEUA/CCS/UFRJ protocol no. 075/15. 
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Title: Zika virus replicates in adult human and mouse brains, leading to brain inflammation, 
synapse loss and memory impairment in mice 
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Abstract: Zika virus (ZIKV) infection during pregnancy is associated to severe neurological 
complications in newborns, including microcephaly and cortical calcifications. Initially 
considered a self-limited illness in adults, ZIKV infection was recently linked to various 
neurological manifestations, including acute myelitis, encephalitis and meningoencephalitis. 
Whereas several lines of evidence indicate that human neural precursor cells are affected by this 
infection, whether human adult neuronal tissue is susceptible to it remained to be determined. 
We aimed to determine the ability of ZIKV to replicate in human and mice adult brain tissue and 
its possible effects on memory and cognition. Initially, ex-vivo human adult cortical tissue was 
infected with 107 plaque-forming units (PFU) of a ZIKV strain isolated from a Brazilian patient, 
or the corresponding volume of virus-free C6/36 cells conditioned medium (mock). Culture 
media were collected for determination of the number of infectious viral particles by plaque 
assay and levels of cytokines by ELISA, and slices were processed for quantification of viral 
RNA by qPCR. ZIKV RNA in tissue, infectious particles and interleukin-6 (IL-6) released to the 
medium increased in a time-dependent manner, demonstrating that ZIKV successfully replicates 
in adult human mature neural tissue. To study the consequences of ZIKV infection in the adult 
brain, we performed intracerebroventricular injections of ZIKV (105 PFU) in young adult male 
Swiss mice. Brain infusion of ZIKV was not associated with increased mortality of mice, but 
caused a persistent reduction in body weight when compared to mock-infused mice. Brains of 
ZIKV-injected mice were collected at different time points for determination of viral RNA by 
qPCR. Increasing viral RNA levels were found, peaking at 6 days post-infection (dpi). Viral 
mRNA was higher in the hippocampus and frontal cortex when compared with others brain 
regions. No fluorojade-positive cells were found in the brain of ZIKV-infected mice, but we 
found an increase in Iba-1 (microglial) positive cells and a decrease in synaptophysin (synaptic 
marker) levels in their hippocampus. Brain IL-6 and tumor necrosis factor-α mRNA levels were 
markedly increased at 6 dpi. Using the novel object recognition task, memory impairment was 
detected as early as 1 dpi, persisting for up to 30 dpi. Our findings indicate that ZIKV replicates 
in human and mice adult brain in sites unrelated to neurogenesis, and that viral infection induces 
brain inflammation, synapse loss and memory impairment. 
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Abstract: Multiple sclerosis is an immune mediated demyelinating disease of the CNS. One 
potential cause of remyelination failure is chronic inflammation, therefore understanding the 
molecular mechanisms by which CNS inflammation inhibits the oligodendrocyte precursor cells 
(OPC) is important. While effector T-cells of the TH1 and TH17 phenotype are understood to be 
critical for the pathogenesis of MS, effector T-cells of the TH2 phenotype may have an opposing 
role by promoting remyelination and repair especially in an inflammatory setting. To investigate 
the role of TH2 cells we utilized the GFAP/tTA; TRE/IFNg transgenic mouse line in which CNS 
expression of IFNg from GFAP positive astrocytes is achieved upon doxycycline withdrawal. In 
order to determine whether TH2 cells promote remyelination after cuprizone induced 
demyelination we first directly administered TH2 cells into the CNS via intraventricular 
microinjection. In three separate experiments remyelination was significantly improved in TH2 
injected mice compared to PBS injected control animals (mean percent difference = 18.91; p-
value = 0.0107) as determined by black gold staining in corpora callosa tissue. Interestingly, the 
TH2 effect of improved remyelination was only detected in cuprizone fed mice induced to 
express IFNg in the CNS and there was no significant difference between TH2 and control mice 
in which IFNg expression was suppressed two weeks TH2 injection. After thorough examination 
at the one week time point we did observe a significant increase in remyelination from TH2 cells 
compared to control. The fact that TH2 cells can reproducibly overcome the strong and potent 



inhibitory effect of IFNg and promote remyelination is notable. In addition, it was found that 
arginase 1, a marker for anti-inflammatory microglia, in corpora callosa tissue was elevated in 
the presence of TH2 cells. To investigate by what mechanism the TH2 cells produce this effect, 
we directly treated OPCs with TH2 cells, but observed no significant response. Due to the fact 
that TH2 cells do not seem to promote OPC differentiation directly but have an effect on 
microglia activation, we hypothesize the at effect on remyelination may be mediated indirectly 
through microglia. In order to further probe the question of how TH2 cells are mediating their 
effect, further work will involve an OPC differentiation assay to examine microglial secreted 
factors in response to TH2 supernatants on OPC differentiation. 
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Abstract: Analysis of interleukin-4 induced protein 1 in human peripheral blood mononuclear 
cells 
Multiple sclerosis (MS) is a chronic inflammatory neurodegenerative disease of the central 
nervous system that, with an average age of onset of 34, afflicts over 2.3 million individuals 
worldwide during many of the most productive years of their lives. The pathogenesis of MS, 
though known to involve unresolved inflammation and autoimmune destruction of myelin, is 
poorly understood. Accurate biomarkers, which could predict disease progression, are yet to be 
identified and would provide valuable information to patients and their treating clinicians. 
Likewise, while disease modified drugs have been developed to combat the symptoms of 
relapsing remitting MS, none prevent progression to, or symptoms of, the progressive phase of 
MS. 
Interkeukin-4 induced protein 1 (IL4I1), an endogenously secreted L-amino acid oxidase 



expressed by immune cells is a promising candidate for both roles. Recently demonstrated by our 
lab, IL4I1 is upregulated during CNS remyelination, and functions to reduce inflammation to 
enable CNS remyelination in mice after experimental demyelinating injury. The goal of the 
present study is to evaluate the effect of IL4I1 on inflammatory cytokines in human peripheral 
blood mononuclear cells (PBMCs). 
Our preliminary data show that addition of recombinant human IL4I1 to CD3/CD28-activated 
PBMCs modulates MS-related inflammatory cytokines expression, including IFNg and IL17. 
Moreover, we found that recombinant IL4I1 altered the expression of TOB1, an anti-proliferative 
protein whose levels are known to correlate with progression from clinically isolated syndrome 
(CIS) to clinically definitive MS. These results suggest that the immunomodulatory effects of 
IL4I1 in mouse-models of MS are also found in human populations, and that the mechanism of 
this effect may involve a previously identified correlate of MS development. These findings from 
healthy control PBMCs justifies our next steps to further explore IL4I1 in the clinical patient 
population. 
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Abstract: Background: After stroke, the primary infarct site can cause secondary degeneration 
in neighboring and connected regions. In particular, a secondary degenerative injury has been 
observed in the connected thalamus. This progressive secondary injury causes neurological 
dysfunction and impedes stroke recovery. Inflammation in the injured thalamus is considered to 
be a hallmark of thalamic injury. However, the dynamics of inflammatory activation during the 
development of thalamic injury is unclear. We aim to investigate the development of 
microglial/astrocyte activation in secondary thalamic injury after stroke. Material and Methods: 
Cortical ischemic stroke was generated by permanent occlusion of left middle cerebral artery in 
male C57BL6J mice (12-15 weeks). Time course analysis of Inflammatory responses were 
assessed by immunostaining in brain sections collected on day 1, 3, 7, 14 and 28 after stroke. 



Immunostaining was performed with antibodies specific for activated microglia/macrophage 
(CD68) and astrocytes (GFAP). Images were captured by confocal imaging with z-stack and 
activated microglial/astrocytes at different time points were analyzed. Results: Primary 
infarction was observed mainly in the somatosensory cortex after stroke. Time course analysis of 
microglial/astrocyte activation revealed differential patterns after stroke. At the primary infarct 
site, activated microglia were initially detected on post-stroke day 1 surrounding the infarct, and 
gradually appeared in the infarct core after day 14. Activated astrocytes were detected at post-
stroke day 3, surrounding the infarct with a stellate morphology. Interestingly, astrocytes became 
densely packed and elongated after day 7. At the secondary thalamic injury site, activated 
microglia were sparsely detected as early as post-stroke day 1, while activated astrocytes were 
not observed until day 3. Clustered activated microglia/astrocytes with clear boundary were 
observed starting day 7, and gradually accumulated and became denser at later time points (day 
14 and 28).Conclusion: Our study suggests that microglial and astrocyte activation exhibit 
differential patterns after stroke, in both timing of activation and morphology. Microglial 
activation occurs earlier than astrocyte activation in both the primary cortical infarct and the 
degenerative ipsilesional thalamus. Current studies investigate the subtypes of activated 
microglia and astrocytes in the thalamus after stroke. Identifying specific subtypes of 
astrocyte/microglia and their involvement in thalamic injury will provide potential targets for 
stroke recovery. 
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Abstract: Introduction: Metabolic Syndrome (MS) has become a public health problem 
because of its association with increased risk of cardiovascular disease. The International 
Diabetes Federation (IDF) has reported that it least 25% of the world's population suffers from it. 



Several studies have shown that a basis of its pathophysiological is insulin resistance (IR) the 
common with neurodegenerative diseases such as Alzheimer's and Parkinson's, sharing more risk 
factors than previously thought. The body has endogenous antioxidant systems that can be 
altered by the presence of MS. This pathophysiological connection suggests that the increase in 
the prevalence of MS will also increase the prevalence of neurodegenerative disorders, and 
metabolic problems are associated with oxidative stress and inflammatory status. Objective: To 
determine the profile of inflammatory markers (TNFα, IL-6, IL-1β) and the endogenous 
antioxidant system (CAT, SOD and GSH) in patients with MS, which are common in 
neurodegenerative diseases. Results: It will show it share profile of endogenous antioxidant 
enzymes and proinflammatory cytokines in patients with MS, analyzing the similarity of this 
behavior with that of neurodegenerative disorders. 
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Title: Up-regulation of the neurotrophin receptor p75NTR by valproic acid in human 
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Abstract: The anticonvulsant and mood-stabilizer drug valproic acid (VPA) has been shown to 
adversely affect neuronal differentiation, growth and survival through mechanisms still not 
completely understood. We have previously reported that exposure to VPA down-regulates the 
expression and signalling of the brain-derived neurotrophic factor (BDNF) receptor TrkB in 
neuronal cells, suggesting that VPA may impair central BDNF activity. In the present study we 
show that in human neuroblastoma cells VPA causes a marked up-regulation of p75NTR, a 
common neurotrophin receptor that belongs to the tumor necrosis factor receptor superfamily. 
Prolonged treatment with VPA (1.0 mM) and other histone deacetylase (HDAC) inhibitors, such 
as trichostatin A (TSA), sodium butyrate (NaBut), MS-275 and MC 1568, enhanced the protein 
levels of p75NTR in either undifferentiated or retinoic acid (RA)-differentiated SH-SY5Y 
neuroblastoma cells. VPA also significantly increased the expression of sortilin, a member of the 



Vps 10p-domain receptor family which complexes with p75NTR to mediate neuronal cell death. 
Under similar experimental conditions, the levels of TrkA, the receptor of nerve growth factor 
(NGF), were not significantly affected by VPA in RA-differentiated SH-SY5Y cells. A marked 
increase of the cellular levels of p75NTR was also detected in LAN-1 human neuroblastoma 
cells following treatment with VPA. In these cells the enhanced p75NTR expression was 
associated with stimulation of apoptotic cell death induced by either VPA, NaBut and MS-275. 
Collectively, our data demonstrate that VPA and other HDAC inhibitors alter the balance 
between neurotrophin receptors by down-regulating TrkB and up-regulating the p75NTR/sortilin 
complex and suggest that this action may contribute to the deleterious effects of these agents on 
neuronal survival. 
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Abstract: The cuprizone animal model is widely used to study toxic demyelination and 
subsequent remyelination in the central nervous system. A copper chelator, cuprizone affects 
oligodendrocytes, leading to their degeneration and the loss of myelin sheathing. Studies suggest 
the cuprizone model appears to maintain an intact blood-brain barrier throughout the treatment. 
In the present study, we aim to assess the integrity of the blood brain barrier after 6 weeks of 
cuprizone administration followed by 2 weeks without to allow for remyelination. Mice were 
imaged using MRI every two weeks starting on week 0 of administration. Measurements of 
demyelination and ventricle enlargement were taken with T1, T2, and diffusion weighted 
protocols. A portion of mice were intraperitoneally injected with Evans Blue 3 days prior to 
sacrifice in order to stain the vasculature as well as investigate any potential areas of integrity 
breakdown in the BBB. Immunohistochemistry was utilized to stain brain sections after sacrifice. 
The tissue sections were stained for neurons, myelin, astrocytes, microvessels, oligodendrocytes, 
immune cells, as well as aspects of the extracellular matrix to assess the integrity of the blood-
brain barrier. Cuprizone treatment caused significant weight loss, as well as a measurable change 
in ventricle size seen after 6 weeks of treatment. There was a significant increase in gliosis, as 
well as morphological changes indicative of activation. BBB integrity was assessed using 



computational image analysis to measure changes in vessel size, astrocyte ensheathment, and 
degeneration. 
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Abstract: Introduction: Diabetes mellitus type 2 (DM2) is one of the diseases of high 
prevalence in the Mexican population. Included in the microvascular complications associated 
with this pathology are diabetic polyneuropathy (DPN), which affects the quality of life of 
diabetic patients. Currently, treatment for DM2 focuses on optimizing adequate glycemic control 
with oral hypoglycemic agents and insulin to prevent or delay the development of DPN. When 
the patient develops DPN, the treatment focuses on providing relief of symptoms; however, there 
is little evidence that any of the drugs used modifies the underlying pathophysiology of DPN. 
Objective. Analyze the effect of thiamine pyrophosphate (TPP) on the nerve conduction velocity 
of lower limbs of patients with DPN. Material and methods. We studied 26 patients with DPN, 
organized into 2 study groups: Group I (n=14) patients with 1 to 10 years of evolution of 
diabetes mellitus type 2 (DM2) and Group II (n=12), with 10 to 20 years of DM2. Both groups 
were treated with TPP (10 mgrs/kg body weight) for intramuscular injection once a week for 
three months. The effect of the therapy was evaluated by the Michigan Neuropathy Screening 
Instrument (MNSI), biochemical analysis and nerve conduction tests, before and after treatment. 
Results: After 3 months of treatment, the patients of Group I showed improvement in the speed 
of conduction of the lower limbs while Group II patients had a lower response of improvement 
with treatment. For both groups, prolonged latencies, reduction in amplitude of the potential and 
increase of its duration were determined. Conclusions. The results show a marked improvement 



in the nerve conduction velocity of the lower limbs in Group I, with a shorter evolution time of 
the disease. 
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Abstract: Exposure to acetylcholinesterase inhibitors such as soman (GD) can initiate status 
epilepticus (SE) that can lead to progressive brain damage and behavioral impairment. Current 
treatments targeting the GABA system can ameliorate GD-induced SE, though treatment 
effectiveness diminishes rapidly following exposure. Therefore, new treatment strategies that do 
not rely on the GABA system are needed to reduce seizure activity, tissue loss and cognitive 
deficits. One strategy involves modulation of the pro-neuroinflammatory response, a prominent 
feature in GD-induced brain injury, which can exacerbate seizure susceptibility, generation and 
frequency. We have previously shown that reducing interleukin -1 receptor 1 (IL-1R1) or tumor 
necrosis factor receptor 1A (TNFR1A) signaling can moderately reduce many deleterious 
physiological effects after SE. This study focused on inhibition of both IL-1 and TNFα signaling 
as an anticonvulsant and neuroprotective strategy. Using an IL-1R1/ TNFR1A double knockout 
(KO) mouse, seizure profiles, neuropathology, mortality, cognitive performance and other 
relevant physiological responses were compared to a wild type background mouse strain. 
Inhibiting both IL-1 and TNFα signaling pathways had a synergistic effect on reducing 
deleterious physiological effects of GD-induced SE such as neuropathology, seizure activity and 
mortality. These results show that IL-1R1/TNFR1A double KO mice are remarkably resilient to 
the effects of GD exposure to include reduced seizure incidence, morbidity, mortality and 
cognitive deficit. These data suggest that inhibition of specific pro-inflammatory pathways may 



be a viable addition to standard therapies to treat GD-induced SE. 
The views expressed in this talk 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 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 
and the Animal Welfare Act of 1966 (P.L. 89-544), as amended. These studies were funded by 
the Defense Threat Reduction Agency (DTRA). 
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Abstract: Mitochondrial dysfunction is associated with the aging process and with the 
pathogenesis of a variety of disorders such as metabolic syndrome and neurodegenerative 
diseases including Alzheimer’s disease (AD). Interestingly, miRNAs can modulate 
mitochondrial activity, and a discrete miR set has recently been identified in mitochondria of 
different species and cell types (mitomiRs). Among them, miR-146a is involved in important cell 



functions including inflammation, immune responses, invasion, metastasis and cell death. The 
impact of miR-146a on mitochondrial function and glucose metabolism has not been previously 
analyzed. Since a single microRNA (miRNA) is capable of deregulating many genes’ function, 
we hypothesized that increased miR-146a by inflammatory stimuli including LPS, TNF-α and 
Aβ may influence mitochondrial function and glucose metabolism, especially glycolysis through 
regulating multiple target proteins involved in these processes in AD. We found that the level of 
miR-146a was significantly associated with Braak and Braak (B&B) stage not only in temporal 
cortex but also in frontal cortex and cerebellum of AD patients. We also found that increased 
miR-146a levels by inflammatory signaling may not be limited to the cellular level but also 
secreted exosomes in multiple brain cell types, including neurons, glial cells, and brain 
endothelial cells. Through an in silico bioinformatics analysis study, we identified four putative 
target genes related to mitochondrial electron transport chain as well as two glycolysis related 
genes. Furthermore, overexpression of miR-146a significantly decreased ATP production, spare 
capacity, and maximum respiration as measured in rat primary mixed glial cells as measured by 
an XFe 96 extracellular flux analyzer. MiR-146a also significantly decreased glycolysis and 
glycolytic reserve. The overexpression of miR-146a in HT22 and C8B4 also reduced level of 
proteins involved in electron transport chain complex II (SDHC) and glycolysis (PGK1). Our 
results indicate that the increased level of miR-146a in brain cells may play a direct role in 
controlling mitochondrial function and energy metabolism by regulating mitochondrial protein 
expression as well as proteins regulating glycolysis. The modulation of miR-146a could thus 
mediate the loss of mitochondrial integrity and function in various brain cells, inducing or 
contributing to the brain’s inflammatory response in diseases such as AD and other 
neuroinflammatory disorders. 
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Abstract: Huntington’s Disease (HD) affects nearly 30,000 people in the United States. This 
disease is an inherited disease characterized by the progressive degeneration of nerve cells within 



the nervous system. The disease was first documented in 1872 by George Huntington. Since 
then, we have come to learn that the symptoms of HD usually appear between the ages of 30 and 
50. These symptoms include chorea (involuntary movements), impared cognitive function, 
personality changes, progressive weight loss and eventually death. There is no current cure for 
HD, just palliative treatment. In the later stages of the disease, the patient will be unable to walk, 
talk or care for themselves. 
One possible treatment that has been looked at as of recently is the use of the substance GM1. 
GM1 is a ganglioside and resides within the outer leaflet of our cells. It has been shown to have 
neuroprotective effects and is important in the development of our neurons In neurodegenerative 
diseases like HD, Parkinson’s Disease, and Alzheimer’s Disease, GM1 is significantly reduced 
within the cells. Recent studies have used GM1 as a treatment for HD and have seen positive 
results. In this study, we have looked at the efficacy of subcutaneous administration of GM1 in 
the R6/2 mouse model of HD. Previous studies have only looked at intraventricular 
administration of GM1. We have chosen subcutaneous administration due to the fact that it is 
much more practical. We hypothesize that the administration of GM1 will help to reverse the 
effects the disease has on behavior and cognition. 
Support for this study was provided by the Neuroscience program, the College of Medicine, 
Department of chemistry and biochemistry, and the Field Neurosciences Institute. Neuroscience 
at CMU  
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modifying macrophage response post-injury 
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of Campinas, Campinas, Brazil; 3Univ. of Campinas - Lab. of Nerve Regeneration, Campinas, 
Brazil 

Abstract: Following peripheral nerve injury, distal stump degeneration takes place, allowing 
tissue clearance, and remodeling, mostly driven by Schwann cells and macrophages. Dimethyl 
fumarate (DMF) is a fumaric acid ester that presents antioxidant properties, anti-inflammatory, 
and mmunomodulatory activity, shifting the overall response towards an anti-inflammatory 
(Th2) profile. However, DMF activity on peripheral nerve regeneration is poorly studied. Thus, 
unilateral sciatic nerve crushing in C57BL/6J mice was followed by DMF (100mg/Kg, orally) or 
vehicle (methylcellulose) daily treatment, 3 days after lesion (3 dal, when there is a high influx 
of macrophages in the nerve) up to 28 dal (when regeneration is established). Motor recovery 
was recorded daily (3 - 28 dal), using a computerized walking track test system (CatWalk 
system). Animals were euthanized at 7, 14 and 28 dal (n=5/group/time point) and nerves were 
analyzed regarding the expression of neurofilaments (axonal marker), growth associated protein 
43 (GAP-43, regrowing axons) and Iba1 (macrophage marker). Intact nerves were used as the 
baseline control. Under DMF treatment, macrophage immunolabeling peaked at 7 dal (2,420%, 
p<0.001), being kept constant up to 14 dal and then decreasing, while in the control group it 
peaked at 14 dal (2,400%, p<0.001) and then dropped. In both groups, axon labeling rose at 7 dal 
(134%, p<0.05, DMF; 122%, ns, control), possibly as the sum of degenerating and growing 
axons. However, while axon labeling progressively decreased in the DMF group, it abruptly 
diminished in the control at 14 dal (67%, p<0.05), possibly due to a massive macrophage 
infiltration. Neurofilament baseline levels were restored at 28 dal in both groups. GAP-43 
kinetics in the control group resembled that of neurofilament, with smaller expression at 14 dal 
(59%), however, peaking at 28 dal (384%, p<0.001). On the contrary, in DMF group it rose at 14 
dal (477%, p<0.001), decreasing at 28 dal. Motor recovery was fully reestablished in both groups 
at 28 dal, with no significant difference between then. Overall, the present data indicates that 
DMF accelerates axon regeneration, besides extending macrophage permanence in the 
regenerating nerve microenvironment, possibly in a Th2, anti-inflammatory fashion. 
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Title: Neurotoxic reactive astrocytes in neurodegenerative disease 
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Abstract: Although reactive astrocytes are rapidly generated following brain injuries and 
neurodegenerative and neuroinflammatory diseases, their role in trauma and disease states is not 
well understood. Previously we distinguished two reactive astrocyte subclasses based on the kind 
of inducing injury. We named these classes “A1” and “A2”. Based on their gene profiles we 
hypothesized that they were harmful and helpful respectively. We have shown that the harmful 
A1 reactive astrocytes are induced by classically-activated neuroinflammatory microglia. 
Specifically, we found that activated microglia induce A1s by secreting Il-1α, TNFα, and C1q, 
and that these factors together are necessary and sufficient to induce A1s both in vitro and in 
vivo. A1s have little ability to promote neuronal survival, outgrowth, synaptogenesis or 
phagocytosis and instead are powerfully toxic to neurons and oligodendrocytes. We further 
showed that A1s are present in human Alzheimer’s disease, Huntington Disease, Amyotrophic 
Lateral Sclerosis, and Multiple Sclerosis, and that death of axotomized CNS neurons is 
prevented when A1 formation is blocked with neutralizing antibodies to Il-1α, TNFα, and C1q. 
We now show the role of A1 neurotoxic reactive astrocytes in the context of neurodegeneration 
in both acute (ischemia) and chronic (glaucoma) mouse models. Taken together our findings 
strongly suggest that A1s drive death of neurons in neurodegenerative disorders, and point the 
way forward for developing new treatments for these diseases. 
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Abstract: Background Neurogenesis in the hippocampus has been shown to be prone to 
alterations in response to a variety of physiological and pathological factors, one of which is 
neural inflammation. Inflammation has been implicated in changes observed in 
neurodegenerative diseases such as Parkinson’s and Alzheimer’s. Previous studies are in favor of 
the hypothesis that overt or discrete brain inflammation can result in reduced neurogenesis 
and/or neuronal death associated with cognitive decline and other functional disorders. We aim 
to show that mild inflammation induced by unilateral Endotoxin injection in the substantia nigra 
(SN) and ventral tegmental area (VTA) can alter neurogenesis in the Dentate Gyrus (DG) of the 
hippocampus. Methods Adult Sprague Dawley female rats (250-300g) received stereotaxic 
unilateral injection of Endotoxin (2ug/2ul saline) or sterile saline (2ul) in the right SN. Rats then 
received 3 consecutive intraperitoneal injections of 5’-Bromo-2’-deoxyuridine (BrdU) 
(66mg/kg/injection) separated by 2 hour intervals on the day of the surgery. The rats were 
perfused on day 3, 6, or 9. Behavioral observations included cylinder test, y-maze and Rotarod 
tests. The fractionator method was used together with confocal immunofluorescent analysis to 
probe for BrdU and NeuN positive cells in the left and right DG. In addition, Tyrosine 
hydroxylase (TH) immunostaining was performed and TH cells were quantified in the right and 
left SN. Results The cylinder test showed significant ipsilateral bias (right side) in the rats that 
received ET injection compared to the sham and Naïve rats at days 2, 3 and 6, with the most 
prominent effect at day 3 (p<0.0049). The Rotarod test showed significant decrease in the 
latency to fall for ET injected rats at day 2 (p<0.0059), which was partially reversed on day 3 and 
back to normal by day 6. ET injection in the SN led to a significant decrease of BrdU positive 
cells (p<0.05) in the DG at day 3 compared to sham and there was no significant difference 
between sham and naïve rats. This was followed by a trend decrease in neurogenesis on days 6 
and 9 post injection. Interestingly, there was no prominent difference between left and right DG 
and the decrease appears to be a bilateral decrease. Moreover, at day3 post injection, SN showed 
a 35% decrease of TH in the right side compared to the left and this decrease was no longer 
present at day 9. ConclusionThis study shows that neurogenesis is altered following localized 
inflammation and represents one process that can be further investigated in neurodegenerative 
diseases. 
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Abstract: Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous 
system and a major cause of neurological disability in young adults. There is robust evidence 
showing that immune-mediated axon damage is the major cause for progression of permanent 
neurological deficits. Using in vivo imaging in a mouse model of MS we identified focal axonal 
degeneration as a correlate of inflammatory axon loss. It is characterized as a sequential process, 
beginning with focal swellings and progressing to multi-focal axon fragmentation. This process 
is observed in axons with intact myelin sheaths and its early stages can recover spontaneously. 
We were able to show that elevated calcium levels influence the axonal fate to degenerate in 
EAE lesions, however the degenerative process triggered via elevated calcium is not understood. 
In this work, we investigated which mechanism is involved in the neurodegeneration in 
experimental autoimmune encephalomyelitis (EAE), an animal model of MS. We assessed the 
effect of delayed Wallerian degeneration genotypes (ΔNLS-Wlds and Sarm1 knock-out), which 
did not result in a reduction of clinical disability or reduction of axonal fragmentation in acute or 
chronic lesions in vivo. The inhibition of Calpain, a calcium-activated protease, reduces axonal 
fragmentation in acute lesions in vivo. These results suggest a mechanism of axonal destruction 
which appears to be distinct from Wallerian degeneration and opens possibilities for 
neuroprotective therapies targeting the calcium-calpain axis. 
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Abstract: Phenylketonuria (PKU) is an autosomal recessive inborn error of amino acid L-
phenylalanine (Phe) metabolism caused by deficiency of phenylalanine hydroxylase (PAH) 
activity. Biochemically, it is characterized by hyperphenylalaninemia (HPA). Clinically, patients 
present with psychomotor impairment and severe intellectual disability. The pathogenesis of 
brain alterations related to PKU is based on HPA neurotoxicity, which is not completely 
understood. In this context, the aim of this study was to evaluate neurochemical, inflammatory 
and behavioral parameters in rats submitted to an experimental HPA model. For this, five-day-
old female Wistar rats received 2 daily subcutaneous injections of Phe (5.2 µmol/g; 12 hours 
interval between administrations) and daily subcutaneous administration of p-
chlorophenylalanine (0.9 µmol/g), a PAH inhibitor, from the 5th to the 30th day of life. Control 
group received saline solution under the same conditions. Twenty-four hours after the last 
administration, behavioral tasks (open field and radial maze) were evaluated. Immediately after, 
animals were euthanized and cerebral cortex, hippocampus and striatum were dissected and used 
for the determination of synaptophysin immunocontent and brain derived neurotrophic factor 
(BDNF), interleukin (IL)-1beta (IL-1β), IL-6, IL-10 and tumoral necrosis factor alpha (TNFα) 
levels. HPA caused cognitive deficit in animals, as seen in the open field test, without any 
alteration in the radial maze. HPA also decreased synaptophysin immunocontent, a marker of 
synaptic integrity, and increased levels of the IL-6 (proinflammatory interleukin) and IL-10 



(anti-inflammatory interleukin) only in cerebral cortex of hyperphenylalaninemic animals. On 
the other hand, IL-1β, TNFα and BDNF levels were not altered in HPA animals. The present 
study demonstrated that chronic HPA causes cognitive damage, which could be subsequent to 
synaptic changes and neuroinflammation. These results may contribute to the understanding of 
the pathological mechanisms of cognitive damage observed in phenylketonuric patients. 
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Title: Dynamics of spinal cord axonal degeneration and innate immune cell phenotypes in 
multiple sclerosis 
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Abstract: Multiple sclerosis (MS) is dependent on an interplay between the adaptive and innate 
immune cell subsets. Activation of resident microglia together with infiltrating leucocytes are 
key elements in the myelin and axons’ degradation during disease initiation and progression, 
responsible for clinical symptoms. However, the precise interdependence between these elements 
remains unknown. We developed a mouse preclinical model of MS in order to dynamically 
analyze the relationships between inflammation, neurodegeneration and disease progression. We 
induced experimental autoimmune encephalomyelitis (EAE) in Thy1-CFP//LysM-
EGFP//CD11c-EYFP transgenic reporter mice1. Animals carrying a spinal glass window2 were 
subjected to recurrent two photon imaging and the in vivo spatio-temporal distribution as well as 
the morphology of LysM- and CD11c-expressing cells were correlated to the observed axonal 



degeneration, weight losses and clinical scores. We validated a 19 parameters flow cytometry 
panel3 compatible with the simultaneous detection of the two EGFP and EYFP fluorescent 
reporter proteins. LysM-expressing cells were identified as infiltrating monocytes and 
neutrophils and CD11c-expressing cells as microglia. Our data define a precise pathology 
timeline, with primary infiltration of neutrophils and monocytes through the meningeal 
compartment, secondary in situ differentiation of monocytes into monocyte-derived dendritic 
cells, and finally recruitment of microglial cells in the entire spinal cord followed by migration to 
plaques. The occurrence of monocyte-derived dendritic cell subset and the diminution of EGFP-
expressing cells characterized a stabilization of axon degradation and clinical signs and the 
predominance of microglia to process axon debris in plaques. Our technical set up and animal 
model should help identifying targets for efficient anti-inflammatory drugs as well as the 
opportunity windows for their administration.1 Fenrich et al., 2013, J Vis Exp, (82):e50826 2 
Fenrich et al., 2012, J Physiol, 590(16):3665-75 3 Tamoutounour et al., 2013, Immunity, 
39(5):925-38 
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Abstract: World obesity rates have increased in the last few decades. An increase in high fat 
consumption along with a decrease in physical activity is the primary driver leading the obesity 
epidemic. Diet-induced obesity predisposes individuals to type-2 diabetes and contributes to 
complications including those of the nervous system and the immune system. Diabetes is 
associated with an elevated risk for neurodegeneration and dementia and changes in hippocampal 
plasticity. Studies have shown that neurodegeneration caused by diabetes is related in part, to 
elevated levels of inflammatory cytokines involved in brains of animals fed a high fat diet 



(HFD). In addition, it is well documented that a high fat diet causes changes in gut microbiota. 
The dysbiosis of gut microbiota triggers a pro-inflammatory response and may also disrupt 
neuronal signaling. While diabetes caused by diet-induced obesity is largely preventable by 
reducing high fat intake, individuals often find it difficult to radically change unhealthy aspects 
of their diet. Instead, we are proposing to alter the imbalance of gut microbiota through 
supplementation of kale, arugula (f. Brassicaceae) and dandelion (f. Asteraceae) plants to 
mediate the inflammatory response, potentially taper neurodegeneration, and thus stymie 
cognitive decline. 
To address this issue, C57BL/6 mice were fed either a control or high-fat diet (HFD)(60% fat) 
for 18 weeks until the high-fat group reached a pre-diabetic stage. After 18 weeks, mice on a 
HFD weighed significantly more than the control mice, displayed elevated blood glucose levels, 
and showed deficits in spatial learning. During weeks 18 to 40, the diets of all the mice were 
supplemented daily with 1.0 gram of kale, arugula, or dandelion. Consumption of the greens had 
no effect on the weights of either groups. During the 22-weeks when the mice were fed their 
supplemental kale, arugula, or dandelion diets, the mice were subjected to multiple repetitions of 
the Morris Water Maze, Barnes Maze, and Nonconditioned Social Discrimination Procedure, to 
probe for changes in their memory. Fecal samples before and after supplementation of 
Brassicaceae and Asteraceae plants were collected and changes in gut microflora were 
characterized by 16S rRNA gene sequencing for bacterial identification using the Illumina 
MiSeq platform. Analyses are ongoing; the brains of the subject animals will also be analyzed 
for inflammatory, neuronal markers and changes in dendritic spine morphology. 
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Abstract: Histone deacetylase inhibitors (HDACi) are approved for treating rare cancers and are 
of great interest as potential therapies for both mono- and polygenetic neurological disorders. 



However, the toxicity and poor permeability of HDACi across the blood-brain barrier (BBB) 
have been major barriers for their use in neurological disorders. We developed a triple 
combination formulation (TCF) comprising the FDA-approved HDACi vorinostat, the caging 
agent 2-hydroxypropyl-beta-cyclodextrin (HPBCD), and polyethylene glycol (PEG) for treating 
a mouse model of Niemann-Pick type C (NPC) disease a difficult-to-treat, neurodegenerative 
disorder. Vorinostat alone showed activity in cultured primary cells derived from Npc1nmf164 
mice but did not improve animal survival. However, low-dose, once-weekly intraperitoneal 
injections of the TCF containing vorinostat increased histone acetylation in the mouse brain, 
preserved neurites and Purkinje cells, delayed symptoms of neurodegeneration, and increased 
mouse life span by over 100%. We demonstrate that the TCF boosted the ability of HDACi to 
cross the blood-brain barrier with no metabolic toxicity or neuroinflammation in the brain, even 
when used long term. TCF enable dose reduction, an additional challenge in HDACi therapy. 
Mechanistically, TCF enables epigenetic resetting and rescue the function of the misfolded 
NPC1 protein in the brain. Data will also be presented on adapting TCF therapy for multiple 
neurological disorders. 
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Abstract: We have identified a novel function for vitronectin (VTN), an abundant blood protein, 
as a rapid and potent inducer of leukemia inhibitory factor (LIF) and pro-inflammatory 
interleukin-6 (IL-6) both in vivo and in vitro. In contrast to VTN, laminin-111, fibrinogen, 
fibronectin or collagen-1 had no effect on either cytokine after 4 hours in cultured C6 
astroglioma cells. Also in vitro, plasma from VTN -/- mice was a less effective inducer of LIF 
and IL-6 relative to wild type plasma. In adult mice, intra-striatal injection of VTN but not heat-
denatured VTN significantly increased LIF and IL-6. Conversely, VTN -/- mice had reduced LIF 
and IL-6 in response to intracerebral haemorrhage relative to wild type mice. In vitro, VTN 
induction of LIF and IL-6 were suppressed by RGD-integrin blocking peptides, including one 
specific for αvβ3 integrin. Pharmacological blockade of the urokinase plasminogen activator 
receptor (uPAR), which can bind VTN, also reduced LIF and IL-6 induction by VTN. Further, 
pharmacological blockade of focal adhesion kinase (FAK) activation and siRNA against FAK, 
but not the related PYK2, suppressed both LIF and IL-6 in endothelial cells. Overexpression of 
mutated FAK (Y397F) in cultured cells reduced mechanical injury-mediated LIF and IL-6 
induction. We propose that VTN leakage from the blood is an important mediator of cytokine 
and inflammatory signalling. Integrin-FAK activation may represent a novel target for the 
regulation of both LIF and IL-6 with implications for the stem cell and inflammation fields. 
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Title: Ethanol activates ‘death receptor’ signaling to cause neurodegeneration 
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Abstract: Alcohol addiction is associated with neurodegeneration in the hippocampus and 
cortex, which is associated with functional deficits. We investigated the role of TNF receptor 
family, i.e. the Death Receptor Family, in the pathology of alcohol-induced neurodegeneration. 
Ethanol, both in vivo and in vitro caused activation of the death receptor pathway. The TNF-
related apoptosis-inducing ligand (TRAIL), in particular was activated by ethanol. TRAIL binds 
two receptors, DR4 and DR5, resulting in caspase-dependent cell death. TRAIL was increased in 
brain by nearly two-fold 24 hours after acute ethanol in vivo (6g/kg, **p<0.01). TRAIL was also 
increased in the mouse plasma by 4-fold 12 hours after ethanol. In BV2 microglia, TRAIL was 
also increased 2.3-fold (**p<0.01) and SH-SY5Y neurons (1.5-fold, *p<0.05) at 24 hours after 
ethanol (100mM). Ethanol caused a 140% increase in DR5 expression in BV2 microglia at 12 
hours after ethanol. Immunofluorescent co-labeling found the majority of TRAIL was present in 
neurons in vivo. In SH-SY5Y neuronal cultures, DR4 and DR5 were increased by 125% and 
155% respectively 12 hours after ethanol treatment. Interestingly, neurons secreted TRAIL into 
the media in response to ethanol, suggesting autocrine-paracrine signaling. In order to assess the 
effect of ethanol on TRAIL-mediated neurodegeneration, hippocampal-entorrhinal cortex (HEC) 
slice culture was employed. Ethanol (100mM) caused increased TRAIL in HEC at 48 hours (1.5-
fold, *p<0.05). DR4 and DR5 were also increased after 48 hours of ethanol exposure (150%). 
Pre-treatment of slices with ethanol (48h) followed by addition of TRAIL resulted in a robust 
enhancement of neurodegeneration, evidenced by a near 3-fold increase in propidium iodine 
uptake greater than either TRAIL or ethanol alone (*p<0.05). Thus, ethanol increases TRAIL 
signaling and enhances TRAIL mediated neurodegeneration. TRAIL mediated 
neurodegeneration represents a novel mechanism of ethanol-induced neurodegeneration. This 
may represent a novel target for the developmental degeneration associated with alcohol abuse. 
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Abstract: Multiple sclerosis (MS) is a common cause of autoimmune demyelination of the 
central nervous system (CNS) leading to motor and vision deficits. The exact mechanism of MS 
remains unknown, though disruption in calcium homeostasis is thought to play a role. MS can be 
modeled in experimental animals through generation of experimental autoimmune 
encephalomyelitis (EAE) by inducing an autoimmune response against the myelin sheath, an 
insulating layer covering the nerve fibers. This causes perivascular inflammatory infiltrates and 
lesions of demyelination in the spinal cord. We hypothesize that intracellular calcium channels 
(ICCs) are altered during MS development, resulting in abnormal calcium signaling, resulting in 
neuronal dysfunction, and therefore contributing to loss of axons. This study measured the 
expression levels of inositol 1,4,5-trisphosphate receptors (IP3Rs) in EAE-induced animals to 
determine if calcium channel complexes contribute to neurodegeneration in EAE and might 
ultimately represent a target for the development of novel pharmaceutical treatments of MS. 
EAE was induced in female Dark Agouti rats through immunization with myelin 
oligodendrocyte glycoprotein (MOG) protein. Immunoblotting was used to quantify ICCs in the 
CNS. Immunohistochemistry was used to visualize and quantify expression of ICCs, as well as 
of markers for cell types and structures affected by EAE, including oligodendrocytes, somata and 
axons of neurons, as well as astrocytes. Image analysis software was used to quantify levels of 
protein immunoreactivity. Six out of eight rats immunized with MOG protein exhibited signs of 
EAE and presented with increased cell infiltration and demyelination in CNS lesions. Increased 
expression of some, but not all ICCs was found. Expression of neuronal ICCs was increased in 
CNS neurons after EAE-induction. Increase in ICC expression could lead to apoptosis of neurons 
and axon damage during autoimmune encephalomyelitis disease progression due to calcium 
toxicity. Our findings of altered ICC calcium expression in a model of MS provides a strong 
rationale for further investigations determining the role of calcium regulation in MS as the basis 
for novel therapy development to prevent impairment of motor function and vision. 
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Abstract: Stroke is a devastating disease with a strong inflammatory component partially 
mediated by meningeal IL17+ γδT cells1,2. γδT cells constitute a lymphocyte population with 
innate features that populate epithelial surfaces, such as the nasal-associated lymphoid tissue 
(NALT). We have shown that, in the context of stroke, T cells migrate from the small intestine to 
the meninges but whether γδT cells can migrate from other epithelial surfaces is still unknown. 
Because of its close proximity, one possible source of stroke-associated IL17+ γδT cells could be 
the NALT from which T cells could migrate along olfactory nerve sheaths into the brain or the 
meninges. Indeed, it has been shown that Th17 cells are able to do it after intranasal infection 
with group A Streptococcus3. The role of NALT as a source for immune cells participating in the 
inflammatory response and in stroke outcome are still unknown. In order to study this, 25 
C57bl/6 mice (male, 8-10 weeks old) were randomized to NALT ablation or sham surgery. 14 
days later mice were subjected to transient middle cerebral artery occlusion (tMCAO). Infarct 
volumes were determined on Nissl stained coronal sections 3 days after reperfusion. Infarct 
volume analysis did not show any significant difference between sham (39.99 ± 6.46, n=12) and 
NALT-ablated mice (47.85 ± 7.13, n=13, p>0.05). Although NALT ablation does not affect 
infarct volume, we sought to investigate its effect on immune cell infiltration, and specifically 
IL17+ T cells, in the brain or meninges after stroke. For this purpose, 14 IL17-eGFP mice were 
randomized to NALT ablation or sham surgery, and subjected to tMCAO. At 16 hours after 
reperfusion, at a time when IL17+ γδT cells are increased in the meninges after stroke1, immune 
cells were isolated from brain and meninges and analyzed by flow cytometry. No significant 
differences were found in total infiltrated CD45+ cells (3318 ± 892 vs 3095 ± 933; p=0.87, n=7 
per group), CD11b+ cells (2389 ± 739 vs 2122 ± 865; p=0.82), TCRβ+ cells (234 ± 51 vs 203 ± 
35; p=0.62), TCRγδ+ cells (27 ± 6 vs 31 ± 6; p=0.67), Th17 cells (16 ± 6 vs 10 ± 3; p=0.32) or 
IL17-γδT cells (13 ± 3 vs 15 ± 4; p=0.78) in the brain. No significant differences were found in 
total CD45+ cells (4485 ± 1599 vs 2303 ± 741; p=0.24), CD11b+ cells (2625 ± 1119 vs 1245 ± 
422; p=0.27), TCRβ+ cells (376 ± 114 vs 260 ± 99; p=0.46), TCRγδ+ cells (57 ± 16 vs 40 ± 11; 



p=0.36), Th17 cells (16 ± 6 vs 11 ± 4; p=0.46) or IL17-γδT cells (57 ± 16 vs 40 ± 11; p=0.36) in 
the meninges of sham surgery and NALT-ablated animals. We conclude that NALT ablation 
does not affect ischemic brain damage or immune cells infiltration of the meninges or brain after 
stroke. 1 Nat Med 22: 516 2 Blood 120: 3793 3 J Clin Invest 126: 303 
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Abstract: Brain inflammation plays an important role in the pathophysiology of brain ischemic 
stroke, psychiatric and neurological diseases. During brain inflammation, microglia cells are 
activated and show pro-inflammatory M1 and anti-inflammatory M2 phenotypes, producing 
neurotoxic molecules and neurotrophic factors, respectively. We discovered a natural product 
balasubramide derivative 3C exhibiting anti-inflammatory effects in microglia cells, but the 
underlying mechanisms and its beneficial effects on brain inflammation and brain ischemia are 
unknown. We found that 3C inhibited M1 polarization and promoted M2 polarization in LPS-
stimulated BV2 and primary microglia cells, and these effects are mediated by 
CaMKKβ/AMPK/JNK signaling pathway. Furthermore, 3C prevented M1 gene expression and 
enhanced M2 gene expression in a mouse model of LPS-induced neuroinflammation, and 
reduced the LPS-induced sickness behavior. In addition, 3C significantly reduced infarct volume, 
improved the neurological deficit, and reduced neuroinflammation in rats with acute focal 
cerebral ischemia. Our results indicate that the natural product balasubramide derivative 3C 
suppresses microglia activation by promoting M2 polarization and may provide a novel 
therapeutic approach to treat brain ischemic stroke associated with enhanced brain inflammation. 
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Abstract: Inflammation is an essential step for the pathology of ischemic stroke. Since no 
pathogen exists within brain, post-ischemic inflammation will be triggered by some endogenous 
molecules (DAMPs: danger associated molecular patterns), which were released from dying 
brain cells. High mobility group box 1 (HMGB1) and peroxiredoxin (PRX) have been recently 
identified as DAMPs in the ischemic brain. HMGB1 exaggerates the disruption of blood brain 
barrier; on the other hand, PRX directly activates macrophage/neutrophil and induces the 
inflammatory cytokine production through the stimulation of Toll-like receptor (TLR2/4). Both 
the extracellular release of PRX and the infiltration of immune cells reach the peak within 1 to 3 
days after the onset of ischemic stroke, and thereafter they decrease. This will lead to the 
resolution of post-ischemic inflammation. 
We clarified the molecular meshanisms for the clearance of DAMPs from ischemic brain. Using 
random mutagenesis method, MSR1 (scavenger receptor) and Mafb (transcription factor) were 
idetified as key factors for DAMP clearance. MSR1 expression levels in infiltrating mononuclear 
phagocytes increased from day 1 to day 3 after stroke onset, which was dependent on Mafb. 
These MSR1-high cells removed DAMPs efficiently and produced IGF-1, a neurotrophic factor, 
and therefore revealed pro-resolving phenotype. The deficiency of Msr1 or Mafb in inflitrating 
immune cells resulted in the exacerbation of inflammation and neuronal damages. Thus, Mafb-
MSR1 pathway is important for the resolution of cerebral post-ischemic inflammation. We also 
found that Am80, a retinoic acid receptor agonist, enhanced MSR1 expression in infiltrating 
immune cells through Mafb and revealed neuroprotective effects against ischemic brain injury. 
Our results indicate that DAMPs regulate not only the induction but also the resolution of post-
ischemic inflammation (Nat Med 2017 DOI: 10.1038/nm.4312). The novel neuroprotective 
strategy for ischemic stroke can be developed by accelerating the endogenous pro-resolving 
mechanisms to prevent the excess inflammatory responses. 
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Abstract: Infiltrating monocyte-derived macrophages (MMs) have been implicated in stroke-
induced inflammation and injury. Although the inflammatory nature of MMs in acute stroke has 
been well documented, their role during the resolution phase of stroke is less clear. The present 
study investigates the changes of infiltrated MMs subsets and phagocytic markers at sub-acute (7 
days (d)) and chronic recovery periods (2 month (m)). C57 male mice (12 weeks old) were 
subjected to transient focal ischemia. Brain immune cells were collected and CD11b+ cells were 
further distinguished by CD45Hi and CD45Low subset. Stroke caused the appearance of CD45Hi 

subset at 7d and 2m after stroke. CD45Low populations were presented both hemispheres with 
significantly more in the stroked hemisphere. Adoptive transfer of GFP+ splenocytes 24 hour 
before sacrifice showed the presence of GFP+ cells in CD45Hi and CD45Low subsets at 7d and 
2m, Protein expression of CD36 and lysosomal acid lipase (LAL), M2 and phagocytic markers, 
were increased at 7d and 2m with a greater extent at 2 m. Immunohistochemical analyses showed 
CD36 expression in infiltrated GFP+ MMs in the ipsilateral hemisphere. The present study 
showed persistent infiltration of MMs during sub-acute and long-term stroke recovery phase. 
The accumulation of CD45Low MMs in the stroked hemisphere suggests a potential conversion of 
infiltrated CD45Hi subset to CD45Low subset. Additionally, elevated CD36 and LAL in MMs at 
7d and 2m indicate an involvement of infiltrating MMs in injury repair through phagocytosis. 
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Abstract: A particularly important technique for neuroprotection in complex cardiac surgery is 
hypothermic circulatory arrest (HCA). However, HCA leads to multifocal brain injury and 
neurobehavioral alterations. Inflammatory cytokines are increased in response to brain injury and 
targeting neuroinflammation is neuroprotective in some brain injury models. We characterized 
the inflammatory response in a large animal model at different time points after HCA. Twenty-
four dogs underwent 2-hour HCA at 18 degrees and were sacrificed 2, 8 or 24 h later (n=8 per 
group). 8 normal dogs were used as gene expression controls. The hippocampus is highly 
vulnerable to injury after HCA, and therefore changes in mRNA expression were evaluated in 
the hippocampus using cDNA microarrays. Gene ontology (GO) analysis was completed using 
Spotfire Decision Site® and Ingenuity® Pathway Analysis was used to examine regulated 
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pathways. Selected proteins were further analyzed in hippocampal homogenates using ELISA. 
Gene ontology analysis indicated that the expression of inflammatory response genes was altered 
after HCA, with 91 of 430 genes regulated at 2h, 152 at 8h, and 67 at 24h (p<10-5 at each time 
point). Several pro-inflammatory cytokines (IL-6, IL-8, CCL2, IL-1b) were upregulated at all 
three time points, with peak expression at 8h post HCA. The signaling pathways iNOS 
Signaling, Nf-kb Signaling and Dendritic Cell Maturation signaling pathways were upregulated 
at 2 and 8h post HCA. Trem-1 Signaling, Granulocyte Adhesion and Diapedesis, and 
Glucocorticoid Receptor Signaling were upregulated at all time points. IL6 and IL8 were 
examined at the protein level and expression peaked at 8h, consistent with the temporal pattern 
of mRNA expression (85 and 115 pg/mg of protein respectively: significantly greater than 
normal 2 h and 8 h after HCA. Brain inflammation occurs rapidly in response to HCA, with 
detectable increases in mRNA for multiple inflammatory cytokines and chemokines at 2 h, 
strikingly elevated expression at 8 h and with some inflammatory mediators remaining elevated 
24 h after HCA. This pattern was confirmed at the protein level for selected cytokines. These 
results support the hypothesis that inflammation contributes to brain injury after HCA, and 
suggest that therapeutic approaches modulating this response may be beneficial. 
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Abstract: The inflammatory and immune responses induced by ischemic stroke commonly 
affect the functional or structural recovery of nerve system. The pro-inflammatory cytokine 
interferon gamma (IFN-γ) plays a vital role on both inflammatory and immune responses, and 
IFN-γ also influences on the role of neural stem cells (NSCs). The aim of this study was to 



examine the effects of IFN-γ on NSCs in vitro and ischemic stroke model in vivo. Here it 
showed that low concentration IFN-γ (10 or 20 ng/ml) superior to other cytokines (BDNF, 
VEGF, TGF-β1 and IGF-1) could increase the proliferation and differentiation of NSCs in vitro. 
After treated by NSCs with IFN-γ, it significantly increased the level of inflammatory oxidative 
stress of NSCs cultured, but it did not induce NSCs abnormality. At in vivo experiment, we built 
cerebral ischemic model of Sprague Dawley (SD) rats by transient middle cerebral artery 
occlusion. Two hundred and ten rats were randomized into seven groups as PBS group, high 
concentration IFN-γ (500ng/rat) group, low concentration IFN-γ (50ng/rat) group, NSCs group, 
NSCs combined with high concentration IFN-γ (500ng/rat) group, NSCs combined with low 
concentration IFN-γ (50ng/rat) group and sham group. It was observed that IFN-γ groups did not 
improve the mNSS scores of ischemic rats, but the repairing function of NSCs group or NSCs 
combined with IFN-γ groups had been improved compared to PBS group, and the repairing 
ability of NSCs combined with low concentration IFN-γ group was better than NSCs group. TTC 
staining showed the same results with mNSS, and rats in NSCs combined with low concentration 
IFN-γ group had smaller infarct volume than rats in other groups. And more brdu/nestin, 
brdu/DCX positive cells were found in NSCs combined with low concentration IFN-γ group. 
However, CD4 and CD8 T cells significantly infiltrated into the ischemia sites of rats in high 
IFN-γ combination group, and the expression of SOD and IFN-γ were significantly increased in 
high concentration IFN-γ and PBS groups. ELISA showed that the levels of anti-inflammatory 
cytokines IL-10 and TGF-β1 in cerebrospinal fluid (CSF) and proteins in different time of 
ischemic rats were increased in NSCs or combined treatment groups compared to IFN-γ and PBS 
groups, but the expressions of pro-inflammatory cytokines (IL-1β, IL-6, IFN-γ, and TNF-α) were 
decreased. Thus, transplantation of NSCs combined with low concentration IFN-γ can promote 
the recovery of ischemic stroke rats and reduce the inflammatory response. In conclusion, low 
concentration IFN-γ can promote the functions of transplanted NSCs and change the ischemic 
microenvironment, so as to facilitate neurological recovery. 

Disclosures:  G. Zhang: None. B. Li: None. L. Chen: None. 

Poster 

305. Inflammation in Ischemia 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 305.07/Z5 

Topic: C.07. Ischemia 

Support: AHA grants 16GRNT31300011 

 AHA grant 12SDG11970010 

Title: Sexual dimorphism in inflammasome activation: Possible cause of exacerbated ischemic 
brain damage in reproductively senescent female rats 



Authors: *A. P. RAVAL1, J. DE RIVERO VACCARI2 
1Neurol., 2Dept. of Neurolog. Surgery and The Miami Project to Cure Paralysis, Univ. of Miami, 
Miami, FL 

Abstract: A woman’s risk of a stroke increases exponentially following the onset of menopause, 
and underlying mechanisms remains unknown. The current study tests the hypotheses that: (1) 
inflammasome activation is significantly higher in the brain of RS females as compared to their 
young counterparts and senescent male rats, (2) RS triggers an innate immune inflammatory 
response in the ovaries that spreads to the brain, making the brain more susceptible to ischemic 
damage. We tested our hypotheses using Sprague-Dawley rats of both sexes (6-7 and 9-12 
months). The estrous cycles of female rats were monitored for 14-20 days prior to 
experimentation by daily examination of vaginal smears. Rats that remain in constant diestrus 
were considered RS. Rats (n = 4-7) of both sexes and ages were sacrificed and hippocampus, 
gonads, serum and cerebrospinal fluid (CSF) were collected. Additionally, cerebrospinal fluid 
(CSF) of women (<40 and >50 age) was obtained. Extracellular vesicles (EV) were isolated from 
serum and CSF using an Invitrogen kit. Inflammasome proteins caspase-1, apoptosis-associated 
speck-like protein containing a caspase recruitment domain (ASC) and IL-1β significantly 
increased in the hippocampus, serum, and ovaries of RSF as compared to YF (p<0.05). This was 
not observed in the hippocampus or gonads of age-matched males. Importantly, EV obtained 
from RSF contains significantly higher levels of the inflammasome proteins as compared to YF 
(p<0.05). EV containing inflammasome proteins originates in the ovaries of RSF and then are 
carried to the brain via blood. The observed increase in ovary-derived EV containing 
inflammasome proteins in the brain contributes to the inflammation present in the brain of RSF, 
and it might exacerbate ischemic brain damage. Future studies investigating the role of ovarian 
EV in post-ischemic inflammation are underway to understand how modulating EV trafficking 
can reduce the incidence and impact of cerebral ischemia in post-menopausal women. 
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Abstract: Stroke is the fifth leading cause of death in the US, affecting 80,000 people with new 
or recurring stroke every year. Ischemic stroke, which accounts for 87% of all types of strokes, is 
caused by a blockade of blood vessels in the brain by a blood clot. Hence loss of oxygen causes 
apoptosis and necrosis, giving rise to inflammatory conditions. This inflammation affects 
neurons, astrocytes and consequently the blood brain barrier (BBB). The BBB then becomes 
more permeable and allows inflammatory molecules into the brain, which exacerbates ischemic 
brain damage in a positive feedback fashion. Losartan is an angiotensin type 1 receptor blocker 
commonly used to decrease blood pressure but also has anti-inflammatory properties. In recent 
studies, losartan has been observed to help maintain BBB integrity. But these studies have been 
performed with chronic administration of losartan in male rodents for several days to weeks. The 
efficacy of a single acute injection of losartan in stroke has yet to be quantified. We propose that 
a single dose of losartan will decrease the neuronal damage and at least partially restore BBB 
integrity in male and female rats subjected to ischemic stroke. In order to verify this hypothesis 
we performed middle cerebral artery occlusion (MCAO) to induce an ischemic stroke in male 
and female Sprague Dawley rats weighing 250-300g. Losartan 1mg/Kg or sterile saline injection 
was given intravenously. For BBB integrity analysis, Evans Blue (EB) 2% was injected intra-
peritoneal 1hr after stroke onset. Rats were perfused with sterile saline 24hrs after stroke 
induction and brain was removed for analysis. For infarct damage analysis, rats were decapitated 
24hrs after stroke induction and brain was submerged in tetrazolium chloride (TTC) solution. 
Both EB dye infiltration and infarct damage was quantified using ImageJ software. Results 
showed that losartan reduces infarct damage and BBB permeability in losartan-treated male and 
female Sprague Dawley when the angiotensin receptor 1 blocker was injected 5 min before 
stroke (p<0.05). These results are reproduced in our preliminary data using rats injected with 
losartan 2hrs after the stroke onset. Therefore, these results suggest that even a single injection 
conserves the neuroprotective effects of losartan against stroke and could prove to be a useful 
alternative therapeutic approach in stroke therapy. 
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Title: The apolipoprotein E4 allele induces neurovascular dysfunction mediated by perivascular 
macrophages 
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Abstract: The apolipoprotein E4 (ApoE-ɛ4, ApoE4) allele is a major risk factor for Alzheimer’s 
disease and white matter ischemic lesions (Neurology 81:292, 2013). However, the mechanisms 
underlying the increased risk for cerebrovascular diseases and neurodegeneration associated with 
ApoE4 remain unclear. We sought to determine if the ApoE4 genotype is associated with 
alterations in the regulation of the cerebral microcirculation that may render the brain more 
susceptible to ischemic brain injury and neurodegeneration. Cerebral blood flow (CBF) was 
recorded by laser-Doppler flowmetry in the somatosensory cortex of urethane-chloralose 
anesthetized human ApoE targeted replacement mice (ApoE4-TR) (Sullivan et al., JBC, 
272:17972, 1997) and wild-type (WT) mice (males; age 3-4 months; n=5/group). Blood pressure 
and blood gases were monitored and controlled. In ApoE4-TR mice, the increase in CBF 
produced by whisker stimulation (WS) or by topical application of the endothelium-dependent 
vasodilator acetylcholine (ACh, 10 µM) was attenuated (WS, -49±3%; ACh, -38±3%; p<0.05; 
mean±SE) compared WT mice, while the CBF increase evoked by the smooth muscle relaxant 
adenosine (400 µM) was not affected (p>0.05). The neurovascular dysfunction is mediated by 
oxidative stress because neocortical superfusion of the reactive oxygen species (ROS) scavenger 
MnTBAP (100 µM) reversed the suppression of WS and ACh responses in ApoE4-TR mice 
(p>0.05 form WT). Next, we sought to determine if Nox2 is the enzymatic source of the ROS 
responsible for the dysfunction. Neocortical superfusion of the Nox2 peptide inhibitor gp91ds-tat 
(1µM), but not its control peptide, counteracted the neurovascular dysfunction in ApoE4-TR 
mice (p<0.05 from control peptide). Perivascular macrophages (PVM) are closely associated 
with cerebral resistance vessels, are enriched with Nox2, and mediate neurovascular dysfunction 
in models of hypertension (JCI, 126:4674, 2017). Therefore, we tested if ApoE4 in PVM is 
required for the neurovascular dysfunction in ApoE-TR mice. To this end, after lethal irradiation, 
we transplanted ApoE4 BM in WT mice to repopulate their perivascular space with ApoE4 
PVM. In WT mice transplanted with ApoE4 BM, the increase in CBF induced by WS or by ACh 
was attenuated compared to WT mice receiving WT BM (WS, -45%; ACh, -35%; p<0.05 from 
WT◊WT). These data indicate that the ApoE4 genotype is associated with profound alterations 
in neurovascular regulation mediated by oxidative stress and dependent on ApoE4 expression in 
PVM. Such alterations are likely to play a role in the increased susceptibility to ischemic brain 
injury and neurodegeneration conferred by the ApoE4 genotype. 
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stem/progenitor cells 
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Abstract: We have reported that transplant of human mesenchymal stem/progenitor cells 
(hMSCs) decreased ischemic neuronal cell death after ischemia. We also have determined that 
hMSCs modified several transcriptomes which related to immune and inflammatory responses. 
In particular, hMSCs modified microglial activating phenotype in the ischemic brain. However, 
it is still unclear that how hMSCs regulate microglial activation in detail. In present study, we 
determined that mixed cultured hMSCs reduced nitric oxide production from mice microglial 
cell line, BV-2. Several number of passage 3 hMSCs (1.25 - 20 x104) were plated on six-well 
plate and were cultured with 20% FBS in α-MEM (20% completed cultured medium (CCM)). 
The next day, the media were replaced to 1%CCM and added 1x106 BV-2 and then added 
vehicle, 10ng/mL IFNγ or 10ng/mL IL-4. At 24 and 48 hours after cultivation, the media were 
collected and measured nitric oxide (NO) level by Griess method. The cells were measured 
inducible nitric oxide synthase (iNOS) level by western blotting. Moreover, the BV-2 were 
cultured with inviable hMSCs and human dermatomal fibroblast (HDF) to determine the 
contribution of cell-cell communication and of xenoreaction. BV-2 increased NO in the media 
and iNOS in the cells with IFNγ application. The BV-2 also increased medial TNFα and cellular 
gp91phox. These are the IFNγ applied BV-2 activated to classical cytotoxic phenotype. On the 
other hands, IL-4 applied BV-2 decreased medial TNFα and increased cellular Ym1 and arginase 
activity, suggesting anti-inflammatory phenotype. The phenotypic BV-2 did not produced NO in 
media. Cultured BV-2 with hMSCs decreased NO in media and iNOS in cells with hMSCs-
number dependent fashion. Four different kinds of inviable hMSCs did not show any NO 
reduction, suggesting a cell-cell communication required to the response. Moreover, although 
cultured BV-2 with HDF (20 x 104) slightly decreased NO, the reduction was obviously weaker 
than that with hMSCs. These results suggested that hMSCs suppressed microglial inflammatory 
responses with direct cell-cell communication. 
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Title: Transplantation of mesenchymal stem cells which overexpress interleukin 10 as treatment 
for stroke-induced behavioral deficits in rats 
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Abstract: Stroke is a leading cause of death and long-term disability worldwide. There is 
currently only one FDA approved pharmacological treatment and due to strict exclusion criteria, 
it is administered to only a few stroke patients. Initial damage from stroke occurs from loss of 
oxygen and nutrients while damage continues even after blood flow is restored, due to the 
inflammation that ensues. Interleukin 10 is an anti-inflammatory cytokine that may help to 
improve functional recovery following stroke. Rats underwent the middle cerebral artery 
occlusion procedure to produce a 75-min stroke. Two days after stroke, rats were given two 
intracerebral injections as follows: Group 1 received mesenchymal stem cells that were 
engineered to over-express interleukin 10; Group 2 received unaltered mesenchymal stem cells; 
Group 3 received Hanks balanced salt solution (HBSS); and Group 4 received sham surgery and 
HBSS. Following intracerebral injections, rats were given a battery of behavioral tests. For the 
first five weeks, rats underwent cylinder testing and rotorod testing weekly. Open field testing 
and ladder testing occurred bi-weekly during the same period. Following these tests rats were 
then trained to lever press for sucrose pellets in an operant chamber. After training, a behavioral 
flexibility operant task was put into place and five consecutive lever presses on the active lever 
were required to earn a pellet. The active lever was assigned at random at the beginning of the 
session and each time a pellet was earned the active lever would alternate between the two 
levers, although no signal identified this switch. The behavioral flexibility task was administered 



for 7 days. At the conclusion of operant testing, rats were euthanized (day 45 post-stroke). Brain 
tissue was collected for Hematoxylin and Eosin staining to quantify infarct size and levels of 
inflammation and interleukin 10 was also examined. Preliminary results indicate stroke-induced 
deficits, but no significant treatment effect has been observed thus far. 

Disclosures:  M.M. Andrews: None. S. Peruzzaro: None. J. Rossignol: None. G.L. Dunbar: 
None. 

Poster 

305. Inflammation in Ischemia 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 305.12/Z10 

Topic: C.07. Ischemia 

Support: NIH grants NS085568 (LW/SPY), NS091585 (LW), NS062097 (LW), and NS075338  
 (LW) 

 VA National Merit grant RX000666 (SPY) 

 AHA Predoctoral Fellowship 15PRE25710020 (MJ) 

Title: The role of GPR37 in microglia/macrophage activation and proinflammatory responses 
after focal ischemic stroke 
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Abstract: Post-ischemic inflammation and uncontrolled glial responses could contribute to long-
term damage of the brain. GPR37, an orphan G protein-coupled receptor, is highly expressed in 
the mammalian central nervous system, but its function remains obscure. We observed 
previously that the GPR37 KO mouse shows deficient reactive astrocyte and significantly 
reduced glia scar formation after cerebral ischemia, evidenced by reduced number of GFAP+ 
astrocytes in the peri-infarct region as well as the mean GFAP fluorescence intensity across the 
ischemic boundary regions (Jiang et al., 2016). Compared to WT controls, elevated autophagic 
cell death and apoptosis were observed in the peri-infarct region of GPR37 KO animals at early 
time points of 6 to 48 hrs after stroke (McCrary et al, 2016). The current investigation 
hypothesized that GPR37 KO elevated microglia/macrophage activation that contributes to 
enforced inflammatory responses. Adult WT and GPR37KO mice were subjected to a focal 
cerebral ischemia affecting the right sensorimotor cortex. Immunohistochemical staining was 
performed to identify Iba-1+ microglia/macrophage in the post-stroke brain of WT and GPR37 



KO mice. qPCR identified M1 and M2 microglia/macrophage phenotypes by quantifying the 
expression levels of related genes. Our data showed that there were more Iba-1+ cells in the peri-
infract region of GPR37 KO animals compared to WT at all inspected time points. iNOS, an M1-
type gene, was significantly upregulated in the GPR37 KO brain whereas Ym1 and Fizzl, M2-
type genes, remained unchanged. The expression of interleukin (IL)-1β, IL-6, monocyte 
chemoattractant protein (MCP)-1 and macrophage inflammatory protein (MIP)-1α significantly 
increased in GPR37 KO mice compared to WT mice. These results indicate that deletion of 
GPR37 would increase microglia/macrophage activation and augment injurious inflammatory 
responses after stroke. This study may further suggest GPR37 as a potential regulator of 
microglia/macrophage activation and long-term inflammation after ischemic stroke. 
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Abstract: TREM1 is an amplifier of maladaptive innate immune responses in peripheral models 
of inflammatory disease and is exclusively expressed in myeloid cells, including macrophages, 
monocytes, neutrophils, and microglia. Cerebral ischemia causes a significant and well 
characterized immune response in the days and weeks following stroke, beginning with 
infiltration of myeloid cells from the periphery, including macrophages and neutrophils. This 
post-stroke immune response contributes to stroke injury, however cellular mechanisms 
underlying this effect are not fully understood. We tested the hypothesis that TREM1, which 
signals through DAP12 to amplify pro-inflammatory responses in peripheral models of 
inflammation, may drive injury elicited by the post-stroke inflammatory response in the murine 
middle cerebral artery-reperfusion (MCAo-RP) model. Following MCAo-RP, TREM1 surface 
expression was highly induced in infiltrating CD11b/CD45hi macrophages at 48h and 
subsequently declined by 6d. Systemic administration of a decoy peptide that inhibits TREM1 
ligand binding reduced infarct volume, improved neurological scores and was associated with 
reduced TREM1 expression in infiltrating myeloid cells. Consistent with this, genetic ablation of 



TREM1 reduced stroke injury and improved neurological scores. In previous studies, we 
determined that TREM1 expression was highly induced by inflammatory PGE2 EP2 signaling, a 
major suppressor of beneficial microglial functions. In Cd11bCre; EP2 lox/lox mice lacking 
myeloid EP2 receptor, as well as in Rosa26CreERT2; EP2 lox/lox mice, TREM1 surface 
expression and numbers of infiltrating myeloid cells were significantly decreased. Taken 
together, these studies suggest that modulating the innate immune response after stroke, via 
inhibition of TREM1 activity, improves stroke outcome, and peripheral targeting of TREM1 may 
be effective in reducing injury and accelerating recovery in a model of transient focal cerebral 
ischemia. 

Disclosures:  Q. Liu: None. J. wang: None. Q. wang: None. H. ye: None. K. andreasson: 
None. 

Poster 

305. Inflammation in Ischemia 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 305.14/Z12 

Topic: C.07. Ischemia 

Support: INSERM 

 UNAFTC 

 Normandy region 

 IRME 

Title: Alcohol-induced inflammatory priming worsens outcome after ischemic stroke 
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Abstract: Alcohol consumption is as risk factor for stroke. Furthermore, recent clinical and 
fundamental studies have shown that chronic alcohol consumption aggravates ischemic stroke 
outcome (Ducroquet et al., 2013; Lemarchand et al., 2015). Our hypothesis is that long-term 
alcohol consumption provokes a silent inflammatory status (i.e., inflammatory priming) that 
could be responsible of exacerbated inflammatory responses in the brain after ischemic stroke. In 
this study, we used adult male Swiss mice exposed to water (control group) or to 10% ethanol ad 
libitum (alcohol group) for 6 weeks. Inflammatory status was evaluated by original techniques 
such as the in vivo measurement of microglial phagocytosis, in vivo vascular adhesion molecular 
MRI and intravital two-photon microscopy as well as immunohistochemistry. Alcohol exposure 
provoked a silent inflammatory status (i.e., inflammatory priming) in the brain characterized by a 



significant increase in (i) microglial phagocytosis, (ii) the number of perivascular macrophages, 
(iii) the vascular adhesion molecule P-selectin and (iv) leukocyte rolling and adhesion to blood 
vessel walls. These results suggest an alcohol-induced inflammatory priming that was confirmed 
by the exacerbated inflammatory brain reaction after the systemic injection of lipopolysaccharide 
(LPS). The consequence of this alcohol-induced inflammatory priming is the worsening of 
ischemic stroke outcome (induced by thrombin injection directly into the middle cerebral artery). 
Our results demonstrate that alcohol-induced inflammatory priming markedly worsens the 
outcome after ischemic stroke. Inflammatory priming could thus be an essential target to avoid 
worsening in the outcome of stroke patients. 
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Abstract: Background. The left inferior frontal cortex (including Broca’s area) is traditionally 
regarded as a core hub for spoken language processing. However, whether its role is domain-
specific (i.e., linguistic), or domain-general (i.e., involved in multiple challenging cognitive 
functions) is a matter of debate [Fedorenko & Thompson-Schill, Trends Cogn Sci 2014]. 
Method. In an fMRI study we investigated how the left inferior frontal cortex is modulated by 
task and task challenge using a 2 x 2 x 2 (Task x Challenge x Modality) factorial design. 11 
healthy right-handed native English speakers performed both a linguistic (picture naming) and a 
non-linguistic (size judgment) task. Stimuli were 480 black and white pictures of monosyllabic 
objects. Task challenge (low vs. high ambiguity) was manipulated by varying: 1) visually, the 
amount of visual noise superimposed to a picture (5 vs. 15 black squiggly lines); 2) aurally, the 
cue delivered concurrently with the picture (initial phoneme vs. noise control). Subjects’ overt 
spoken responses (object names, yes/no replies for size judgement) were recorded online, and 



reaction times (RT) were computed. Results. RT data showed no significant main effect of Task 
(i.e., tasks were behaviourally matched overall), significant Challenge x Modality interactions 
(visual, p<.001; auditory, p<.001), and significant Task x Challenge x Modality interactions 
(visual, p=.038; auditory, p<.001). Higher ambiguity resulted in slower RT across both tasks. 
fMRI data (p<.05 FWE-corrected) revealed that both tasks recruited a common widespread 
network including the left inferior frontal cortex and supplementary motor area, as well as 
bilateral visual, auditory and premotor cortices. There was a main effect of Task with the naming 
task activating bilateral superior temporal cortices more than the non-naming task. The 
Challenge x Modality interactions showed significant effects in bilateral visual cortices for the 
visual modality, and in bilateral temporal cortices and in the left precuneus for the auditory 
modality. The Task x Challenge x Modality interaction showed no significant activation for the 
visual modality, but significant activations in the left inferior frontal cortex, supplementary 
motor area, and premotor cortex for the auditory modality. Conclusions. Our data suggest that 
the left inferior frontal cortex is domain-general (i.e., involved in both cognitive tasks), yet 
modulated by complex interactions between task, cognitive challenge and sensory modality. 
Connectivity analyses will enable further characterisation of the neural mechanisms underlying 
its dynamic role within these task-engaged networks. 
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Abstract: MCA stroke evolution centers on the evolution of the dynamic relationship between 
penumbra and ischemic core over time, with infarct size determined by collaterals, reperfusion 
and spreading depolarizations (SDs). Our hypothesis is that MCA infarcts can be dynamically 
tracked using imaging and physiological markers, and that infarct consolidation occurs over 
several days, ameliorated by increasing collateral blood flow, reperfusion and avoidance of SDs. 
Our methods include filament occlusion of MCA in adult rats, direct infarct monitoring via 
craniotomy in isoflurane and propofol anesthetized animals, and reperfusion using filament 
removal at specific times post occlusion. We performed intrinsic optical imaging (IOS), blood 



flow, DC recordings, tissue pO2, direct fluorescent angiograms, and KCl-induced SD spread to 
assess collateral flow and infarct size. For long term observations over several days we also 
measured spontaneous SDs and cortical activity in vivo using high density cortical μECoG arrays 
in awake animals, before and after MCA infarct. 
KCl-induced SD propagation was reliable (from anterior to posterior) in exposed rat cortex with 
clear IOS wavefront propagation and physiological SD measurement (n = 36 SD episodes). After 
MCA infarct (n = 7) the blood flow was reduced with decreased angiographic vessel filling, both 
improved with reperfusion at 2 hr. KCl-induced SDs did not propagate into the core infarct 
region, instead deviating through the penumbra, and spontaneous SDs showed circuitous cortical 
paths around the highlighted core infarct region. Reperfusion significantly enhanced collateral 
flow and reduced infarct size. Isofluorane suppressed most spontaneous SD occurrences whereas 
propofol did not; KCl-induced SD episodes occurred equally in both anesthesia conditions. 
Ongoing longer-term recordings in awake rats using implanted high resolution arrays to define 
SD occurrence and infarct size will substantially enlarge our observation time window and avoid 
the confounding effects of anesthesia. 
These novel experiments reveal the ongoing, dynamic nature of stroke boundaries as well as the 
role of reperfusion and SD occurrences in secondary stroke expansion. Thus, MCA infarct size 
may be tracked dynamically with IOS, blood flow and tissue pO2, SD propagation and 
angiographic vessel filling complemented by chronic recordings in awake freely moving rats 
after stroke. This dynamic MCA infarct assessment will assist in identifying additional treatment 
mechanisms. 
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Abstract: This study examined the reliability of a novel motor unit number estimation (MUNE) 
technique based on the compound muscle action potential (CMAP) scan. Six healthy subjects 
(28-45 y) without any known neurological disorders participated in the same experiments at two 
different days. CMAP scans were recorded from extensor digitorum bevis (EDB) and abductor 
hallucis (AH) muscles by stimulating the peroneal nerve and tibial nerve respectively. Motor unit 
population from two test sessions was quantified using the MScanFIT MUNE technique. 
Relative and absolute reliability of the technique was assessed by calculation of the intraclass 
correlation coefficient (ICC), standard error of measurement (SEM), smallest real difference 
(SRD) and Bland-Altman’s 95% limits of agreement (LOA). MUNE of EDB and AH muscles 
were averaged on different sessions and the estimations were 110±12 and 44±11 respectively. 
MUNEs of the two muscles were pooled and the ICC, SEM% and SRD% were calculated 
as0.967, 0.099%, and 0.049%, respectively. The Bland-Altman test indicated no systematic bias 
between most of the repeated measurements. These findings suggest that MScanFit is a reliable 
technique in assessment of motor unit counts. 
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Abstract: Brain functions, such as motor and sensory functions, are based on neuronal activities 
and also highly associated with the hemodynamic supporting for energy and metabolic 
homeostasis. Therefore, the corresponding neurovascular mechanism plays an important role in 
the complex brain activities. To elucidate the neurovascular mechanisms underlying 
physiological or pathological conditions, we develop a novel multimodality imaging system for 
simultaneously recording the electrocorticography (ECoG) signals for brain activities and 
hemodynamics responses by laser speckle contrast imaging (LSCI), so-called ECoG-LSCI 
system, to collecting the sufficient information of neurovascular functions with high 



spatiotemporal resolution. The photothrombotic ischemia (PTI) rat model is used and induced 
the stroke over the motor cortex of right hemisphere at the coordinate of anterior-posterior: 0 mm 
and medial-lateral: +1.5 mm to the bregma. Interestingly, the PTI stroke leaded to contralateral 
somatosensory evoked potential (SSEP) attenuations of primary motor cortex (M1) and primary 
sensory cortex forlimb (S1FL), resting-state evoked potential (RS-EP) decline, cortical spreading 
depression (CSD)-like surge induction and ischemic infarct damages in motor cortex which 
confirmed by 2,3,5-triphenyltetrazolium chloride (TTC) staining. Taken together, the ECoG-
LSCI system provides in vivo, full-field, real-time, multi-functional and useful detection for the 
neurovascular mechanism of ischemia-induced CSD study. 
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Abstract: BACKGROUND: Cerebral autoregulation (CA) is the ability to maintain sufficient 
and stable cerebral blood flow (CBF) despite changes in cerebral perfusion pressure (CPP). 
Theoretically, CA has been known as an initiative surrogate for cerebrovascular dysfunction and 
subsequent brain damage. Early prognostication ways with various CA measurements for 
accurate prediction of the brain injury would be a useful screening tool to triage a candidate for 
numerous neurovascular protectives. For this reason, we are to assess the feasibility of various 
CA measurements for early prognostication in ischemic rat models according to the different 
mode of brain damage. METHODS: Cerebral ischemia were assessed in male Sprague-Dawley 
rats (250-280g). The temporary focal ischemia was performed by transient middle cerebral artery 
occlusion (tMCAO) for 90 minutes. The transient global ischemia with four-vessel occlusion (4-
VO) was performed by an electrocauterization of two vertebral arteries and temporary clamping 
of two common carotid arteries (CCA) for 10 minutes. Sequential changes of cerebral blood flow 
(CBF) by intravenous acetazolamide (50mg/kg) administration was measured using PeriScan 
PIM 3 System at baseline (T0) and 1 (T1), 3 (T3), 5 (T5) and 7 (T7) days after surgery and 
expressed as cerebrovascular reserve capacity (CVRC). We analyzed infarction volume, 
neuronal death, and glial activation with immunohistochemistry. We assessed the neurological 
behavior with modified neurological severity score (18 points). RESULTS: The focal tMCAO 
had an immediate ipsilateral CBF reduction to 41±17% from baseline (100%), representing with 



post-stroke neurological deficits (8.4±0.6 point) and infarct volume (321±20 mm3) at 7days. As 
compared with CVRC on contralateral hemisphere (T1: 18±3%, T2: 18±5%, T5: 10±7%, T7: 
4±4%), CVRC on ipsilateral hemisphere was initially decreased (T1: -4±4%, T3: -3±6%) and 
restored after 5 days (T5: 3±6%, T7: 11±4%). The global 4-VO model showed a marked 
decrease in CBF to 12±2% from baseline after temporary clapping of CCAs. An immediate 
overflow (139±16% of baseline) after recirculation was shown and its flow maintained below 
baseline until 7 days (T1: 87±7%, T7: 85±5%). The global 4-VO model also showed a selective 
neuronal death at CA1 region of the hippocampus. CVRC on bilateral hemispheres remained 
above baseline. CONCLUSIONS: Our data shows that CVRC has a temporary reduction and 
restoration in focal tMCAO, and it also increases above baseline in global 4-VO models. Such 
findings can be feasible as biological surrogates to mitigate subsequent brain damage for new 
drug development in post-cardiac arrest care. 
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Title: Using diffusion kurtosis magnetic resonance imaging to monitor iPS-MSCs treatment 
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Abstract: After stroke onset, the degenerative reactions were activated leading to cell death and 
affecting neural repair. Stem cell administration shows an attractive therapeutic approach that 
reduces inflammation and enhances brain reorganization. Diffusion kurtosis imaging (DKI), an 
extension of diffusion tensor imaging (DTI), not only computes diffusion tensors but also allows 
to evaluate the non-Gaussianity of water diffusion. DKI has also been demonstrated to provide 



complementary and sensitive imaging biomarkers in many neurological diseases. For example, 
an increase of mean kurtosis (MK) may be represented as an increase of cell infiltration. 
Recently, many therapies were focused on pre-treatment study which limits the application of 
many stroke patients. Therefore, it is important to expend the therapeutic window as well as to 
apply appropriate neuroimaging to monitor the ischemic damage and recovery. In this study, we 
aimed to apply DKI to evaluate the stem cell treatment response at different time points and 
further investigate the underneath pathology. Adult Sprague-Dawley rats were underwent right 
middle cerebral artery occlusion (MCAo) for 60 minutes. Our recently-developed induced 
pluripotent stem cells from human mesenchymal stromal cells (iPS-MSCs) was administrated. 
Cyclosporine was employed as anti-inflammation agent. A total of 12 stroke rats was underwent 
iPS-MSCs (n=4), iPS-MSCs with cyclosporine (n=5), or vehicle (n=3) grafting on contralateral 
corpus callosum of rat brain on day 2 post-stroke. T2-weighted imaging (T2WI) and diffusion 
weighted imaging (DWI) were acquired on day 3, 10 and 16, using a 7T/30cm animal scanner 
(Bruker Biospec, Germany). T2WI was acquired for examination of infarct volume. Diffusion 
tensors and diffusion kurtosis tensors were reconstructed with DKI model analysis. Regions-of-
interest (ROIs) of cortex and external capsule on both lesioned and contralateral sites of rat brain 
around bregma were selected. ROI analysis was performed on DKI-computed MD and MK maps 
for cortex as well as on FA maps for white matter. Two sample t-test was performed for 
statistical analysis. Our preliminary results suggest, by DKI, transplantation of iPS-MSCs post-
stoke shows the efficacy to resolve inflammation and potentially enhance neural repair at 
chronic. DKI shows the ability to provide sensitive imaging biomarkers for neuronal pathologies 
in stroke non-invasively. Histology will be further examined for pathological validation. 
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Abstract: Ischemic Stroke (IS) is the third most common cause of death affecting 15 million 
people each year worldwide. Magnetic resonance imaging (MRI) allows non-invasive in vivo 
evaluations of stroke volume (SV), edema and perfusion. However, reliable computational 
methods for measuring SV are still warranted since subjective analysis of multi-parametric MRI 
data often leads to an overestimation of SV, which is partly due to the lack of specificity (edema 
vs stroke) in T2 weighted images (T2WI). In order to develop personalized therapies, it is 
essential to accurately assess the extent of ischemic injury using automated algorithms analyzing 
multi-parametric data. Therefore, in this work we aimed to determine the spatial distribution of 
ischemic lesions and other biological compartments using a Gaussian mixture model (GMM) and 
the following MRI features: apparent diffusion coefficient (ADC) maps, perfusion weighted 
images (PWI) and T2WI. We induced IS on rats using the middle cerebral artery temporary 
occlusion stroke model (MCAO). MRI was measured longitudinally at multiple time points until 
2 weeks post-stroke using ADC, PWI and T2WI and behavioral tests (BT) were performed per 
time point. ADC maps and PWI were co-registered to the T2WIs and volumes of interest (VOIs) 
were drawn around the brain. The 24 h time point MRI data of 16 rats were divided into training 
(n=12) and testing (n=4) group. A GMM was applied on the training set to identify different 
biological compartments, including stroke and non-stroke areas. Testing was performed using 
random forest and classification maps were corroborated using histology. A strong spatial 
correspondence was present between the stroke areas identified using the proposed approach and 
the corresponding histology. The BTs also indicated the severity of the symptoms correlating to 
the clustering results. Stroke compartment was characterized in the training step with an average 
ADC value of [401.82 ± 64.11] ×106 mm2/s, a perfusion value of [38.0 ± 17.93] ml/100g/min. 
Likewise, the average ADC and perfusion values for the stroke cluster in the test phase were 
[369.32 ± 70.44] ×106 mm2/s and [31.9 ± 15.16] ml/100g/min, respectively. The proposed 
algorithm identified clusters with radiological characteristics classical of IS, which we were able 
to corroborate with histology at 24 h. Using this machine learning approach on multi-parametric 
MRI data, we aim to model the behavior of the stroke region over the remaining time points and 
subsequently, to objectively characterize and evaluate the efficacy of treatments at different time 
points. 
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Abstract: Unknown onset time is a major contraindication to hyper acute ischaemic stroke 
treatment. If MRI could identify patients within the therapeutic time window or with enough 
salvageable tissue, many more patients would receive IV thrombolysis. Weighted MR images are 
unreliable due to shading effects from strong brain surface signals and bias field problems 
resulting from multi-element receiver systems. Quantitative T2 (qT2) relaxation time images 
avoid these problems. Elevated qT2 is a potential proxy for stroke timing and tissue status 1,2,3, 
however the increase is small (1-2 ms/hr) and cerebral qT2 distributions are broad, reflecting 
heterogeneity of ischaemic lesions3,4. We propose a classifier ‘F2’ to identify potentially 
treatable strokes3,4. F2 is the proportion of voxels with elevated qT2 within regions of decreased 
apparent diffusion coefficient (ADC); F2 increases with time in a rat stroke model4. 
Objectives: We determine qT2 and F2 time dependencies in ischaemic stroke patients. 
Methods: In this ongoing study, ischaemic stroke patients (onset < 9hrs) are scanned at 3T at 2 
hospitals. Protocol includes ADC, multi-echo T2 and 3D-T1. Ischaemic tissue = ADC voxels 
1MAD < whole-brain ADC distribution. Elevated qT2 = qT2 voxels > modal non-ischaemic qT2 
by HWHM. F2 =100*(high qT2 voxels/low ADC voxels). Potential issues considered include 
lesion size and location, and natural regional variability in qT2 including low qT2 in iron rich 
regions. 
Results (Figure 1): Initial observations of the first 7 patients with ADC lesions > 2cm3 are 
consistent with rat stroke3 as elevated qT2 is heterogeneous within low ADC volumes and larger 
F2s occur in later onsets. 
Conclusions: F2 may identify patients within the therapeutic window and reveal the extent of 
potentially salvageable tissue. Thus, F2 is a potential classifier for treatment stratification of 
stroke patients with unknown onset. 
1 Rogers et al. Neuroreport.2014. 25(15):1180-5 
2 Siemonsen et al. Stroke.2009.40(5):1612-6 
3 McGarry et al. Int J Stroke.2016.11(6):677-82 
4 Knight et al. J Cereb Blood Flow Metab. 2016.36(7):1232-43 
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Abstract: Erythropoietin (EPO) is a glycoprotein that mediates neuroprotective effects through 
various pathways. It was shown, that there is an upregulation of the EPO-receptor in the brain 
under hypoxic conditions , which makes it a specific target for brain imaging and 
neuroprotection in stroke research. However, EPO administered intravenously can lead to 
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increased systemic side effects due to altered blood parameters . Therefore, an alternative 
administration route which reduces systemic delivery and simultaneously increased brain 
delivery is warranted. In this project, we investigated the therapeutic potential of Cu-64 
radiolabelled EPO, as well as its applicability for imaging when administered intranasally. 
Sprague Dawley rats were induced a stroke using the middle cerebral artery occlusion stroke 
model. The rats were randomly divided into groups, with each rat receiving a dose of 
radiolabelled EPO intranasally three hours after stroke on-set at different dosages. Stroke 
progression was examined repeatedly up to three months after on-set of the stroke using 
behavioural tasks and brain imaging consisting of T2-weighted magnetic resonance imaging 
(MRI), diffusion weighted MRI, perfusion weighted MRI and positron emission tomography 
(PET). Furthermore, we performed autoradiography and biodistribution after 24 hours. 
The biodistribution of intranasal EPO showed a remarkably different biodistribution pattern 
when compared with intravenous administration, specially in the kidney. Results of the 
autoradiography showed, that an increased uptake in the brain and the stroke area, is achievable 
but rather inconsistent. PET-images showed inhomogeneous brain uptake which we attribute to a 
not long enough half-life of Cu-64 to demonstrate brain penetration. However, the behavioural 
and the stroke volume data showed a tendency for a dose dependent effect of the EPO-tracer on 
stroke-outcome. 
Our work shows that EPO presented a promising reduction of stroke volume in a dose-dependent 
manner without increasing the biodistribution in non-target organs, hence potentially decreasing 
systemic side effects. The findings are consistent with literature, where it has been shown small 
amounts of EPO mediate an effect when administered intranasally . Ongoing work using a longer 
half-life tracer will likely allow a better visualization of the distribution of EPO in the stroke area 
and present neuroprotection without systemic side effects. 
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Abstract: Background: Stroke is a common cause of death worldwide and leads to considerable 
disability among survivors. Current management of stroke patients is aimed at preventing the 
progression of at-risk tissue towards infarction by restoring blood supply to ischemic penumbra. 
Diffusion-perfusion mismatch in magnetic resonance or computed tomography images is 
routinely employed for discerning non-viable and viable tissue and optimize treatment in brain 
stroke patients. However, diffusion-perfusion mismatch is not always a reliable indicator of 
salvageable tissue; some lesions may show acute reversal, whereas others may fail to infarct. The 
objective of this study was to synthesize 18F-FGA and demonstrate its potential for PET imaging 
of infarct in the brain stroke. Methods: Radiopharmaceutical 18F-FGA was synthesized in one-
pot by 3 min controlled oxidation of commercially available 18F-fluorodeoxyglucose (FDG). 
Quality control of radiopharmaceutical was performed by ion-exchange HPLC and thin-layer 
chromatography. Brain stroke was induced in the left cerebral hemisphere of male CD-1 mice 
(20-25 g) by occluding middle cerebral artery and allowing reperfusion after 1 h of occlusion 
(transient MCAO model). Post-stroke PET imaging was performed on the day of occlusion as 
well as 24 h after occlusion. Approximately 100-500 µCi of 18F-FGA was injected intravenously 
and PET data was acquired for 20 min after 1 and 2 h of injection. In some instances, right and 
left cerebral hemispheres were separated upon necropsy and radioactivity counting was 
performed in a well counter to compare ipsilateral versus contralateral accumulation of 18F-FGA. 
Results: Synthesis of 18F-FGA was accomplished in a quantitative manner from rapid oxidation 
of 18F-FDG. The synthesized 18F-FGA was well tolerated by mice when injected intravenously. 
Ex vivo counting of the brain hemispheres showed that ipsilateral tissue accumulated more than 
2.5 times 18F-FGA as compared to the contralateral tissue (p < 0.05, Student’s t-test). However, 
in vivo images were difficult to interpret because of the small volume of injury surrounded by 
non-specific accumulation of 18F-FGA in nasal secretions. To circumvent this, we isolated the 
intact brain together with skull for imaging; these ex vivo images clearly showed higher 
ipsilateral accumulation of 18F-FGA as compared to the contralateral hemisphere. Conclusions: 
Results show that infarct-avid agent 18F-FGA can be synthesized from ubiquitously available 
18F-FDG in a simple reaction. As the first infarct-avid PET agent, 18F-FGA has a potential to 
enable extremely sensitive and high resolution neuroimaging of the brain infarct pathologies. 
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Abstract: Ischemic stroke remains one of the leading causes of human death and disability in the 
world, caused by a cascade of pathological processes including increased inflammation involving 
inflammatory cell activation and filtration in and around ischemic lesion areas. However, our 
understanding of these complicated cellular and molecular events following ischemic stroke are 
still incomplete. In this investigation, we used RNA sequencing to analyze the whole genomic 
gene expression profiles at different days (D1, D3, D7, D14, D21, D60, D90) in a mice model of 
focal cerebral ischemia. The result showed that the number of differentially expressed genes 
(DEGs) increased over time after ischemia. There were 1967 DEGs at D1, 2280 DEGs at D3, 
2631 DEGs at D7, 5516 DEGs at D14, 7093 DEGs at D21, 3971 DEGs at D60, and 4471 DEGs 
at D90. By performing gene ontology enrichment and network analyses, 87 DEGs significantly 
related to inflammation were identified. Among them, pro-inflammatory genes CD86, tumour 
necrosis factor (TNF)-α, and interleukin (IL)-1β were all upregulated and peaked at D14; anti-
inflammatory genes arginase 1 (Arg1) and Chitinase-like 3 (Ym1) peaked at D1 while IL-10, 
transforming growth factor (TGF)-β and CD206 peaked by D7 to D14. Our study provided new 
insights and detailed information on the molecular pathology of experimental ischemic stroke. 
The genomic data analysis-revealed regulatory mechanisms would be useful in developing 
therapeutic interventions targeting inflammation of ischemic stroke in humans. 
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Abstract: Background: Severe upper limb (UL) impairment post-stroke often results from 
significant structural damage to the corticospinal tract (CST), the primary motor output pathway. 
In individuals with severe impairment with movement limited to proximal musculature, 
structural integrity of supporting motor pathways may be important. Aim: To determine the 
unique contribution of CST, alternate motor (corticorubrospinal and corticoreticulospinal), and 
corpus callosum (CC) tracts to motor outcome in individuals with severe as compared to mild-
moderate impairment post-stroke and non-stroke older adults. We hypothesise: 1) tract order of 
importance for motor outcome in the severe group will be CST followed by alternate motor and 
CC tract integrity; 2) time post-stroke may alter the pattern of importance in the severe group; 
and 3) an overall effect of group by pathway, such that people with severe have the poorest tract 
integrity. Methods: Data was pooled from four centres across three participant groups defined 



apriori: individuals with 1) severe impairment (Fugl-Meyer Upper Limb, [FM-UL] score: 
≤30/66); 2) mild-moderate impairment (FM-UL score: >30/66); 3) no history of stroke. All 
individuals underwent diffusion weighted imaging (DWI). Participants with stroke completed a 
motor impairment (FM-UL) and/or function (Wolf Motor Function Test [WMFT] WMFT-rate) 
assessment. Hand-drawn regions of interest were delineated to reconstruct the CST, alternate 
motor, and CC tracts, and extract mean fractional anisotropy (FA). Planned analysis are: 1) 
stepwise linear regression model for each dependent motor outcome (FM-UL, WMFT-rate) for 
each stroke group (severe, mild-moderate), with mean FA of reconstructed tracts entered as 
independent variables; 2) one-way ANOVA with between-subject factor of TIME (subacute, 
chronic) in severe group only; and 3) two-way mixed model ANOVA of GROUP (severe, mild-
moderate, healthy) x MOTOR PATHWAY (FA of CST, alternate motor, CC). Results: We have 
DWI data from 65 individuals with severe UL impairment (30 subacute, 35 chronic), 30 with 
chronic mild-moderate impairment and 30 non-stroke adults. Preliminary analysis of 10 chronic 
individuals from one centre indicated that CC was more strongly correlated with impairment 
than CST or alternate motor tracts. Conclusions: This pooled analysis of DWI in people with 
severe UL impairment after stroke will advance our understanding of the regional importance of 
white matter status to motor outcome across severity levels; inform studies of stroke recovery; 
and contribute to more precise targeting of treatments to individual patients based on white 
matter status. 
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Abstract: There are a number of different DTI-based methods that have been used to quantify 
corticospinal tract (CST) structure in the context of stroke rehabilitation research. However, there 
is no gold standard method that has been shown to provide the most accurate estimate of CST 
structure in chronic stroke survivors. This study aims to compare different DTI-based approaches 
to quantify CST structural characteristics in chronic stroke survivors, and to determine which, if 
any, reveals the strongest brain-behavior relationship. We used DTI and clinical motor behavior 
data from a phase-I clinical trial. Participants were chronic stroke survivors with mild-to-
moderate arm and hand motor impairment (N=37, average chronicity=3 years). We processed 
the Imaging data using BrainSuite16a (http://brainsuite.org/), and used the Wolf Motor Function 
Test log mean time score for distal control items (WMFT-distal) as the primary motor behavior 
measure. We calculated mean Fractional Anisotropy (FA) for CST of each tract (L, R) with 7 
different approaches: 1) manually drawn 2-D posterior limb of the internal capsule (PLIC) 
region, 2) manually drawn 2-D cerebral peduncle (CP) region, 3) 3-D PLIC template volume 
from a JHU white matter atlas, 4) 3-D CP template volume from a JHU white matter atlas, 5) 3-
D CST individual volume from each participant’s tractography, 6) 3-D CST template volume 
from a standard white matter atlas, and 7) 3-D CST template volume generated from 
participants’ contra-lesional CST. We compared CST FA between the two tracts for each method 
using a paired t-test; calculated a CST FA asymmetry index between the two hemispheres from 
each approach, and performed partial correlation analyses between each CST FA asymmetry 
index and WMFT-distal time score, controlled for age, chronicity, and severity. The mean 
ipsilesional CST FA was significantly lower than the mean contralesional CST FA for all 7 
methods. Only CST FA asymmetry from the 3-D CST individual volume from each participant’s 
tractography significantly correlated with WMFT-distal (r=0.46, p=0.005). Further only range of 
CST FA asymmetry from individual tractography met the criterion of CST FA asymmetry for 
those who have mild-to-moderate arm motor impairment. These findings suggest that compared 
to the six other methods, CST FA asymmetry based on the individual’s CST tractography is the 
most accurate estimate of CST structural characteristics in chronic stroke survivors with mild-to-
moderate motor impairment. We recommend this method for future studies in chronic stroke that 
aims to investigate the relationship between CST structural characteristics and motor behavior. 
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Abstract: Functional imaging as a prognostic biomarker for post-stroke motor recovery would 
help understanding of neural mechanisms in post-stroke recovery. Among various types of 
imaging modalities, resting-state fMRI (rs-fMRI) is one of the emerging methods yielding 
biomarkers of brain conditions. In this research, we tested association between rs-fMRI and 
clinical motor impairment scale using least absolute and selection operator (LASSO) 
analysis.Fifty-three post-stroke hemiplegic patients in the subacute stage participated in this 
study after giving written informed consent. Clinical motor impairment scale, Fugl-Meyer 
Assessment (FMA) motor score, and rs-MRI scans were obtained at the admission, 8 weeks after 
admission, and the discharge. In total, 96 rs-fMRI scans were used for the analysis. MRI data 
were acquired using a 3-T scanner (GE Discovery MR750w). T1 weighted image was acquired 
for the localization of the lesions and for adjunct data for rs-fMRI analysis.rs-fMRI data were 
pre-processed with slice timing correction, motion correction, spatial normalization to the 
standard brain space and smoothing, with functional connectivity toolbox and SPM12. rs-fMRI 
was flipped between right and left when a patient had impairment in the left-side impairment. 
Functional connectivity matrix was estimated as a correlation coefficient of MRI signals for each 
pair of anatomical volumes of interest (AAL). Features of the functional connectivity matrix that 
statistically correlates with FMA were selected by LASSO model.Figure 1 shows functional 
connectivity selected by LASSO for the estimation of FMA in all the patients. Functional 
connection including the ipsilateral cerebellum and fronto-parieto-temporal opercular areas 
contralateral to the impaired hemibody are positively associated with FMA. The present study 
suggests that rs-fMRI can be used as a biomarker of motor impairment in post-stroke hemiplegia. 
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Abstract: Pre-clinical studies in rodent models of stroke suggest that deep brain stimulation 
(DBS) of the lateral cerebellar nucleus (LCN) may be a promising treatment to enhance recovery 
after stroke.Our aim here was to map, both anatomically and functionally, the cerebellar-cortical 
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projection in vivo using manganese-enhanced MRI (MEMRI). In the first part of the study the 
cerebellar-cortical projections were mapped by tracking manganese chloride (MnCl2) transport 
over a 48-h period. For this, male Long-Evans rats a single injection of MnCl2 into LCN (500 
mM, 1 uL). MRI scans were performed at 2-, 8-, 24- and 48-h post injection utilizing a 3D T1-
FLASH protocol with the following parameters: TE=6.37 ms, TR=50 ms, SA = 3, Flip angle = 
20, bandwidth = 20,000 Hz, and FOV = 200 x 200 x 200 (Bruker Biospec Avance 70/20 (Bruker 
Biospin) system with a 72 mm volume coil setup). MRI processing and quantification were 
performed using FSL and AFNI toolkits. To visualize the LCN-cortical projections at 8h, 24H 
and 48H after injection, a whole brain statistical map (z map) was quantified for each time point 
by comparisons with the 2h scan. The voxel that survived FDR correction at a threshold of 
p<0.05 on the z map were included in the final visualization map. Our results indicate that 
MEMRI is a suitable and accurate way to study cerebello-cortical projections in vivo; 8H after 
LCN manganese chloride injection the contrast can be visualized in cortical areas, mainly 
contralateral. The peak of contrast was obtained 24H post-injection with bilateral distribution 
and faded by 48H. In the second part of the study, we tested the functionality of this projection 
via DBS activation. Animals underwent surgical implant of MRI-compatible electrode into the 
LCN. One week later, these animals received a systemic injection of MnCl2 (60 mg/kg). Twelve 
hours post injection, the animals were scanned using the same MRI protocol as above. 
Immediately after the first scan, the animals received one hour of DBS with the following 
parameters: 100- 200 uA, 30 Hz, 90 us. LCN-DBS was then followed by a second MRI scan. 
Similar manganese-induced enhancement in contrast was observed in animals that underwent 
LCN DBS after systemic manganese chloride injection. Differences between pre and post-DBS 
MRI are higher than 20% for most studied brain areas. In contrast, animals who did not receive 
DBS showed no increase the in the MEMRI contrast. Overall our data suggest that the LCN- 
DBS can be functionally evaluated by means MEMRI in longitudinal in vivo studies. 
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Abstract: Despite advances in the understanding the pathophysiology of cerebral ischemia, no 
drug is available to protect the brain from stroke-induced neuronal injury. Increasing evidences 
suggest that inflammatory cytokines plays an important role in progression of stroke. The 
objective of this study was to evaluate the effect of an ester of fumaric acid, monomethy 
fumarate (MMF) on cerebral infarct and levels of inflammatory cytokines TNF-α and IL-1β. 
Middle cerebral artery was occluded using a 3.0 monofilament in male Sprague Dawley rats 
(260-290 g) for 90 min followed by 24 h of reperfusion. Laser Doppler flow meter was used to 
confirm middle cerebral artery occlusion (MCAo). MMF (10 mg/kg) was administered at two 
time points, 30 min post ischemia and 5 min post reperfusion. Twenty four hours later, 
neurological deficits score and time spent on rota rod were evaluated. Cerebral infarct was 
estimated by MRI-T2 imaging using 7.0T animals MRI. After MRI, rats were sacrificed; cortex 
and striatum were separated and homogenized. The levels of TNF-α and IL-1β were estimated 
using ELISA kits. Post occlusion, cerebral blood flow reduced by 82.8 ± 1.8% of baseline and 
post reperfusion 71.1 ± 2.7% of blood flow was found to be restored. Treatment with MMF 
improved neurological deficit score and the time spent on rota rod significantly (p<0.01) when 
compared to MCAo group. Further, in MMF group, cerebral infarct (23.5 ± 4.3 %) was 
significantly (p<0.01) reduced when compared to MCAo group (36.6 ± 2.0 % of ipsilateral area). 
The levels of inflammatory cytokines were increased significantly in MCAo group when 
compared to sham group. MMF treatment significantly (p<0.05) reduced the levels of both TNF-
α (115 ± 25 to 83 ± 6.5 pg/mg of protein) and IL-1β (130 ± 10 to 99 ± 6.1 pg/mg of protein) in 
cortex when compared to MCAo group. However, in striatum, there was no significant decrease 
in the levels of cytokines when compared to MCAo group. Our results indicate that MMF limits 
the progression of brain infarct from striatum to cortex by regulating the levels of inflammatory 
cytokines. 
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Abstract: C-X-C chemokine receptor type 4 (CXCR4) is a receptor for a pleiotropic chemokine 
CXCL12. The purpose of this study was to characterize the neuroprotective and neurotrophic 
effect of a novel CXCR4 antagonist CX549. We demonstrated that CX549 had a higher affinity 
for CXCR4 and was potent to inhibit CXCL12 -mediated chemotaxis in culture. CX549 
effectively reduced the activation of microglia and improved neuronal survival after injury in 
primary rat cortical neuron and BV2 microglia co-cultures. The protective effect of CX549 was 
further examined in an animal model of stroke. Adult male rats were subjected to a transient (60 
min) distal middle cerebral artery occlusion. CX549 or vehicle was administered to the animals 
at 10 min after the onset of reperfusion and then daily for 4 days. Early post-stroke treatment 
with CX549 significantly improved behavioral function, reduced brain infarction, and suppressed 
the expression of inflammatory markers TNFa and IL6. Our data support that CX549 is a potent 
anti-inflammatory and neuroprotective agent against ischemic brain injury and may have clinical 
implications for the treatment of stroke. 
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Title: Therapeutic antibody targeting of Notch 3 signaling prevents mural cell loss in CADASIL 
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Abstract: Cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL) is a neurological syndrome characterized by small vessel 
disease (SVD), stroke, and vascular cognitive impairment and dementia caused by mutations in 
NOTCH 3. No therapies are available for this condition. The prevalence of CADASIL mutations 
in NOTCH 3 is estimated at 3.4/1,000. Loss of mural cells, which encompass pericytes and 



vascular smooth muscle cells, is a hallmark of CADASIL and other small vessel diseases 
including diabetic retinopathy, resulting in vascular instability. We report the characterization of 
a mouse model of CADASIL in which mural cell coverage in arteries depends upon human 
Notch 3 function. Here we showed that Notch 3 signaling is both necessary and sufficient to 
support mural cell coverage in arteries using genetic rescue in Notch 3 knockout mice. 
Furthermore, we show that systemic administration of an agonist Notch 3 antibody prevents 
mural cell loss and modifies plasma proteins associated with Notch 3 activity including 
endostatin/collagen 18α1, and Notch 3 ectodomain in mice with the C455R mutation, a 
CADASIL variant associated with Notch 3 loss-of-function. These findings open opportunities 
for the treatment of CADASIL by modulating Notch 3 signaling and establish that the levels of 
Notch 3 ectodomain and endostatin/collagen 18α1 in liquid biopsies could be used as surrogate 
markers of Notch 3 activity in vivo. Figure shows (A) Timeline of A13 antibody injections in 
N3KO (light gray) and CADASIL mutant mice (black). (B) Immunofluorescence images of 
retinal whole mounts showing SMA staining in green and collagen IV (ColIV) in white for 
N3KO and C455R mutant mice treated with IgG or A13 antibodies (scale bar=1mm). Right 
panels show merged images of green and white signals (scale bar = 100µm). (C) Quantification 
of the effect of antibody injection on SMA coverage in retinal vasculatures. *p<0.05, data were 
analyzed via ANOVA. (D) Images of brain tissue from C455R injected with A13 or IgG 
antibody stained with V1662 antibody. Scale bar = 100 µm. 
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Abstract: Recovery from injury to the mammalian CNS requires axonal regeneration from the 
remaining neurons. However, conditions in the CNS are impermissive to this regeneration 
because of the presence of axonal growth inhibitors such as Nogo-A. NgR1, a cell-surface 
protein, serves as a receptor for Nogo-A and other axonal growth inhibitors. Currently, various 
pharmacological agents are being evaluated for the ability to block NgR1 or its downstream 
signaling to enhance axonal sprouting and functional recovery. Inexpensive and safe natural 
products such as green tea polyphenols (GTPP) are well suited for this purpose and elucidating 
their mechanism of action will help optimize their use and develop drugs with greater efficacy. 
In the current study, we found that GTPP, especially epigallocatechin-3-gallate, induced the 
internalization of NgR1 in Neuroscreen-1 neuronal-like cells and mouse primary cortical 
neurons. This NgR1 internalization was mediated by cAMP, which was generated in response to 
GTPP binding to a high affinity 67kDa laminin receptor. Consistent with this finding, exogenous 
dibutyryl-cAMP and agents that elevate intracellular cAMP such as forskolin, an adenylyl 
cyclase activator, and rolipram, a cyclic nucleotide phosphodiesterase inhibitor, induced 
substantial internalization of NgR1. This GTPP- and cAMP-induced internalization also 
occurred in protein kinase A(PKA)-deficient cells. Furthermore, N6-benzoyl-cAMP, which 
selectively activates PKA, did not induce NgR1 internalization. In addition, KT 5720, a specific 
PKA inhibitor, failed to block the GTPP- and cAMP-induced internalization of NgR1. 
Conversely, 8-pCPT-2’-O-methyl-cAMP, which selectively activates another effector of cAMP, 
EPAC (exchange protein directly activated by cAMP), induced internalization of NgR1. 
Moreover, ESI-09, an EPAC-specific inhibitor, blocked GTPP- and cAMP-induced 
internalization of NgR1. These results suggest that EPAC may play a greater role than PKA in 



this process. This internalization was mediated by both clathrin- and lipid raft-mediated 
mechanisms. Internalization of NgR1 by GTPP and cAMP, correlated with their ability to 
prevent Nogo-A from causing growth cone collapse and inhibiting neurite outgrowth. 
Desensitization of neurons through the internalization of NgR1 may be one of the intracellular 
mechanisms to influence axonal growth and may be exploited for drug development to enhance 
functional recovery after stroke and other neuronal injuries. 
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Abstract: Cardiopulmonary arrest (CA) remains one of the leading causes of death and 
disability in the USA. Whole body ischemia disrupts cerebral blood flow (CBF) that results in 
severe and selective brain damage. CA-induced hypoperfusion (decrease in CBF) contributes to 
neuronal cell death leading to cognitive impairment. Our goal is to identify novel neuroprotective 
therapies that will modulate CBF and provide neuroprotection with beneficial functional 
outcomes after ischemia. We previously discovered that palmitic acid methyl ester (PAME) is a 
novel vasodilator/neuroprotective agent derived from the superior cervical ganglion 
(sympathetic) innervating major cerebral arteries enhanced in the presence of arginine 
derivatives. Arginine is a substrate to activate protein arginine methyltransferases (PRMTs), 
which can act as a “switch” to turn “on or off” pre or post-transcriptional/translational 
modifications. Thus, our hypothesis is that methylation of palmitic acid (PA) via PRMT to form 
PAME, enables PAME’s therapeutic actions against ischemia, providing enhancements in CBF, 
neuroprotection, and functional recovery. Methylation of PA to form PAME but not PA alone, is 



necessary to enhance CBF, neuroprotection, and cognitive function after asphyxial CA (ACA, 6 
min). To investigate the neuroprotective properties of PA v. PAME, hippocampal slices were 
subjected to oxygen glucose deprivation (OGD), and visualized using propidium iodide staining 
for cell death. Our results indicate that PAME, but not PA, provides neuroprotection in the CA1 
region of the hippocampus after OGD [vehicle OGD (0.538 ±0.022) and PAME OGD (0.232 
±0.055)]. Furthermore, we utilized a rodent model of global cerebral ischemia (ACA, 6 min) to 
investigate if the methylation is crucial for the enhancement of CBF after ACA. Rats received 
PA/PAME treatment (0.02mg/kg, IV) 30 min before ACA. The rat skull was thinned to visualize 
red blood cell speed (an indicative measure of CBF) in microvessels of the neocortex via intra-
vital two-photon laser scanning microscopy. PAME enhanced cortical CBF while maintaining 
systemic blood pressure in vivo. Functional cognitive/memory outcomes were tested post-ACA 
via spontaneous alternation test (T-maze). Posttreatment of PAME improved functional 
outcomes after ACA [improvements in both alternation ratio ACA (0.261±0.049), ACA+PAME 
(0.487±0.039) and side-bias preference, ACA (0.821±0.046), ACA+PAME (0.641 ±0.025)]. 
Overall, our data suggest that methylation of PA to form PAME, rendered PAME’s biological 
activity under normal and pathological conditions to enhance CBF, provide neuroprotection, and 
improve functional outcomes after CA. 
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Abstract: Post-stroke sleep disturbance is reported to be an indicator of poor stroke outcomes. 
The strategic location of the PGD2 DP1 receptor in specific brain regions regulating 
cerebrospinal fluid and sleep led us to hypothesize that the DP1 receptor may attenuate the 
deleterious effects associated with post-stroke sleep disturbance. First, to test the effect of sleep 
deprivation on locomotor activity, wildtype mice were individually housed and their activity was 
monitored 20h/d for 3d. Day zero was used to obtain baseline, while for the next two days, mice 
were subjected to sleep disturbance for 10h during the sleep phase followed by 10h of no sleep. 
Second, to test whether a selective DP1 receptor agonist decreases locomotor activity, mice were 
given an intraperitoneal injection of the agonist and locomotor activity was monitored. Third, to 
test the effect of post-stroke sleep disturbance on stroke outcomes, wildtype and DP1-/- mice 
were subjected to 45min of MCAO and 7d of reperfusion. After MCAO, mice were subjected to 
post-stroke sleep disturbance for 12h/d for 3d during the mouse sleep phase. Sleep disturbance 
resulted in higher activity (awake like) during the sleep phase and lower activity during the 
awake phase. The distance travelled during the awake phase after sleep deprivation was 
significantly lower (P<0.001). These data suggest that sleep deprivation attenuated locomotor 
activity. The total ambulatory distance covered by DP1 agonist-treated group 4h post-treatment 
was 2161.2±846.4cm compared with the vehicle group activity of 7093.5±1953cm (P<0.01), 
suggesting that the selective pharmacological agent induced sleep. Analysis of the Cresyl violet-
stained sections revealed a significantly larger (P<0.05) infarction volume and neurologic deficit 
in post-stroke, sleep-disturbed DP1-/- mice compared to similarly treated WT mice. These data 
show that the PGD2 DP1 receptor plays a vital role in attenuating the deleterious effects of sleep 
disturbance on stroke outcomes. Additional studies are underway to further investigate 
mechanisms and optimal therapeutic conditions. 
[This work was supported by UF-CTSI (to A.S.A.) and R01NS046400, R01AT007429 (to S.D.)] 
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Abstract: Elevated extracellular glutamate causes ischemic brain injury. The current study stems 
from our key observation demonstrating that induction of glutamate oxaloacetate transaminase 
(GOT), an oxygen-sensitive glutamate-metabolizing enzyme in the brain, can attenuate stroke-
induced injury. GOT metabolizes glutamate to generate energy in the ischemic neural tissue. 
Here, we report that inducible GOT expression in the brain is regulated by miR-9. This work 
demonstrates that GOT is subject to post-transcriptional gene silencing by miR-9. Computational 
prediction, target reporter luciferase assay, and Western blot analysis provided first evidence 
demonstrating that miR-9 targets and silences GOT. Delivery of miR-9 inhibitor to HT4 neural 
cells upregulated GOT protein expression. Consistently, delivery of miR-9 mimic lowered the 
abundance of GOT protein. To validate whether miR-9 dependent binding exerts translational 
repression, GOT 3′UTR reporter assay was performed using HT4 neural cells. Delivery of miR-9 
mimic suppressed GOT 3′UTR reporter luciferase activity. To test the role of miR-9 in glutamate 
neural toxicity, miR-9 mimic was delivered to the cells followed by glutamate challenge. 
Delivery of miR-9 mimic significantly exacerbated the toxic effects of glutamate as measured by 
loss of cell viability. To evaluate the role of miR-9 in stroke in vivo, miR-9 inhibitor lentiviral 
transduction particles or non-targeting scrambled control were delivered to S1 cortex of 
C57/BL6 mice by stereotaxic injection. After 72h of delivery, mice were subjected to middle 
cerebral artery occlusion (MCAO) for 90 minutes followed by reperfusion. At 48h post-stroke, 
brain was collected to measure miR-9 and GOT levels. Mice that received the miR-9 inhibitor 
exhibited increased GOT protein expression at the stroke site and reduced stroke lesion volume 
when compared to control mice. Thus, inhibition of miR-9 at the stroke site de-silenced GOT 
and attenuated brain injury. 
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Abstract: Introduction: Xenon, as a glutamate NMDA receptor antagonist, has neuroprotective 
effects in several types of brain injury including ischemic stroke. We hypothesized that xenon 
would also serve to improve intracerebral hemorrhage (ICH) outcome. If xenon either has no 
adverse effect on ICH or is found to improve ICH outcome, this may allow early therapy onset, 
prior to neuroimaging diagnostics. 
Methods: Male SHR rats (8-10 weeks old) were anesthetized with isoflurane, ventilated and 
mounted on a stereotaxic frame. Pericranial temperature was controlled at 37 oC. Via a midline 
scalp incision, a small burr hole was made at the coordinates of 0 mm anterior to bregma and 3 
mm left lateral to midline. A 5 μl Hamilton syringe needle was inserted 6 mm below the cortical 
surface and 2.5 μl collagenase solution (0.1875 units/μl) was slowly injected into the left 
striatum area. Rats then were randomly assigned to groups and transferred into a gas exposure 
system where they were treated with either 30% O2 or 30% Xe in 30% O2 for 20 hours beginning 
2 hours after injection (n=10). Sham rats received underwent procedures except collagenase 
injection and were treated with 30% O2 (n=6). Oxygen and xenon concentrations were monitored 
and automatically regulated by computer software. Pericranial temperature was controlled at 37 
ºC Normal saline was infused IV at 1 ml/h during the treatment period. Body weight, blood 
pressure and rotarod performance were measured prior to surgery and 3, 7 and 28 days after 
surgery. Neurological score was evaluated at 7 and 28 days. Morris water maze was tested at 29 
to 33 days post-ICH. Brain histology was examined after completing the water maze. 
Results: Male SHR rats subjected to ICH had a transient body weight loss. Hypertension was 
persistent at all time points. No intra-group (30% xenon versus 0% Xe) difference was found for 
either body weight or blood pressure. Latency to fall from the was decreased in both groups on 
days 3, 7 and 28 post-ICH. However, this latency was improved in the rats receiving 20 hours 
30% xenon (p < 0.05). Hemorrhage also resulted in a significant neurological deficit that was 
improved by xenon treatment (p < 0.05). In Morris water maze test, hemorrhage induced a 
decline of latency to find the escape platform. Xenon treatment did not significantly prevent this 
decline. Brain histology still is in progress. 
Conclusions: This long-term study demonstrated that xenon improves functional outcome in 
hemorrhagic stroke when 20 hours of 30% xenon exposure is given beginning at 2 hours post-
stroke. Brain histopathology will be evaluated to further verify this effect. Xenon has the 
potential to serve as a stroke therapeutic in near future. 
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Abstract: In stroke, the survival of neurons and their ability to re-establish connections to 
recover lost functions are strongly influenced by the balance between neuronal excitation and 
inhibition. In the acute phase of stroke, lethal hyperexcitability can be attenuated by positive 
allosteric modulators (PAM) of the GABAA receptor (GABAAR). In contrast, in the chronic 
phase, negative allosteric modulators (NAM) of the GABAAR can correct the sub-optimal 
excitability and improve cellular plasticity (Clarkson et al. 2010). Endozepines, known as the 
endogenous ligands of benzodiazepine-binding sites include the diazepam binding inhibitor 
(DBI) and its processing products, the triakontatetraneuropeptide (TTN, DBI17-50) and the 
octadecaneuropeptide (ODN, DBI33-50). Here, we hypothesized that ODN, an allosteric 
modulator of the GABAAR synthetized by astrocytes, influences the outcome of ischemic brain 
tissue and its functional recovery. Local field potential analysis and calcium imaging confirmed 
that ODN acts like a NAM of the GABAAR in the intact cortex. As expected, during the acute 
phase of brain ischemia, ODN dramatically exacerbated brain lesions, and enhanced 
hyperexcitation processes involved in the development of stroke damage (excitotoxicity and 
spreading depression waves). However, a daily ODN treatment starting 3 days after the onset of 
stroke safely enhanced the functional recovery over the following 4 weeks. To conclude, our 
results show that endozepines may have a significant role to tune the excitatory and inhibitory 
synaptic balance and reinforce the idea that an appropriate correction of GABAergic tone at the 
right time, can promote neuroprotection and improve functional recovery after stroke. 
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Title: Neuroprotective effects diphenyldihaloketone EF24 in brain stroke model 
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Abstract: Background: Brain stroke is the second most common cause of death worldwide. It is 
caused by an interruption of the blood supply to the brain which leads to the loss of neurologic 
function and death of the brain tissue. Current management of stroke patients is aimed at 
preventing the progression of at-risk cerebral tissue towards infarction by restoring blood supply 
to ischemic penumbra in a timely manner. Surgical removal of clot and thrombolytic therapy are 
the most common approaches to this effect, however they do not address local and systemic 
inflammation associated with stroke pathology. Our objective was to investigate a 
diphenyldihaloketone EF24 - an NF-κB inhibitor, as a therapeutic agent in a mouse model of the 
brain stroke. 
Methods: Stroke was induced in male CD-1 mice (20-25 g) by occluding middle cerebral artery 
and removing the occlusion after 1 h to allow reperfusion (transient MCAO model). EF24 
treatment was given either 10-15min after reperfusion (Post-treatment) or 10-15min before 
occlusion (Pre-treatment). Control/stroke group received vehicle. Sham mice underwent the 
surgical procedure without artery occlusion. The surviving mice were euthanized 24 h after 
stroke to collect the brain and blood. The brain was sectioned for TTC-staining to determine 
histologic stroke volume. Inflammatory markers, IL-6 and TNF-α, and stress marker, 
corticosterone, were estimated in plasma samples. 
Results: The 24 h survival was increased in both the EF24-treated groups compared to the 
untreated stroke group. Plasma corticosterone increased >10 fold in stroke; EF24-Post treatment 
prevented this increase in plasma corticosterone. Plasma IL-6 and TNF-α were not significantly 
altered by occlusion surgery or EF24 treatment. Compared to the untreated stroke group, the 
infarct size, as assessed by TTC-staining, was reduced by 41% and 52% in the Pre-treatment and 
Post-treatment groups, respectively. Additionally, the stroke-associated edema was significantly 
reduced in the both EF24-treated groups. 
Conclusion: The results indicate therapeutic efficacy of anti-inflammatory molecule EF24 in 
controlling stroke pathology and improving survival. Especially notable was the reduction in 
stroke size even when EF24 was given after reperfusion. Although the biochemical basis of 



EF24 action is still under investigation, its remarkable effects in the t-MCAO brain stroke model 
engender new therapeutic class of neuroprotective agents for brain ischemia and edema. 
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Abstract: Background. 
In general, antihypertensive treatment is generally known to reduce the risk of first and recurrent 
stroke, and poor adherence to antihypertensive treatment is directly linked to increased incidence 
of cerebrovascular events. However, no previous study has developed a tool to measure the 
functional outcome following treatment of stroke patients with prior treatment with 
antihypertensive agent. The objective of this study is to determine whether the functional 
ambulatory status of the patient can be used to assess functional outcome in stroke patients’ 
treated with rt-PA with a prior history of anti-hypertensive medication. 
Method. 
We examined 1446 stroke patients that received antihypertensive agents prior to treatment with 
rt-PA for acute ischemic stroke, and analyzed functional ambulatory status as measurement of 
out outcome following treatment with rt-PA. Multiple logistic regression analysis was used to 
obtain adjusted odds ratios for functional ambulation at discharge for patients with history of 
taking antihypertensive agents vs the control group of patients with no history of taking 
antihypertensive agents. Adjustment was made for known risk factors and group differences. The 
backward selection method was used to exclude non-significant risk factors. Significance level 
was set at the probability level of 0.05. 
Results. 
Multiple logistic regression analysis for functional ambulation at discharge with adjustments for 
multiple confounding clinical factors showed significant association (OR, 0.63; P = .04) of 
improved ambulation at discharge compared to ambulation at discharge. 



Conclusions 
Functional ambulation can be used as the functional outcome tool to determine improved acute-
phase therapy outcomes for the use of rt-PA. 
Keywords: rt-PA, stroke, antihypertensive agents 
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Abstract: The caspase family of death proteases has been implicated during ischemic stroke and 
neurodegeneration. Data from our laboratory demonstrate that specifically inhibiting caspase-9 
(Casp9) abrogates edema and provides cellular and functional neuroprotection. Reperfusion 
injury after stroke can exacerbate damage to the blood brain barrier and lead to edema, an 
abnormal accumulation of fluids in the brain parenchyma. Cerebral edema, caused by a loss of 
vascular integrity, is the primary cause of mortality within the first three days following 
ischemia. Specifically targeting the molecular mechanisms underlying the development of edema 
is required for optimal therapeutic intervention. Preliminary data show that inhibition of Casp9 
abrogates its own activation in blood vessels (BVs) and reduces Evans Blue (EB) extravasation 
at 4 hours post reperfusion (hpr), supporting a role for active Casp9 in early disruption of the 
BVs. It has been shown by others that matrix metalloproteinase-9 (MMP-9) null animals develop 
less edema and show less extravasation of EB during ischemia. It had been proposed that MMPs 
regulate edema and that activation of MMP-9 occur upstream of caspase activation. Our 
preliminary data show transient middle cerebral artery occlusion (tMCAo) induces Casp9 
activation in wild-type and MMP-9 null mice and that the specific inhibition of Casp9 increases 
MMP-9 expression. This supports the hypothesis that Casp9 acts upstream of MMP-9 in the 
vasogenic pathway. Moreover, analysis of junctional proteins in BV fractions at 4 hpr from 



ipsilateral cortices shows a significant reduction of vascular endothelial cadherin (VECad) and 
claudin-5 (Clau5) expression, and this loss is abrogated by Casp9 inhibition. These data suggest 
a novel Casp9-dependent process that regulates BBB dysfunction and vasogenic edema during 
cerebral ischemia. To assess endothelial function of Casp9 in ischemia- induced cerebral edema, 
we have generated inducible endothelial cell Casp9 null mice. Thus, targeting caspase-9 in stroke 
might improve vascular health and provide neuroprotection which could aid functional recovery. 
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Abstract: Red blood cells microparticles (RMPs) possess potent hemostatic activity. Pro-
coagulant activity of RMPs has shown beneficial effect in a study on blood drawn from patients 
with coagulation disorders. Before efficacy of RMPs can be tested clinically, rigorous preclinical 
studies are warranted. The goal of this study was to test for any potential complications 
following RMPs administration. We specifically tested the effects of RMPs on physiological 
parameters and thrombosis following RMP injection as is relevant for a hemostatic agent. RMPs 
were prepared from Type O+ human RBCs using high pressure extrusion method. RMPs were 
characterized and quantified using flow cytometry. In vitro coagulant activity was confirmed 
using thromboelastogram. Male rats were treated with: I) 1 × bolus (6.07 × 1010 particles / kg 
b.w.), II) 1/3 × three bolus 7.5 minutes apart (6.07 × 1010 particles / kg b.w.), III) 1 × over 30 min 
(6.07 × 1010 particles / kg b.w.), IV) 4 × over 60 min (2.43 × 1011 particles / kg b.w.), V) 20 × 
over 60 min (1.21 × 1012 particles / kg b.w.), and (VI) vehicle (saline). We monitored 
physiological parameters viz. blood pressure; blood pH, pCO2, and pO2; body and head 
temperature; and hematocrit before and after RMPs injection. In a separate set of experiments, 
rats in groups IV and VI were perfused at 4 h post-RMPs injection using formaldehyde: acetic 
acid: methanol mixture. Brains were histologically assessed by an investigator blinded to 



treatments for any thrombosed blood vessels or indications of toxicity. We did not observe any 
adverse effects of RMPs injection. Comparisons were made against baseline values. However, a 
minor but significant drop in blood pH (ΔpH=0.04 at 45 min of treatment, p<0.05), body 
temperature (0.35οC at 45 min of treatment, p<0.01), and increase in blood pO2 (21%, p<0.05 at 
45 min of treatment) was observed for 1 × over 30 min regimen. We observed significant 
increase in blood pO2 for 20 × over 60 min regimen (24% at 75 min of treatment, p<0.05). 
Besides, we observed a significant drop in hematocrit values for 1/3 × three bolus (8, 12 and16% 
at 15, 30 and 45 min of treatment respectively, p<0.001), 1 × over 30 min (11 and 14%, p<0.05 
and p<0.01 at 30 and 45 min of treatment respectively), and 4 × over 60 min regimen (11, 14, 16 
and 20% at 30, 45, 60 and 75 min of treatment respectively, p<0.001). In general, we did not 
observe any side-effects of RMPs in rats. Moreover, RMP treatment did not produce any 
thrombosed blood vessels or indications of cerebral toxicity. Thus, we conclude that RMPs do 
not show systemic toxicity and thromboembolism in brain. Confirming safety profile of RMPs is 
critical in establishing their therapeutic potential. 
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Title: Huo-Luo-Xiao-Ling-Dan plays a protective role in ischemic brain in rats via inhibiting 
inflammatory responses after stroke 
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Abstract: Huo-Luo-Xiao-Ling dan (HLXL), a traditional Chinese herbal mixture, can play an 
important role of anti- inflammation in the treatment of cerebral ischemia. In this study, we 
examined the effects of HLXL on brain injury of ischemic stroke in rats. Focal cerebral ischemia 
was induced by middle cerebral artery occlusion (MCAO) for 2 hours followed by 24 or 48 
hours reperfusion in male rats. We treated ischemic stroke rats with HLXL (0.5, 2.0 and 6.0g/kg) 
by daily gavages beginning at the onset of stroke. The control group received the vehicle. 
HLXLD 2.0, 6.0/kg treatment significantly attenuated the infarct volume, neurological deficits, 



upregulation of proinflammatory cytokines in the brain of rats after stroke compared with that of 
non-HLXLD group. HLXLD can induce the expression of MCPIP1 in brain tissue. Furthermore, 
the activation of NF-κB signaling was significantly reduced in HLXLD treated rats after stroke 
compared to that of non-HLXLD group. Because MCPIP1 not only plays an important role in 
early cortical neurogenesis but also reveal an unexpected link between neocortical development, 
immune regulators, and epigenetic modification. Our data demonstrated that HLXLD can play an 
important protective role in brain injury after ischemic stroke via inhibiting inflammatory 
responses in the brain. We need further investigate the molecular mechanism of the HLXLD 
which via modulate the MCPIP1 expression. 
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Title: Multimodal tocotrienol vitamin e protection against ischemic stroke 
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Abstract: At nanomolar concentration, lesser-characterized natural vitamin E tocotrienol (TCT), 
but not α-tocopherol, potently protects neural cells from glutamate induced neurotoxicity in vitro 
and attenuates ischemic stroke injury in a pre-clinical setting in vivo. While neuroprotective 
mechanisms of TCT have been elucidated, neuroprotection alone is unlikely to explain the robust 
protection against stroke observed in vivo. Indeed, neuroprotective agents have largely failed in 
clinical trials where multimodal mechanisms (i.e. neuro and vascular) are recognized as 
necessary for protection against ischemic stroke. In the current work, we sought to test for and 
identify mechanisms of vascular protection in a pre-clinical setting of ischemic stroke. C57/BL6 
mice (male, 5 wks) were orally gavaged daily with 50mg/kg body weight of TCT or volume 
matched placebo (n=12) for 10 wks prior to induction of ischemic stroke using the intraluminal 
thread method of middle cerebral artery occlusion (MCAO). While stroke-induced ischemia 
persisted, cerebrovascular perfusion was measured using laser speckle flowmetry. After imaging, 



mice were euthanized and perfused with FITC-conjugated lectin to characterized cerebrovascular 
perfusion in the MCA territory of the stroke-affected hemisphere. Anastomotic connections 
(diameter and number) were quantified as CD31+/FITC-lectin+ arterioles in stroke-affected S1 
cortex and collected by laser capture microdissection. Pro-arteriogenic mediators of vascular 
remodeling were queried by real-time PCR and histology. Compared to placebo, TCT treatment 
significantly increased perfusion (38.7%, p<0.05), collateral size (21.2%, p<0.05), and collateral 
number (5.7-fold, p<0.05) during MCAO. Furthermore, prophylactic TCT supplementation 
significantly induced TIMP1 expression 9.6-fold (p<0.05) in laser-captured collaterals as 
compared to placebo controls. In a separate experimental cohort, we observed TCT protection 
against ischemic stroke was lost in TIMP1 knockout mice. Taken together with known 
neuroprotective properties, the current work supports additional (multimodal) vascular-protective 
properties of TCT against stroke by inducing arteriogenesis in a TIMP1-dependent manner for 
functional collateral growth. 
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Abstract: Post-stroke cognitive neuropsychological impairments (CNI) are common, affecting 
more than a half of stroke survivors. Despite the high prevalence and clinical significance, our 
knowledge on post-stroke cognitive deficits is limited. Using WT and CD36 KO mice (N= 7-
11/group) subjected to transient focal ischemia, this study investigates long-term CNI and the 
impact of CD36 deficiency on CNI. A battery of tests for motor (rotarod, open field), depression 
(sucrose preference, forced swim test), anxiety and memory tests (Y maze) were performed 
before stroke, and 2 and 7 weeks after stroke. To evaluate spatial learning and memory, water 
maze tests were performed at 9W for hippocampal based learning: training (hidden platform) and 
probe trials (remove platform) and for hippocampal-striatal based trial (visible platform). At 
baseline CD36 KO animals displayed reduced exploration in open field and reduced motor 
performance on rotarod. Following stroke, WT mice showed impaired motor function in rotarod 



and displayed increased activity in open field at 2W and 7W. Sucrose preference was markedly 
reduced at 2W, but returned to baseline at 7W. CD36 KO animals did not display any significant 
post-stroke behavioral difference from pre-stroke baseline. Water maze tests revealed that stroke 
caused impaired learning during the training phase and CD36 KO mice performed better 
although probe trial did not show a genotype difference. CD36 KO mice showed better 
performance in visible platform trials compared to WT mice (Fig 1). Our result showed that 
stroke induces a transient hedonic deficit, a persistent hyperactivity and memory impairments 
that hinders the striatal-based new rule learning and strategy switching. The detection of better 
cognition in CD36 KO mice further suggests a sensitive preclinical platform that can assess 
stroke-induced CNI in different genotype mice during recovery phase. 
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Title: Pinocembrin protects hemorrhagic brain primarily by inhibiting toll-like receptor 4 and 
reducing M1 phenotype microglia in mice 

Authors: *X. LAN, X. HAN, Q. LI, J. WANG 
Johns Hopkins Med., Baltimore, MD 

Abstract: Neuroinflammation is a major contributor to intracerebral hemorrhage (ICH) 
progression, but no drug is currently available to reduce this response and protect against ICH-
induced injury. Recently, the natural product pinocembrin has been shown to ameliorate 
neuroinflammation and is undergoing a phase II clinical trial for ischemic stroke treatment. In 
this study, we examined the efficacy of pinocembrin in an ICH model, and further examined its 
effect on microglial activation and polarization. In vivo, pinocembrin dose-dependently reduced 
lesion volume by ~47.5% and reduced neurologic deficits of mice at 72 h after collagenase-
induced ICH. The optimal dose of pinocembrin (5 mg/kg) suppressed microglial activation as 
evidenced by decreases in CD68-positive microglia and reduced proinflammatory cytokines 
tumor necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6. Pinocembrin also reduced the 
number of classically activated M1-like microglia without affecting M2-like microglia in the 
perilesional region. Additionally, pinocembrin decreased the expression of toll-like receptor 
(TLR)4 and its downstream target proteins TRIF and MyD88. The protection by pinocembrin 
was lost in microglia-depleted mice and in TLR4lps-del mice, and pinocembrin failed to decrease 
the number of M1-like microglia in TLR4lps-del mice. Inhibition of the TLR4 signaling pathway 
and reduction in M1-like microglial polarization might be the major mechanism by which 
pinocembrin protects hemorrhagic brain. With anti-inflammatory properties, pinocembrin could 
be a promising new drug candidate for treating ICH and other acute brain injuries 
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Title: Inhibition of neuronal ferroptosis protects hemorrhagic brain in mice 
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Abstract: Background and Purpose: Intracerebral hemorrhage (ICH) causes high mortality 
and morbidity, but our knowledge of post-ICH neuronal death and related mechanisms is limited. 
In this study, we aimed to investigate whether ferroptosis contributes to neuronal death post-ICH 
and whether inhibition of ferroptosis protects hemorrhagic brain in vivo. Methods: We injected 
collagenase to left striatum of mice and quantified mitochondrial area in neurons at 
perihematoma region. In addition, we injected ferrostatin-1 (a specific inhibitor of ferroptosis) 2-
h delay (intraventricular) post-ICH, and accessed the protection effects of ferrostatin-1 with 
Fluoro-Jade B staining, CV/Fast blue staining, neurologic deficit scoring, etc. Furthermore, we 
detected lipid ROS accumulation and cyclooxygenase-2 (COX-2) expression by MDA assay and 
Western blotting using 4-HNE and COX-2 antibodies. Results: We first demonstrated that 
ferroptosis, a newly identified form of cell death, occurs in the collagenase-induced ICH model 
in mice with evidence of shrunken mitochondria in neurons. We found that mice treated with 
ferrostatin-1 after ICH exhibited marked brain protection and improved neurologic function. 
Additionally, we found that ferrostatin-1 reduced lipid reactive oxygen species production and 
attenuated the increased expression level of COX-2 in vivo. Conclusion: These results indicate 
that ferroptosis contributes to neuronal death after ICH, that administration of ferrostatin-1 
protects hemorrhagic brain, and that cyclooxygenase-2 could be a biomarker of ferroptosis. The 
insights gained from this study will advance our knowledge of the post-ICH cell death cascade 
and be essential for future preclinical studies. 
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Abstract: Cardiopulmonary arrest (CA, a form of global cerebral ischemia) is the leading cause 
of death and disability in the US. More than 350,000 victims/year suffer CA with only a 12% 
survival rate. The whole body ischemia following CA leads to brain damage causing severe 
neurological deficits such as learning/memory deficits. We previously showed that enhanced 
sympathetic nervous system (SNS) activity is one of the major contributors to CA-induced 
hypoperfusion (a decrease in cerebral blood flow, CBF), which plays a critical role in the 
progression of CA-induced neuronal cell death and learning/memory deficits. However, 
mechanisms underlying SNS-induced hypoperfusion and ischemic brain injury is unclear. It is 
important to note that neuropeptide Y (NPY, a 36-amino acid neuropeptide) is released upon 
SNS activation. The release of NPY induces a long-lasting and potent vasoconstriction (100-fold 
more potent than other sympathetic neurotransmitters, such as norepinephrine), which reduces 
the blood supply to the brain. We sought to attenuate NPY release from pre-synaptic sympathetic 
nerves via peptide YY (PYY)3-36 (a pre-synaptic NPY2 receptor agonist) to investigate the 
impact of NPY inhibition on CA-induced hypoperfusion. A rat model of global cerebral ischemia 
(6 mins asphyxial cardiac arrest, ACA) was used in the present study. Results from intra-vital 
two-photon laser scanning microscopy suggest post-treatment with PYY3-36 (56.87±4.48%; 
p<0.05 evaluated by Student’s t test) attenuated cortical hypoperfusion (-33.20±2.65%) 24 hrs 
after ACA. Interestingly, post-treatment with PYY3-36 inhibited neuronal cell death (via 
hematoxylin and eosin stain) in the CA1 region of the hippocampus. We further assessed 
cognitive/behavioral function (T-maze) to evaluate the rats’ functional learning/memory after 
ACA. Rats post-treated with PYY3-36 (0.5±0.17) presented with better neurological outcomes 
than the control rats (0.26±0.05) after ACA. Here, we show that NPY plays a detrimental role in 
CA-induced brain injury. Inhibition of NPY release via PYY3-36 provides neuroprotection against 
CA-induced hypoperfusion, neuronal cell death, and neurological deficits. 
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Abstract: Under the conditions of focal cerebral stroke the critical value, from the patient's 
output point of view has an optimal use of so called «therapeutic window". In particular this 
applies to preservation of Penumbra zone from the involvement in the ischemic processes as well 
as slowing of the processes taking place in the focus of stroke. The aim of this study was to 
obtain the specific data that will clarify the processes having place in development of focal 
stroke (and after its completion) in both ischemic focus and a zone of penumbra). From this point 
of view we tried to clarify: 1. The dynamics of local blood flow and oxygen tension changes in 
cerebral tissue as well as the level of Nitric Oxide in different time intervals. 2. The role of 
changes in the properties of blood rheology and presence of free radicals in defining of both 
geometric sizes of Penumbra and the levels of blood flow and oxygen tension in it. 3. To 
evaluate the results of the morphological changes taking place in the focus of ischemic Stroke 
and in the zone of Penumbra. 4. Analysis of the results obtained in our experiments with taking 
into account the data available in the literature and getting the generalized conclusions. Studies 
were conducted on groups of white rats by means of two experimental models: a non-invasive 
induction of focal ischemic stroke by photochemical method and local hyperthermia, therapeutic 
method that is used in the treatment of tumors. It was found that in both experimental models: 1. 
In the process of formation of ischemic stroke greatest complication causes the thrombosis of 
cerebral vessels due to changes in blood rheological properties. 2. Reduction of the scale and 
severity of damages in brain tissue (according to the received morphological changes in it) is 
possible by using antioxidants and free radical scavenger (dimethyl sulfoxide - DMSO) and / or a 
change in the relationship between the concentrations of Nitric Oxide and Oxygen Radicals (for 
favors of the first). We believe that these results at least will clarify the general principles of 
hyperthermic therapy, and its use in cancer clinic, both in terms of tolerance of brain tissue to 
hyperthermia and incorporating the role of free radicals, nitric oxide, and rheological properties 
of blood in the process of development and/or prevention of further damages having place 
especially in penumbra zone. 
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Title: Xueshuantong Injection effectively relieves inflammatory reaction induced by ischemic 
stroke through regulating NF-kappa B signaling pathway 
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Abstract: Inflammatory reaction plays a key role in progression of ischemic stroke. 
Xueshuantong Injection(XST) is a traditional Chinese medicine which used to treat ischemic 
stroke widely in China. Objectives: XST can improve the degree of the ischemic stroke patient's 
neurological impairment through regulating the expression of IκB α, nuclear factor (NF)-κB p65 
and some related inflammatory cytokines. Method: In clinic research, we measured the serum 
levels of hsCRP,MMP-9,TIMP-1,IL-6,IL-18,ICAM-1,IP-10,MIP-1,GFAP and S100B in patients 
with acute stroke (patients should be admitted into observation within the first 72 h after stroke 
onset) using the method of enzyme-linked immuno sorbent assay (ELISA). Neurological 
impairment was scored with National Institute of Health Stroke Scale(NIHSS) at the days of the 
1st day, 3rd day ,5th day and 14th day after be admitted into hospital.62 patients were divided 
into two groups randomly,one group was treated with basic treatment (IS+Vehicle group)and 
another group was treated with basic treatment and was injected with Xueshuantong Injection 
additionally(IS+XST group). In vivo, we established middle cerebral artery occlusion(MCAO) 
model in rats. Western blot analysis was performed to analyze expression levels of IκBα and NF-
κB p65. Results: In clinical research: XST group can improve the NIHSS significantly at the 
14th day after stroke onset compared with basic treatment group in the respect of facial paralysis 
improvement (P<0.05).Xueshuantong Injection can decrease the serum level of TIMP-1,IL-
18,ICAM-1 at 3 days after stroke onset significantly compared with basic treatment (t=1.973,-
2.685 and 3.167 respectively,P<0.05). Xueshuantong Injection can decrease the serum level of 
hsCRP, TIMP-1, ICAM-1 and S100B at 5 days after stroke onset significantly compared with 
basic treatment (t=-2.241, 2.410, 2.397 and 2.102 respectively,P<0.05). Xueshuantong Injection 
can decrease the serum level of MMP9, TIMP-1, IL-6, ICAM-1 and GFAP at 14 days after 
stroke onset significantly compared with basic treatment (t=-2.404,4.260,3.475,5.561 and 1.992 
respectively,P<0.05). In vivo research:Xueshuantong Injection can decrease the protein 



expression of IκBα and NF-κ B p65 compared with model 
group(P<0.05).Conclusions:Xueshuantong Injection can improve the neurological impairment 
through regulating the NF-κB p65 signaling pathway and some related inflammatory cytokines. 
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Abstract: Hemoglobin (Hb) released by red blood cell lysis following intracerebral hemorrhage 
(ICH) causes neuroinflammation and cell death, inflicting irreversible brain damage. 
Haptoglobin (Hp) and CD163 form a primary scavenging system for Hb and protect tissues from 
its cytotoxic effects. Hp directly binds to Hb, and this complex is endocytosed by 
macrophages/microglia expressing the membrane receptor CD163. Currently, there is no 
effective treatment against ICH, and limited research exists on the respective functions of Hp and 
CD163 after ICH. This study aims to investigate the individual effects that Hp and CD163 have 
on outcomes after ICH and, furthermore, we also investigate how these individual effects change 
when both proteins are affected simultaneously in transgenic animals. ICH was induced in 
wildtype (WT) control, CD163 knockout (CD163-/-), Hp knockout (Hp-/-), and Hp plus CD163 

double knockout (Hp-/-xCD163-/-) mice. Various functional and anatomical outcomes were 
assessed at 3d post-ICH. Lesion volume, hematoma volume and tissue injury in CD163-/- mice 
was 27.5+/-5.8% (p<0.0001), 30.6+/-6.4% and 23.0+/-4.1% (p=0.0041) smaller compared to WT 
mice, respectively. Lesion volume and tissue injury in Hp-/- mice was 28.2+/-7.2% (p=0.0006) 
and 29.5+/-2.5% (p=0.0011) smaller compared to WT mice, respectively. No significant 
differences in these measurements were detected between the double Hp-/-xCD163-/- and WT 
mice; thus, CD163-/- and Hp-/- mice had significantly smaller lesion volumes and tissue injuries 
compared to this double knockout group as well. Preliminary data for additional measures are as 
follow: Hp-/- mice had smaller hemispheric enlargement (an indicator of brain swelling/edema) 



and blood-brain barrier breakdown compared to WT mice, less iron and astrogliosis compared to 
WT and CD163-/- mice, and less induction of heme oxygenase compared to all other groups. 
The CD163-/- mice had less total Hb in brain tissue and less blood-brain barrier breakdown 
compared to WT mice. The Hp-/-xCD163-/- mice had less blood-brain barrier breakdown 
compared to WT mice. These initial findings demonstrate the differences in recovery following 
ICH. The outcomes of this preclinical study help in the design of future clinical trials to limit 
devastating brain damage following ICH. 
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venom is neuroprotective against experimental ischemic stroke damage in wistar rats 
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Abstract: Acute ischemic stroke (AIS) is a major cause of adult disability with very few 
therapeutic options. GABA receptor agonists (GABAr) present neuroprotective effects (NP), 
which save the brain of AIS damage. However, the undesired effects of GABAr have limited 
their wider application in patients. So compounds that block GABA uptake represent potential 
tools for providing an efficient protection against AIS injury. Parawixin2 (Pwx2) presents a 
potent activity in decrease GABA uptake in vitro essays. This study evaluated the NP effect of 
Pwx2 on striatum (S), motor (M) and somatosensorial (C) cortices, as well as the neurological 
deficits (ND) after treatment in a model of AIS. Wistar rats under anesthesia were injected with 
endothelin1 (Et1; 600 pmol, in 6 uL) near to Middle Cerebral Artery (MCA) to induce AIS. 
Pwx2 (2 ug/uL; 1 uL) or Saline 0.9% (1 uL) were delivered into lateral ventricle and carry out 30 
min before from AIS. ND were evaluated 24 hs before and after AIS by Open Field Test (OF) 
and forepaw touch test (FT). Cell death in S, C, and M infarcted areas was evaluated by Fluoro-
Jade C (FJC) methods. Treatment with Pwx2 improved neurological function in all parameters 
tested (OF and FT). More remarkable, Pwx2 reduced FJC+ cells in all areas analyzed (S =81.6%; 
M=91.7%; C=82.8%). Considering that Pwx2 is one of very few compounds that block GABA 



transporters, our findings suggest that their neuroprotective potential might represent a 
promissory drug to stroke therapies. 
Financial Support: CAPES and FAPESP 
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(HDPs) on mouse cerebral arterioles In vivo and In vitro 
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Abstract: BACKGROUND: Delayed vasospasm of cerebral arteries is alleged to be the most 
common determinant of mortality and unfavorable prognosis in patients who suffer from 
subarachnoid hemorrhage (SAH). Recent guidelines concerning vasospasm treatment 
recommend the application of the calcium channel antagonist nimodipine, hemodynamic 
interventions like induced hypertension or cerebral angioplasty. All therapeutic options may 
associate with serious side effects and fail to improve the clinical outcome. Previous studies have 
demonstrated that heme degradation products (HDPs) like bilirubin oxidation end products 
(BOXes), originating from the intracranial hematoma surrounding the ruptured aneurysm, are 
involved in inhibiting large conductance BKCa potassium channels in vascular smooth muscle 
cells. It is commonly accepted knowledge that blocked BKCa channels fail to hyperpolarize cell 
membrane and increase the myogenic tone. METHODS: Using two-photon laser scanning 
microscopy we analyzed changes in diameter and perfusion of pial and intraparenchymal 
arterioles in adult wildtype and BK channel deficient mice in vivo. DIC video microscopy was 
the preferred optical technique to study diameter changes of intracortical arterioles in acute brain 
slices of mice. RESULTS: We demonstrated that the subarachnoid applications of the 



propentdyopents (PDPs) or synthetic Z-BOX isomers cause a long-lasting and sustainable 
diameter decrease of pial arterioles in living mice. This vasoconstrictive effect depends on BKCa 
channel activity, because it was absent in mice, expressing dysfunctional BKCa channels through 
a conventional knockout of the Slo1 gene. These data are consistent with our investigations on 
acute brain slices suggesting that isolated intermediates and end products of oxidative bilirubin 
breakdown are able to induce arteriolar vasoconstriction in mice with functional BKCa channels. 
CONCLUSION: Our findings confirm the contribution of heme degradation products in 
developing diameter dysregulation of cerebral vasculature after SAH and highlight the 
involvement of microvessels in arterial vasospasm. 
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Abstract: Spontaneous intracerebral hemorrhage (sICH) is the severe form of stroke and 
remains a significant cause of morbidity and mortality throughout the world. No proven 
treatment is available so far. Limiting hematoma expansion in sICH has been attractive 
therapeutic target. RMPs have hemostatic properties. Thus, RMP can be used as potential 
therapeutics for preventing hematoma growth. The goal of this experiment was to determine the 
biodistribution of RMPs in blood and organ/tissues to predict any potential side-effects when 
injected to rats. RMPs were labeled with Alexa Fluor-488 TFP ester (ThermoFisher Scientific), 
unconjugated dye was removed using microdialysis membrane (Spectra/Por) and dialyzed 
against saline overnight with frequent saline changes. Dialyzed labeled RMPs were collected and 
filtered before use. Labeled RMPs were injected by single bolus injection of the total dosage 
(6.07 × 1010 particles/kg) delivered over 20 seconds. Rats were perfused at 15 min or 24 h post-
RMPs injection. Blood was collected before perfusing rats. Brain, lung, heart, liver, spleen, 



kidney, bone marrow (BM), lymph node (LN), and muscles were harvested and frozen at -80°C 
until further use. Tissues homogenates were made on ice in RIPA buffer, sonicated and 
fluorescence was measured in resultant tissue homogenates as an indicator of presence of RMPs 
in the tissue by measuring fluorescence at Ex: 490/EM: 520. Results are expressed as mean 
fluorescence (MF)/g tissue or MF/ml blood. MF for RMPs injected was 926,432 ± 72,643 
AFU/kg body weight and 800,310 ± 25,554 AFU/kg body weight for 15 min and 24 h groups, 
respectively. Major fluorescence was detected in liver (71,360 ± 6,791, n = 6), spleen (24,518 ± 
2,344, n = 6); moderate fluorescence in heart (2,395 ± 455, n = 6), kidney (5,268 ± 781, n = 5), 
lung (6,160 ± 2,088, n = 6), and LN (8,468 ± 2,700, n = 5) while minor fluorescence in brain 
(661 ± 229, n = 6), muscle (670 ± 157, n = 6), and BM (529 ± 70, BM harvested from femur 
bone obtained from both the hind limbs, n = 6) at 15 min post-RMP injection. Fluorescence in 24 
h post-RMP injection group was significantly lower for liver (31,515 ± 1,018, n = 6, p<0.001), 
spleen (16,943 ± 1,176, n = 6, p<0.05), and BM (218 ± 51, n = 5, p<0.01); while non-significant 
increase was observed in kidney (74,326 ± 53,257 AFU / g, n = 6), muscle (1,010 ± 391, n = 6) 
and LN (9,595 ± 2,721, n = 5) compared to 15 min time point . We observed MF of 37 ± 23 and 
287 ± 105 for blood at 15 min and 24 h post-RMP injection, respectively. Our results indicate 
that very small fraction of injected RMPs is retained in the body at both 15 min and 24 h post-
RMP injection. Thus, RMP can be safely used for treatment following sICH. 
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Title: Transplanted modificed bone marrow-derived mesenchymal stem cells, SB623, ameliorate 
chronic behavioral and pathological deficits in stroke rats 
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Abstract: Stroke is the leading cause of long-term disability in adults. We recently completed a 
Phase 1/2a clinical trial with intracranial implantation of SB623, which appear to be safe and 
were associated with improvements in a majority of the clinical outcome end points. In this 
nonclinical study, we investigated the mechanism of action of SB623, which leads to 
amelioration of chronic behavioral deficits in rats. The present study assessed the efficacy of 
SB623 cells implanted intracranially into rats at day 28 following transient Middle Cerebral 
Artery occlusion. Treatment efficacy was assessed by sensorimotor behavioral tests: Cylinder 
and Paw Whisker Test. If untreated, the ischemic injury showed stable behavioral deficits for at 
least 72 days following lesion. Histopathological end-points were correlated with functional 
endpoints to determine the mechanism of action of SB623. Compared to post-stroke/pre-
transplantation levels, significant improvements in sensorimotor function were detected in stroke 
rats that received SB623 vs. vehicle. At 72 days post-transplantation, histopathological analysis 
indicated no difference in infarct size in both experimental groups, but significantly reduced 
levels of reactive GFAP-positive astrocytes, activated immune cells and type III collagen in the 
striatal peri-infarct area of SB623-treated rats. Furthermore, there was a strong negative 
correlation between improvement of neurological sensorimotor function and GFAP and type III 
collagen levels. These data demonstrate that SB623 cells ameliorate chronic inflammation, 
reduce levels of collagen deposits and reactive astrocytes, and this reduction is strongly 
associated with improvement in recovery in a rodent model of chronic stroke 
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Title: Neural stem cell derived extracellular vesicle therapy in a porcine model of stroke 
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Abstract: Stroke is currently the 5th leading cause of death in adults in the United States, and has 
accounted for approximately 14% of total health care spending in recent years 1. Despite 
thousands of ongoing clinical trials for potential stroke therapies, currently only one FDA 
approved small molecule therapy, tPA, exists to date. We proposed to use neural stem cell 
extracellular vesicles, a type of cell derived nanovesicle, and their potential neuroprotective 
properties as a novel therapeutic to combat behavioral and motor impairments following middle 
cerebral artery occlusion (MCAO) in a porcine model of stroke. For this study, we used 16 land 
raised male castrated pigs which were divided into either an extracellular vesicle treatment group 
or a control saline group. First, we isolated the extracellular vesicles from neural stem cell spent 
media using ultracentrifugation and filtration, and then characterized their size, morphology, and 
concentration using nanoparticle tracking analysis. We then IV administered the extracellular 
vesicles, or a control sham saline solution, at 2, 14, and 24 hours post MCAO. We then 
performed open field and novel object recognition behavioral tests at 24 hours post, 3 days post, 
1 week post, 3 weeks post and 12 weeks post MCAO, and used behavior tracking software to 
quantify differences between pigs in the extracellular vesicle treated and saline treated groups. 
During open field testing, we found that by 1 week post MCAO, control pigs had statistically 
significant decreases in velocity and distance traveled in the testing arena, while the extracellular 
vesicle treatment group did not. We also saw during open field testing, the total distance traveled 
by extracellular vesicle treated pigs at 12 weeks was significantly greater than the distance 
traveled by sham pigs. We did not find any statistically significant differences in the novel object 
recognition test between the sham and extracellular vesicle treated pigs at any of the 5 tested 
time points. Overall, we found that neural stem cell derived extracellular vesicle therapy 
following a right sided MCAO in pigs aided in preventing a significant decrease in velocity and 
total distance traveled during open field testing as well as had a significant positive influence on 
these parameters 12 weeks post MCAO compared to control. 1. Mozzafarian D, Benjamin EJ, 
Go AS, et al. on behalf of the American Heart Association Statistics Committee and Stroke 
Statistics Subcommittee. Heart disease and stroke statistics—2016 update: a report from the 
American Heart Association. Circulation. 2016;133:e38-e360. 
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Title: Sex differences in stroke neuroprotection via stimulation of FAO 
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Abstract: Stroke is a leading cause of death and disability in the United States, yet few options 
exist for afflicted patients. Our previous research demonstrated that thyroid hormone stimulation 
of astrocyte fatty acid oxidation (FAO) reduced lesion volume after stroke. However, the 
mechanism for this neuroprotection is not yet known. Here we show that thyroid hormone 
increases astrocyte spare respiratory capacity under nutrient deprivation, increasing survival 
under mitochondrial stress. Accordingly, thyroid hormone rescues the decreased maximal 
respiration of starved astrocytes in a dose-dependent manner. In vivo experiments using a 
photothrombotic model of stroke found that thyroid hormone neuroprotection differs based on 
sex, with males being responsive at lower doses. We show that a 25 ug/kg dose of thyroid 
hormone is protective up to three hours after stroke, although higher concentrations at longer 
timepoints have yet to be tested. Overall, our research suggest that thyroid hormone treatment 
presents as a possible therapeutic approach to reduce injury after stroke. 
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Abstract: Background: Stroke continues to be a leading cause of death and disability, 
worldwide. Superparamagnetic iron oxide nanoparticles (SPIONs) hold great promise as vehicles 
for enhancing drug delivery for stroke, and other CNS diseases. Magnetically-induced rotary 



traction (MIRT) offers a means to improve SPION targeting at clinically-relevant distances. 
Here, we describe a novel, inexpensive in vitro system for evaluating the potential of SPION-
drug combinations which are intended for use in intracranial clot lysis. Methods: Our model 
system includes three components: 1) a patented rotating magnet (mini-MED), 2) standardized 
magnetic microbeads (the SPIONs), and 3) a novel tissue culture tray (MIRT tray). The mini-
MED contains a neodymium-boron-iron permanent magnet, which is rapidly rotated (3 Hz), 
causing SPIONs to counter-rotate (like meshed gears) in the MIRT tray, moving by means of 
surface traction. Rabbit endothelial cells were seeded into the lanes of the tray (1/8th inch wide), 
to which pre-formed blood clots were added. Movement of SPIONs in the MIRT tray was 
measured at various distances (and relative positions) using video photography. Results: SPIONs 
moved readily in the MIRT tray through even 100% serum, at distances 7.5 - 30 cm from the 
magnet. SPION velocity varied according to position with speeds of 0.26 +/- 0.05 cm/sec 
maintaining the integrity of the endothelial cell monolayer. SPIONS combined with t-PA showed 
the greatest potential for clot lysis. Conclusions: SPIONs are easily rotated and translated at 
physiologic distances, even through 100% serum, by means of surface traction generated by the 
Pulse mini-MED system. The MIRT tray is a convenient device which allows SPION translation 
over live cells to be studied. Clot lysis was demonstrated with SPION - enhanced delivery of t-
PA. A larger version of the Pulse system is currently being evaluated in clinical trials for stroke. 
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Abstract: The blood-brain barrier (BBB) is a dynamic and specialized vascular endothelial cell 
(VEC) interface that maintains cerebral homeostasis from peripheral attacks. The BBB is 
disrupted in acute ischemic stroke, and inflammatory components penetrate into the brain 
causing cerebral edema. Our previous studies have revealed that compromised mitochondria in 
VECs opens BBB in vitro and in vivo. To further elucidate the role of mitochondria in BBB 
opening, we performed transient middle cerebral artery occlusion (tMCAO) in rats, purified 
cerebral VECs derived from ischemic and non-ischemic hemispheres, and evaluated 
mitochondrial function in VECs. Interestingly, we observed that oxidative phosphorylation was 



significantly inhibited in VEC mitochondria from the ischemic hemispheres compared to the 
contralateral hemispheres while simultaneously opening the BBB. Further, using a murine 
tMCAO model, we demonstrated that rotenone (an inhibitor for mitochondrial respiratory chain 
complex I) exacerbated stroke infarction, worsened neurological deficits, and increased post-
stroke mortality. Consistently, rotenone significantly increased BBB permeability in post-stroke 
mice demonstrated by Evan’s blue extravasation assay. These novel findings provide primary 
evidence that mitochondria in VECs play a key role in BBB opening and suggest a potential new 
therapeutic approach for neurological disorders by manipulating VEC mitochondria. 
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Abstract: Traumatic spinal cord injury (SCI) results in long lasting functional deficits due to the 
lack of axon regeneration within the mammalian CNS. After SCI, chondroitin sulfate 
proteoglycans (CSPGs) contribute to a growth non-permissive extracellular environment by 
interacting with the receptor protein tyrosine phosphatases, PTPσ and LAR, on axons to activate 
the small GTPase, RhoA, and antagonize the Akt/mTOR pathway. Unlike mammals, lampreys 
experience robust functional recovery after complete SCI, despite the presence of CSPGs and 
other inhibitory molecules. After injury, axons of the lamprey’s large identifiable reticulospinal 



(RS) neurons regenerate with heterogeneous but predictable probabilities. RS neurons that fail to 
regenerate undergo a delayed form of apoptotic cell death. Previously, this lab reported that 
lamprey PTPσ and LAR mRNAs are preferentially expressed in “bad regenerator” RS neurons 
before SCI-induced caspase activation. The present study examines the effect of PTPσ 
knockdown (KD) on caspase activation, axon regeneration, and downstream signaling in the 
larval lamprey following complete spinal cord transection (TX). PTPσ KD was induced using 
antisense morpholino oligomers (MOs) that targeted the splice junctions flanking exon 3 of 
lamprey PTPσ pre-mRNA to create a reading frame shift and premature stop codon, leading to 
nonsense-mediated decay of the mis-spliced mRNA. In subsequent experiments, fluorescein-
conjugated control or PTPσ-targeting MOs were applied in vivo to the proximal spinal cord 
stump immediately following TX. At 2 weeks post-TX, lampreys administered PTPσ MOs 
showed a 62% reduction in the number of RS cells positive for PTPσ mRNA compared to 
controls, as assessed by in situ hybridization with a riboprobe specific for the normal transcript. 
At 2, 4, 7, and 10 weeks post-TX, no difference was observed between PTPσ and control MO 
groups in the percentage of morphant cells that were positive for activated caspases using 
FLICA. At 10 weeks post-TX, PTPσ KD did not increase axon regeneration as assessed by 
retrograde labeling. Nevertheless, PTPσ KD significantly increased Akt phosphorylation (T308) 
in combined brain/spinal cord homogenates at 2 weeks post-TX. This suggests the PTPσ 
downstream pathway is conserved between mammals and lampreys. It is possible that 
compensation from other CSPG receptors attenuates the pro-regenerative effects of PTPσ KD 
alone. Ongoing efforts will assess the effects of LAR KD by itself and in combination with 
PTPσ. 
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Abstract: Spinal cord injury (SCI) leads to permanent disability in mammals because injured 
axons do not regenerate across the lesion to reconnect their previous targets. The failure of axon 
regeneration is due to both extrinsic inhibitory factors, e.g., the chondroitin sulfate proteoglycans 
(CSPGs) or the myelin-associated growth inhibitors (MAIs), and to neuron-intrinsic factors, such 
as the expression of receptors for the extrinsic inhibitory factors. Evidence for the importance of 
neuron-intrinsic factors is illustrated by the heterogeneity in the regenerative abilities of the 
axons belonging to the 18 pairs of individually identified reticulospinal neurons (RNs) in the 
lamprey, some being very good regenerators and others bad. After transection (TX), the bad 
regenerators tend to upregulate several chemorepulsive receptors (UNC5, DCC, Neogenin, 
PlexinA and EphB), as well as α-synuclein. These same neurons undergo very delayed apoptosis 
post-TX, and we have noticed that most (but not all) of them are among the largest RNs. One 
possible reason for this is that large neurons have large-diameter axons, and these reseal more 
slowly than small axons. Thus we tested the hypothesis that delayed axon sealing contributes to 
retrograde neuronal death by introducing retrograde tracers at different times post-TX. In 
lamprey, axons belonging to the small neurons of the medial inferior reticulospinal nucleus 
resealed within 15 min post-transection, whereas axons of the larger neurons, e.g., the Mauthner 
neuron (Mth), I1, M3, and B1 could take more that 20 hours to reseal. We found a significant 
inverse correlation between an RN’s volume and the probability that its axon would regenerate (r 
= -0.81), or that the neuron would undergo delayed apoptosis, as indicated by fluorescently-
labeled activator of caspases (FLICA; r = 0.73). Next we determined the effect of polyethylene 
glycol (PEG), which is commonly used to fuse cell membranes and seal damaged axon 
membranes, on resealing of lamprey RN axons, retrograde neuronal death and axon regeneration. 
Compared to normal Ringer-treated controls, applying 40% PEG in lamprey Ringer to the cut 
axon tips for 5 min. speeded axon resealing, reduced initial axon retraction during the first 2 
weeks post-TX, enhanced axon regeneration investigated at 4 weeks, and reduced retrograde 
neuronal death by 57.8%. Since the relationship between neuron size and retrograde death was 
not absolute, other factors must play a role in determining regenerative ability and long-term 
survival post-TX. 
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Abstract: Introduction: The overall objective of this study was to correlate MRI diffusion 
measures with histological changes in the cervical cord after a contusion injury to the thoracic 
region in rats. Diffusion Tensor Imaging (DTI) is a non-invasive method of studying central 
nervous system structure. Despite its widespread use in research, DTI has not been clinically 
relevant in spinal cord injury, in part due to stabilization hardware at the site of injury which 
causes imaging artifacts. Furthermore, secondary injury factors such as inflammation, edema, 
and hemorrhage make prognostication based on imaging biomarkers more difficult. Previous 
research has documented diffusion changes in the spinal cord both caudal and cranial to the 
injury epicenter; however, pathological underpinnings of those changes are not clear. 
Methods and Materials: Female Sprague-Dawley rats (n=40) underwent a controlled T8 
contusion injury at one of four severities (mild, moderate, severe, or sham) determined by the 
drop height of a weight. The rats underwent in vivo DTI scans at 2, 30, and 90 days post injury 
using a 9.4T Bruker horizontal bore scanner and were assessed on the Basso, Beattie, and 
Bresnahan (BBB) scale to determine their functional recovery and locomotion. Diffusion 
weighted images were acquired with a 4-shot echo-planar spin-echo sequence (TE=27 ms; 
TR>1800 ms) and custom routines were used to reconstruct and register DTI maps. Animals 
were euthanized and C5 segment was excised and fixed in formalin. Sections were stained with 
primary antibodies for non-phosphorylated neurofilaments (SMI32), which is a marker of injured 
axons. Digital images were acquired using a confocal microscope (Leica Microsystems), 
thresholded, and the number of stained objects was counted using a custom-developed script. 
Two-way ANOVA and linear regression were used to determine significant differences between 
time points and injury severities for imaging and histological measures. 
Results and Discussion: The group averages of stained axons were correlated with BBB scores 
at early time points. At 2 and 30 days many of the axons in white matter are injured, thus SMI32 
staining was abundant. By 90 days, however, most axons were removed by inflammatory cells. 
Additionally, axial diffusivity (AD) was well correlated with BBB chronically. This suggests that 
while AD is a good predictor of axonal injury, secondary injury, such as edema and 
inflammation, also have a strong influence on diffusion at early time points. 
Conclusion: Chronically, AD correlates well with injury severity, but the influence of secondary 
injury factors acutely needs to be explored further. 
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Abstract: In the first in vivo imaging analysis (Di Maio et al., J. Neurosci, 2011), we previously 
found that dorsal root (DR) axons rapidly terminate regeneration at the dorsal root entry zone 
(DREZ), where they form numerous axon swellings with the features of presynaptic boutons. 
These observations suggested that the regeneration failure might be due to aberrant 
synaptogenesis with incorrect targets, which causes growth to cease prematurely at the DREZ. 
Here, we report that the unknown postsynaptic cells in contact with presynaptic boutons are NG2 
glia (i.e., oligodendrocyte precursor cells (OPCs)). We found that NG2 glia are abundant in the 
CNS territory of the DREZ, that they rapidly proliferate in response to distant DR injury, and 
that they form an intense ‘cellular net’ where DR axons usually terminate regeneration. Almost 
all of the axon tips and shafts intensely labeled with synapse markers are either co-localized or in 
close apposition with processes of NG2 glia. ImmunoEM analysis revealed that the gold particle-
labeled processes and cell bodies of NG2 glia contact pre-synaptic terminals of DRG neurons. 
We have also cultured purified NG2 glia from adult mice and co-cultured them with adult DRG 
neurons. Electrophysiological analysis revealed functional synapses between NG2 glia and DRG 
neurons. Lastly, we investigated if NG2 glia ablation affects axon regeneration across the DREZ. 
We used an inducible line, Rosa26-iDTa;PDGFRα-CreERTM, and obtained successful ablation of 
> 90% NG2 glia in spinal cord following DR crush. At 2 weeks after crushing DR axons, we 
observed modest but significantly enhanced penetration of DR axons across the DREZ. These 
findings show that DR axons fail to regenerate into the spinal cord, at least in part, because they 



form aberrant synapses with NG2 glia at the DREZ. These results support the notion that NG2 
glia are a previously unappreciated barrier to CNS axon regeneration. 
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Abstract: Severe swelling of the human spinal cord is typically observed after a traumatic spinal 
cord injury (SCI). Intrinsic cord swelling within the pia mater, along with the swollen cord filling 
the subarachnoid space and pushing against the relatively stiff dura mater, may result in 
increased intraspinal pressure. Such cord constriction can lead to reduced blood flow, hypoxia 
and ischemia, leading to secondary damage. Using our porcine model of SCI, we examine the 
effects of an expansile duraplasty surgery on behaviour, spinal cord morphology, and tissue 
sparing following an acute SCI. 
Female Yucatan mini-pigs received a T10 contusion SCI followed by 5-minutes of compression 
and were randomized into two groups: 1) SCI without dural expansion surgery (control group) or 
2) SCI with dural expansion duraplasty with an artificial graft (Durepair, Medtronic; 1-cm width, 
10-cm length) centered around the impact site (duraplasty group). Behavioural recovery was 
monitored weekly for 12 weeks and animals were scored using the Porcine Thoracic Injury 
Behaviour Scale (PTIBS). Ultrasound imaging at 7 days post-SCI was used to compare spinal 
cord morphology (dorsal-ventral height of the spinal cord and subarachnoid space) at various 
level of the spine between the two groups. At 12 weeks post-SCI, animals were euthanized and 
histological analysis was done on their spinal cords to quantify both grey and white matter 



sparing. 
At 7 days post-SCI, ultrasound analysis showed an enlargement of the subarachnoid space at the 
T9-T11 for the duraplasty group (T9-T11: 2.0 ± 0.4mm; 2.1 ± 0.3mm; 2.4 ± 0.2mm) compared 
to the controls (T9-T11: 1.1 ± 0.4mm; 0.5 ± 0.3mm; 0.5 ± 0.2mm) with an increased spinal cord 
height (duraplasty: 7.4 ± 0.2 mm; controls: 6.2 ± 0.2 mm). Throughout the 12-week recovery 
period, most control animals were only capable of hind limb dragging (PTIBS score of 1-3) after 
SCI, while most duraplasty animals showed weight-supported stepping (PTIBS ≥ 4). 
Histological analysis of the spinal cords demonstrated more spared white matter at the epicenter 
in the duraplasty group compared to the controls. No difference in the spare grey matter was 
demonstrated. 
In summary, our results demonstrated that, 7 days after SCI the swollen cord almost fills 
the subarachnoid space. Expansive duraplasty surgery in a porcine model of SCI, enlarged the 
subarachnoid space for days after SCI, and allowed for non-restrictive swelling of the spinal 
cord. This might have lead to improved hind limb function and increased spared tissue at the site 
of injury as observed at 12 weeks post-SCI. This data supports the potential of improving 
neurologic outcome with expansile duraplasty. 
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Abstract: Introduction: Development and translation of effective therapies for acute traumatic 
spinal cord injury (SCI) are hindered by both the paucity of information regarding the biology of 
human SCI, as well as reliance on functional tests of motor function and sensation to grade 
injury severity. In the acute SCI setting, comorbid substance use and severe injuries often 
prevent valid baseline examination of SCI severity. In turn, individuals become ineligible for 
clinical trial enrollment, because they cannot be appropriately stratified into studies within 
required timelines; this enrollment challenge contributes to the high cost and difficulty of clinical 
trials for potential therapies, and scarcity of information regarding human SCI biology. Beyond 
offering the promise of more objective diagnostics, exploratory investigations seeking to identify 
biomarkers of SCI severity present the opportunity to increase our understanding of the biology 
of human SCI. 
Objective: This study seeks to quantify the abundance of 496 peptides within the cerebrospinal 
fluid (CSF) of human SCI patients and characterize the changes in related protein loads during 
the five days immediately following SCI, in order to enhance understanding of human SCI, as 
well as to broaden the scope of potential protein biomarkers of acute SCI severity. 
Methods: Parallel reaction monitoring (PRM), a mass spectrometry approach for targeted 
protein identification and quantification, is used to analyze the presence of 496 peptides in CSF 
from AIS A (n = 55), AIS B (n = 12), and AIS C (n = 12) SCI patients obtained through 
indwelling intrathecal catheters at 24, 48, 72, 96, and 120 hours post-injury, as well as in CSF 
from non-SCI patients (n = 19). The 496 target panel represents 396 unique proteins and includes 
a number of CSF contents known to be readily detectable via mass spectrometry, as well as 
peptides which the literature links to processes of SCI and other neurological conditions, such as: 
Alzheimer’s, Parkinson’s disease, stroke, and traumatic brain injury, the literature suggests them 
to be potential CSF biomarkers. 
Results: This project establishes a targeted experimental workflow which defines m/z ranges and 
retention time windows at which each peptide can optimally be detected. We are in the process 
of preparing the CSF samples for PRM evaluation. 
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Abstract: Rapid, accurate assessment of the severity of spinal cord injury (SCI) is critical in 
determining a course of treatment. Currently the ‘gold standard’ is the American Spinal Injury 
Association Impairment Scale (AIS), which uses a functional assessment to determine injury 
severity. However, it has its drawbacks: it requires verbal information from patients who may not 
be able to respond, and relies on potentially subjective self-reporting. Biological markers that 
objectively classify injury severity and predict outcome would circumvent these drawbacks and 
greatly facilitate efforts to evaluate acute SCI therapies. 
In an attempt to identify blood protein biomarkers we previously analyzed serum samples of a 
small set of AISA A, B, and C patients (n=9) collected 17-23 hours post-injury. Here, we extend 
our findings by reporting on the analysis of serum from 115 acute SCI patients. Specifically, the 
purpose of this study is to analyze serum biomarkers over a 5 day period post-SCI to determine if 
they are able to distinguish between baseline AIS grades, and predict AIS conversion. 
Patients classified as AIS A, B, or C were recruited as part of an ongoing, prospective multi-
center study (Canadian Multicenter CSF Pressure and Biomarker Study, CAMPER). Blood 
samples were collected every 8h for 5 days in order to determine serum profiles following injury. 
Additionally, non-SCI control serum samples were collected from patients undergoing hip or 
knee surgery during their spinal anaesthetics. Blood samples were kept at room temperature for 
20 min and then centrifuged at 10,000 rcf for 5 min to obtain serum. Serum concentrations of IL-
6, IL-8, TNF-R1, MCP-1, IP-10, S100B, GFAP, and NSE were evaluated using custom 
multiplex kits. Serum levels of TAU were determined using commercially available kits. Plates 
were read on the Meso Scale Discovery electrochemiluminescent system. 
Initial data confirms that the concentrations of serum proteins such as IL-6, IL-8, MCP-1, Tau, 
S100b, GFAP and NSE are many orders of magnitude lower in the blood than cerebrospinal fluid 
(CSF). While our data show clear differences in CSF levels of IL-6, Tau, S100b, and GFAP 
between the different baseline AIS grades, with the exception of Tau such a clear distinction 
between baseline AIS grades is not observed in the serum samples. Further analysis is currently 
being conducted. 
By characterizing the acute pathophysiologic responses to traumatic SCI in humans and 



establishing serum biomarkers for better injury stratification and improved prognostication of 
neurologic recovery, we hope to provide the field with tools that can be utilized in clinical trials 
to facilitate the evaluation of novel therapies. 
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Abstract: Purpose: 1) To develop a large animal model of SCI that exhibits cardiovascular 
dysregulation resembling that which is observed in individuals with high lesion SCI, and 2) to 
examine the acute cardiac and hemodynamic response to SCI. Methods: Ten Yorkshire pigs 
(25Kg, approx. 6 months of age) were instrumented with a triple lumen central venous catheter, 
femoral artery catheter, and left-ventricular pressure-volume conductance catheter. The left-
ventricular catheter was placed via a right carotid artery approach under fluoroscopic guidance. 
Pigs were subjected to a 20cm weight drop (50g) contusion SCI at T2 or T10 followed by 5 min 
of compression. Beat-by-beat systolic blood pressure (SBP), mean arterial pressure (MAP), heart 
rate (HR), left-ventricular pressure (LVP), and rates of contraction (dP/dtmax) were continuously 
monitored until 4 hours post-SCI. Results: In response to T2 SCI, there was an immediate 
pressor response that peaked at 3 min post-SCI, whereby MAP increased by 35mmHg 
(±5.5mmHg). Accompanying the pressor response was an increase in HR (32±7bpm), LVP 
(33±6.8mmHg), and dP/dtmax (1100±342mmHg/s). For T10 SCI, there was no significant 
increase in any cardiac or hemodynamic indices (p>0.122). Following decompression at 5min, 
MAP, LVP, dP/dtmax and dP/dtmin were significantly reduced relative to baseline in both T2 and 



T10 SCI (all p<0.025). Between 30 and 60 minutes following decompression, there was a 
gradual (albeit insignificant) increase in all hemodynamic indices in both T2 and T10 SCI. From 
1 hour post-SCI onwards, MAP and LVPmax gradually declined and were consistently lower than 
pre-SCI at 3hr post-SCI in both T2 and T10 SCI (all p<0.06). Only T2 SCI exhibited a 
significant reduction in dP/dtmax from 3 hours post-SCI onwards (p=0.017). Conclusions: High-
thoracic SCI is characterized by an immediate pressor response, followed by a rapid and 
sustained impairment in cardiac and hemodynamic function. Low-thoracic SCI is characterized 
by a rapid and sustained reduction in blood pressure but not cardiac function. 
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Abstract: INTRODUCTION 
With limited treatment options currently available to clinicians, there is an urgent need for non-
invasive biomarkers to aid in the scientific development and clinical validation of novel therapies 
for acute spinal cord injury (SCI). MicroRNAs are small regulatory noncoding RNA molecules 
that mediate gene expression. The current body of literature suggests that miRNAs orchestrate a 
wide range of biological processes such as inflammation, synaptic plasticity and apoptosis. Many 
miRNAs are highly enriched in the nervous system and are also directly implicated in the 
pathogenesis of various neurodegenerative diseases including traumatic TBI and SCI. In addition 



to miRNA, Cell-Free DNA is released from tissues following cell death and is emerging as a 
diagnostic tool for monitoring pathology. Specific tissues contain DNA fragments with altered 
methylation, therefore when they are detected in fluids, it is possible to determine their tissue 
origin and quantify the magnitude of damage in the affected tissue. 
METHODS 
In this study, we compared the cell-free expression profiles of microRNA (miRNA) and cell-free 
DNA (cfDNA) in serum and cerebrospinal fluid (CSF) collected from human patients with SCI. 
Patients classified as AIS A, B, or C were recruited as part of an ongoing, multi-center study 
called CAMPER. CSF and blood samples were collected every 8h for 5 days in order to compare 
CSF and serum miRNA profiles following injury. Additionally, control ‘‘non-injury’’ CSF 
samples were collected via a single lumbar puncture from patients undergoing hip or knee 
surgery during their spinal anesthetics. 
Next-generation sequencing was used to compare effects of injury severity on miRNA and 
cfDNA levels. Extracellular miRNA and cfDNA were isolated and sequenced using the Illumina 
HiSeq 2500 system. Generated data was processed using the Mayo Clinic’s Comprehensive 
Analysis Pipeline for miRNA Sequencing Data (CAP-miRSeq), and aligned reads were used to 
compare differential expression. 
RESULTS AND CONCLUSIONS 
Here, we present miRNA and cfDNA profiles in CSF and serum clinical samples during acute 
stages after SCI. This analysis was done in parallel to the investigation of miRNA in the serum 
of pigs following SCI. This characterization is important to establish whether biomarkers of SCI 
found in pigs can be transferred to humans and vice-versa. 
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Abstract: Effective restraint of secondary injury plays a fundamental role in minimizing 
neurodegeneration and significantly improves functional recovery after spinal cord injury (SCI). 
Although the complex mechanisms underlying secondary damage after SCI are still not fully 
defined, the local immune response to SCI has been identified as an important mediator of 
secondary damage. Following injury, marked changes in cellular inflammation have been 
observed in spinal cord lesion. Different innate (neutrophils, monocytes, dendritic cells, etc.) and 
adaptive (T and B lymphocytes) immune cells are activated and recruited to the injured area. 
Dendritic cells (DCs) are professional antigen presenting cells (APC), with a key role in 
promoting and modulating immune responses. When these cells mature, they link innate and 
adaptive immunity by presenting processed antigens and providing costimulatory signals to 
activate specific T cells. While the presence of different DC subsets in the CSF of patients with 
some inflammatory neurological diseases, such as lupus erythematosus (SLE), multiple sclerosis 
(MS), experimental autoimmune encephalomyelitis (EAE), has been reported, despite their 
recognized importance in regulating immune responses, very little is known about DC subsets 
and their role in SCI and many fundamental questions, such as the onset and duration of 
infiltrated DC subsets in acute SCI is remain unanswered. DCs comprise two major classes: 
plasmacytoid DCs (pDCs) and conventional or classical DCs (cDCs). pDCs rapidly produce type 
1 interferon (IFN) following activation through nucleic acid-sensing TLRs, such as TLR7 and 
TLR9. cDCs are dedicated APCs that have a characteristic dendritic morphology and express 
high levels of MHC class II molecules. In this study, we have evaluated the frequency and 
cytokine production profile of infiltrating DC subsets in blood, CSF and spinal cord lesion of rat 
and porcine models of SCI during acute and chronic phase of spinal cord injury. Pigs and rats 
were undergone the contusive SCI using a weight-drop apparatus. CSF and blood samples were 
drawn pre-injury, 4, 8, 12, & 24 hours and then daily until day 7 post-injury. The percentages of 
pDC and cDC in blood and CSF were evaluated in vitro by flow cytometry. Preliminary data 
from our rat and pig models of SCI have revealed that there are differences in the pre- and post-
SCI pDCs and cDCs frequency in CSF and blood. The data generated from this study, will 
improve our knowledge of local and systemic immune response mechanisms triggered after SCI. 
Moreover, it may pave the way for novel cell therapies in SCI, aiming at modulating specific 
pathogenic cell type. 

Disclosures:  S. Salimi Elizei: None. K. Dong: None. M. Poormasjedi-Meibod: None. S.S. 
Tigchelaar: None. N. Manouchehri: None. K. So: None. K. Shortt: None. Y.J. Kurtzke: 
None. F. Streijger: None. B.K. Kwon: None. 



Poster 

308. Spinal Cord Injury: Cellular and Molecular Mechanisms 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 308.11/AA36 

Topic: C.09. Brain Injury and Trauma 

Support: US Department of Defense 

 Wings for Life Spinal Cord Research Foundation 

 Canadian Institutes of Health Research 

 UBC Orthopaedics Research Excellence Fund 

Title: The acute effects of vasopressor administration timing on perfusion, oxygenation and 
metabolic responses in a porcine model of traumatic spinal cord injury 

Authors: *E. B. OKON1, K. SO1, F. STREIJGER1, N. MANOUCHEHRI1, K. SHORTT1, M. 
STRAWFORD1, D. E. GRIESDALE2, M. SEKHON3, B. K. KWON1,4 
1ICORD (International Collaboration On Repair Discoveries), Univ. of British Columbia, 
Vancouver, BC, Canada; 2Dept. of Anesthesiology, UBC, 3Dept. of Medicine, UBC, Vancouver 
Gen. Hospital, Div. of Critical Care Med., Vancouver, BC, Canada; 4Dept. of Orthopaedics, 
UBC, Vancouver Spine Surgery Inst., Vancouver, BC, Canada 

Abstract: Traumatic Spinal cord injury (SCI) can lead to severe irreversible consequences, 
having a devastating impact on patients, families and society. A decrease in mean arterial 
pressure (MAP) is often observed after SCI, resulting in decreased cord perfusion and 
subsequent ischemia, both of which contributes to secondary damage. Early intervention 
strategies remain limited, with vasopressor support of MAP to improve spinal cord perfusion 
being one of the few treatment options available. Previous work from our lab has shown that 
norepinephrine, over phenylephrine, was the more effective vasopressor for restoring blood flow 
and oxygenation. However, the effect of intervention timing, particularly in the acute setting, on 
perfusion, oxygenation, and metabolic responses warrants consideration. Indiscriminate 
augmentation of MAP in the traumatically injured spinal cord with impaired vascular 
autoregulation could do more harm than good. In this study, we sought to determine the effects 
of MAP support intervention on the acute hemodynamic and metabolic responses during the 
compressed and decompressed states of injury. 
Using our porcine model of SCI, female Yucatan miniature pigs received a T10 contusion injury 
followed by 2-hours of sustained compression. After SCI, norepinephrine was used to elevate 
MAP by 20 mmHg for a period of 1.5 to 3.0 hours while the cord was compressed, after the cord 
was decompressed, or during both injury states. A control group, which received an SCI, 



received no vasopressor treatment. Laser Doppler flowmetry/oxygenation, fibre optic pressure, 
and microdialysis probes were inserted into the cord at 2mm and 22mm caudal from injury to 
measure spinal cord blood flow (SCBF), oxygenation (PO2), spinal cord pressure (SCP), and 
from which microdialysis samples were collected to analyze for lactate, pyruvate, glucose, 
glutamate and glycerol. Preliminary data show that MAP support during cord compression only 
mildly improved SCBF and PO2 and did not reduce L/P ratios back to baseline levels. However, 
MAP support after decompression improved SCBF and PO2 more effectively, restoring both 
parameters to pre-injury levels and decreased L/P ratio back to baseline levels. 
Combined, our preliminary results suggest that MAP support is more effective at improving cord 
perfusion and preventing ischemia after decompression than during the compression state of 
injury. Histological analysis for haemorrhagic damage resulting from vasopressor treatment will 
be examined and further work to consolidate our current findings is being carried out. 
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Abstract: Controlling inflammatory responses is important for functional recovery after spinal 
cord injury (SCI). Infiltrating inflammatory cells such as neutrophils and monocyte/macrophages 
are suggested to deteriorate the tissue damage, and to support for tissue recovery. Although the 
cell migration into the injury site is regulated by several chemokines, expression patterns and 
distributions of the chemokines and the receptors have not been determined in detail. Male 
young adult C57/BL6 mice were subjected to spinal cord transection by razor at level between 



T9 and T10 intervertebral spinal cord. The spinal cord from T8 to T11 was collected on sham-
operated control mice (day 0), and on post-operative day 1, 3, 7 and 14. The tissues were 
quantified gene expressions of monocyte/macrophage-related CC- and CXC-chemokines, and 
the receptors by SYBR-Green based qPCR. Moreover, the frozen sagittal sections of spinal cord 
were immunostained against CCL2, CCL5 and the receptor antibodies on day 0, 1 and 14. There 
were two patterns of increases the chemokines. Increases of the gene expression within 3 days 
after SCI were including such as CCL2 and CXCL1. The increase gene expressions of the 
receptors also consisted with the chemokines. The gene expressions of these chemokines and 
receptors were gradually decreased at day 7. On the other hand, the CCL5 gene expression 
gradually increased after SCI and reached a peak on day 14. A receptor of CCL5, CCR5 
increased and reached a peak on day3 and remained elevated until day 14. Immunoreactivities of 
CCL2, and CCL5 on spinal cord were merged with NeuN-positive cells in the peri-injury sites at 
day 1. Although immunoreactivity of CCL2 was diminished, CCL5 immunoreactivity was 
recognized in Iba1-positive and GFAP-positive cells, suggesting microglia/macrophage and 
astroglia in peri-injury site at day 14. These results were suggested diverse chemokines were 
increased in spinal cord after injury and could regulate an increase of inflammation and the 
resolution communicated with glial cells. 
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Abstract: Functional recovery of skilled forelimb movements after a large insult to the primary 
motor and premotor cortex involves activation of the contralateral hemisphere with the 
contralesional cortex growing new collaterals crossing the midline into the denervated hemi-cord 
on cervical levels of the spinal cord. The underlying molecular mechanisms of growth induction 
in these adult, intact, fully wired and functional corticospinal tract (CST) fibers, midline crossing 
and target innervation are yet unclear. Such mechanisms could be of high importance for future 
therapies. Cervical sprouting following a large photothrombotic insult to the motor cortex in 
adult C57bl/6 mice induced pronounced sprouting of fibers of the intact CST across the spinal 
cord midline into the denervated hemi-cord. These sprouts were most numerous at cervical levels 
C5-C6 and targeted mostly the intermediate laminae (Lam 5-7). Total RNA of this target area 
was prepared at different time points after stroke corresponding to previously identified key 
plastic events: initiation phase of fiber growth (7dpi), maintenance phase (14dpi), period of 
highest density of sprouts (28d) and anatomical rearrangement and pruning phase (42dpi). RNA-
Seq (Illumina Hi-Seq) reads were mapped to the mouse transcriptome and quantified for 
differential expression analysis. Genes were ranked by their fold change to controls, and top 
differentially regulated genes for each time point were identified. This unbiased approach allows 
for evaluation of the spinal transcriptome in response to de- and re-innervation and the defined 
key steps of this process. Further analyses include gene ontology (GO) analysis as well as Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis to establish functional relevant processes 
at all time points. 
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Abstract: Depending on the severity of a CNS injury, in humans as well as in experimental 
animal models certain degrees of functional recovery are observed. Rodent studies have provided 
much evidence for underlying anatomical changes involving neurite outgrowth of both spared 
and axotomized fiber tracts, also referred to as sprouting. 
Following a thoracic spinal cord injury in adult rats, axotomized fibers of the hindlimb 
corticospinal tract (CST) were found to sprout into the cervical spinal cord at different 
rostrocaudal levels. Anterograde tracings showed that these new collaterals of motor cortical 
hindlimb fibers project into the intermediate laminae of the cervical grey matter, particularly 
pronounced at the level of cervical segment five (C5). The molecular cues which induce the 
growth and guide these sprouts of hindlimb CST fibers are unknown. We hypothesize that 
sectreted factors and guidance and adhesion molecules are specifically expressed in the 
intermediate laminae of the cervical spinal cord to direct and target the ingrowth of the sprouting 
hindlimb CST fibers. 
To test our hypothesis a transcriptional screen in adult rats with a thoracic dorsal hemisection 
injury is currently being performed. At different time points post injury the intermediate laminae 
of C5 were dissected. Total RNA was extracted and subjected to deep sequencing. Data are 
being analysed, and differentially expressed genes will be presented. The results will allow us to 
determine the role of the cervical spinal cord (target region) for sprouting of hindlimb CST 
fibers. 
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Abstract: A significant reshaping of the spinal neuroglial circuitry follows peripheral nerve 
injury (PNI), it perturbs spinal homeostasis and induces a condition defined maladaptive synaptic 
plasticity. Metalloproteinases (MMPs) activity and the purinergic system “in vivo” both, play a 
key role in determining maladaptive changes in the central nervous system (CNS) following 
nerve injury. The maladaptive plasticity is an enduring process, producing long-lasting changes; 
therefore it claims a genomic remodeling. The aim of this study was to investigate the 
mechanism through which, MMPs inhibition and/or purinergic receptors (P2X) blockage may 
produce transcriptional and post-transcriptional regulation, having a neuroprotective role. We 
study inflammatory and epigenetic markers in the spared nerve injury (SNI) of the sciatic nerve 
rat model. Rats were divided into 5 groups: 1) sham, 2) SNI, 3) SNI-treated with MMP inhibitor 
(GM6001), 4) purinergic receptors inhibitor [oxidized ATP (oxATP)], or 5) both GM6001 and 
oxATP. Inflammatory and epigenetic factors were evaluated by western blot and 
immunocytochemical analysis at day 3 and 8 after surgery. Histone deacetylase (HDAC)1, 
HDAC2 and the Recombination signal Binding Protein for immunoglobulin kappa J region 
(RBPJ) expression were analyzed in the lumbar spinal cord. The inhibition of MMPs activity and 
the P2Xrs were effective to reduce reactive gliosis and neuroinflammation markers, chiefly 8 
days after the injury. Moreover, investigating the neurotrophic pathways, both treatments 
decreased TrkA receptor expression; the oxATP modified pro-Nerve Growth Factor (pro-NGF) 
and p75 expression. MMPs inhibition modulates HDAC1 protein expression while combined 
therapy affected HDAC2 levels, thus suggesting a key role in epigenetic modifications. Taken 
together, these data suggest that MMPs and P2Xrs play a dual role as transcriptional and post-
transcriptional regulators, moreover confirmed the therapeutic potential of GM6001 and/or 
oxATP in reducing the maladaptive plasticity changes in the CNS, in response to injury. 
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Abstract: Spinal cord injury (SCI) results in sustained involuntary muscle contractions that may 
generate abnormal and chronic posture or sudden and temporally-limited muscle spasms. The 
neuronal mechanisms for these aberrant motor responses are not well understood. Here we used 
a mouse model of chronic SCI with a sacral lesion that exhibits an abnormal posture of the tail, 
characterized by sustained activity in small sized motor units (MUs), and spontaneous muscle 
spasms, characterized by a sudden activation of large sized MUs. After SCI optogenetic 
activation of excitatory spinal interneurons triggered and maintained spasms with temporally-
defined recruitment of large MUs. Further in vitro calcium imaging in lesioned mice revealed a 
persistent neural activity in excitatory spinal interneurons during spasms. On the contrary, 
stimulation of excitatory neurons did not evoke a chronic tail posture and the concurrent 
sustained change in activity of the small MUs, indicating different circuits generating the two 
responses. However complete silencing of the calcium channels CaV 1.3 in all spinal neurons 
reduced both spasms and the abnormal posture. However when the Cav 1.3 channels were 
silenced in excitatory spinal neurons the mice exhibited a decrease in spasms even though they 
developed dystonia, similar to the wild-type, but a. In conclusion abnormal posture and spasms 
may emerge from small and large MUs whose activity is driven by different pre-motor neuronal 
circuits. However the two motor dysfunctions are characterized by sustained activity of the MUs 
thus the Cav 1.3 channels may represent a shared neural mechanism, allowing output 
amplification. 
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Abstract: Type IIa Receptor protein tyrosine phosphatases (RPTPs) have been shown to 
modulate neural regeneration and development. All members of this family (RPTPσ, RPTPδ, and 
LAR) have a cell adhesion molecule-like extracellular domain that includes three N-terminal Ig 
domains and four to nine fibronectin type III (FNIII) domains, as well as tandem intracellular 
tyrosine phosphatase domains. Compelling evidence suggests that both heparan sulfate (HS) and 
chondroitin sulfate (CS) are ligands for RPTPσ and LAR with similar nanomolar dissociation 
constants, and the Lys-loop located in the first Ig domain is responsible for ligand binding. 
However, the reason for the different functional outputs of HS and CS binding to RPTPσ 
(respectively, promotion and inhibition of axonal growth) remains a mystery. Although 
attributed to the differential oligomeric state of RPTPσ upon binding to HS, but not to CS, our 
data indicate that both HS and CS can cause RPTPσ clustering. Furthermore, we demonstrate a 
differential contribution of FNIII domains required for high affinity binding to 
glycosaminoglycans (GAGs). In particular, binding of PTPσ to heparin was not completely 
abolished by disruption of the Lys-loop. This, along with a decrease in binding with deletion of 
the fourth FNIII-containing domain, leads us to hypothesize that there is a greater contribution of 
the FNIII domain in binding to GAGs than previously believed. To support this notion, we found 
the fourth FNIII-containing domain alone binds to heparin independently of the three Ig domains 
and does not bind to CS-E or DS. Intriguingly, while addition of heparin to 293 cells expressing 
wild-type RPTPσ (full length) altered tyrosine phosphorylation transiently, disruption of the Lys-
loop in RPTPσ (full length) did not affect this transient response induced by heparin. Thus, our 
findings clearly indicate that this novel HS-specific binding domain on RPTPσ plays an 
important role in controlling the different biological actions of HS and CS. 
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Abstract: Lower urinary tract function is one of the autonomic functions impaired after spinal 
cord injury (SCI). Acute SCI results in areflexic bladder and complete urinary retention while 
patients with chronic SCI suffer from hyperreflexic bladder, incontinence and inefficient 
voiding. The major pelvic ganglia (MPG) of the mouse contain neurons that innervate the 
urinary bladder, genitals and distal colon. MPG is a mixed ganglion that primarily receives 
parasympathetic input from the preganglionic neurons located in the sacral cord through pelvic 
nerve and sympathetic input from those in the lumbosacral cord through hypogastric nerve. 
Nicotinic cholinergic transmission is the major neurotransmitter system involved in pre-to post-
ganglionic communication at the MPG. The goal of this project is to understand the effects of 
spinal cord injury on synaptic transmission at the MPG neurons involved in micturition function. 
The spinal cord was completely transected at thoracic 8 (T8) vertebral level of transgenic mice 
(B6.Cg-Tg (RP23-268L19-EGFP) 2Mik/J) containing cholinergic neurons labelled with green 
florescent protein. We used both male and female mice that were 8 to 12 weeks old. We had four 
experimental groups- acute SCI (3days post-surgery), chronic SCI (28 days post-injury), and 
sham-surgical control groups for each time point. We quantified mRNA abundance of receptor 
genes using quantitative PCR as well as measured functional properties of the neurons via 
intracellular recording. We measured the excitability, passive properties, and firing patterns of 
the neurons in response to current injection, and also measured excitatory postsynaptic potentials 
(EPSPs) and excitatory postsynaptic currents (EPSCs) in response to pelvic nerve stimulation, 
and pressure ejection of 1mM acetylcholine (ACh). We further characterized the major subunits 
involved in the neurotransmission by measuring current responses before and after application of 
subtype-specific blockers. We measured the mRNA abundance of α2, α3, α4, α5, α6, α7, β2 and 
β4 nicotinic receptor subunits in whole MPGs. Our preliminary data indicate that after 3 days 
post-injury, the mRNA for α3 subunit was significantly decreased compared to those of sham 
controls. However, after 28 days, the mRNA levels were no longer significantly different from 
those of sham controls. These results suggest that acute SCI results in downregulation of one of 
the major receptor subunits involved in synaptic transmission at the MPG, and this may 
contribute to impairment of target organ function following SCI. 
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Abstract: Mesenchymal stem cell (MSC) transplants support spinal cord nervous tissue repair, 
in part, by mediating the formation of new blood vessels (angiogenesis) resulting in tissue 
sparing associated with improved functional outcome. Usually, at the time of transplantation, the 
injury site is populated by inflammatory cells, including many macrophages presenting the 
inflammatory phenotype (M1). From previous studies using different types of tissues we know 
that MSCs and macrophages engage in a molecular cross communication supporting the 
establishment of a reparative environment. At present, the interactions between transplanted 
MSCs and endogenous inflammatory macrophages in the injured spinal cord are poorly 
understood. We have employed an in vitro system to start understanding the presence and 
molecular mechanisms of the crosstalk between transplanted MSCs and endogenous 
macrophages, with special emphasis on angiogenesis and immunomodulation. We showed that 
the secretion of vascular endothelial growth factor (VEGF) by MSCs was dramatically increased 
after exposure to inflammatory macrophage-conditioned medium. VEGF plays an important role 
in the formation of new blood vessels. Interestingly, when MSCs were exposed to the 
conditioned medium of reparative macrophage (M2)-conditioned medium, they significantly 
increased the secretion of platelet-derived growth factor (PDGF) as well as that of brain-derived 
neurotrophic factor (BDNF) and insulin growth factor-1 (IGF-1). Within angiogenesis, PDGF is 
known for its role in stabilizing newly formed blood vessels. We hypothesized that VEGF in an 
autocrine loop enhances the production and secretion of anti-inflammatory cytokines by MSCs, 
which in turn mediate the shift in macrophage phenotype from M1 to M2. Such reciprocal 
crosstalk would orchestrate the creation of a reparative milieu in the injury site. Revealing MSC-
macrophage interactions may help identifying molecular targets for enhancing MSC-mediated 
nervous tissue repair. 
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Abstract: Successful treatment for human spinal cord injury (SCI) is currently an 
insurmountable goal. The biggest obstacle is the inability of severed axons and neurons to 
regenerate. Adult mammals have a conspicuous inability to regenerate post SCI, but zebrafish 
show full functional recovery throughout life due to axon regrowth, rewiring of existing circuits 
and/ or local neurogenesis. Our aim is to understand the role of local neurogenesis in functional 
recovery. Studies from our lab have shown that resident radial glia undergo a change in 
morphology, and actively make neurons post injury. We have generated a unique combinatorial 
approach to genetically label newly-born neurons from a radial glial lineage after injury, using 
the Cre-lox recombination system. To test the hypothesis that neurons born after SCI integrate 
into existing circuits and are required for recovery of sensorimotor behavior, we are using two 
approaches. In the first approach, we are genetically ablating neurons that arise from a radial 
glial lineage post injury to evaluate their specific requirement in swimming behavior. The second 
approach is to express a calcium reporter specifically in neurons arising from radial glia after 
injury, to determine whether they exhibit physiological activity during a defined escape behavior. 
We are also tracing the lineage of radial glia to test whether specific neuronal identities with 
known physiological properties are restored. Testing swim and escape behaviors following 
recovery will tell us about the relative contributions of axon regrowth and neurogenesis to the re-
establishment of local circuitry. These studies will establish the significance of neuronal 
regeneration as a potential therapeutic response to SCI. 
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Abstract: Spinal cord injury (SCI) damages sensory systems and causes chronic, intractable 
neuropathic pain. Selective upregulation of pro-inflammatory mediators such as the chemokine 
CCL2 by specific phenotypes of myeloid cells causes secondary tissue damage, influences 
neuronal plasticity, alters nociceptive processing by nociceptors in the dorsal root ganglia (DRG) 
and may contribute to the development of chronic pain. There is a gap in our understanding of 
chemokine signaling events that transpire in the DRG after SCI that could induce pathological 
changes in the nociceptor and drive pain. This study aimed to determine whether myeloid cell 
recruitment after SCI is essential to pain development and explore whether the phenotype and 
cytokine release profile of macrophages in the DRG dictates pain development. We used a 
previously established C5 unilateral contusion model of spinal cord injury-induced neuropathic 
pain in female Sprague-Dawley rats, where 40% of rats develop pain. Rats were sacrificed early 
after SCI (12, 24, 72 hours and 5 days) as well as at 14 days post-injury (dpi) when pain was 
assessed using von Frey, Hargreaves’ and mechanical conflict avoidance tests. qPCR was used to 
measure pro-inflammatory cytokine expression and expression of myeloid cell phenotype 
markers in whole C7-8 ipsilesional DRG lysates. Preliminary analysis revealed that rats are 
distributed into two distinct clusters based on cytokine gene expression—those with a large fold-
change in cytokine mRNA expression and those with near-normal expression (n=6/timepoint). 
ED-1 immunohistochemistry was used to identify infiltrating myeloid cells in the DRGs at these 
time points. Infiltration began as early as 12 hours post-injury, and rats with pain at 14 dpi had an 
increased number of ED1+ myeloid cells than rats without pain. We are conducting experiments 
to block myeloid cell infiltration using a CCR2 inhibitor (INCB3344) early (0-72h) post-SCI to 
prevent CCL2-mediated recruitment, and will assess the necessity of myeloid cell recruitment in 
the development of pain, as well as correlations between pain development and macrophage 
phenotype and inflammatory environment in the DRG. Studying the acute immune response 
after SCI in the DRG could reveal key mechanisms that initiate maladaptive processes that lead 
to nociceptor dysfunction and prolonged pain. 
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Abstract: Insulin-like growth factor-II (IGF-II) mRNA-binding protein-2 (IMP2) is one of the 
three homologues (IMP1-3) that play an important role in the post-transcriptional regulation of 
gene expression during development. Its alternative splice product aberrantly expresses in human 
hepatocellular carcinoma, and is therefore identified as HCC. Several lines of studies have 
demonstrated that IMP1/ZBP1 (zipcode binding protein) is critical in axon guidance and 
regeneration by regulating localization and translation of specific mRNAs. However, the role of 
IMP2 in the nervous system is largely unknown. Previously, we used transfection to overexpress 
IMP2 and HCC in the cultured dorsal root ganglion (DRG) neurons to study their roles during 
axon regeneration in vitro. We noted significant toxicity. We also tried to overexpress IMP2 and 
HCC by rabies-G pseudotyped lentiviral vector in the severed sciatic nerve, and found the 
expressions predominantly in neurons and but occasionally in non-neuronal cells as well. In this 
study, we used the synapsin promoter-driven adeno-associated viral (AAV) 9 constructs to 
specifically express YFP-IMP2 and -HCC in neurons both in vitro and in vivo. We applied 
AAV9.hSyn.YFP, AAV9.hSyn.YFP-hIMP2 and AAV9.hSyn.YFP-hHCC in the DRG neuron 
culture. We also injected the viral vectors into the crushed sciatic nerve. These viral vectors have 
proven to be effective to introduce neuron-specific transgene expression of IMP2 and HCC. In 
addition, our data shows that overexpression of HCC promotes axon outgrowth of the cultured 
DRG neurons. Ongoing experiments are aimed at studying the role of IMP2 and HCC in the 
nerve crush model and understanding the underlying mechanisms. 
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Abstract: Spinal cord injury in humans generates devastating conditions leading to the 
permanent loss of sensory-motor and autonomic functions. This is because the injured cord is 
unable to self-repair as in some non-mammalian vertebrates. Remarkably, freshwater turtles are 
able to heal the injured spinal cord and partially regain lost functions even during adulthood. The 
importance of this relies on the fact that they are the only amniotes exhibiting this feature. Gene 
expression analysis at the sub-acute phase of the response (4 days after injury) shows that several 
genes involved in diverse functions are activated : reaction to ischemic insult, extracellular 
matrix re-organization, immune response, and inflammation and axonal growth. Interestingly we 
found that almost all of these genes are present in mammals too. Additionally, we failed to find 
genes exclusively belonging to regenerating taxa. Indeed, the comparison of expression patterns 
among species shows that the response to spinal cord injury in the turtle is more similar to that of 
mice and non-regenerative Xenopus than to Xenopus during its regenerative stage. This 
observation, along with current accepted phylogenetic placement of turtles (sister group of 
crocodilians and birds), indicates that that turtles developed this capability from a non-
regenerative ancestor, that was achieved by re-organizing gene expression patterns. In this work 
we extend our previous studies by characterizing the gene expression profile using RNASeq 
analysis during the whole process of regeneration after injury from the acute phase (1 day after 
injury) till the moment in which functional recovery is observed (at least 30 days after injury). 
We speculate our findings may provide useful clues to develop new therapies for the treatment of 
spinal lesions. 
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Title: Macrophages promote axonal regeneration after spinal cord injury in zebrafish larvae 
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Abstract: Zebrafish, in contrast to mammals, regenerate lost neurons and functional axonal 
connections after spinal cord lesion. We find that the immune response, occurring after injury, is 
essential for neuronal regeneration in larvae (Ohnmacht et al., 2016, Development 143, 1464-
74), but its contribution to axonal regrowth across a non-neural lesion site is less clear. Here we 
characterize the role of the innate immune response for axonal regeneration by assessing axonal 
regrowth, debris clearance and cytokine levels in wildtype larvae and macrophage-deficient irf8 
mutants. We find that at 2 days after a lesion of 3-day-old larvae, 81% of wildtype larvae showed 
axonal continuity between rostral and caudal spinal cord, whereas in irf8 mutants only 37% 
showed axonal bridging. Recovery of swimming function was also impaired in the mutants 
compared to wildtype fish, which regain their swimming capacity within 48 hours post-injury. 
Debris clearance was strongly inhibited in the irf8 mutants compared to lesioned age-matched 
wildtype larvae. Cytokine levels were increased in wildtype animals after injury and higher than 
in irf8 mutants. A notable exception was the pro-inflammatory cytokine il1-beta, which was 
increased in expression in the mutant at 2 days post-lesion. At that time point, il1-beta was 
already down-regulated to basal levels in wildtypes. Currently, we are testing the relevance of 
il1-beta upregulation in the mutant. These results suggest important functions of macrophages 
for debris clearance and resolution of inflammation in the spinal lesion environment, which in 
turn promotes axonal regrowth in successful spinal cord regeneration in zebrafish. 
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Abstract: MicroRNAs (miRs) are known to regulate the development and maintenance of the 
CNS. Specifically, miR-21 is among the most robustly upregulated genes following spinal cord 
injury (SCI). However, the impact of miR-21 on SCI pathobiology is not fully understood. 
Predictive algorithms suggest that miR-21 targets multiple genes in the Interleukin-6 pathway 
(IL6ST, IL6RA, and STAT3). The IL-6/STAT3 pathway is known to influence CNS 
inflammation and has been implicated in SCI; therefore, we hypothesized that knockout of miR-
21 will alter the activation of microglia, the primary inflammatory cells of the CNS, in a model 
of non-traumatic SCI. Wild-type and miR-21 Knockout mice were randomly assigned to either 
sham or injury groups (n=7/group). For injury groups, a biomaterial that facilitates bone 
deposition was inserted under the C5-C6 laminae, causing progressive compression of the 
cervical spinal cord. Injured mice were assessed for motor deficits using the rotarod test. 
Standard immunohistochemistry for Iba1+ microglia was performed followed by cell counting 
using unbiased stereology. To determine effects of miR-21 on target genes during inflammation, 
primary microglia were isolated from Day 2 pups and stimulated with E.coli Lipopolysaccharide 
(LPS). RNA was isolated and analyzed by RT-qPCR. Deletion of miR-21 improved locomotor 
performance on the rotarod by 70% compared to wild type injured mice (p<0.01). Active Iba1+ 
microglia were reduced by 45% in the compressed region of miR-21 knockout mice compared to 
wild-type spinal cords (p<0.001). Isolated miR-21 knockout microglia also expressed 4-10 times 
more IL6 signal transducer (IL6ST) RNA than wild-type after stimulation with LPS (p<0.01). In 
summary, knockout of miR-21 reduced inflammation at the injury site and resulted in significant 
motor preservation relative to wild-type animals. These effects on microglia activation were 



associated with differential expression of predicted miR-21 target genes in miR-21 knockout 
mice. Given these relationships, miR-21 and its downstream genes may provide interesting 
therapeutic targets for future SCI research. 
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Abstract: Progressive cervical spinal cord injury (cSCI) results in subclinical and mild 
respiratory dysfunction in contrast to the acute and traumatic cSCI, despite the significant 
disruption of the cervical neural network. Using a mouse model of progressive cSCI, we found a 
significant loss of phrenic motoneurons (PMNs) that innervate the main inspiratory muscle, 
without severe respiratory insufficiency similar to what is observed in humans with this disease. 
Observation of progressively increased Vglut2 positive boutons on the preserved PMNs indicate 
that despite the significant PMNs loss the respiratory motor output is maintained via 
glutamatergic synaptic plasticity onto preserved PMNs. Retrograde tracing from the diaphragm 
using pseudorabies technology in vglut2::cre; tdtomato mice demonstrated that this increased 
input derives from cervical glutamatergic interneurons. To confirm the role of the cervical 
glutamatergic synaptic input in promoting respiratory plasticity and ventilation in progressive 
cSCI, we injected AAV-FLEX-PSAML141F–GlyR-IRES-eGFP in the ventromedial area of C3-7 
spinal levels of Vglut2::cre mice two week prior to the induction of cSCI. Subsequently, PSEM-
mediated silencing of these neurons disrupted ventilation in CSM mice. Further, pharmacogentic 
stimulation of cervical glutamatergic neurons following acute and traumatic cSCI promoted 



significant respiratory recovery compared to control mice after injury. In conclusion, this study 
provides novel insights into mechanisms of respiratory plasticity that can be exploited to 
promote respiratory recovery following traumatic SCI. 
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Abstract: Spinal cord injury (SCI) is devastating, causing significant locomotor deficits and 
potential paralysis with no optimal treatment available to date. Many approaches for restoring 
locomotor function have focused on reestablishing the necessary excitation by either coaxing 
axons across the lesion to their synaptic partners, or directly activating the CPG using electrical 
stimulation based on the assumption that the lumbar networks remain intact after trauma. 
However, the extent to which the intrinsic anatomical properties of these distal circuits remain 
intact following rostral SCI has been conspicuously overlooked. Using mice and human with 
cervical SCI (cSCI), first we demonstrate significant neuronal loss in the ventromedial regions of 
the distal lumbar spinal cord following cSCI. Ablation of the lumbar projecting cervical neurons 
in naïve mice reproduces this disintegration lumbar locomotor network. Anatomical and spatial 
analysis of the lumbar spinal cords of transgenic mice demonstrated that cSCI induces significant 
loss of excitatory cells in the rhythmogenic core of the locomotor CPG, ventromedial area of the 
upper lumbar spinal cord, while there was no change in the inhitory population. Moreover, we 
found a significant loss of motoneurons within the lumbar enlargement of cSCI compared to 
sham ChAT-GFP mice. With the preserved motoneurons displaying altered morphological 
characteristics such as decreased dendritic arborizations and soma size. These findings 
dramatically alter the way in which we approach the development of treatments to restore 
walking in cSCI patients. Indeed, targeted and exogenous stimulation of lumbar excitatory 



neurons immediately after cSCI was able to prevent this degeneration distal locomotor network 
and promote functional outcome. 
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Abstract: Following injury, peripheral nervous system (PNS) axons mount a regenerative 
response while axons in the central nervous system (CNS) fail to regenerate. The dorsal root 
ganglia (DRG) bipolar neurons are a well-suited model to investigate the molecular mechanisms 
of this differential regenerative ability: a cell body extends one regenerative competent axon in 
the peripheral nerves and one regenerative incompetent in the CNS spinal cord. A sciatic nerve 
lesion elicits gene expression changes, including in regenerative pathways, which are radically 
distinct from those that follow a spinal cord lesion. While recent evidence suggests that 
epigenetic modifications can underlie this differential response a systematic study of epigenetic 
states upon regenerative vs non-regenerative axonal injury is still missing. To this end, we have 
performed combined high throughput studies including RNAseq, ChIPseq for both active 
(H3K27ac and H3K9ac) and repressive (H3K27me3) histone modifications, and ATACseq 
(Assay for Transposase-Accessible Chromatin sequencing) that explores chromatin accessibility, 
from L4-L6 DRG in response to a peripheral (sciatic nerve axotomy- SNA,) vs a central spinal 
(dorsal column axotomy- DCA) axonal injury. The combined genome wide analysis showed 
that: 1) SNA leads to a more robust transcriptional response than DCA, with upregulated genes 
involved in regulation of transcription and regenerative signalling cascades, and downregulated 
genes involved in ion transport, axonogenesis and synapse formation; 2) transcriptional response 
to SNA occurs via increased H3K27ac/H3K9ac occupancy at promoters of genes involved in 
transcription; 3) in contrast, following DCA, genes related to transcription are enriched for 



H3K27me3; 4) H3K9/K27ac enriched genes upon SNA lie in genomic region characterized by a 
differential chromatin accessibility with respect to DCA; 5) injury-dependent genes are enriched 
in binding sites to CTCF, a well -known chromatin folding organizer and gene expression 
regulator, involved in neuronal function. Together, these data suggest that a looser chromatin 
conformation characterized by active histone marks represents the epigenomic signature 
discriminating regenerative versus non-regenerative states following peripheral or spinal axonal 
injury respectively. As proof of principle that proper chromatin folding is required for axonal 
regeneration, CTCF null mice failed to respond to conditioning-dependent increase in DRG 
outgrowth and showed drastically reduced axonal regeneration after sciatic nerve injury. 
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Abstract: We sought to test whether transplanting purified mitochondria into contused rat spinal 
cords results in 1) incorporation into various host cell types, 2) preservation of acute host cell 
bioenergetics, and 3) long-term functional neuroprotection. For visualization of transplanted 
mitochondria, we used transgenically modified PC-12 cells in which mitochondria were labeled 
with tGFP. Alternatively, and for clinical relevance, we also transplanted mitochondria isolated 
from syngeneic rat soleus muscle. Freshly isolated tGFP (50, 100 or 150 µg total) or muscle (50 
or 100 µg total) mitochondria were microinjected into the penumbra of severely contused spinal 
cords within 1 hr after injury at L1/L2 (250 kdyn, IH Impactor) in adult female Sprague-Dawley 



rats. Depending on outcome measures, they survived 24 hr, 48 hr, 7 days or up to 6 weeks. 
Results showed that transplantation of either tGFP (n=6-7/group) or muscle (n=3-4/group) 
mitochondria significantly (p<0.05) maintained bioenergetics of injured spinal cord tissues 24 hr 
after injury, with maximum effects at the 100ug dosage. Confocal imaging showed prominent 
rostro-caudal spread of exogenous tGFP mitochondria from injection sites after 24-48 hr that 
dissipated by 7 days (n=4/time point). At the earlier time points, tGFP mitochondria co-localized 
conspicuously with microglia/macrophages and endothelial cells, with less incidences in 
astrocytes and oligodendrocytes, and none in neurons. Assessments of hindlimb functional 
recovery (BBB-LRS) and paw withdrawal latencies (Von Frey hair) over 6 weeks after 
transplanting 100ug tGFP or muscle mitochondria (n=8-11/group) showed no significant 
differences in hind limb locomotion or mechanical hypersensitivity compared to vehicle-injected 
injured groups. Morphometric analyses further showed no differences in grey or white matter 
tissue sparing. In summary, while intraspinal injections of mitochondria after spinal trauma 
improved cellular bioenergetics acutely, such maintenance of respiration did not translate into 
improved long-term functional neuroprotection. Ongoing studies are more fully characterizing 
the cell-type incorporation propensities and investigating the comparative effects of delayed 
grafting times. 
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Title: Environmental enrichment induces a lasting increase in axon regeneration potential via 
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Abstract: Injury to the adult mammalian central nervous system (CNS) leads to permanent 
deficits in sensory and motor function. Dorsal root ganglion (DRG) neurons are essential for 
sensorimotor function as they receive and convey sensory information from the environment to 
motor circuits in the spinal cord and ultimately, the brain. Here, we show that exposing mice to 
environmental enrichment (EE) prior to an injury induces a long-lasting increase in the 
regenerative potential of DRG neurons, priming them for robust axon regeneration after injury in 
both the peripheral and central nervous systems. The EE-mediated increase in axon regeneration 
is dependent on proprioceptive afferent feedback and increased neuronal activity leading to 
epigenetic reprogramming via CREB Binding Protein (CBP)-dependent histone acetylation. This 
results in gene expression changes in proprioceptive DRG neurons, increasing their intrinsic 
growth capacity. These findings highlight prior exposure to EE as a robust physiological means 
of priming sensory neurons for enhanced axon regeneration. Finally, we were able to mimic 
exposure to EE by delivering a small-molecule activator of the acetyltransferase CBP/p300 after 
spinal cord injury that promoted axonal regeneration and functional recovery. 
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Abstract: There is currently an opioid abuse epidemic occurring in the United States, due to 
many factors including over-prescribing and the lack of effective, side-effect null opioids. 
Current efforts employ multiple strategies to increase the therapeutic index of analgesics. These 
strategies include restricting opioid drugs to the site of injury, creating functionally selective 
compounds to elicit only therapeutic effects, and developing non-opioid drugs as analgesics. 
Unfortunately these methods have not fulfilled their promise or are slow to develop. Part of the 
reason is due to a lack of understanding of the signaling cascades and regulators involved in 
opioid receptor signaling. There are three opioid receptors, mu (MOP), delta (DOP), and kappa 
(KOP), with the majority of clinical opioid analgesic effects being mediated through the MOP. A 
proteomic screen performed after chronic morphine treatment has shown an upregulation of 
phosphatidylethanolamine-binding protein (PEBP) in the brain. PEBP is a novel kinase 
inhibitory protein which in its monomeric form binds and inhibits Raf-1 signaling; however after 
phosphorylation it dimerizes and binds g-protein receptor kinase 2 (GRK2). It has not been 
previously implicated in MOP signaling, however its interactions with Raf-1 and GRK2 suggest 
the potential. Here we utilize a combination of target knockdown using siRNA and 
pharmacological inhibition to show that PEBP decreases βarrestin2 recruitment and increases 
morphine-mediated anti-nociception in vitro and in vivo. PEBP knockdown in vitro causes an 
increase in βarrestin2 recruitment to MOP by 30.2% without altering downstream Raf-1 to MAP 
kinase signaling. Disruption of the interaction between PEBP and its binding partners, Raf-1 and 
GRK2, via a covalent PEBP inhibitor locostatin causes a 41.7% decrease in the effectiveness of 
morphine in the tail flick assay, without altering performance in the rotarod test. Taken together 
these results suggest a role for PEBP whereby phosphorylation and subsequent dimerization can 
inhibit GRK2 and βarrestin2 recruitment, therefore enhancing opioid receptor signaling and anti-
nociception. Investigation of the molecular mechanisms by which PEBP regulates MOP 
signaling and anti-nociception are currently under investigation. Eventually, PEBP may be 



exploited for the creation of novel drug screening and development strategies, based on the 
elucidated function and mechanism we show here. 
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Abstract: Alcohol use remains a global problem with approximately 10-20% of chronic alcohol 
users becoming alcoholics. Despite severe consequences, alcohol continues to be a rewarding 
and highly addictive substance as other drugs of abuse. The opioid system has long been 
hypothesized to involve alcohol reward. Recent work in our laboratories has led to the generation 
of a knockout (KO) mouse model in which exon 11 (E11) of the mu opioid receptor gene 
(OPRM1) was disrupted. In E11-KO mice, analgesia for several mu opioids, including M6G, 
fentanyl and heroin, was significantly reduced, while analgesic action for morphine and 
methadone was intact. Moreover, the analgesic action for a novel class of opioids, such as 
IBNtxA, that fails to produce the typical side effects associated with traditional opiates, was 
completely lost in E11-KO mice. To investigate the role of E11-associated variants in alcohol 
reward, we evaluated chronic alcohol self-administration in wild-type (WT) and E11 knockout 
(E11-KO) mice using a two bottle choice paradigm. Total consumption was measured over a 30-
day period with escalating concentrations of alcohol (2-10%). Results showed E11-KO mice 
drank significantly higher amounts of alcohol as compared to WT control mice, suggesting 
involvement of E11-associated variants in the rewarding effects of alcohol. Although alcohol is 
presumed to have a very different mechanism of action than heroin, the physiological properties 
of reward might use a common E11 genetic map.  
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Abstract: The aim of this study was to examine if the peripheral antinociceptive effects of the 
opioid agonist/antagonist nalbuphine and the opioid partial agonist buprenorphine involve the 
sequential participation of nitric oxide (NO) and cyclic guanosine monophosphate (cGMP) 
synthesis followed by potassium channel opening. We evaluated the participation of this 
pathway in the formalin test. Female Wistar rats (180-220 g) were injected in the dorsal surface 
of the right hind paw with 50 microliter of formalin (1%). Nociception was quantified as the 
number of flinches of the injected paw during 1 hour, whereas a reduction of the number of 
flinches was considered antinociception. Rats received a subcutaneous (s.c.) injection (50 
microliter) into the dorsal surface of the right hind paw of vehicles or increasing doses of 
nalbuphine (50-200 µg/paw), buprenorphine (1-5 µg/paw) or pinacidil (a potassium channel 
opener; 25-100 µg/paw) 20 min before formalin injection into the ipsilateral paw. All 
compounds produced significant local peripheral antinociception (p<0.05). Nalbuphine effect 
was reverted by the s.c. injection into the ipsilateral paw of NG-L-nitro-arginine methyl ester (L-
NAME, an inhibitor of NO synthesis; 10-100 µg/paw), by methylene blue (a non-selective 
inhibitor of guanylyl cyclase; 100-500 µg/paw), by glibenclamide or glipizide (ATP-sensitive K+ 
channel inhibitors; 10-100 µg/paw) and by 4-aminopyridine and tetraethylammonium (voltage-
dependent K+ channel inhibitors; 10-100 µg/paw). Pinacidil effect was blocked by glibenclamide 
and glipizide. The antinociceptive effect produced by buprenorphine was blocked by the s.c. 
injection of 4-aminopyridine (10-100 µg/paw) and tetraethylammonium (50-200 µg/paw), but 
not by glibenclamide (100 µg/paw), glipizide (100 µg/paw), L-NAME (100 µg/paw) or 
methylene blue (500 µg/paw). The present results suggest that the NO-cGMP-ATP-sensitive K+ 
channel pathway is involved in the peripheral antinociceptive effect of nalbuphine, but not of 
buprenorphine, and thus provide evidence for differences in peripheral mechanisms of action 
among these opioid drugs. 
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Abstract: Activation of DOR-KOR heteromers expressed on rat pain-sensing neurons 
(nociceptors) produces robust, peripherally-mediated, antinociception (Berg et al., 2012). Here 
we show that the ligand 6’-guanidinonaltrindole (6’-GNTI) is a selective agonist for DOR-KOR 
heteromers in peripheral nociceptors. Further, we provide evidence that DOR-KOR heteromers 
may be viable targets for peripheral analgesic drug development. 
Opioid-mediated inhibition of PGE2-stimulated adenylyl cyclase (AC) activity was measured in 
primary cultures of adult rat peripheral sensory neurons (ex vivo model). The efficacy of 6’-
GNTI to inhibit AC was lost after siRNA knockdown of either DOR or KOR expression. 
Further, under these conditions, 6’-GNTI acted as an antagonist at both KOR and DOR 
suggesting that 6’-GNTI binds both DOR and KOR but agonist activity requires simultaneous 
occupancy of both receptors. To further validate that 6’-GNTI activates DOR-KOR heteromers 
in peripheral nociceptors, we tested effects of a TAT- peptide corresponding to the TM1 domain 
of DOR on a rat behavioral model of thermal nociception in response to DPDPE (DOR agonist), 
U50488 (KOR agonist) or 6’GNTI. Intraplantar injection of the DOR TM1-TAT peptide had no 
effect on DPDPE- or U50488-mediated reduction of PGE2-evoked thermal allodynia, however, 
the anti-allodynic response to 6’-GNTI was lost completely. By contrast, a control TAT peptide 
had no effect on the antinociceptive response to 6’-GNTI. We next determined the ability of 6’-
GNTI to reduce thermal nociception following induction of inflammation in the rat hind paw 
with carrageenan. Even though 6’-GNTI, as well as DPDPE and U50488 each inhibited 
carrageenan-induced nociceptive responses completely when injected 15 min after carrageenan, 
only 6’-GNTI inhibited nociception when tested 3h or 24h after carrageenan administration. 



These results suggest that, unlike DOR and KOR, the DOR-KOR heteromer remains responsive 
for a prolonged period of time following inflammation induced by carrageenan. Thus, DOR-
KOR heteromers expressed in peripheral nociceptors may be attractive targets for the 
development of drugs for improved treatment of pain. 
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Abstract: Functional selectivity describes the ability of agonists to differentially regulate 
individual signaling pathways coupled to a given receptor. By fine-tuning the structure of a 
ligand, the activity of therapeutically efficacious signaling can be enhanced whereas signaling 
that leads to adverse effects can be minimized. We have found that inhibition of peripheral pain-
sensing neurons by activation of peripheral KOR has profound antinociceptive effects in rats. 
However, in addition to activation of Gai signaling leading to antinociception, the KOR agonist, 
U50488, also activates the MAPKinase, ERK, which reduces antinociceptive efficacy. The goal 
of this study was to determine if replacement of either the diamino group (analogues SJ-1-147 
and SJ-1-163) or the phenacyl group (the analogue SJ-1-171) of U50488 altered KOR-mediated 
signaling and peripheral antinociceptive responses. 
In primary cultures of adult rat peripheral sensory neurons (ex vivo model), all three analogues 
inhibited PGE2-mediated cAMP accumulation with similar potencies and efficacies as U50488. 
However, unlike U50488, all three analogues did not increase ERK activity. Ex vivo, U50488 
inhibited release of the neuropeptide, CGRP, however, the concentration response curve (CRC) 
was U-shaped but rendered monotonic in the presence of the ERK inhibitor, U0126. By contrast, 
the CRCs for inhibition of CGRP release by SJ-1-147 and -163 were monotonic (not U-shaped) 
which is consistent with the loss of ERK signaling due to the structural modifications. 



Interestingly, the CRC for SJ-1-171-mediated inhibition of CGRP release was U-shaped despite 
the loss of ERK signaling. In a rodent model of thermal nociception, intraplantar (ipl) injection 
of peripherally-restricted doses of U50488 produced antinociception with an inverted U-shaped 
dose response curve (DRC). By comparison, ipl injections of SJ-1-147 and -163 reduced PGE2-
evoked thermal allodynia with monotonic DRCs. Consistent with the U-shaped CRC for 
inhibition of CGRP release, SJ-1-171 produced antinociception with an inverted U-shaped DRC. 
Overall, our data suggest that structural modifications of a KOR ligand can selectively alter its 
efficacy for individual signaling cascades, which may lead to improved therapeutic outcomes for 
peripherally-mediated analgesia. 
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Abstract: The opioid receptor family consists of three G-protein coupled receptors, the mu, 
delta, and kappa (MOR, DOR, KOR). These receptors are responsible for a constellation of 
overlapping (anti-nociception) and non-overlapping (reward, sexual behavior, etc.) physiological 
roles, and are often expressed together in the same synaptic regions. These receptors can be 
endogenously activated by opioid peptides such as endorphins, enkephalins, endomorphins, and 
dynorphins. However, we performed in vitro studies using human opioid receptors expressed in 
CHO and N2a cells, which revealed that these ligands possess similar potencies and efficacies in 
35S-GTPγS coupling at MOR and DOR (except that endomorphins were selective for MOR, 
while only dynorphins activated the KOR). This creates a problem for how endogenous opioid 
peptides can selectively signal to different opioid receptors present in the same physical location. 
We hypothesized that biased agonism could be a potential mechanism to explain endogenous 



ligand selectivity. We thus screened Dynorphin A and B, Endomorphin 1 and 2, Leu-enkephalin, 
and Met-enkephalin, along with reference ligand controls, in 35S-GTPγS coupling, βarrestin2 
recruitment, and cAMP inhibition in CHO and N2a cells expressing the human opioid receptors. 
We found a significant bias of both Endomorphin 1 and 2 for cAMP signaling (vs. 35S-GTPγS 
coupling) at the MOR in both CHO and N2a cells. Seeking a mechanism for these changes, we 
reasoned that differential RGS protein regulation or differential AC isoform coupling could 
explain the bias of Endomorphin for cAMP signaling. By performing the cAMP assay in 
permeabilized cells in the presence of GTPγS, we were able to equalize the potency of Leu-
enkephalin with the endomorphins, supporting our hypothesis and suggesting the involvement of 
RGS proteins in endomorphin biased signaling. However, the RGS4 inhibitor CCG-50014 had 
no effect on Leu-enkephalin vs. Endomorphin potencies, suggesting that this isoform is not 
involved. Since no other RGS inhibitors are commercially available, we designed and optimized 
an siRNA screen to sequentially knock down each of the ~22 RGS genes and 10 AC genes in 
MOR-N2a cells, to comprehensively test which of the genes is responsible for Endomorphin 
cAMP biased signaling. We report here our progress to date in carrying out this screen. Once 
identified, we will further test the molecular mechanism of the identified gene in Endomorphin 
biased agonism, and further confirm the role of the gene in vivo. This study thus promises to 
identify an important molecular mechanism of biased signaling, which could explain in part how 
endogenous peptides selectively signal in vivo. 
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Abstract: The present studies characterized the potency and side effect profile of a series of 
small opioid peptides with high affinity for the mu opioid receptor. Male Sprague Dawley rats 
were prepared with chronic intrathecal catheters, assessed on hind paw thermal escape and 



evaluated for side effects including Straub tail, truncal rigidity, pinnae and corneal reflex. In this 
work, TICP ([Dmt1]DALDA-(CH2)2-NH-TICP[psi]; MW=1519), DMT-DALDA (H-Dmt-D-
Arg-Phe-Lys-NH2 MW=981), H-Dmt (H-Dmt-Cit-Phe-Lys-NH2 MW=868), Nle (H-Dmt-D-
Cit-Phe-Nle-NH2 MW=739), and TAPP (H-Tyr-D-Ala-Phe-Phe-NH2 MW=659) were 
examined. 1) All agents resulted in a dose-dependent reversible effect upon motor function 
(Straub Tail > Truncal rigidity). 2) The ordering of analgesic activity (%MPE) at the highest 
dose (pmol) lacking reliable motor signs after bolus delivery was: DMT-DALDA (80%±6 /3 
pmol); H-DMT (75%±8 /1 pmol); Nle (84%±10 /300 pmoL); TAPP (56%±12 /10 nmol); TICP 
(52%±27 /300 pmol). 3) All analgesic effects of all drugs were reversed by naltrexone (1mg/kg). 
Naltrindole (3 mg/kg) had minimal effect upon the maximum usable dose. Antagonists failed to 
reverse effects upon motor function. 4) Tolerance and cross-tolerance development after daily 
repeated bolus of DMT-DALDA (3 pmoL) and morphine (30 nmoL) revealed both agents 
displayed progressive decline over 5 days. Cross-tolerance assessed on day 5 revealed a 
significant reduction in the response to morphine in the DMT-DALDA treated animal but not 
DMT-DALDA in the morphine treated animal indicating an asymmetric cross- tolerance. These 
results emphasize the potent mu agonist properties of the DALDA structure series and their 
propensity to produce tolerance. The asymmetric cross-tolerance between equiactive doses may 
reflect upon the relative intrinsic activity of morphine and DMT-DALDA. (Supported by NIH 
R01-DA015353)  
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Abstract: Background: A sustained-release formulation of buprenorphine is a widely used 
formulation in animal care and veterinary medicine. The manufacturer states serum levels are 
sustained for 72 hours following a single injection. Dose recommendations range from 0.5-1 
mg/kg but veterinary recommendations range up to 2 mg/kg. These doses have not been 
comprehensively assessed for analgesic tolerance or opioid-induced hyperalgesia. We report that 
SR-Bupe 1 mg/kg induces analgesic tolerance within hours of delivery and high dose (2 mg/kg) 
induce responses suggestive of opioid-induced hyperlageisa. 
Methods: Male ICR mice were injected with Complete Freund’s Adjuvant in the hind paw and 
allowed to induce inflammatory hyperalgesia for 3 days prior to further testing. 0.1, 0.3, 0.5, 1, 
and 2 mg/kg doses (varied by volume of injectate) of sustained-release buprenorphine were 
delivered and paw von Frey thresholds were monitored for 1, 2, 3, and 24 hours post-injection. 
Results: The 1 mg/kg dose provided a 60% reversal in vF threshold responses for 1 and 2 hours 
which was greatly diminished by 3 hours and gone by 24 hours post-injection. Lower doses 
resulted in small analgesic effects. A high dose of 2 mg/kg showed no analgesia and some 
evidence of hypersensitivity. 
Conclusion: Sustained-release buprenorphine induces rapid analgesic tolerance and high doses 
may evoke opioid-induced hyperalgesia. 
Acknowledgements: This work was supported by an R01 grant from NIDA to CF 
(R01DA03531). NIH T32 Postdoctoral Training Program in Comparative Medicine and 
Pathology (T32 OD010993-14). 
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Title: Optogenetic dissection of the descending pain modulatory system 
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Abstract: The descending pain modulatory system regulates nociceptive processing via 
projections from the brainstem to the spinal cord dorsal horn. Cortical and midbrain modulation 



of pain is integrated by the periaqueductal gray (PAG) and rostral ventromedial medulla (RVM). 
RVM output neurons to the spinal cord can both facilitate and suppress nociception. This system 
also contributes to abnormal pain in animal models. We have used optogenetics to further 
understand the “bottom-up” inputs to RVM neurons, relays from spinal cord through the 
parabrachial area (PB), as well as “top-down” inputs from the PAG to RVM. Channelrhodopsin 
(ChR2) AAV viral vectors (AAV9.hSyn.hChR2(H134R)-EYFP.WPRE.hGH, Penn Vector Core) 
were microinjected into the PB complex and whole-cell patch-clamp recordings from in vitro 
brain slices containing the RVM were done 2-4 weeks later. Light stimulation of ChR2-
expressing terminals from PB to RVM elicited synaptic currents in 29 neurons. 21/29 of the 
neurons had synaptic currents that were blocked by glutamate antagonists but were unaffected by 
a GABAA receptor antagonist bicuculline (BIC) indicating a direct glutamate projection. The 
remaining 8/29 RVM neurons had light-evoked synaptic currents that were blocked by BIC but 
were unaffected by glutamate antagonists indicating that they were direct GABAergic inputs. 
These data provide evidence that direct PB inputs to RVM neurons release either glutamate or 
GABA but not both onto individual RVM neurons. Microinjections of ChR2 into the PAG 
elicited a different profile of inputs to the RVM. Many RVM neurons receive both direct 
glutamate and GABA inputs. There is also evidence of local recurrent synaptic activity following 
light stimulation of ChR2-expressing terminals from PAG. Examination of opioid and 
cannabinoid modulation of inputs from these specific circuits demonstrates differential 
sensitivity to these modulators. One striking result is that the mu opioid receptor agonist, met-
enkephalin, strongly inhibits glutamate inputs from both PB (80 ± 5%, n = 6) and PAG (56 ± 
8%, n = 11), in addition to the canonical inhibition of GABA inputs from the PAG (43 ± 9%, n = 
6). In contrast, the cannabinoid agonist WIN 55,212 inhibits only PAG GABA inputs to RVM 
neurons (39 ± 7%, n = 8) with little effect on glutamate inputs (9 ± 3%, n = 12). We have 
previously demonstrated plasticity in the endocannabinoid system in persistent inflammation. 
These results indicate that opioids and cannabinoids may target separate circuits, providing a 
cellular substrate for new pain therapies via selective targeting of specific descending circuits 
that mediate pain inhibition versus pain facilitation. 

Disclosures:  M. Li: None. Q. Chen: None. K.L. Suchland: None. Y. Zhang: None. M.M. 
Heinricher: None. S.L. Ingram: None. 

Poster 

309. Opioids and the Treatment of Pain 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 309.10/CC2 

Topic: D.03. Somatosensation: Pain 

Support: NIH - NIDA 5R01DA036680-04 



Title: Imatinib prevents morphine tolerance without inducing MOR endocytosis 

Authors: *S. PUIG, P. M. WHITE, S. R. SZOTT, H. B. GUTSTEIN 
Univ. of Pittsburgh, Pittsburgh, PA 

Abstract: Analgesic tolerance limits the use of opioids for the treatment of chronic pain. It was 
previously hypothesized that sustained signaling by the mu opioid receptor (MOR) could cause 
morphine tolerance, which could be prevented by promoting MOR endocytosis. However, some 
studies have challenged this theory. We have shown that Imatinib, by inhibiting PDGFR-β 
(platelet-derived growth factor receptor-beta), selectively prevents morphine tolerance. In this 
study, we determine whether inhibition of morphine analgesic tolerance with Imatinib involves 
endocytosis of the MOR. Rats were injected i.t. with either vehicle, 0.6 nM morphine, 10 µg 
imatinib or morphine + imatinib. Analgesia was measured daily using tail flick latency (TFL). 
After either one or five days of treatment, spinal cords were extracted and processed for 
immunohistochemistry with anti-NeuN (Millipore) and anti-MOR (Abcam) antibodies. Images 
of the substantia gelatinosa (SG) were analyzed using confocal microscopy. The average number 
of internalized vesicles containing MOR in neurons was determined utilizing an automated, 
unbiased software algorithm (Imaris, Bitplane). Co-administration of Imatinib with morphine 
prevented tolerance without altering morphine’s analgesic effect. Interestingly, the levels of 
MOR internalization in SG neurons were not different between groups. Our results show that 
imatinib did not prevent tolerance by promoting MOR endocytosis, challenging the hypothesis 
that the lack of MOR internalization could be the cause of morphine tolerance. 
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Title: Mast cell degranulation: In vivo and Ex vivo screening of spinal analgesics 
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Abstract: Background: Spinal opioids yield potent naloxone-reversible analgesia. Continuous 
infusion produces masses (granulomas) composed of meningeally-derived fibroblasts in a 
collagen matrix. The initiating step may be degranulation of meningeal mast cells through a 
nonopioid-receptor-mediated mechanism (Anesthesiology.118:664,2013). We examined spinal 
opioid analgesic molecules for their ability to degranulate mast cells in vivo (mast-cell-
dependent flare after intradermal injection in dog) and in vitro (degranulation of primary human 
mast cell (hMC) cultures). 
Methods: The area of skin flares produced by intradermal (ID, 50µL) injections in anesthetized 
male Beagle dogs were measured 30 minutes after injection. Degranulation of primary hMC was 
determined using ß-hexosaminidase concentrations in culture supernatant. Drugs studied 
included nonpeptide and peptide opioid agonists and an N-type Ca channel blocker (ziconotide). 
Results: Ordering of flare area after ID delivery of nonpeptidic opioids (0.1-10mg/mL) was: 
(morphine, hydromorphone, methadone, morphine-3- glucuronide, morphine-6- glucuronide) >> 
(alfentanil, fentanyl) = 0. For peptides, rank ordering was ziconotide > (DPDPE, TICP, DMT-
DALDA, [Dmt1,Nle4]DALDA) >0 (see AAPSJ. 14:E560-5, 2005 for structures). Flares were 
reduced by cromolyn (10mg/kg, IM), a mast cell stabilizer, but not naltrexone (3mg/kg). In 
hMCs, ordering of degranulation potency covaried with cromolyn-sensitive flare activity. 
Conclusions: Agents producing intrathecal masses in dogs and/or humans showed a high 
correlation with the ability to produce a cromolyn-sensitive flare and hMC degranulation 
(morphine, hydromorphone, methadone, DPDPE) whereas those that did not yield a flare have 
not been observed to yield a granuloma (alfentanil, fentanyl). Ziconotide is a potent mast cell 
degranulator, but is not associated with granulomas, presumably because concentrations required 
to produce analgesia are lower than those required to degranulate mast cells. Accordingly, the 
propensity to produce a cromolyn-sensitive flare increases the likelihood of a granuloma if the 
therapeutic concentration required approaches those producing degranulation. (Funded by NIH 
DA015353; Medtronic, PLC; Conselho Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq)) 
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Abstract: The insular cortex (IC) is one of important brain regions involved in the processing of 
pain information and emotions. According to recent studies, lesion of the IC induced pain 
asymbolia and reversed neuropathic pain. Previously, anodynes such as anti-inflammatory drugs, 
anticonvulsants, and opioids were used to treat neuropathic pain despite the lack of efficacy or 
unexpected side effects. Cannabinoids have been used for treating diverse illnesses including 
pain for centuries. However, cannabinoids have several unpredictable outcomes in animals and 
humans. Particularly, plant-derived cannabinoids have critical side effects such as euphoria, 
hyperphasia and hyperphagia. These physiological actions are produced via an endogenous 
cannabinoid neurotransmission system that involves mainly the G-protein coupled receptors 
named cannabinoid 1 Receptor (CB1R) and cannabinoid 2 receptor (CB2R). Increasing the 
endocannabinoid anandamide by blocking fatty acid amide hydrolase (FAAH) has shown 
analgesic effects in neuropathic pain models. However, analgesic effects via FAAH inhibition in 
the IC have yet to be determined in neuropathic pain rats. Therefore, the present study was 
conducted to reveal the analgesic effect of the selective FAAH inhibitor URB597. Under 
pentobarbital anesthesia, male Sprague-Dawley rats were subjected to nerve injury. Behavioral 
test with electronic von Frey was performed. Nerve-injured rats were treated with 
microinjections of or vehicle in the IC. In addition, the FAAH signaling pathway-related proteins 
were extracted and quantitatively analyzed from the IC tissue. Neuropathic pain was developed 
indicative of decreased level of hind paw withdrawal thresholds 14 days following nerve injury, 
In addition, the expression of CB1R increased significantly in neuropathic pain group compared 
to the sham-operated control group. In the behavioral test followed by microinjections, the 
mechanical threshold significantly decreased in the group treated with 2 nM and 4 nM URB597. 
As a result, the level of NAPE-PLD increased in the group injected with 2nM and 4nM URB597. 
These results suggest that the microinjection of FAAH inhibitor into the IC exhibits an analgesic 
effect, indicating the increase in NAPE-PLD, a synthetic enzyme of AEA in the IC. This work 



was supported by the National Research Foundation (NRF) of Korea funded by the Ministry of 
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Abstract: Moderate to severe pain can significantly increase risk of disability and reduce quality 
of life in the elderly. Therefore improved pain management in the aged population is a major 
concern for both health care providers and researchers. Opioid drugs that target mu opioid 
receptors (MOR) continue to be the gold standard for treatment of pain. Unfortunately there are 
serious adverse effects that limit their use particularly in the elderly. Peripherally restricted 
opioids that inhibit the function of pain-sensing neurons (nociceptors) and do not enter the CNS 
would be safer and better tolerated drugs to relieve suffering in older adults. However little is 
known regarding the effects of aging on nociceptor responsiveness in the periphery and there is 
some evidence that aging is associated with reduced peripheral sensitivity to MOR agonists. We 
examined the effects of MOR agonists morphine (100 µg, 150 µg) and DAMGO (20 µg, 40 µg) 
and the kappa opioid receptor (KOR) agonist, Salvinorin A (0.1 µg), in young (4-months-old) 
and aged (26-months-old) Fisher x Brown Norway rats. Behavioral responses to noxious heat 
were measured following intraplantar injections of opioid agonists. In addition, we measured 
mRNA expression of MOR and KOR in the L4-L6 dorsal root ganglia (DRG) of aged and young 
rats using RT-qPCR. Intraplantar administration of Salvinorin A produced significant 
antinociceptive responses in both aged and young rats. However morphine and DAMGO failed 
to attenuate nociceptive behavior in aged rats while producing a robust antinociceptive effect in 
young rats. Additionally we found that MOR expression in the DRG was 7 times higher in aged 
rats compared to young, suggesting compensatory mRNA overexpression. By contrast, there was 



no difference in KOR expression. Overall these data suggest that peripherally restricted kappa 
agonists may be more effective analgesics than mu agonists to treat pain in the elderly. 
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Title: DOPr displays constitutive internalization and sorting to the rapid recycling pathway 
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Abstract: The delta opioid receptor (DOPr) is currently among the most promising targets for 
the development of new analgesic therapies. Despite a low efficacy under normal conditions, we 
have previously demonstrated that chronic inflammation or a treatment with morphine can 
improve DOPr-mediated antinociception. Interestingly, this effect is paralleled by an increased 
density of DOPr at the neuronal plasma membrane, but the underlying mechanism explaining 
this increase remains elusive. In the current study, we investigated constitutive internalization as 
a potential mechanism controlling the level of DOPr expressed at the cell surface. In HEK293 
cells stably expressing Flag-tagged DOPr, we first confirmed that DOPr internalizes 
constitutively, i.e. in the absence of agonist. Immunofluorescence experiments revealed that 
internalized DOPr colocalizes with Rab5-positive early endosomes. When a constitutively active 
Rab5 mutant (Rab5 QL) was expressed, we found that internalized DOPr remains trapped in 
early endosomes. Conversely, an inactive form of Rab5 (Rab5 SN) decreases internalization of 
the receptor. The absence of DOPr colocalization in Rab7-positive late endosomes suggests that 
constitutively internalized DOPr is not directed to lysosomes for degradation. The presence of 
DOPr in Rab4- and Rab11-positive endosomes, which are respectively involved in rapid and late 
recycling pathways, was also studied. Within these compartments, we observed that DOPr 
mainly colocalizes with Rab4-positive endosomes. Altogether, these results suggest that upon 
constitutive internalization through a Rab5-dependent pathway, DOPr is rapidly recycled to the 



cell surface via Rab4-positive endosomes. Undergoing experiments aim at determining whether 
this process can be modulated by morphine under chronic pain conditions. Understanding the 
mechanisms regulating this process may lead to the identification of a new pharmacological 
target for pain management by DOPr activation. 
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Title: MMG22: A bivalent ligand that contains a MOR agonist and an mGluR5 antagonist 
exhibits potent antinociception without adverse effects 
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Abstract: Opioids are the most effective pharmacological tools to treat moderate to severe pain; 
however, the use of opioids for the treatment of chronic non-cancer pain is controversial due to 
concerns about tolerance, abuse, and addiction. MPEP, an mGluR5 antagonist, has been shown to 
increase the analgesic efficacy of opioids while simultaneously decreasing the development of 
analgesic tolerance and addiction. MMG22 is a novel bivalent ligand made of two 
pharmacophores derived from oxymorphone, a MOR agonist, and M-MPEP, an allosteric 
mGluR5 antagonist, linked via a 22-atom spacer. Previous studies have shown intrathecal 
administration of MMG22 to be incredibly potent at decreasing inflammatory pain without 
tolerance or respiratory depression. In the present studies, we sought to characterize the ability of 
MMG22 to modulate neuropathic pain, evaluate its abuse potential and elucidate its site of 
action. These studies used the spared nerve injury model of neuropathic pain in male C57/B6 
mice. Hyperalgesia was quantified by determining the frequency of withdrawal responses evoked 
by a von Frey monofilament with a bending force of 3.5 mN applied to the plantar surface of the 
paw. To evaluate the antinociceptive effects of MMG22 or morphine, paw withdrawal frequency 



(PWF) was determined before and after subcutaneous (sc) administration of each drug at doses 
ranging from 0.001mg/kg to 1mg/kg. We also assessed the rewarding properties of MMG22 as 
compared to morphine in naïve mice using a conditioned place preference assay. Expression and 
localization of mGluR5 and MOR in the mouse spinal cord superficial dorsal horn were assessed 
using immunohistochemistry and fluorescence microscopy. Preliminary results show that while 
MMG22 is effective in producing antinociception, supra-threshold doses do not produce 
conditioned place preference. Both MOR and mGluR5 are expressed in the superficial dorsal 
horn of the spinal cord of Naïve mice, suggesting the spinal cord as a potential site of action. 
MMG22 has the potential to be an effective therapeutic for the treatment of neuropathic pain that 
may lack the addictive properties of traditional opioid analgesics. 
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Title: A conditional knockin mice to study the delta opioid receptor in pain pathways 
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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 relieve 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. A mouse line expressing a Flag-tagged 
DOPr in place of the endogenous receptor (Flag-DOPr knockin) was then generated by breeding 
the STOP::Flag-DOPr mice with Zp3-Cre mice. A thorough characterization of these mice 
reveals that the Flagged receptor is expressed at similar levels and in the same areas as its 
endogenous counterpart. In these mice, we found that DOPr agonists produce similar behavioral 
effects than in wildtype animals, suggesting that the Flag-DOPr knockin mice display similar 
pharmacological and behavioral properties than mice expressing endogenous DOPr. These 
appear as a useful complement to already available genetic mouse models (ex. DOPr-KO and 
cKO-, DOPr-eGFP knockin) to study the role and the regulation of DOPr, in vivo. In particular, 
one could use these mice to identify the role of DOPr in a specific brain region/subpopulation of 
neurons or to identify new protein partners in a natural environment. 
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Abstract: Background: The NMDA receptor is known to contribute to the development of 
analgesic tolerance to spinal administration of opioids as well as development of chronic pain. It 
is thought that the NR2B receptor subunits are expressed in a site-specific manner that could 



may offer an advantage in therapeutic targeting. Little is known about the expression of specific 
subunits of the NMDA receptor in spinal cord dorsal horn under conditions of chronic opioid 
exposure and pain. We evaluated mRNA expression of NR2B and NR2A specific subunits 
following chronic spinal morphine and CFA exposure. 
Methods: ICR male mice were injected intrathecally twice daily for up to 4 days with 10 nmol 
of morphine or saline (5 µL). Thermal sensory responses to tail flick (52.5°C) were monitored 
daily 10 min. following the second daily injection. In a second set of animals, CFA was injected 
to induce inflammation and von Frey thresholds monitored. At conclusion of the tolerance 
induction schedule or the CFA inflammation time course, mice were anesthetized and spinal 
cords, DRGs, were extracted and prepared for mRNA analysis. Total RNA was isolated by 
TRIzol method and the mRNA abundance for NR2A, NR2B & 18S was determined by one-step 
RT-qPCR. The fold change in expression levels of NR2A & NR2B in morphine group v/s saline 
group were calculated by relative quantitation method. 
Results: Thermal sensory responses diminished daily with increasing numbers of injections of 
morphine as expected. Analgesic tolerance was induced. The mRNA expression was increased 9-
28 fold for NR2B in mice exposed to morphine, but not saline. In mice exposed to CFA, mRNA 
expression was increased 15-fold on day 3 and 2-fold on day 7 for NR2B. For NR2A, mRNA 
levels were not changed in any group. 
Conclusion: This study supports the hypothesis that the NR2B subunit is upregulated under 
conditions of neuroplasticity, including opioid induced tolerance. 
Acknowledgement: This work was supported by R01 grant from NIDA to CF (R01DA03531). 
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Abstract: It is now known that neurons are not the only cell type involved in pain processing, 
which involves cell of the immune system, such as T-cells. Many pain researchers have adopted 
the use of T-cell deficient mice in their experimental methods to elucidate the role of T-cells in 
neuropathic pain (Yu et al., 2004; Costigan et al., 2009), and T cells have been shown to release 
endogenous opioids (Bouè et al., 2011). While it is well known that opioids have varying effects 
on T-cell populations (Wang et al., 2003), very little attention has been given to how T-cells may 
affect opioid regulation. Here, we observe that T-cell deficient mice (CD-1 nude and Rag1 null 
mutant) exhibit pronounced deficiencies in morphine analgesia, measured using the tail 
withdrawal or formalin test. In addition, T-cell deficient mice do not exhibit stress-induced 
analgesia after restraint. The adoptive transfer of CD4+ T-cells into nude mice rescues the 
morphine analgesia. Furthermore, there are reported sex differences in morphine analgesia, with 
females requiring 2-3 times more morphine than males to produce equal analgesia. We observe 
an equivalent sex difference in CD1 mice, however T-cell deficient mice do not exhibit a sex 
difference in morphine analgesia. The sex difference in morphine analgesia is restored in nude 
male and female mice receiving CD4+ T-cells from their respective sex. These results suggest 
that CD4+ T-cells play a role in opioid analgesia, and may be a driver of the observed sex 
differences in morphine analgesia. 
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Abstract: Background: Continuous intrathecal infusion of morphine can produce a potent 
analgesia and in several species including humans produce a space-occupying mass composed of 



meningeal fibroblasts in a collagen matrix. This effect is not prevented by naltrexone 
(Anesthesiology, 118:664-678,2013). We addressed the effects of opiates on the migration and 
proliferation of mouse embryonic fibroblasts (MEFs) and meningeal fibroblasts. 
Methods: MEFs (ATCC #CRL-2214) were cultured in media consisting of 1x DMEM 
supplemented by 10% non-heat inactivated fetal bovine serum, 1% Pen Strep, 1% sodium 
pyruvate (100mM), 1% Glutamax 100x and 1% MEM non-essential amino acids. Cells were 
Incubated at 37°C in a humidified 5% CO2 environment and grown to 70--‐90% confluence. For 
cell migration assay, cells were plated onto the top of trans-well plates (50K/well/200 ul) pre-
coated with collagen (1µg/mL) and incubated for 4 hrs. Cells were counted after removing the 
top layer and staining. To assess proliferation MEFs were seeded (2x 104 cells/chamber) in 12 
well plates and incubated for 24 hrs, followed by 48 hrs incubation with test material. In both 
assays, cells were exposed to concentration of morphine or fentanyl and then with naloxone at 
the optimal concentration. We also measured collagen I mRNA in rat meningeal fibroblasts 
following morphine treatment. 
Results: In the migration assay, morphine and fentanyl treatment on MEF cells induced 
significant migration at doses 2-20 µM and 0.2-2 µM, respectively. At higher doses, suppression 
of migration was observed. Naloxone (20 µM) did not reverse migration induced by both 
morphine and fentanyl. In the proliferation assay, morphine enhanced proliferation of MEF cells 
in a dose-dependent manner with maximum effect observed at 0.3 µM. At higher doses, a 
suppression of proliferation was observed. Fentanyl, however, did not show similar effects on 
proliferation as morphine. Morphine at 10 µM dose showed 1.73-fold significant increase in 
collagen type I mRNA in rat meningeal fibroblasts. 
Conclusions: These results show that morphine increased both migration and proliferation of 
MEF’s, whereas fentanyl increased migration but not proliferation. The effects of morphine and 
fentanyl on migration occurred in a naloxone-independent fashion. Further, increase in collagen 
type I mRNA suggests that morphine enhances the synthesis of collagen type I in MEF’s that 
forms the matrix in granuloma formation. These results suggest that these two opiates enhance 
fibroblast function independent of the opiate receptors. 
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Abstract: Introduction 
Osteoarthritis (OA) is often associated with joint pain that can be difficult to treat. Patients with 
OA and co-morbid anxiety or depression experience more pain, take more medication and 
experience worse outcomes than patients without these co-morbidities. In particular, opioid use 
to provide analgesia is associated with catastrophizing after total joint replacement and may be a 
predictor of risk for opioid misuse in chronic pain patients. The aim of this study was to use an 
animal model to investigate the mechanisms underlying the relationship between anxiety, knee 
pain and opioid receptor function in a model of OA pain. 
Methods 
The Wistar-Kyoto (WKY) strain of rats, which is more vulnerable to anxiety, was used with 
Wistar rats as normal anxiety controls. Male adult rats (125-150g) were anaesthetised (3% 
isoflurane) and received an intra-articular injection of 1mg monosodium iodoacetate or vehicle 
into the left knee. Sensory processing was measured using weight bearing asymmetry (WB) and 
mechanical hindpaw withdrawal thresholds (PWTs) up to day 21 post injection. The open plus 
maze was used to measure anxiety prior to intra-articular injection (day 0) and 21 days later. At 
this timepoint, 3 doses of morphine (0.5, 2.0 and 3.5mg/kg, cumulative dose 6 mg/kg) were 
injected subcutaneously (hourly) in MIA-treated WKY and Wistar rats, WB and PWTs were 
measured. In separate groups of rats 21 days following intra-articular injection, the opioid 
receptor antagonist naloxone was administered subcutaneously (0.1, 0.3 and 1mg/kg, hourly) and 
PWTs were measured. Data were analysed with a 2-way ANOVA with GraphPad Prism 7.01. 
Results 
MIA-treated Wistar rats and WKY rats exhibited significant pain behaviour at day 21. Only the 
WKY rats showed an anxiety-like phenotype at baseline and this was increased at day 21, 
irrespective of the treatment received. 0.5mg/kg of morphine significantly inhibited pain 
behaviour (WB: 29.89g versus 54.57g, p=<0.0001; PWTs: 22.2g versus 15.7g, p= 0.035) in the 
MIA-treated Wistar rats, whereas only 6mg/kg inhibited pain behaviour in MIA-treated WKY 
rats, weight bearing asymmetry (p= 0.0023) and PWTs (p = 0.0024). Naloxone (0.3 and 1 
mg/kg) lowered ipsilateral PWTs, irrespective of whether they had received intra-articular 
injection of MIA or vehicle, in WKY rats but not in Wistar rats. These data suggest there are 
changes in opioid receptor function / endogenous tone in WKY rats which may lead to the 
reduced opioid sensitivity of pain behaviour in the MIA model of joint pain. 
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Abstract: Regulator of G protein signaling z1 (RGSz1) is a member of the RGS family of 
proteins, known to modulate the amplitude and direction of signal transduction of several G 
protein coupled receptors (GPCR) by binding to activated Galpha subunits. RGSz1 is expressed 
in moderate amounts throughout the brain, and is present in several regions expressing mu opioid 
receptor (MOPR). Using genetic mouse models for global or brain region-targeted manipulations 
of RGSz1 expression, we demonstrate that the analgesic efficacy of MOPR agonists such as 
morphine, fentanyl and methadone is increased by preventing RGSz1 action. Specifically, the 
downregulation of RGSz1 delays the development of morphine tolerance in male and female 
mice, while decreasing the sensitivity to rewarding and locomotor activating effects. Using 
biochemical assays and next-generation RNA sequencing, we identified a key role of RGSz1 in 
the periaqueductal gray (PAG) in intracellular adaptations associated with morphine tolerance. 
Our analysis revealed a robust downergulation of the Wnt/beta-catenin signal transduction 
pathway in the PAG of morphine tolerant mice. Chronic morphine administration promotes 
RGSz1 activity in the PAG, which in turn modulates transcription mediated by the Wnt/beta-
catenin signal transduction pathway and promotes analgesic tolerance to morphine. Conversely, 
prevention of RGSz1 action stabilizes Axin2-Galphaz complexes, and promotes the action of 
beta-catenin as transcriptional activator. These data show that the regulation of RGS complexes, 
particularly those involving RGSz1-Galphaz, represents a promising target for optimizing the 
analgesic actions of opioids without increasing the risk of dependence or addiction. 
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Abstract: Mu-opioid receptors encoded by OPRM1 gene mediate the actions of different 
narcotic analgesic including morphine and fentanyl which are widely used in hospitals all over 
the world. It has been found that mu-opioid receptors exist as multiple splice variants of the 
OPRM1 gene mediating different pharmacological activity of opioids. For example, C-terminal 
splice variants such as MOR1, MOR1A and MOR1B are widely distributed in rat CNS with 
levels of MOR1 and MOR1A being greater than MOR1B. To study the anatomical distribution 
of MOR1A expressing neurons among all OPRM1 neurons in rat brain we combined 
RNAscope® ISH protocol using a MOR1A probe with IHC. For IHC detection we generated 
rabbit anti-rat mu-opioid receptor monoclonal antibodies directed at the N-terminus. The open 
reading frame for rat mu-type opioid receptor (OPRM1/MOR1, amino acid 1-398, P33535) was 
isolated from a rat cDNA library by PCR. After the DNA sequence was confirmed, the construct 
was cloned into an expression vector with an antibiotic selection marker. The expression plasmid 
was transfected into HEK293EBNA cells by calcium phosphate precipitation and stable clones 
were selected. Expression levels were measured by fluorescence intensity using flow cytometry. 
Using 10 um thick formaldehyde-fixed frozen rat brain tissue sections we developed a 2-color 
fluorescence detection protocol allowing to identify neurons co-labeled for OPRM1 protein and 
MOR1A splice variant message. We observed a low number of double-labeled neurons in brain 
cortex, hippocampus and caudate putamen. A more profound double-labeling was observed in 
ventral lateral PAG and rostral ventral medulla representing the descending antinociceptive 
brainstem circuit. All ISH-positive neurons were always IHC-positive indicating that our rabbit 
monoclonal antibodies are highly specific for rat OPRM1. The number of neurons double-
labeled by IHC and ISH was a fraction of all OPRM1-immunoreactive neurons suggesting that 
such neurons express splice variants of mu-opioid receptor other than MOR1A. Combining ISH 
and IHC can be a useful tool to study the ratio of neurons expressing different OPRM1 splice 
variants in different brain regions. 
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Abstract: Concerns over the unwanted side effects of commonly used opioids have increased 
interest in the development of novel treatments which provide adequate pain relief without the 
associated risk for addiction. The impact of drugs that target peripheral opioid receptors on the 
activity of nociceptors has not been fully explored. Loperamide (Lo) is a highly efficacious μ-
opioid receptor agonist that does not activate receptors in the central nervous system, and 
oxymorphindole (OMI) is a δ-opioid receptor agonist that shows a synergistic effect with 
morphine or loperamide in the spinal cord. Behavioral studies have shown that these drugs have 
a synergistic analgesic effect when administered peripherally, including by topical application to 
the hindpaw. To test the impact of these drugs on nociceptor activity, our study used teased-fiber 
electrophysiology in the tibial nerve of adult Nav1.8+-ChR2 mice, which co-express the voltage-
gated sodium channel Nav1.8 along with the light-sensitive channelrhodopsin2. In C-fiber 
nociceptors (n = 4) that were responsive to blue light stimulation, transdermal application of a 



series of Lo/OMI concentrations (0.5 µM, 5.0 µM, and 50.0 µM) reduced the number of 
impulses in response to a 5 s suprathreshold blue light stimulus 15 min after application. The 
degree of attenuation increased with dose, consistent with behavioral studies. Ongoing studies 
aim to determine how Lo/OMI affects nociceptor sensitization during ongoing inflammatory 
pain. 
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Abstract: 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 analgesic to date has 
delivered on the promise of effective pain control without the risk for addiction and diversion. 
Therefore, we studied the ability of 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, to mediate peripheral analgesia when administered alone, or in 
combination. We studied this combination in spinal cord slices to determine whether Lo and 



OMI synergize spinally to inhibit neurotransmitter release from the central terminals of 
nociceptors. Our recordings indicate a 100-fold synergism when the two agonists are combined 
spinally. Subsequently, we investigated the behavioral analgesic profile of the combination in 
inflammatory, nerve-injured, post-operative, and tumor-induced pain models. Efficacy studies 
using intraplantar, systemic, or topical applications showed that when combined in a 1:1 dose 
ratio OMI-Lo produces a robust anti-hyperalgesic synergy. This synergy was blocked by the 
peripherally restricted opioid antagonist, naloxone methiodide, reinforcing the peripheral 
localization of the effect. The synergistic interaction is also completely ablated when G protein-
coupled, inwardly rectifying potassium channels (GIRKs) are blocked or knocked out. Although 
supra-therapeutic doses induce tolerance, therapeutic doses do not. Initial self-administration 
studies also indicate a significantly reduced abuse liability compared to prescription opioids such 
as oxycodone. We conclude that MOR agonists significantly synergize with DOR agonists at 
peripheral sites of action, providing strong evidence in support of peripherally restricted 
combination opioid therapy. The systemic and topical efficacy of the combination, along with 
loperamide’s extremely low abuse liability, suggests that this combination might be 
therapeutically useful to control multiple pain modalities in the clinic. 
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Abstract: Gs-coupled metabotropic receptors play a significant role in the sensitization of 
nociceptors in response to inflammatory insult or injury by activating the adenylyl cyclase (AC)-
cAMP-protein kinase A (PKA) pathway. Conversely, ACs are inhibited by Gi/o-coupled 
receptors, which is one mechanism underlying analgesia provided by opiates. Type II AC 
isoforms are uniquely regulated in that they can be activated by protein kinase C or Gbetagamma 
as well as Galpha-s, making them integrators of signaling through multiple second messenger 
pathways usually considered to be distinct. Coincident activation of Gq/11-coupled receptors 



(leading to activation of PKC) and Gs-coupled receptors is likely to occur in response to 
peripheral injury or insult. Furthermore, Type II ACs are insensitive to inhibition by Gi/o-
coupled receptors, suggesting the possibility that these AC isoforms, if expressed in primary 
afferent nociceptors, could contribute to persistent pain resistant to exogenous opiates or 
descending inhibitory influences. Therefore, we examined the distribution of Type II ACs 
ADCY2, ADCY4 and ADCY7 in sensory neurons of the dorsal root ganglion (DRG) from adult 
male mice. Real-time PCR revealed mRNA for all 3 isoforms in whole DRG (ADCY2 > 
ADCY7 > ADCY4). Single cell quantitative PCR was performed on acutely isolated cutaneous 
DRG afferents retrogradely labeled with either IB4 or wheat germ agglutinin (n=40). 
Widespread expression of AC2 was identified in afferents co-expressing TRPV1 and/or MrgprD, 
used to identify subsets of putative nociceptors. The functional role of ADCY2 in nociception 
was examined by evaluating the impact of local or spinal administration of an inhibitor of AC2, 
SKF 83566 (10 or 30 μM), on acute responses to noxious heat stimulation and the formalin test. 
Withdrawal latencies to noxious heat were not altered by spinal administration the AC2 inhibitor, 
suggesting little contribution of AC2 to acute noxious heat responses. In contrast, both spinal and 
local (intraplantar hindpaw) administration of inhibitor attenuated nocifensive responses in both 
phase 1 (1-15 min post-injection) and phase 2 (15-45 min post injection) of the formalin test. 
These results support a role for AC2 in formalin-evoked pain. Ongoing experiments are 
investigating a role for AC2 in a model of persistent behavioral hypersensitivity known as 
hyperalgesic priming. 
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Abstract: Background: Opiate agonists such as morphine are often ineffective in neuropathic 
pain related to spinal cord injuries (SCI) and also carry a high risk for addiction and dependence. 
There is a need to identify other possible analgesic agents that are effective at managing chronic 
SCI-related pain, without the unwanted side effects of opiates. Purpose: This study examined the 



pairing of low-dose morphine with dopamine D3 and D1 receptor modulators to improve 
analgesia for SCI-related pain, while reducing morphine’s rewarding effects. Methods: 55 
female, Long-Evans rats were tested for mechanical thresholds prior to receiving a spinal 
contusion (SCI) or sham surgery. Mechanical pain thresholds were measured 21-27 days post-
surgery under the following conditions: Morphine alone (1.0 or 2.5 mg/kg); Morphine (1.0 or 2.5 
mg/kg) + 0.1 mg/kg Pramipexole (PRAM; D3R agonist); Morphine (2.5 mg/kg) + 0.1 mg/kg 
SCH23390 (SCH: D1R antagonist); 0.1 mg/kg Pramipexole alone; 0.1 mg/kg SCH23390 alone. 
Conditioned Place Preference (CPP) to each drug combination was assessed to determine the 
addictive potential of that specific combination. Results: In sham animals, the addition of PRAM 
to 1.0 mg/kg of morphine increased mechanical thresholds over that of baseline and morphine 
alone. PRAM had no additional effect when added to 2.5 mg/kg morphine. Neither PRAM nor 
SCH alone provided analgesia in sham animals compared to baseline. In SCI animals, PRAM 
and SCH increased analgesia over morphine alone when combined with 2.5 mg/kg of morphine. 
Neither PRAM nor SCH exacerbated CPP to morphine at either dose in sham or SCI animals. 
Conclusions: Pairing a dopamine D3 receptor agonist with low-dose morphine provides better 
analgesia than morphine alone without exacerbating the addictive potential of morphine for SCI-
related pain. This combination therapy may represent a potential clinical therapeutic intervention 
for neuropathic pain. 

Disclosures:  E. Evans: None. J. Jenkins: None. J. Yow: None. S. Clemens: None. K.L. 
Brewer: None. 

Poster 

309. Opioids and the Treatment of Pain 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 309.27/CC19 

Topic: D.03. Somatosensation: Pain 

Title: Combining neurotensin and opioid receptor agonists to relieve pain 

Authors: *E. EISELT, V. BLAIS, J.-M. LONGPRÉ, P. SARRET, L. GENDRON 
Pharmacol. and Physiol., Sherbrooke Univ., Sherbrooke, QC, Canada 

Abstract: Opioid and neurotensin receptors are expressed in both the central and peripheral 
nervous systems where they modulate nociceptive responses. Nowadays, opioid analgesics like 
morphine remain the most prescribed drugs for the treatment of moderate to severe pain. 
However, commonly used opioids, known to activate the mu opioid receptor (MOPr) are also 
responsible for most unwanted effects (tolerance, constipation or respiratory depression). 
Previous studies have established that the strong analgesic action of neurotensin (NT) is 
independent of the opioid system. However, NT acting at the NTS1 receptor site also causes 
hypothermia and hypotension, thus limiting the development of new analgesic drugs. Here, we 



hypothesized that the combined use of NT and opioid compounds would require lower doses to 
produce significant analgesic effects, hence decreasing the unwanted effects induced by either 
drug classes. In this study, we used isobologram analyses to determine if the combination of a 
NT brain-penetrant analog with morphine results in an inhibition, a synergic or an additive 
analgesic response. We found that intravenous administration of the NT analog reduced by 90% 
the nocifensive behaviors induced by formalin injection, at the dose of 0.018 mg/kg. Likewise, 
subcutaneous morphine attenuated the pain behaviors by 90% at the dose of 1.8 mg/kg. 
Importantly, the use of isobologram analyses revealed that the co-injection of the NT agonist 
together with morphine induced an additive analgesic effect in the rat formalin test. We finally 
assessed the effects of these mu opioid and NT compounds on the gastrointestinal tract motility 
using the charcoal meal test. As opposed to morphine which significantly reduced the intestinal 
transit time at the analgesic effective dose of 1.8 mg/kg, the NT brain-penetrant analog did not 
affect the progression of the charcoal meal in the intestine at the dose of 0.018 mg/kg. 
Interestingly, at the dose providing 90% pain relief in the formalin test, the co-administration of 
morphine (0.09 mg/kg) with the NT analog (0.009 mg/kg) reduced the constipation profile of 
morphine. Altogether, these results suggest that the combination of NT derivatives with 
morphine may improve its analgesic benefit/adverse effect ratio. 
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Abstract: Patients with chronic complex regional pain syndrome (CRPS-I) shows tissue 
abnormalities caused by microvascular dysfunction in the blood vessels of skin, muscle and 
nerve. Chronic post-ischemia pain (CPIP) is a neuropathic-like pain syndrome following 
prolonged hind paw ischemia and reperfusion, which models CRPS-I. In this study we evaluated 
the effect of muscarinic allosteric modulator, on microvascular dysfunction and neuropathic pain 
like syndrome caused by CPIP in rats. Mechanical allodynia was assessed using Von-Frey 
monofilaments in CPIP rats. Laser doppler flowmetry of plantar blood flow was used to examine 
the effects of BQCA on CPIP-induced alterations in post-occlusive reactive hyperemia 



(reflecting microvascular dysfunction). Further, we investigated to translate “bedside-to-bench” 
outcomes from the human pain phenotype to rodents for the first time in CPIP rats through 
burrowing behavior (which evaluates non-evoked and unbiased pain response). Muscarinic 
allosteric modulator significantly attenuated mechanical allodynia and reduced reactive 
hyperemia. The natural burrowing deficits in CPIP rats were significantly ameliorated. An 
improvement in microvascular function might account for its analgesic activity in our 
experimental model of CRPS-I. 
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Abstract: Pain is a recurring sensation that affects one third of the world population, associated 
with this are the unwanted side effects and limited effectiveness of current drugs. In this sense, 
the study of natural compounds, such as Mygalin (MY), is an alternative. This is a polyamine 
synthesized from the natural molecule present in the hemolymph of the spider Acanthoscurria 
gomesiana. Polyamines are characteristic of the modulation of L-glutamate receptors, which in 
turn are closely linked to the pathway of pain. In this way MY is a molecule with analgesic 
potential. The objective of this study was to evaluate the effect of MY on the neuropathic pain 



model induced by partial sciatic nerve ligation (PLS). Wistar rats were submitted to PLS surgery 
and, after 14 days, underwent stereotactic surgery to implant a guide cannula in the dorsal raphe 
nucleus (ND). After seven days, the behavior of these rats were evaluated in the tests of 
mechanical allodynia and hyperalgesia, both in heat and cold. The tests adopted were: von Frey 
(VF), Tail Flick (TF), Hot Plate (HP) and acetone test (AC). These experiments were applied at 
regular intervals of 15 and 30 minutes after treatment. Three concentrations of MY (0.2, 0.02, 
0.002 μg/μL) were used. There are also control groups like sham (Sh) and vehicle (Ve). The 
project was submitted to the Committee of Ethics in the Use of Animals (CEUA) of the 
University of São Paulo - Campus of Ribeirão Preto under protocol 0134/2017. When compared 
to Ve, the MY group presented a significant difference in both the VF (p <0.001) and the TF (p 
<0.001) and HP (p<0.05) groups, showing antinociceptive effect from the first minutes (5 min ). 
In these same tests the effect lasted until the end of the tests (90 min), with only the last time 
(120 min) and peak between 60 and 90 min. The treatments with MY of lower concentration 
showed a more significant effect in relation to the other groups, as well as a more prolonged 
effect Based on the data obtained so far, the lowest concentration (0,002 μg/μL) of MY had an 
antinociceptive effect. In view of these results we can conclude that MY acts in other ways 
besides glutamatergic. 
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Abstract: Premature and ill neonates undergo multiple painful but medically necessary 
procedures while hospitalized. Such procedures are associated with negative neurodevelopmental 
outcomes such as hindered cognitive and motor development, altered cortical rhythmicity, and 



altered cortical thickness. Although opiate drugs are sometimes administered as analgesics, 
problems associated with their side effects, tolerance, and potential dependence compel research 
into alternative pain-relieving medication. Here we tested two plant-derived analgesic 
compounds for analgesia in infant rats: sinomenine, an alkaloid found in the root of Sinomenium 
acutum; and salvinorin A, isolated from Salvia divinorum, In adult animals both sinomenine and 
salvinorin A alleviate hyperalgesia, allodynia, and neuropathic pain, but the mechanisms of 
action of each compound is not understood, and neither has been tested in infants.  To assess the 
effects of sinomenine and salvinorin A on pain during development, we used the formalin and 
thermal plantar tests in 3-day-old (for salvinorin A only), 7-day-old, and 21-day-old rats to 
determine how varying systemic doses of each drug affected the behavioral signs of 
inflammatory pain and acute thermal withdrawal latencies.  In addition, brain sections were 
stained using Fos immunohistochemistry to examine patterns of brain activation in the midbrain 
periaqueductal gray and the paraventricular nucleus of the hypothalamus.  Thermal and formalin 
test results from salvinorin A groups showed no analgesic drug effect at any age or dose (0.05 – 
0.45 mg/kg). Sinomenine treated groups showed an analgesic drug effect in both the formalin 
and thermal tests at 21-days of age.  Multiple comparisons of 21-day sinomenine doses (20, 40, 
80 mg/kg) showed that the high and middle doses reduced nociceptive responses in the formalin 
test and all three doses increased thermal withdrawal latencies. At 7-days of age the highest dose 
was lethal and there was no effect of sinomenin in the formalin test (10, 20, 40 mg/kg). Only the 
highest dose (40 mg//kg) elevated response latencies in the thermal test at this age. Analysis of 
Fos expression in the sinomenine treated animals showed no drug effect, in contrast to the 
behavioral results, although the Fos data are preliminary at this point. Thus, sinomenine might 
act at different sites or by different mechanisms. The increased effectiveness of sinomenine in 
older animals and the lack of a salvinorin A drug effect suggest that the compounds act on sites 
that develop during infancy (sinomenine) or after infancy (salvinorin A). 
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Abstract: Mechanotransduction is the conversion of mechanical stimuli into electrical signals, a 
process crucial for a variety of many biological functions. On a molecular level, the mammalian 



mechanosensitive ion channel Piezo2 has been described to act as a highly sensitive 
mechanosensor in several cell types. Piezo2 is required for mechanotransduction in the 
proprioceptive system and also for mechanoreceptors and touch in the somatosensory system. 
Furthermore it has also been described to be an airway stretch sensor crucial for normal 
respiration. The importance of mechanosensitive ion channels in the human body was revealed in 
clinical studies in which patients with mutations in PIEZO2 were described to suffer from 
Gordon syndrome, Marden-Walker syndrome or Distal Arthrogryposis type 5. Symptoms of 
these syndromes include congenital contractures of hands and feet, ophthalmoplegia, scoliosis or 
cleft palate. In addition, patients with loss of function PIEZO2 mutations display a selective loss 
of discriminative touch perception and proprioception. Although many functions of Piezo2 have 
been described in the adult mouse, there are as yet no thorough studies of piezo2 expression 
throughout development. To better understand the mechanisms underlying the etiology of 
PIEZO2 related diseases we aimed at defining the spatial and temporal expression of Piezo2 in 
the mouse embryo. Using in situ hybridization on embryonic mouse sections we discovered a 
localized and dynamic expression pattern of the peizo2 mRNA. At embryonic day 14 piezo2 is 
strongly expressed in the trigeminal ganglion, the dorsal root ganglia and in a restricted cellular 
population in the spinal cord. As Piezo2 acts as a mechanosensor in dorsal root ganglia its 
expression early on probably correlates with the early onset of mechanotransduction in these 
cells. To further elucidate the fate of piezo2-positive cells we used a reporter mouse line which 
expresses the red fluorescent protein tdTomato dependent on Cre recombinase activity driven 
from the piezo2 locus. First results with these reporter lines indicate a wide spread expression 
pattern for piezo2. The identity of these piezo2-positive cells will be further characterized with 
co-expression studies using different cell type specific markers. Our results suggest expression of 
the mechanically-gated ion channel Piezo2 in a variety of different tissue types throughout 
development. 
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Title: Effects of vincristine on Piezo2 channels and tactile responses of whisker hair follicles 



Authors: *M. SONEKATSU, W. CHANG, H. KANDA, J. LING, J. GU 
Dept. of Anesthesiol. and Perioperative Med., Univ. of Alabama at Birmingham, Birmingham, 
AL 

Abstract: Chemotherapy induced peripheral neuropathy (CIPN) is a dose-limiting factor for 
treating cancers by a number of important drugs including vincristine. Clinical symptoms of 
CIPN include numbness, tingling sensation, and neuropathic pain. The pain aspect of CIPN 
induced by vincristine and other chemotherapy drugs is thought to be due to afferent 
demyelination and axon degeneration induced by chemotherapy drugs. Although numbness or 
loss of touch sensitivity is one of the earliest and most common symptoms of CIPN, mechanisms 
underlying the numbness aspect of CIPN remain poorly understood. The sense of touch is mostly 
transduced by specialized tactile end organs. Merkel disc is a main type of tactile end organ 
located in mechanically sensitive spots of the epidermis including whisker hair follicles. A 
Merkel disc consists of a Merkel cell and an Aβ-afferent fiber. We have recently shown that 
Merkel cells use Piezo2 channels to transduce mechanical stimulation into electrophysiological 
tactile responses manifested as slowly adapting type 1 (SA1) impulses. In the present study, we 
characterized mechanical sensitivity and membrane excitability of mouse Merkel cells. We 
further investigated effects of vincristine on whisker afferent SA1 responses. We found that 
treatment of animals with vincristine resulted in the reduction of Piezo2-mediated mechanically 
activated currents and also the suppression of SA1 impulses of whisker afferents. Our findings 
show that vincristine affect mechanical transduction of Merkel cells to subsequently compromise 
the tactile sensitivity of whisker hair follicles, providing a putative mechanism underlying the 
numbness aspect of CIPN in patients treated with vincristine. 
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Abstract: The role of transmembrane channel-like family member proteins in mechanosensation 
in the inner ear has been well characterized. Although challenges with heterologous expression 
systems have kept the field from definitively demonstrating that these proteins serve as the pore-
forming subunit in the receptor complex, it is well accepted that Tmc1 and Tmc2 are required for 
the transduction of the mechanosensory signal in hearing. However, the role the proteins from 
TMC sub-family A (Tmc1, 2, & 3) elsewhere in the nervous system have been poorly 
characterized. Here, we show that sub-family A Tmc proteins are expressed in the peripheral 
nervous system, particularly in the dorsal root ganglia of mice. Through RT-PCR, we 
characterized the isoforms of the proteins expressed specifically in peripheral tissue and have 
identified at least two different isoforms of Tmc3. Additionally, through immunofluorescence, 
we show that Tmc1 has limited expression in a subset of low-threshold mechanoreceptors and 
Tmc3 is expressed in two different populations, a subset of low-threshold mechanoreceptors and 
A-delta fibers, responsible for thermosensation. Ectopic expression of the mammalian Tmc1 & 3 
in C. elegans neurons confers mechanosensitivity to pairs of neurons that do not usually respond 
to mechanosensitive stimuli. Combining mechano-clamp and whole-cell electrophysiology, we 
are able to test whether Tmc1 and Tmc3 contribute to the mechanical currents in specific subsets 
of known mechano-sensitive neurons in the dorsal root ganglia. We will compare cells from sub-
groups of interest from dissociated wild type, Tmc1 -/-, and Tmc3 -/- ganglia in culture. Using a 
motor-driven glass probe, we will deform the cell body membrane and record whole-cell 
mechano-sensitive currents. Thus, we will present a characterization of the expression and 
function of Tmc1 and Tmc3 in DRG neurons. 
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Abstract: Mechanosensation is essential for various physiological processes, and it is mediated 
by mechanotransductionchannels. Recently, we reported that TMEM150C/Tentonin 3 (TTN3) 



confers mechanically activated currents with slow inactivation kinetics in several cell types, 
including dorsal root ganglion neurons(Hong et al., 2016). The accompanying Matters Arising 
by Dubin, Murthy, and colleagues confirms that naive heterologous cells demonstrate a 
mechanically activated current, but finds that this response is absent in CRISPR-Cas9 Piezo1 
knockout cell lines and suggests that TTN3 is a modulator of Piezo1. We present and discuss 
evidence based on coexpression of TTN3 and Peizo1 and mutant variants of the pore region of 
TTN3 to support that TTN3 is a pore-forming unit, not an amplifying adaptor for Piezo1 activity. 
This Matters Arising Response paper, along with Zhao et al. (2017), addresses the Matters 
Arising from Dubin et al. (2017), published concurrently in this issue of Neuron. 
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Abstract: Little is known about mechanical regulation of morphological and functional polarity 
of central neurons. Here we report that mechanical stress specifically induces varicosities in the 
axons but not the dendrites of central neurons by activating TRPV4, a Ca2+/Na+-permeable 
mechanosensitive channel. This process is unexpectedly rapid and reversible, consistent with the 
formation of axonal varicosities in vivo induced by mechanical impact in a mouse model of mild 
traumatic brain injury (mTBI). By contrast, prolonged-stimulation of glutamate receptors induces 
varicosities in dendrites but not axons. We further show that axonal varicosities are induced by 
persistent Ca2+ increase, disassembled microtubules and subsequently reversible disruption of 
axonal transport, and are regulated by stable tubulin-only polypeptide (STOP), a microtubule-
associated protein. Finally, axonal varicosity initiation can trigger action potentials to 
antidromically propagate to the soma in retrograde signaling. Therefore, our studies demonstrate 
a new feature of neuronal polarity—axons and dendrites preferentially respond to physical and 
chemical stresses, respectively. 
1 
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Title: Sensory afferent coding of non-noxious thermal perception in mice 
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Abstract: Alongside an object’s texture, its temperature gives important contextual information 
to help form an accurate somatosensory percept during active tactile exploration. However, little 
is known about the perceptual thresholds and neural coding of non-noxious thermal stimuli. 
Here, we trained head-fixed mice to report non-noxious warming and cooling stimuli using a 
behavioral paradigm that allows spatial and temporal control of a thermal stimulus delivered to 
the right forepaw and went on to correlate perception with thermal responses of primary sensory 
afferent neurons using a skin/nerve preparation. Mice took 2-3 days to learn to report a 10oC 
cooling stimulus (32 to 22oC), using a small diameter Peltier element (3x3mm), but 1-2 weeks to 
learn to report a warming stimulus of the same amplitude (32 to 42oC). Using a larger diameter 
Peltier element (8x8mm) improved the speed of learning to detect a warming stimulus to 3-4 
days, while cooling was possible to learn in the very first session. Perceptual thresholds reflected 
the difference in learning times with cooling being detected with lower threshold (0.5oC) than for 
warming (1oC). Mice trained to report warming stimuli withheld licking to cooling and cool 
trained mice withheld licking to warm stimuli hinting at segregated neural pathways for warm 
and cool processing. Thermal responses in afferent neurons were mostly restricted to C-fibres 
and reflected behavioural data with robust responses to cooling from ~ 15% of all tested neurons, 
and a weak, but distinct, response to warming in a lower proportion of tested neurons. Our data 



indicate that the sparser coding of warming by cutaneous C-fibres correlates with the low fidelity 
of behaving mice to learn to report skin warming in comparison to skin cooling. 
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Abstract: Introduction: Cold temperatures are sensed by specific cold-activated nerve fibres in 
the somatosensory nervous system. In these fibres, non-noxious cool temperatures around 25°C 
are detected by the menthol-sensitive TRPM8 ion channel, but how lower noxious cold 
temperatures <15°C are detected remains unclear. Previous evidence for a role of one candidate - 
TRPA1 - in noxious cold sensation has been disputed, because genetic deletion of TRPA1 has 
little effect on behavioural sensation of cold1. The sympathetic nervous system is also cold-
sensitive, but does not express TRPM82. Similarly, TRPA1 is expressed in less than 4% of 
sympathetic neurons, which is far fewer than the observed cold sensitivity in >75% of neurons3. 
We sought to determine the mechanism of extreme cold sensation in the somatosensory and 
sympathetic nervous systems, and hypothesized that cold sensitivity may be mediated by 
activation of the STIM-Orai system for calcium entry, which is normally responsible for 
replenishing intracellular calcium stores. Methods: Adult C57BL/6 mouse sensory (dorsal root) 
and sympathetic (superior cervical) ganglia were removed, dissociated using enzymes, and 
cultured on glass coverslips for one day before use. Intracellular calcium levels were measured 
using ratiometric calcium imaging. During recording, neurons were perfused with a cold ramp to 
5°C to test the effect of various Orai channel antagonists on the calcium increase evoked by cold. 
Results: In sympathetic neurons, cold responses were abolished by Gd3+ (1 µM) which blocks 
both CaV and Orai channels. The selective Orai channel blocker YM58483 (3 µM) caused a 70% 
reduction in cold-response amplitude. Furthermore, YM58483 (3 µM) completely abolished cold 



sensitivity in the presence of CaV1 L-type calcium channel blocker verapamil (100 µM). 
Similarly, in the sensory nervous system YM58483 (3 µM) caused a 50% reduction in cold-
response amplitude in neurons that do not express TRPM8, TRPA1, or TRPC5. Conclusion: 
Both the somatosensory and sympathetic nervous system probably use Orai channels to detect 
cold <15°C. Activation of peripheral nerves by extreme cold may trigger cold-induced 
vasodilation, a mechanism responsible for preventing frostbite. References: 1. Bautista DM et al. 
(2007). Nature. 448: 204-208. 2. Smith MP et al. (2004). NeuroReport 15(9): 1399-1403. 3. 
Munns C et al. (2007). Cell Calcium 41: 331-342. 

Disclosures:  T.J. Buijs: None. P.A. McNaughton: None. 

Poster 

310. Somatosensation: Transduction Mechanisms 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 310.08/CC30 

Topic: D.04. Somatosensation: Touch 

Title: Glucosylsphingosine, an endogenous pruritogen in atopic dermatitis, activates serotonin 
receptor 2a and 2b 

Authors: *W.-S. SHIM1, A. RAMSHA2 
1Col. of Pharm., 2Gachon Univ., Incheon, Korea, Republic of 

Abstract: Recent reports claimed that glucosylsphingosine (GS) is highly accumulated and 
specifically evoking itch-scratch responses in the skins of atopic dermatitis (AD) patients. 
However, it was unclear how GS can trigger itch-scratch responses, since there were no known 
molecular singling pathways revealed yet. In the present study, it was verified for the first time 
that GS can activate mouse serotonin receptor 2a (mHtr2a) and 2b (mHtr2b), but not 2c (mHtr2c) 
that are expressed in HEK293T cells. Specifically, effects of GS on all mouse serotonin receptor 
2 subfamily were evaluated by calcium imaging techniques. The GS-induced intracellular 
calcium increase was dose-dependent, and antagonists such as ketanserin (Htr2a antagonist) and 
RS-127445 (Htr2b antagonist) significantly blocked the GS-induced responses. Moreover, the 
proposed GS-induced responses appear to be mediated by phospholipase C (PLC), since 
pretreatment of a PLC inhibitor U-73122 abolished the GS-induced responses. Additionally, the 
GS-induced calcium influx is probably mediated by endogenous TRPC ion channels in 
HEK293T cells, since pretreatment of SKF-96365, an inhibitor for TRPC, significantly 
suppressed GS-induced response. In conclusion, the present study revealed for the first time that 
GS can stimulate mHtr2a and mHtr2b to induce calcium influx, by utilizing PLC-dependent 
pathway afterwards. Considering that GS is regarded as a pruritogen in AD, the present study 
implicates a novel GS-induced itch signaling pathway. 
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Abstract: Key words: Intraoral occlusal conditions, Autonomic nervous activity, Pupillary Light 
Reflex Irregular condition of dental occlusion has been considered to cause autonomic imbalance 
and its associated health problem. Generally, good and bad dental occlusions are defined by the 
canines and the molar teeth contacts dominantly during a grinding motion, respectively. 
However the definition of ‘good dental occlusion’ is still in debate. The aim of the current study 
is therefore to clarify whether the differences in intraoral occlusal conditions affect the 
autonomic nervous activity. Healthy 8 volunteers took part in the study. All subjects had 
excellent oral health and the tested teeth were intact and found healthy by means of clinical and 
radiographic findings. The local ethics committee approved the study. All volunteers gave their 
written informed consent to participate. We measured pupil diameter and pupil light reflex using 
Iriscorder Dual C10641 (Hamamatsu Photonics, Shizuoka, Japan) with simultaneous 
electromyogram (EMG) measurements of the masseter muscle using Multi Channel Telemeter 
WEB-1000 (Nihon Kohden Co., Ltd., Tokyo, Japan). Subjects performed mandibular grinding 
for 30 seconds, which was immediately followed by a recording of pupil light reflex. We 
installed metal overlays into either the canines or the first molars to simulate optimal or non-
optimal occlusal conditions. In addition, subjects performed another run of pupil light reflex after 
grinding with their natural occlusion as control condition. Subjects performed grinding with all 
occlusal conditions in a random order. Analysis were carried out observing the initial pupil 
diameter (D1) and minimum pupil diameter (D2) during the pupillary light reflex. The rectified 
EMG waveform is smoothed with a 5 Hz low pass filter and normalized with Maximum 
Voluntary Contraction (MVC). Two subjects who had no change in the masseter muscle activity 
during grinding were excluded from statistics. We found statistically significant increase in D2 
of the left eye with optimal occlusal condition compared to control condition. Parasympathetic 



nerve activity may be suppressed during grinding with optimal condition. Our results suggest 
that the occlusal condition affect autonomic nervous activity. 
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Title: Connective tissue does not mediate the therapeutic effect of acupuncture 
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Abstract: Acupuncture has been used to treat a variety of disease and symptoms for more than 
2500 years. While previous studies have suggested that acupuncture needle stimulates peripheral 
nerve in acupuncture point to generate the therapeutic effects of acupuncture, some of 
researchers have insisted that connective tissue during needling would initiate acupuncture 
signals.To determine which, nerve or connective tissue, mediate acupuncture effects , we 
developed a twisting acupuncture instrument; TAI which mimicked a twisting-rotating 
acupuncture needle manipulation by acupuncturists and examined the role of nerve or connective 
tissues in generation of acupuncture effects, by pharmacologically blocking nerve or connective 
tissues during twisting acupuncture in cocaine-induced locomotion, hypertension, and colitis 
models. 



When connective tissues were destroyed by by injecting type I collagenase in acupoints, the 
torque force during needle rotation/twisting was declined but acupuncture effects on cocaine-
induced locomotion, hypertension or colitis were not affected, compared to the corresponding 
control groups.On the other hand, pretreatment of bupivacaine, a local, long-lasting nerve 
blocker, into completely blocked the acupuncture effects in cocaine-induced hyperactivity, 
hypertension and colitis rat models. 
Our findings suggest that nerve, but not connective tissue is a culprit in generating acupuncture 
effects. 
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Abstract: Exponential growth of mobile communication has raised concerns on the possible 
health risk to human due to radiofrequency (RF) exposure on human brain owing to its close 
proximity during usage. Alterations in intracellular calcium (Ca2+) concentration could trigger 
aberrant synaptic action or cause neuronal apoptosis, which may exert an influence on the 
cellular pathology in the central auditory brain stem nucleus such as superior olivary nuclear 
complex (SOC). Calcium binding proteins (CaBPs) such as calbindin D28-k (CB) and calretinin 
(CR) are able to bind Ca2+ ions with high affinity. Changes in Ca2+ ion concentrations via CaBPs 
can disturb Ca2+ homeostasis leading to cell death. Inhibitory molecule such a glycine that is 
dominantly localized in the auditory brainstem, play a major role in interplay auditory processing 
along with excitation molecules interaction while the neurotrophic factors like brain-derived 
neurotrophic factor (BDNF) and glial-derived neurotrophic factor (GDNF), which is present in 
the auditory system, are responsible for the maintenance of the auditory neurons. The present 
study applied RF exposure at SAR 1.6 W/kg (E1.6 group) and sham-control 0 W/kg (SC group) 
for three months to determine the distribution of CB, CR, GlyR, BDNF, GDNF and GFAP in the 
mice’s SOC through immunohistochemistry. ABR analysis performed revealed significant 



elevation of threshold in the E1.6 group, which may implicate auditory dysfunction. Significant 
loss of CB and CR IRs in the neuropil as well as cells in the different nuclei of SOC of E1.6 was 
noted. A decrease in the number of GlyR immunoreactive cells was also noted (LSO-36.85%, 
SPN-24.33%, MSO-23.23%, MNTB-10.15%) in E1.6. Neuropil staining with BDNF and GDNF 
IRs in the nuclei of SOC were significantly decreased in the E1.6 while GFAP increased 
significantly when compared with the SC. Decrease in CaBP and GlyR IRs could lead to 
impairment of Ca2+ homeostasis and decrease ability to segregate sounds leading to auditory 
dysfunction while decrement of neurotrophic factors insinuate detrimental effect. The present 
study showed susceptibility of the auditory brainstem region to chronic RF exposure with 
changes in the ABR suggesting a possibility of detrimental effect in the auditory brainstem 
circuit. 
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auditory cortex and counteracts cortical alterations induced by chronic exposure to noise 
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Abstract: Transcranial direct current stimulation (tDCS) is a non-invasive tool capable of 
modulating cortical functions by affecting neuronal excitability and synaptic plasticity. 
Here we investigated the effects of anodal tDCS on structural plasticity of auditory cortex (AC) 
in healthy (H) rats and following noise-induced hearing loss (NIHL). 
Rats were exposed to noise (100 dB, 60 min/day for 10 days), subjected to anodal tDCS over the 
left AC (350 µA for 20 min for two days) starting from 24 h after the end of NIHL paradigm, 
and sacrificed 21 days later for morphological analyses by Golgi-Cox staining and 
electrophysiological field recordings. 



In agreement with our previous report (Fetoni et al., 2013) NIHL decreased spine density in 
layer 2/3 and 5-6 AC pyramidal neurons. Interestingly, we found that tDCS counteracted the 
NIHL-induced spine loss both in apical and basal arborizations. In particular, in NIHL rats spine 
loss in neurons of layer 2/3 was ̴ 30% in apical dendrites and ̴ 40% in basal dendrites, while in 
those exposed to tDCS (NIHL-tDCS) spine density was not significantly different from that of H 
rats (p=0.82). 
Of note, tDCS increased spine density (+20-30%) in apical dendrites of layer 2/3 and 5-6 
neurons in H rats with normal auditory function similarly to what reported following auditory 
environmental enrichment. 
Twenty-four hours after tDCS Bdnf levels in the AC increased both in H and NIHL rats (p=0.01 
and 0.02, respectively). Similarly, the expression of synaptophysin was enhanced by tDCS in H 
(+80%, p=0.01) and NIHL rats (+60%, p=0.04). 
Field recordings were performed from AC slices to assess tDCS impact on basal synaptic 
transmission at layer 2/3 horizontal connections. Comparison of the input-output (I-O) curves 
showed that in NIHL rats the amplitude of field excitatory post-synaptic potentials was 
significantly smaller than in H rats (p=0.01). Interestingly, responses to current pulses were 
significantly increased in NIHL-tDCS group compared to sham-stimulated NIHL rats (p=0.003) 
and I-O curves of NIHL-tDCS rats were similar to those of H rats, suggesting that tDCS 
counteracted the effects of noise on synaptic function. 
Our findings provide novel evidence that anodal tDCS affects structural plasticity in the AC and 
counteracts the detrimental effects of sensory deafferentation. These results widen the horizons 
on brain areas whose plasticity is targeted by tDCS and open the way to the possibility to exploit 
tDCS to treat diseases thought to be related to altered plasticity like tinnitus. 
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Abstract: The inferior colliculus (IC), the midbrain center of the auditory pathway, is a major 
hub for nearly all auditory information coming from the brainstem and a critical station in sound 



processing. To better understand how neural circuits in the IC process sounds, a robust method 
for identifying the different neuron types within the IC is necessary. It is also essential to know 
how identified neuron types function within the local circuitry of the IC and in the ascending 
auditory pathway. So far, it has proven difficult to delineate specific neuron types with standard 
anatomical and physiological techniques. 
Recently we identified a novel class of stellate cells that are labeled in Vasoactive Intestinal 
Peptide (VIP)-IRES-Cre mice. We crossed VIP-IRES-Cre mice with Ai14 reporter mice to drive 
tdTomato expression in Cre-expressing VIP neurons. Fluorescently labeled VIP neurons were 
distributed throughout the central region of the IC with the highest density in the caudal pole of 
the IC. We targeted whole cell recordings to fluorescent VIP neurons in the IC in acute brain 
slices of mice aged 10 to 57 days (median = 28.5 days). VIP neurons had a moderate input 
resistance of 199 MΩ (± 158.5 MΩ), membrane time constant of 13.4 ms (± 7.7 ms), moderate 
to no hyperpolarization activated cation current (Ih) and 88% (82/93) exhibited a sustained firing 
pattern with relatively little spike frequency adaptation (SFA ratio < 2). Post hoc reconstruction 
of recorded neurons showed that VIP neurons have stellate morphologies and all but one had 
spiny dendrites (31/32). 
We are currently using Channelrhodopsin-assisted circuit mapping to identify ascending and 
commissural sources of synaptic input to VIP neurons. Specifically, we inject recombinant 
adeno-associated viruses (rAAV2/5.Syn.Chronos-GFP or rAAV2/1.Syn.Chronos-
GFP.WPRE.bGH) encoding the optogenetic protein Chronos into one hemisphere of the IC or in 
select auditory brainstem nuclei. After allowing the virus to express for 3-4 weeks, we perform 
whole cell recordings from VIP neurons while activating Chronos-expressing inputs with flashes 
of blue light (1 - 10 ms, 3.0 - 14.3 mW/mm²). Activation of commissural inputs elicits a mixture 
of excitatory and inhibitory postsynaptic potentials in VIP neurons. In addition, activation of 
ascending input from the dorsal cochlear nucleus evokes excitatory postsynaptic potentials that 
are often coupled with GABA-mediated feedforward inhibition. 
Together, these experiments identify VIP neurons as a novel subclass of IC stellate cells and 
suggest that individual VIP neurons might integrate input from the dorsal cochlear nucleus and 
the contralateral IC. 
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Abstract: Sensorimotor gating is a pre-attentive neural filtering process that allows our brain to 
suppress irrelevant sensory information, and helps us to focus attention. Patients suffering from 
neuropsychiatric disorders, such as schizophrenia and anxiety, exhibit sensorimotor gating 
deficits that greatly impact their daily lives. Clinically, sensorimotor gating can be measured 
using the prepulse inhibition (PPI) of the acoustic startle reflex task. During PPI in healthy 
subjects, a non-startling sound (prepulse) will inhibit the startling effect of a subsequent startling 
sound (pulse). Previously, in vivo and in vitro animal studies have shown that the brainstem 
caudal pontine reticular nucleus (PnC) is at the core of the PPI pathway, relaying sensory inputs 
from several brain regions directly to spinal and cranial motor neurons. In fact, the PnC has been 
shown to receive cholinergic inputs from the pedunculopontine tegmental nucleus (PPTg). 
Initially thought to be an essential connection for PPI, recent in vivo rat studies suggest that the 
PPTg-PnC cholinergic connection is no longer considered critical for PPI. Therefore, we 
hypothesized that other brain pathways contribute to sensorimotor gating, and need to be 
investigated. The central nucleus of the amygdala (CeA) is another region directly connected to 
the PnC. Interestingly, the CeA modulates PnC neuronal activity, and lesions to the amygdaloid 
complex can disrupt PPI. However, the potential role of the CeA-PnC connection in 
sensorimotor gating remains to be determined. Therefore, here, we investigated the contribution 
of the CeA-PnC connection to PPI in mice using immunohistochemistry and electrophysiological 
recordings paired with optogenetics in acute brain slices (N=7 mice). Our results suggest that the 
CeA sends monosynaptic glutamatergic projections to the PnC. In addition, when the PPI task 
was mimicked in vitro in PnC slices, PPI was modified by the photo-stimulation of the CeA 
inputs. Our results will contribute to better understand the neural pathways underlying PPI, and 
allow us to identify potential therapeutic targets for diseases associated with sensorimotor gating 
deficits. 
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Abstract: The impact of the various states of the thalamus on information transmission to the 
cortex remains poorly understood. This limitation exists due to the rich dynamics displayed by 
thalamocortical networks and because of the inadequate tools available to investigators to 
characterize those dynamics. Herein, we introduce a novel estimator of mutual information 
between spike trains and use this estimator to determine the impact of a computational model of 
thalamic state on information transmission. A limitation of previously employed mutual 
information estimators is their reliance on fixed partitions of spike trains. Therefore, we 
developed a mutual information estimator with an adaptive partition for signals with different 
time scales and used this estimator to compare input spike trains to output spike trains. It was 
observed that this estimator was superior to other mutual information estimators with fixed 
partitions when used to analyze simulated spike train data with different mean spike rates, as 
well as electrophysiological data from simultaneously recorded neurons, since it provided 
estimates that were closer to expected values and trends. When the estimator was applied to a 
thalamocortical model, it was found that thalamocortical (TC) cell calcium T-current 
conductance (T-current) influences mutual information between the input and output from this 
network. In particular, a T-current of about 50 nS appears to produce maximal mutual 
information between the input to this network (conceptualized as an afferent input to the TC cell) 
and the output of the network at the level of a cortical layer 4 neuron. Furthermore, at particular 
combinations of inputs to TC and thalamic reticular nucleus (TRN) cells, thalamic cell bursting 
correlated strongly with recovery of mutual information between thalamic afferents and L4. 
These studies suggest that a novel mutual information estimator using adaptive partitions has 
advantages over previous estimators, and that TRN activity can enhance mutual information 
between thalamic afferents and thalamorecipient cells in the cortex, while the cortex can recover 
mutual information between these thalamic afferents and thalamorecipient cells that is otherwise 
lost due to thalamic bursting. 
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Abstract:   
The inferior colliculus (IC) is an important nucleus of auditory pathway, where all projections 
from ascending auditory nuclei converge, it is also connected with several descending pathways 
that is essential for normal hearing. GABA and glutamate are the major inhibitory and excitatory 
neurotransmitters in the IC respectively and critically involved in the temporal processing of 
acoustical stimuli. The balance between excitatory and inhibitory neurotransmission here is 
crucial for normal hearing. Declining levels of GABA have been found in the auditory region of 
patients and in animal models presbycusis. Earlier, we have reported decline in the number of 
neurons in the cochlear nucleus occurring from 6th decade of life. Therefore in the present study, 
we planned to investigate the changes in the transcription and translation of GAD67 and 
NMDAR1 in human IC at various ages by using quantitative real-time PCR and 
immunohistochemistry that was quantified by unbiased stereology (optical fractionator probe), 
respectively. For this study, 27 human IC were obtained from the mortuary with proper ethical 
clearance and divided into three age groups- 11-30 years, 31-50 years and >51 years (n=9 in each 
group). The 11-30 years’ age group served as control group for comparison with the other two 
groups. We observed a significant decline in the number and expression of GAD67 and 
NMDAR1-immunoreactive neurons and their relative genes in the age group 51 years and above 
(p=0.001). The relative expression of GAD67 and NMDAR1 mRNA in the 31-50 age groups 
were 0.82 and 0.42 (p=0.02) and in the old age group was 0.56 and 0.55 (p=0.02) respectively. 
Hence, the balance between excitatory and inhibitory neurotransmission in IC is altered in the 
human IC with age and this may be affecting the normal hearing leading to pathogenesis of 
presbycusis. 

Disclosures:  I. Pal: None. T.G. Jacob: None. R. Dada: None. D.N. Bhardwaj: None. T.S. 
Roy: None. 

Poster 

311. Auditory Processing: Circuits, Synapses, and Neurotransmitters I 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 311.07/DD6 

Topic: D.06. Audition 



Support: ANPCyT PICT 2013-1003 

 UBACYT 20020130100118BA 

 NIH,NIDCD R01DC01508 

Title: Differential contribution of presynaptic calcium channels to synaptic transmission at the 
mouse medial olivocochlear-outer hair cell synapse at two developmental stages 

Authors: L. VATTINO1, A. B. ELGOYHEN1,2, *E. KATZ1,3 
1INGEBI (CONICET), Buenos Aires, Argentina; 2Facultad de Medicina, Inst. de Farmacología, 
3Facultad de Ciencias Exactas y Naturales, Dpto. de Fisiología, Biología Mol. y Celular, Univ. 
de Buenos Aires, Buenos Aires, Argentina 

Abstract: The mammalian auditory epithelium contains two types of mechanosensory cells, 
inner and outer hair cells (IHCs and OHCs, respectively). IHCs transduce sound stimuli into 
electrical signals that travel to the central nervous system while the OHCs, by virtue of their 
electromotile properties, are mainly involved in sound amplification. OHC electromotility is 
regulated by descending medial olivocochlear (MOC) fibers. The MOC-OHC synapse is 
cholinergic and inhibitory and is mediated by the α9α10 cholinergic nicotinic receptor coupled to 
the activation of Ca2+-activated K+ channels that hyperpolarize the OHCs. During development, 
before reaching the OHCs, MOC fibers transiently innervate the IHCs (from birth to hearing 
onset, postnatal day (P)12 in mice). The ion channels coupled to transmitter release at the MOC-
IHC synapse have been previously described (Zorrilla de San Martin et al., 2010), however, 
nothing is known about the ion channels coupled to this process at the MOC-OHC synapse. 
Using acutely isolated mouse cochleas we show, by whole-cell voltage-clamp recordings in 
OHCs while electrically stimulating the efferent axons, that ACh release is mediated by both P/Q 
and R-type voltage-gated Ca2+ channels (VGCC) at P11-13 and by P/Q- and N-type VGCCs at 
P20-22. In addition, we show that at P11-13, large conductance Ca2+-activated K+ channels (BK) 
are functionally expressed at the MOC-OHC synapse as block by iberiotoxin (200 nM) 
significantly increases release (control 0.16±0.02; Ibtx 0.30±0.05, n=7; p<0.01). Interestingly, 
both the L-type VGCC antagonist nifedipine (3 µM) and the agonist BayK (10 µM) significantly 
increased release (control 0.19±0.06; Nife 0.30±0.07, n=6; p<0.001; Control 0.32±0.10; BayK 
0.66±0.25, n=6, p<0.05). Occlusion experiments with iberiotoxin and BayK indicate that Ca2+ 
flowing in through L-type VGCC is both activating BK channels and partially supporting ACh 
release at P11-13. In addition, after loading the efferent terminals with EGTA-AM the 
contribution of L-type VGCC to release was completely abolished. At P20-22, however, BayK 
decreased release (control 0.47±0.16; BayK 0.22±0.07, n=6, p<0.05), indicating that Ca2+ influx 
through L-type VGCC is only activating BK channels at this stage. These results show that the 
VGCCs coupled to ACh release at the MOC-OHC synapse at P11-13 are the same as those at the 
MOC-IHC synapse at early developmental stages (P4-7; Kearney et al., ARO Abstracts 2014), 
while at P20-22, they resemble those of the MOC-IHC synapse at more mature stages (P9-11; 
Zorrilla de San Martín et al., 2010). Our results suggest that the MOC-OHC synapse is still 
functionally immature at the onset of hearing. 
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Title: A reticular-limbic ascending pathway for transmitting aversive auditory signals 
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Abstract: It is well recognized that in the mammalian brain auditory information is processed 
along a central ascending pathway into the auditory cortex (AC). However, whether there exist 
any major auditory pathways beyond this canonical neuraxis remains unclear. In awake mice, we 
found that neurons in the entorhinal cortex (EC) exhibited auditory responses with so short 
latencies that cannot be explained by a previously proposed relay from AC. Screening input 
sources of EC with combined anatomical/functional tracing, optogenetic and pharmacological 
manipulations, we discovered that EC received auditory input primarily from the medial septum 
(MS). A previously uncharacterized auditory pathway was then revealed: it branched from the 
cochlear nucleus, via caudal pontine reticular nucleus, pontine central gray, MS, and reached EC. 
Interestingly, neurons along this non-canonical pathway all exhibited selective responses to high-
intensity noise, rather than tone stimuli. Such reticular-limbic pathway may be specialized in 
transmitting aversive auditory signals for memory functions. 
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Abstract: Activity-dependent tuning of sensory processing modifies behavior advantageously, 
but the underlying signaling mechanisms remain unknown. Here, we imaged sound-evoked 
neuronal activity in the auditory cortex of awake mice, and discovered that synaptically released 
zinc reduced the gain of sound-evoked responses of layer (L) 2/3 principal neurons and 
interneurons and sharpened sound frequency selectivity of L2/3 principal neurons. In the absence 
of cortical synaptic zinc, mice showed reduced ability in detecting behaviorally meaningful 
signals from their auditory environment, such as changes in sound frequencies. By establishing a 
previously unknown link between synaptically released zinc and auditory cortical processing, our 
findings advance understanding about cortical synaptic mechanisms and create a new framework 
for approaching and interpreting the role of the auditory cortex in normal and pathological 
neuronal processing. 
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Title: Hearing with an oversized inferior colliculus - is bigger better? 

Authors: *A. BURGHARD1, N. MOREL2, D. L. OLIVER1 
1Neurosci., UConn Hlth., Farmington, CT; 2Univ. of Connecticut, Storrs, CT 

Abstract: The inferior colliculus (IC) is a major hub of auditory processing. After different 
aspects of an acoustic signal are processed in the auditory brainstem nuclei, this information 
converges in the central nucleus of the IC (ICC) onto one tonotopic map. According to the 
synaptic domain theory, the inputs from different auditory brainstem nuclei to the ICC cluster in 
specific sub-regions and, thus, form functional zones superimposed on the single tonotopic map. 
These sub-regions may send this information via the thalamus to distinct areas of the core 
auditory cortex with different functions. One approach to the detailed study of function and 
anatomy in the ICC sub-regions is to genetically manipulate the IC during development. In the 
present study, we used a mouse model with an oversized IC. Developed by Dee et al. (2016), 
MEK1 (also referred to as mitogen-activated protein 2 kinase 1, MAP2K1) is overexpressed in 
this mouse in the tectal stem cell zone from which the IC originates. Consequently, the stem cells 
remain in the proliferation stage longer, thus increasing the number of stem cells, but also 
delaying neurogenesis. This results in more, but later developed IC neurons. The gross anatomy 
shows that in all MEK1 mice the IC is massively enlarged compared to littermate controls. We 
tested the hearing thresholds of MEK1 mice using the click-evoked auditory brainstem response 
(ABR) and the amplitude-modulated frequency following response (AMFR). To obtain the 
AMFR audiogram, we used narrow-band noise (0.3 octave) centered at frequencies 2-40 kHz 
and a modulation frequency of 42.9 Hz. We tested 5 and 13 week old MEK1 mice as well as 
age-matched littermate controls. Our preliminary electrophysiological evaluation of the MEK1 
mice showed a diverse phenotype. In comparison to the audiograms of littermate controls, some 
MEK1 mice had an almost normal audiogram, while others showed elevated thresholds. We also 
measured the growth in the AMFR signal amplitude in response to increasing sound level 
intensity. In some MEK1 mice there was a reduced growth function especially close to threshold. 
Interestingly, the hearing threshold did not predict the amplitude growth function or vice-versa. 
We also measured the peak synchrony of the AMFR signal and found that synchrony was 
slightly degraded in most MEK1 mice in comparison to littermates. In summary, our preliminary 
observations of a mouse with a massively enlarged IC suggest that this structural change may 
result in more than one type of alteration in the circuitry of the auditory midbrain and more than 
one hearing phenotype. Bigger may not be better. 
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Title: Principal neurons in the anteroventral cochlear nucleus express cell-type specific glycine 
receptor subunits 

Authors: S. LIN, *R. XIE 
Neurosciences, Univ. of Toledo, Toledo, OH 

Abstract: Cochlear nucleus is the first station in the central auditory system that gates all sound 
information from the periphery. Signal processing in the principal neurons of the anteroventral 
cochlear nucleus (AVCN), including bushy, T-stellate and D-stellate neurons, are modulated by 
extensive inhibition mediated by glycine receptors. It has been shown that glycinergic inhibition 
in AVCN exhibits cell-type specific IPSC kinetics that differentially shapes the neural responses 
of the target cells. However, it remains unclear what glycine receptor subunits are involved in the 
inhibitory transmission to these AVCN principal neurons. In this study, we performed whole-cell 
patch clamp recording in AVCN brain slices from CBA/CaJ mice (either sex), 
electrophysiologically identified these three types of principal neurons, and characterized the 
properties of IPSCs in these neurons evoked by stimulating the inhibitory inputs from the dorsal 
cochlear nucleus. Neurons were filled with Alexa Fluor 488 during the recording, followed by 
fixation of the brain slices and standard immunostaining with primary antibodies against 
different types of glycine receptor subunits, and secondary antibodies conjugated with Alexa 
Fluor 594. Images of the filled neurons and the expression patterns of glycine receptor subunits 
were obtained using confocal microscope. We found that bushy neurons with slow IPSC kinetics 
express glycine receptor alpha4 subunit, whereas both T-stellate and D-stellate neurons that 
show fast IPSC kinetics express glycine receptor alpha1 subunit. The results suggest that the 
differential effects of glycinergic inhibition in AVCN rely on the distinct expression of cell-type 
specific glycine receptor subunits in the principal neurons. 

Disclosures:  S. Lin: None. R. Xie: None. 



Poster 

311. Auditory Processing: Circuits, Synapses, and Neurotransmitters I 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 311.12/DD11 

Topic: D.06. Audition 

Support: the program for Brain Mapping by Integrated Neurotechnologies for Disease Studies  
 (Brain/MINDS) from Japan Agency for Medical Research and development, AMED 

Title: Axonal projection map of auditory areas in the common marmoset 
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Abstract: Auditory processing is important for verbal communication in our social environment. 
In order to study its neural mechanisms in more detail, its anatomical connection must be 
revealed. The auditory cortex in the primate is thought to be divided into three regions: core, 
belt, and parabelt. Each region further contains subregions. As a first step, we aimed to reveal 
axonal projections from the auditory belt regions of a New World monkey, the common 
marmoset (Callithrix jacchus), which has rich vocal communication with other conspecifics. We 
injected an AAV, which works as an anterograde tracer by expressing either green or red 
fluorescent proteins in infected neurons, to three sites in the auditory belt regions of two adult 
marmosets. Each injection site was chosen based on a tonotopy map made by optical imaging 
while presenting auditory stimuli to the animal under anesthesia. After a three week waiting 
period, the animal was perfused and the post-mortem brain was sectioned in a thickness of 50 
um. The sections were served to obtain fluorescent images to examine fluorescently labeled 
axonal projections and processed with myelin and Nissl substance staining to identify brain 
areas. The brain area annotations were based on a marmoset brain atlas (Paxinos et al 2012). 
Each injection site was histologically confirmed in either AL, ML or CL in the auditory belt 
regions. The three belt regions had projections to the entire auditory cortex (core, belt, and 
parabelt regions), except AL case which had a weak projection to the layer 1 of the core region. 
Projections to other areas in the temporal cortex were also prominent, including STR, TPO, FST, 
FSTv and MST (except AL case). The insular cortex, DI, Ipro and Tpro (except ML case) 
received the projections. For the frontal cortex, projections to 12o and A10 (except ML case) 
were commonly found.Thus the AL, ML, and CL regions had projections to similar regions with 



some variation. This tendency in the projection might reflect the auditory processing done in 
each area. 
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Title: Cell type-specific long-range connections of the higher-order auditory thalamus 
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Abstract: Although many traditional anatomical studies have shown the connectivity between 
the higher-order auditory thalamus and other brain areas, data showing cell type-specific 
connectivity for different subdivisions has been lacking. Previous immuno-histological studies 
demonstrated localized expression of two types of calcium binding proteins, calbindin (CB) and 
calretinin (CR), in the higher-order auditory thalamus. Using anterograde and retrograde viral 
tracing in CB- and CR-Cre mice, we found largely distinct cortical and subcortical connection 
patterns for the three subdivisions of the higher-order auditory thalamus: MGBd, MGBm and 
PIN. In addition, although CB and CR neurons exhibited generally similar connection patterns, 
they do show some differences depending on the specific subdivision injected. The most 
significant difference is in their connectivity with subcortical structures. Our results show that, 
due to the localized expression of CB and CR in the higher-order auditory thalamus, diffusion of 
traditional tracers into the first-order part is not an issue anymore. Most importantly, our results 
suggest that CB- and CR-Cre mice can be used as a powerful tool to explore the functions of 
specific pathways between the higher-order auditory thalamus and other brain areas. These 
anatomical findings and potential functional studies will deepen our understanding of the role of 
the high-order auditory thalamus in information processing and animal behavior. 
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Title: Functional topography of raphe-collicular projections: Contributions of dorsal raphe sub-
regions to the inferior colliculus of the mouse 
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Abstract: The ability to process auditory signals in a context-dependent manner is highly 
adaptive and pervasive in vertebrate animals. One mechanism through which mice (Mus 
musculus) are able to add context to acoustic processing is via the release of the neuromodulator 
serotonin into the inferior colliculus (IC) within the auditory midbrain. Serotonin release into the 
IC is context dependent. Levels of serotonin increase within the IC of mice during sexual and 
non-sexual social encounters. Interestingly, within individual sexual encounters, levels of IC 
serotonin relate negatively to the amount of rejection-like behavior male mice receive. The vast 
majority of serotonergic projections to IC arise from the dorsal raphe nucleus (DRN), while other 
raphe nuclei such as the median raphe account for the rest. However, the rodent DRN can be 
broken down into at least 7 anatomically and functionally distinct sub-regions, and whether each 
DRN sub-region projects to the IC is unknown. Elucidating how individual sub-regions 
contribute to serotonergic innervation of IC is the first step in understanding the neural pathways 
that facilitate context-dependent release of serotonin in the auditory system. To this end, we 
injected the retrograde tract tracer Fluoro-Gold (FG) into the IC of CBA/J mice, which were 
perfused 5-7 days post surgery. To test the hypothesis that sub-regions of the DRN differentially 
innervate IC, we visualized neurons immunoreactive (-ir) for FG as well as tryptophan 
hydroxylase (TPH; the rate-limiting enzyme in serotonin production) throughout the extent of 
DRN. We report that FG-TPH co-labeled neurons were localized to several DRN sub-regions, 
specifically the dorsal part (DRd), and the “lateral wings” which includes the lateral DRN (DRl) 
as well as the posterodorsal raphe. Additionally, we found FG-ir neurons that are non-
serotonergic, providing support for the observation that not all modulatory input to IC from DRN 
is serotonergic. Given that DRd and DRl respectively receive projections from distinct forebrain 
and brainstem nuclei, we can begin to establish a network model of how different DRN afferents 
may gate serotonin involvement in auditory processing. 
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Title: Role of Kv1 channels in regulating the excitability and firing patterns of neurons in the 
medial geniculate body 
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Abstract: Potassium channels play a vital role in controlling the threshold and pattern of action 
potential firing in neurons of the medial geniculate body of the thalamus. In other thalamic 
regions, previous experiments have implicated fast-inactivating Kv4 family potassium channels 
(so-called “A-current”) in raising spike threshold and delaying the onset of action potential firing 
during depolarizations. However, other studies suggest that low threshold, Kv1 family potassium 
channels play the dominant role in shaping the timing of firing. Thus the respective roles of these 
channels in medial geniculate neurons remains unclear. To address this question, we performed 
whole cell current-clamp recordings in neurons of the medial geniculate body in the rat auditory 
thalamus (near-horizontal slices, 17 postnatal day animals, 24-26°C). Recordings were made in 
all subdivisions of the nucleus. In a fraction of recordings 1% biocytin was included in the 
pipette solution for subsequent morphological analysis. In response to one second long current 
pulses, medial geniculate neurons typically exhibited a ramping depolarization and a delayed 
onset of action potential firing, the magnitude of which was dependent on the amplitude of the 
stimulus. These delays could be sharply reduced by the injection of 500 ms pre-pulses to the cell 
that produced depolarizations spanning the subthreshold voltage range (max. decrease in delay 
from 332.16 ± 74.3 ms to 57.25 ± 7.8 ms, n=5). This delay to firing was also strongly reduced by 
the application of 80nM -dendrotoxin (DTX), a selective blocker of the Kv1 family of potassium 
channels (Ctl, 332.16 ± 74.3 ms delay; DTX, 159.76 ± 38.6 ms, n=5). While DTX did not alter 
the input resistance of cells significantly, DTX typically lowered action potential threshold to 
more hyperpolarized values and reduced spike afterhyperpolarizations. The slopes of frequency-
intensity curves were steeper in DTX, with firing saturating at lower values of current injection. 
These results indicate that Kv1 channels play a critical role in controlling the excitability of 
neurons throughout the medial geniculate nucleus. Activation of Kv1 channels in responses to 
sound stimuli in vivo would be expected to increase both their frequency selectivity and dynamic 



range, as well as enable medial geniculate neurons to encode a broader range of sound 
intensities. 
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Title: Modularity of intrinsic inputs within the lateral cortex of the mouse inferior colliculus 
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Abstract: The lateral cortex of the inferior colliculus contains a network of modules 
characterized by dense labeling for glutamic acid decarboxylase-67 (GAD-67) and other 
neurochemical markers. Previous studies from our laboratory have shown that the extrinsic 
sensory inputs to the lateral cortex are patterned: somatosensory inputs terminate within these 
neurochemical modules, while auditory inputs target the extramodular regions of the lateral 
cortex. While the topography of extrinsic inputs to the lateral cortex is well defined, the degree 
and directionality of intrinsic connectivity between neurons in this region remains unknown. In 
the present study, we sought to characterize the intrinsic inputs to neurons in the lateral cortex of 
the mouse inferior colliculus and determine if these connections also exhibit modularity. 
Experiments were performed in brain slices from the GAD-67-GFP knock-in mouse, in which 
modular and extramodular areas of the lateral cortex can be clearly distinguished. GAD-67-
positive and GAD-67-negative cells in both regions were recorded from in either a single or 
dual-channel whole-cell voltage clamp configuration while potential pre-synaptic sites 
throughout the ipsilateral colliculus were stimulated using laser photostimulation of caged 
glutamate. Preliminary results include a heterogeneous set of input maps. Presynaptic stimulation 
generated both excitatory and inhibitory responses in cells within the lateral cortex; excitation 
resulted predominately from direct stimulation of the recorded cell, while strong synaptic 
inhibition was seen for the majority of cells. Neurons within modular regions of the lateral cortex 
received inputs primarily from presynaptic sites within a module, while extramodular cells were 
predominately activated from sites outside of the modules. These preliminary data indicate that 



the intrinsic connections within the lateral cortex may also exhibit modularity that is predicted by 
the underlying neurochemical modularity within this structure. Potential interconnectivity 
between modular and extramodular regions of the lateral cortex could have important 
implications for processing of multisensory information in the lateral cortex. 
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Title: A Cre mouse line labeling stellate cells of the ventral cochlear nucleus 
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Abstract: T-Stellate (planar multipolar) cells of the ventral cochlear nucleus (VCN) are 
excitatory neurons that receive frequency specific input from auditory nerve and whose axons 
have wide ranging targets, including local collaterals, superior olive, dorsal cochlear nucleus and 
inferior colliculus. We have been interested in identifying mouse lines that mark t-stellate cells in 
order to perform cell specific anatomical, electrophysiological, and optogenetic studies. Here we 
report an analysis of labeling of t-stellate cells in a somatostatin-cre mouse line. This line was 
crossed to an Ai9 tdTomato reporter to generate mice with tdTomato in cre positive cells. In 
histological sections, labeled cells were observed throughout the VCN, with only sparse somata 
found in the dorsal cochlear nucleus (DCN). This line was then crossed to a GlyT2-GFP BAC 
transgenic line to double label for cre and glycinergic neurons. In the VCN, most cells were not 
double labeled, suggesting that the majority of cre+ cells were excitatory neurons. A few large, 
double-labeled cells were observed, consistent with labeling of D-stellate neurons, a large 
inhibitory projection cell. In the medial nucleus of the trapezoid body (MNTB), an occasional 
calyx of Held was apparent in each section, suggesting that relatively few globular bushy cells 
label. Thus, the majority of tdTomato labeled VCN cells are neither bushy cells nor inhibitory. 
To probe their identity further, we conducted patch clamp recordings on labeled cells in brain 
slices to assess their intrinsic firing properties, and related those results to known properties of 
different VCN cell classes. We found that 81% (71 of 88) of tdTomato+ cells exhibited repetitive 
firing in response to steady inward current steps. Peristimulus time histograms of spike firing in 
these repetitively firing cells closely resembled the chopping profile of t-stellate cells recorded in 
vivo in a variety of species. Dye in injections into cells generally revealed a dendritic layout 



consistent with the t-stellate cell’s narrow band acoustic input and morphology. Finally, dense 
concentrations of labeled boutons were present both in the superior olivary nuclei and in the 
DCN, two known targets of t-stellate projections. Additional observations in this study are that 
an apparently random subset of MNTB neurons are also cre positive, as are a large set of neurons 
throughout the inferior olive. We propose that this line may be of use in virally driven tract 
tracing and functional optogenetic studies of auditory circuitry. 
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Title: Neuronal organization in the inferior colliculus revisited with cell-type dependent 
monosynaptic tracing 
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Abstract: The inferior colliculus (IC) is viewed as the first integration center in auditory 
pathway. It is generally accepted that core IC receives ascending inputs, while shell IC receives 
descending and core inputs, and inputs are combined to innervate groups of neurons. Moreover, 
IC is composed of excitatory and inhibitory projection neurons. 
Here, we utilized the monosynaptic rabies tracing technique, combined with excitatory and 
inhibitory Cre driver mouse lines to characterize the brain-wide inputs to specified IC neuron 
types within specific subdivisions. Furthermore, with the in situ hybridization method, we 
clarified the cell type of commissural inputs on specific cell types. 
First, we uncovered two long-range disinhibitory connections in core and shell IC. The core 
inhibitory neurons received more inhibitory inputs from ventral nucleus of lateral lemniscus than 
excitatory neurons, suggesting this inhibitory feedforward tectothalamic circuit could be 
effectively inhibited. In addition, shell inhibitory neurons received more ascending ventral 
cochlear nucleus inputs than excitatory neurons. Furthermore, inhibitory neurons preferentially 
received inhibitory inputs from contralateral shell IC. We suppose that the candidate neurons for 
multisensory integration of shell IC are subsets of GABAergic neurons. 
Second, with covariance analysis of input nuclei, we found that core excitatory neurons received 



modular ascending inputs, while shell excitatory neurons received the other modular inputs, 
which was composed of descending, neuromodulatory nuclei and contralateral inputs. On the 
other hand, inhibitory neurons received mixed inputs. The differential pattern of inputs suggests 
excitatory and inhibitory neurons play different roles in auditory pathway. 
Lastly, we revealed that shell excitatory and inhibitory neurons both received dominant 
ascending inputs, rather than descending or core inputs. This is consistent with anterograde 
tracing studies which have clearly shown that the deep layer of shell is innervated by numerous 
ascending fibers. Similar with the excitatory neurons between core and shell, within shell, we 
found excitatory neurons which received modular ascending inputs distinct from those received 
other inputs. Together, we suggest that tripartite pathways may exist within IC. Primary 
lemniscal pathway locates within core, secondary nonlemniscal pathway locates within shell, and 
third polysensory pathway locates within shell deep layer. 
This is the first systematic and cell-type defined study on the IC, and lays the foundation for 
further physiological and behavioral experiments. 
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Title: OHC glutamate signaling: OHC VGLUTS and cochlear nucleus neurons activated by 
Type-II afferents in response to sound 
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Abstract: Outer hair cells (OHCs) are critical for normal hearing and work through an 
electromotile mechanism, which amplifies sound and sharpens the frequency tuning curve. 
However OHCs also form synapses with centrally projecting type II afferents and release 
vesicular glutamate. Unlike inner hair cells (IHCs), which clearly show the presence of VGLUT3 
by immunostaining, the VGLUT(s) used by outer hair cells have been more difficult to discern. 
Here we used a number of approaches including RT-PCR, distribution of floxed reporter proteins 
in VGLUT-Cre expressing mice and patch clamp recordings of OHC-type II afferent synapses in 
VGLUT knockout mice to demonstrate that VGLUT3 is the predominate isoform in the OHCs, 
but that VGLUT2 is also expressed at least at early postnatal ages. In addition, we examined the 
distribution of cochlear nucleus neurons activated as a consequence of specifically inducing 
OHCs to signal in response to sound. For this study, we took advantage of a Cre mouse line that 
expresses the recombinase in only IHCs and not OHCs and crossed it to our conditional 
VGLUT3 knockout mice to eliminate VGLUT3 from inner and not outer hair cells. After 
exposure of the mice to a 115 dB SPL broadband noise, we assessed the distribution of c-Fos, a 
marker of neuronal activity, within the cochlear nucleus. Post-hoc analyses of the cochleae 
demonstrate no loss of hair cells or cilia. The study shows the functional recruitment of neurons 
specifically within the granule cell layer of the cochlear nucleus. Data presented here provide 
important new information about OHC-type II afferent glutamate signaling that will aid in 
determining the role of this signaling pathway in auditory function. 
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Abstract: In the auditory cortex (AC), corticofugal projections arise from each level of the 
auditory system and are considered to provide feedback “loops” important to modulate the flow 
of ascending information. It is well established that the cortex can influence the response of 
neurons in the superior colliculus (SC) via descending corticofugal projections. However, little is 
known about the relative contribution of different pyramidal neurons to these projections in the 
SC. We addressed this question by taking advantage of anterograde, retrograde neuronal tracing, 
and optogenetics to directly examine the laminar distribution, long-range projections, 
electrophysiological properties, and thalamic synaptic input of pyramidal neurons projecting 
from the AC to the SC of the mouse brain. Here we show that layer 5 cortico-superior-collicular 
pyramidal neurons act as bandpass filters, resonating with a broad peak at ∼3 Hz, whereas layer 
6 neurons act as low-pass filters. The dissimilar subthreshold properties of layer 5 and layer 6 
cortico-superior-collicular pyramidal neurons can be described by differences in the 
hyperpolarization-activated cyclic nucleotide gated cation h-current (Ih). Ih also reduced the 
summation of short trains of artificial excitatory postsynaptic potentials injected at the soma of 
layer 5, but not layer 6, cortico-superior-collicular pyramidal neurons, indicating a differential 
dampening effect of Ih on these neurons. 

Disclosures:  H. Zurita: None. C. Rock: None. J. Perkins: None. A. Apicella: None. 

Poster 

312. Visual Cortical Streams: Mouse and Primate 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 312.01/DD20 

Topic: D.07. Vision 

Support: NIH Grant EY022428 

Title: Laminar differences in responses to naturalistic texture in macaque V1 and V2 
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Abstract: We recently reported that neurons in V1 and V2 of visual cortex are differentially 
selective to the naturally occurring higher-order statistics of visual textures. Most single units 
recorded from macaque V2 respond with higher firing rates to synthetic texture images 
containing “naturalistic” higher-order statistics than to spectrally-matched “noise” images 
lacking these statistics. In contrast, few single units recorded from macaque V1 show this 
property. To better understand the possible origins of sensitivity to the statistics of naturalistic 
textures, we explored how the strength and dynamics of response vary across the different layers 
of visual cortex. 



We recorded neuronal activity in V1 and V2 of four anesthetized macaque monkeys using a 
laminar probe with 32 contacts spaced 0.1 mm apart. We briefly presented samples from a large 
set of synthetic images matched to the statistics of 32 different ancestral photographic images. 
The stimulus set included noise images, matched only in their power spectra, as well as 
naturalistic textures, matched for a rich set of higher-order statistics. The areal and laminar 
location of recording contacts was estimated from analysis of current source density and 
histology. 
We measured multi-unit and gamma-band activity in response to naturalistic textures and 
spectrally-matched control images. We defined the sensitivity to the difference in response at 
each contact and time point in units of d’. As expected, recordings in V2 showed consistently 
stronger responses to naturalistic texture, and correspondingly robust values of d’. In contrast to 
earlier single unit work, V1 multi-unit activity showed some sensitivity to texture statistics, and 
gamma-band activity showed even higher sensitivity, comparable in magnitude to V2. 
Sensitivity to naturalistic texture in V1 was evident in the upper and lower layers, but weak in 
middle layers, suggesting that it might result from feedback from V2. To test this, we measured 
multi-unit visual response latency, and the time course with which reliable multi-unit sensitivity 
for the naturalistic images emerged. Visual responses were first evident in the middle layers of 
V1, then propagated to upper and lower layers of V1, and then emerged in V2. Texture 
sensitivity emerged 10-30 ms later, first in the upper layers of V2, then in the remainder of V2, 
and finally in V1. 
Our results demonstrate laminar differences in the encoding of higher-order statistics of natural 
texture in both V1 and V2. Response dynamics suggest that sensitivity first arises in V2 and is 
fed back to weakly modulate the firing of individual V1 neurons. 

Disclosures:  R.K. Perez: None. J. Pai: None. C.M. Ziemba: None. L.E. Hallum: None. C. 
Shooner: None. J.G. Kelly: None. J.A. Movshon: None. 

Poster 

312. Visual Cortical Streams: Mouse and Primate 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 312.02/DD21 

Topic: D.07. Vision 

Title: Organization of binocular signals in macaque V1 and V2 

Authors: *L. E. HALLUM, C. SHOONER, J. G. KELLY, R. RAGHAVAN, M. J. HAWKEN, 
J. A. MOVSHON 
Ctr. for Neural Science, New York Univ., New York, NY 

Abstract: The cortical organization of binocular signals is only partly understood. We recorded 
multi-unit signals using a 32-contact linear probe with 0.1 mm contact spacing implanted normal 



to the opercular surface in V1 and V2 of two anesthetized, paralyzed, visually normal macaques. 
We presented large sinusoidal grating patches of optimal orientation and spatial frequency to 
each eye. At 100 ms intervals, we independently randomized patch contrast (0, 50, 100%) and 
spatial phase (0, 45, ... 315 deg). Using responses to 100%-contrast stimuli, we quantified ocular 
dominance on a seven-point scale. We measured relative phase-selectivity by plotting response 
against interocular phase difference and calculating the modulation ratio (F1/F0). To capture 
linear responses to modulations around mean contrast, we pooled over stimulus phase and 
computed the spike-triggered average (STA) of the stimulus appearing in each eye (0, 50 and 
100% contrasts were represented by regressor values -1, 0 and 1, respectively). We also 
computed a spike-triggered average of the product of the regressors representing the stimuli in 
the two eyes, capturing nonlinear interactions of eye signals. We reconstructed the recording 
locations histologically. We recorded from 260 V1 sites and 89 V2 sites. Approximately 75% of 
V1 sites were were binocular and 95% of V2 sites were binocular. Comparing binocular sites, 
V2 was more selective for relative phase than V1. At binocularly activated sites in V1, STAs 
revealed that responses to contralateral eye stimulation peaked, on average, 8 ms earlier than 
those of the ipsilateral eye, whereas in binocular V2 we found no such latency difference. At 
approximately 15% of sites in V2, we observed two response types not seen in V1: stimulation 
of one eye suppressed cortical responses to stimulation of the other eye; and the nonlinear 
response to interactions between signals from the two eyes was comparable in magnitude to the 
linear response to contrast. The diverse patterns of response we have observed presumably 
reflect processes that support specific binocular functions, including stereopsis and interocular 
suppression. 
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Title: Curvature sensitivity of V2 neurons in amblyopic monkeys 
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Abstract: Experiencing binocular imbalance early in life leads to binocular vision disorders and 
often amblyopia. Amblyopic humans show the reduced capacity for judging the relative position 
of a visual target in reference to nearby stimulus elements (position uncertainty) and often 
experience visual image distortion. Abnormal pooling of local stimulus information by neurons 
beyond striate cortex (V1) is often suggested as a neural basis of these deficits. The receptive 
field (RF) of neurons in visual area V2 in normal monkeys is made up of multiple subunits that 
are thought to reflect V1 inputs and are capable of encoding the spatial relationship between 
local stimulus features. We previously found that unlike in normal monkeys, the subunit maps of 
V2 neurons in amblyopic monkeys were severely disorganized: the overall difference in 
preferred orientations and spatial frequencies between subunits were far greater than that in 
normal monkeys (Tao et al, 2013). This discovery suggests that the ability of V2 neurons to 
encode the degree and direction of curved contours in image sub-regions may be compromised in 
amblyopic monkeys. In this study we investigated the sensitivity of V2 neurons to curvature 
(degree and direction) in anesthetized amblyopic monkeys that were reared with chronic 
monocular defocus. We used dynamic dense noise stimuli and a novel analysis method of 
quantifying the neuron’s selectivity to stimulus orientation and curvature (Transform Domain 
Reverse Correlation or TDRC)(Arai et al, 2017). The TDRC computes spike-triggered average 
of stimuli after transforming them into curvature domain. We found that 1) the proportion of 
curvature sensitive neurons driven by the amblyopic eye was slightly lower compared to that 
driven by the fellow eye, 2) the average signal strength and reliability (z-score) of curvature 
sensitive neurons driven by the amblyopic eye was significantly lower than that for neurons 
driven by the fellow eye, 3) although the spatial organization of curvature selectivity within RF 
(subunit map) was generally similar between amblyopic and fellow neurons, the curvature 
selectivity index for each neuron (defined as an absolute value of summed z-scores of all non-
zero curvature subunits divided by the sum of all z-scores) was significantly lower for amblyopic 
neurons compared to that for fellow neurons, 4) there was no difference between “amblyopic 
neurons” and “fellow neurons” with respect to the distribution of preferred direction. These 
results suggest that the curvature sensitivity of V2 neurons is lower for those V2 neurons driven 
by the amblyopic eye compared to that for the fellow eye. 
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Title: Spiking noise in V2 neurons of infant monkeys 
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Abstract: We previously reported that spiking of neurons in visual area V2 of amblyopic 
monkeys is noisy; the square of the coefficient of variation in inter-spike intervals (CV2) and the 
trial-to-trial fluctuation in spiking (m-FF) are abnormally elevated in monkeys reared with 
monocular defocus (Wang et al, 2017). Moreover the noisiness of spiking was stimulus contrast 
dependent and correlated with the level of binocular suppression measured for the same V2 
neurons. These results suggest that interocular decorrelations of cortical inputs by experiencing 
early monocular chronic defocus disrupted the normal maturation of cortical circuitry in V2. 
However, to better understand how abnormal spiking noises emerge in V2 of amblyopic 
monkeys, it is necessary to know how noisy the spiking of V2 neurons is in normal infant 
monkeys around the time when binocular imbalance was introduced in our previous study (3-4 
weeks of age). In this study, therefore, we analyzed the spike trains of V2 neurons in 4- and 8-
week-old ‘normal’ infant monkeys. More specifically, we quantified the spiking noise in 
response to brief (640 ms) sine wave gratings that were optimized for orientation and spatial 
frequency for each neuron and varied for contrast between 0% and 80%. We calculated CV2 and 
mean matched Fano Factor (m-FF) for stimulus contrasts 0%, 10%, 25%, 50% and 80%. We 
found that both the magnitude of spiking irregularity (CV2) and the trial-to-trial fluctuation (m-
FF) was much lower in spike trains of V2 neurons in infant monkeys than those in adult 
monkeys for all stimulus contrasts. Our findings suggest that the enhanced noise in spiking of 



amblyopic V2 neurons in our previous study resulted from ‘active’ disruptions of developing 
cortical connections due to abnormal visual experience instead of passively maintaining 
(‘freezing’) the immature state of cortical connections around 3-4 weeks of age. 
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Title: Three organizing principles for feature selectivity in V2 
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Abstract: Object recognition relies on a series of transformations among which only the first 
cortical stage is relatively well understood. Already at the second stage, the visual area V2, the 
complexity of the transformation precludes a clear understanding of what specifically this area 
computes. Previous work has found multiple types of V2 neurons, with neurons of each type 
selective for multi-edge features. Here we analyze responses V2 neurons to natural stimuli using 
a quadratic convolutional model along with linear and non-convolutional alternatives. We found 
that the quadratic convolutional model outperformed the predictive power of linear model on a 
reserved dataset by a factor of 3.9. The quadratic convolutional models had an average of 7.6 
excitatory and 5.8 suppressive features, with the number of each strongly correlated.Further 
analysis of the models shows three organizing principles. First, the relevant edges for V2 neurons 
can be grouped into quadrature pairs, indicating invariance to local translation. Second, the 



excitatory edges have nearby suppressive edges with orthogonal orientations. Third, the resulting 
multi-edge patterns are repeated in space to form textures or texture boundaries. The cross-
orientation suppression increases the sparseness of responses to natural images based on these 
complex forms of feature selectivity while allowing for multiple scales of position invariance. 
Finally, we could divide the neurons into two subpopulations based on the spread of the 
orientations that excited the neurons. 
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Abstract: The ventral stream areas V1, V2 and V4 are crucial for visual object recognition. 
While V1 responses have been extensively and successfully modeled using a variety of 
approaches, there has been much less success building general models of areas V2 and V4. In 
order to build models that can generalize to any stimulus set, we recorded from neurons while 
awake animals viewed clips of large, full color natural movies. The chronic recordings were 
stable enough that neurons could often be held for several days. This allowed us to collect 
responses to hundreds of thousands (up to over 1 million) distinct movie frames, for hundreds of 
different V1, V2 and V4 neurons. This large volume of data allowed us to fit a highly flexible, 
yet biologically inspired and constrained model to the responses of each neuron. The model 
incorporates insights from the Adelson-Bergen energy model, the scattering transform and deep 
convolutional neural networks. We call this the deep convolutional energy model. A two-stage 
version of the model is used to model V1 and V2. To model V4, the first stage of the model is 
simply repeated to create a three-stage model. In addition, for the V4 model stimuli are 
preprocessed with a log-polar transform to account for the fact that the large receptive fields in 
V4 are warped by V1’s cortical magnification of the visual field. These models are simple and 
interpretable, and predict V1, V2 and V4 responses significantly better than previous models. In 
particular, deep convolutional energy models fit to V1 and V2 neurons stimulated with natural 



movies approach the noise-ceiling of prediction performance. For the first time, a model can 
predict most of the variance in most of the recorded neurons in V1 and V2. In V4, the model can 
not only predict responses to natural movies better than previous models but can also accurately 
predict V4 responses to various types of synthetic curvature stimuli similar to those used in 
previous studies of V4. Furthermore, the models can also be used to interpret the response 
properties of each neuron by generating optimal excitatory and inhibitory stimuli. This allows the 
direct visualization of usually invisible features such as the inhibitory surround. The deep 
convolutional energy model thus presents a unified framework for modeling and understanding 
the ventral stream. 
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Title: Different cell types project from L4B of V1 to V2 in macaque monkey 
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Abstract: Layer (L) 4B of the macaque primary visual cortex includes two morphological types 
of excitatory projection neurons: pyramidal cells, which receive functional inputs from both 
magno- (M) and parvocellular (P) divisions of L4C, and spiny stellate cells, which receive only 



M inputs from L4Ca. Previous studies found that area MT receives 80% of its L4B inputs from 
spiny stellates, while area V2 receives 80% of its L4B inputs from pyramids (Nassi & Callaway, 
2007). As V2 consists of distinct cytochrome oxidase stripes, which receive segregated 
projections from V1 L4B, we asked whether projections to distinct stripes arise from distinct 
L4B cell types. L4B neurons were labeled by injecting a GFP-expressing G-deleted rabies virus 
into either the thick or thin stripes of V1 (n= 6 injections in 5 animals), identified in vivo by 
optical imaging, and the somata and dendrites of 63 cells (42 thick-projecting and 21 thin-
projecting) were fully reconstructed.We found a larger amount of spiny stellate input from L4B 
to both thick and thin stripes than in previous studies, with greater stellate input to thick (55% of 
total) than to thin (40% of total) stripes. This finding suggests a greater M contribution from V1 
to V2 than previously thought and, therefore, to both the dorsal and ventral visual streams, to 
which thick and thin stripes project, respectively. We also measured several morphological 
properties for these cells: soma area, soma perimeter, total dendritic length, dendritic perimeter, 
dendritic area, and dendritic complexity. Unbiased cluster and PCA analyses, using these 
metrics, revealed that both spiny stellate and pyramidal cells separate into 3 different groups 
(small, medium, large). Only the largest stellates showed stripe-type specificity, projecting only 
to thick stripes, and resembling those previously reported to project only to area MT. These large 
stellates constitute only 7% of all the stellate cells we characterized. The other cell groups 
projected equally to thin or thick stripes. Our results indicate that L4B stellate and pyramidal 
cells projecting to V2 each consist of 3 different types differing in size and dendritic complexity, 
but not in their targeted V2 stripe, except for the giant stellates that project only to thick stripes. 
Neurons with different dendritic field sizes and complexity suggest different abilities for 
visuospatial integration, and may correlate with the different known functions of L4B neurons 
including orientation, direction, and disparity tuning. 
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Title: Kv3.1b expression in putative excitatory subpopulations in macaque V2: Quantitative 
laminar investigation of Kv3.1b, PV, and GABA co-immunoreactivity 

Authors: *J. G. KELLY, M. J. HAWKEN 
Ctr. for Neural Sci., New York Univ., New York, NY 

Abstract: The Kv3.1b potassium channel subunit, which facilitates the fast-spiking phenotype 
characteristic of parvalbumin (PV)-expressing inhibitory interneurons, is also expressed by a 
subpopulation of excitatory neurons in macaque V1 that are concentrated in layers 4Cα and 4B. 
It was unknown whether this pattern was specific to V1 and/or to the magnocellular (M) 
pathway. We examined whether there were also Kv3.1b+ excitatory neurons in area V2 and 
quantified their laminar distribution. Parasagittal sections from dorsal V2 of three macaque 
monkeys were immunofluorescence labeled for Kv3.1b, PV, and GABA and examined using 
confocal microscopy and an automated image analysis-based counting method. Densities of 
neurons of each type were measured across cortical depth and compared with overall neuronal 
densities measured previously. Results were compared to our previous observations from V1. 
The GABAergic population comprised 13% of all neurons, lower than previous estimates. 
Across layers 2-6 the proportion of GABAergic neurons ranged from 10-13%. In V2, Kv3.1b 
and PV were frequently co-expressed: 80% of Kv3.1b+ neurons and 88% of PV+ neurons 
expressed both Kv3.1b and PV. In a previous study in V1 we found that Kv3.1b+ neurons 
expressing either GABA or PV almost always co-expressed the other substance. In V2, this was 
often, but not always, the case: 87% of Kv3.1b+, PV+ neurons were also GABA+, and 91% of 
Kv3.1b+, GABA+ neurons were PV+. Kv3.1b+, GABA+, PV- neurons were most frequently 
observed in layers 2 and 3. 
Kv3.1b+, GABA-, PV- neurons were present in dorsal V2 and were largely restricted to layer 3B, 
comprising 4% of the total neuronal population and 34% of all Kv3.1b+ neurons in this 
layer. Many of these neurons could be identified as pyramidal neurons. Therefore, there is a 
population of putative excitatory neurons in layer 3B that are likely to show relatively narrow 
spike widths and that may be capable of high firing rates, the signature of Kv3.1b-expressing 
neurons. The results suggest that both the presence and laminar specificity of Kv3.1b+ excitatory 
subpopulations are not specific to area V1 and may be common across primate cortical areas. 
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Abstract: Layer 1 of the neocortex consists of loosely packed GABAergic neurons scattered 
among apical tufts of pyramidal neurons and horizontally oriented axons. These axons derive 
from the ”matrix” thalamus and other cortical areas. Last year we reported on local inputs to 
these layer 1 cells from lower-layers in slice preparations from the medial secondary visual 
cortex of the mouse brain. Here we study the responses of these cells to stimulation of their 
afferents at a horizontal distance within layer 1 in coronal slice preparations of the medial 
secondary visual cortex. 
Stimulation was achieved via a concentric bipolar electrode placed in layer 1 100 to 500 μm 
lateral to the recording site. Such stimulation evoked biphasic responses in voltage-clamp mode. 
When the excitatory currents were isolated by including the GABAergic antagonist, 4,4'-Dinitro-
stilbene-2,2'-disulfonic acid (DNDS), in the intracellular solution, these currents exhibited 
paired-pulse depression, and they were blocked by application of iGluR blockers (DNQX & 
AP5); further high frequency stimulation failed to evoke mGluR responses in two experiments, 
suggesting that these glutamatergic inputs, whether from thalamic or cortical origin, have 
“driver” properties. In other experiments, inhibitory currents remained in the presence of iGluR 
antagonists and showed pair-pulse depression; these currents were blocked by a GABAA 
antagonist, gabazine. 
A long-lasting excitatory current was revealed after both glutamatergic and GABAergic currents 
were blocked. This current was partially inhibited by a serotonergic antagonist, methiothepine 
maleate (10 μM), whereas muscarinic (10 μM scopolamine) and dopaminergic (10 μM 
clozapine) antagonists had no effect. More experiments will be conducted to study the 
composition of this current. 
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Title: Functional relationship between primary and higher-order visual cortices 

Authors: *R. BELTRAMO, M. SCANZIANI 
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Abstract: The mouse visual cortex consists of a primary visual area (V1) surrounded by at least 
9 retinotopically organized higher-order visual areas which are functionally tuned to specific 
features of the visual scene. Unraveling how information flows between primary and higher 
cortical areas is a crucial step in understanding the mechanisms of visual perception. V1 receives 
retinal inputs through the dorsal lateral geniculate nucleus of the thalamus, and heavily projects 
to higher order visual areas. However, despite the dense projections, the extent to which V1 
actually drives the activity of higher-order cortical areas is a matter of debate. To address this 
issue, we optogenetically silenced the primary visual cortex of awake mice and simultaneously 
recorded, with multichannel electrodes, the visual evoked responses in higher-order cortical 
areas. While the responsiveness of some higher visual areas was heavily affected by V1 
silencing, the activity of others was minimally influenced. These results show that the neural 
activity of higher-order visual cortices differentially relies on V1 inputs. Characterizing the 
source of V1-independent visual information that reaches higher cortices will expand our 
knowledge on potential V1-bypassing pathways in the mouse visual system. 
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Abstract: A prominent question of sensory processing is how information is transformed by the 
neural circuit in order to create perceptions and ultimately guide behavior. Physiological 
recordings from different stages in the circuit can shed light on these transformations, but often 
suffer from using different stimulus sets or experimental paradigms. The Allen Brain 
Observatory is a public dataset of neural activity in the mouse visual cortex created by the Allen 



Institute for Brain Science. Using high throughput 2-photon calcium imaging of transgenically 
expressed GCaMP6f under the control of specific Cre drivers, we have captured the neural 
activity of specific neuron populations in response to a standard set of visual stimuli, including 
gratings, noise stimuli, natural images and movies. To date, we have released over 200 datasets 
collected from neurons in six cortical visual areas using six excitatory Cre lines spanning from 
layer 2/3 to layer 5. Neurons are individually characterized by their spatial receptive field 
structure, their temporal dynamics, and their orientation, spatial and temporal frequency tuning. 
Further, responses to natural images and movies serve to compare the spatial and temporal 
response properties to activity in a more naturalistic context. Using this dataset, we examine 
single cell responses and population coding to explore how the representation of visual 
information changes through the mouse cortical circuit. We observe that many response features 
remain largely unchanged through the circuit, while others show marked changes. For example, 
while the orientation selectivity of neurons measured in response to grating stimuli is largely the 
consistent across distinct visual areas and layers, direction selective responses are more 
prominent in V1 than in the higher visual areas. Similarly, population decoding of natural scenes 
performs better in V1 than in higher visual areas. We will explore these differences in visual 
representation throughout the mouse visual cortex, and consider the implications this has on 
prevailing models of cortical computation in the visual cortex. 
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Abstract: Although it is known that mice have roughly ten distinct visual areas, the specific 
function of each area and interactions between areas remain poorly understood. In this study, we 
used wide-field imaging from awake, head-fixed mice, which transgenically expressed 
GCaMP6f, to segment the entire visual cortex into functionally different areas and investigate 
each areas’ responses to a battery of visual stimuli, including simple drifting gratings (varying 
orientation, spatial frequency and temporal frequency), random moving dots and natural movies. 
Despite the well-known “salt-and-pepper” distribution of orientation preference at a microscopic 
scale in mouse V1, we found a retinotopically dependent mesoscale bias of averaged orientation 
preference and spatial and temporal frequency preferences, in response to drifting gratings. In 
addition, we found higher orientation selectivity in the binocular region. Representation of the 
amplitude and phase of natural movies were biased towards the binocular zone and monocular 
zone respectively. In addition to these conventional input-output characterizations, we also 
applied various machine learning techniques on this dataset to explore its intrinsic structure. 
Specifically, we used supervised Gaussian Mixture Models (GMM) and unsupervised 
agglomerative clustering of Maximum a Posteriori (MAP) model to estimate area borders. The 
generated models in both cases predicted area borders consistent with that of the physiologically 
identified retinotopic map, suggesting that each area had consistent and correlated responses to 
visual stimuli. In another experiment, we observed that spatial temporal change points in the 
visual stimuli correlated well with the change points in the cortical responses. Altogether, by 
integrating tools developed from mouse genetics, large-scale imaging and modern statistical 
analysis, we obtained novel insights into the functional organization of mouse visual cortex. 
These hypotheses are being verified with further experiments. 
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Abstract: The mammalian visual cortex is a mosaic of multiple, distinct areas that communicate 
with each other through the axons of pyramidal neurons. Previous studies in monkeys (Maunsell 
and Van Essen, 1983; Felleman and Van Essen, 1991) and rats (Coogan and Burkhalter, 1993) 
have shown that the laminar termination patterns in the target area formed by these axons depend 
on the hierarchical organization of the connecting areas. The interareal pathways have been 
classified as being feedforward if they transmit signals from lower to higher areas of the cortical 
hierarchy, feedback if they send descending inputs from higher to lower areas, or lateral if they 
belong to the same hierarchical level. Due to the tractability of the mouse model in examining 
cortical circuit physiology and function, constructing the hierarchy of mouse visual cortex is a 
crucial step in understanding how sensory processing is achieved across a distributed neocortical 
system. To do this, we first injected the anterograde tracer, biotinylated dextran amide, into each 
of ten previously identified visual areas, and examined the axonal termination patterns in each of 
the other nine. Areas were identified by the locations of the axonal projections relative to 
retrogradely-labeled callosal landmarks, and by their locations relative to each other. 
Feedforward projections from primary visual cortex (V1) terminated strongest in layers 2 to 4 
(L2-4) while selectively avoiding layer 1 (L1) in each of the target areas. On the other hand, 
feedback projections from each of the higher areas to V1 showed a strong preference for 
terminating in L1 and only weakly targeting L2-4. We therefore reasoned that the ratio of the 
density of axonal afferents in L2-4 to that in L1 (‘density ratio’, DR) would provide for a 
quantitative measure of hierarchical distance between two connecting areas. We generated a 
10x10 connectivity matrix of 80 interareal pathways, which included 37 bidirectional areal pairs. 
A beta regression analysis of all 80 DRs showed that the ten areas occupy seven hierarchical 
levels, with areas POR (postrhinal area) and AM (anteromedial area) at the highest level of the 
hierarchy. We further separated the areas depending on whether they belong to the dorsal or 
ventral stream (Wang et al., 2012), and propose a hierarchy for each stream. Additionally, 
electrophysiological mapping of receptive fields of neurons in each area showed that receptive 
field sizes increase with increasing hierarchical position, indicating that the structural 
organization of cortical hierarchy is consistent with increasing convergence of feedforward 
inputs. 

Disclosures:  R. D'Souza: None. Q. Wang: None. W. Ji: None. A. Meier: None. H. Kennedy: 
None. K. Knoblauch: None. A. Burkhalter: None. 

Poster 

312. Visual Cortical Streams: Mouse and Primate 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 312.14/DD33 



Topic: D.07. Vision 

Support: CSC Scholarship 

Title: Area specialization of feature selectivity in the mouse visual cortex 

Authors: *X. HAN1,2,3, B. VERMAERCKE1,2,3, V. BONIN1,2,3 
1Neuro-Electronics Res. Flanders, Heverlee, Belgium; 2KU Leuven, Leuven, Belgium; 3Vlaams 
Inst. voor Biotechnologie, Gent, Belgium 

Abstract: The mouse visual cortex is composed of primary sensory area (V1) and multiple 
secondary visual areas that receive distinct inputs from V1. So far mouse visual cortical 
responses were probed mainly with drifting grating stimuli. While all visual areas show highly 
selective responses for orientation, selectivity for spatiotemporal frequency differs widely across 
visual areas, indicative of functional specialization. There is little data on how these properties 
impact responses to more complex visual stimuli.We used cellular imaging and visual noise 
stimuli to probe the responses of neurons in layer 2/3 of V1 and four higher visual areas (LM, 
AL, AM and PM) of awake mice. To measure cellular activity, we used Thy1-GCaMP (GP4.12) 
mice, which express the calcium indicator GCaMP6s in a subset of cortical excitatory neurons. 
We stimulated neurons with spectrally-controlled noise stimuli with different peak 
spatiotemporal frequencies and peak orientations. To activate a broad population, we used noise 
stimuli of variable orientation power, ranging from isotropic (non-oriented) to anisotropic 
(oriented).Consistent with previous studies, around 70 percent of spatiotemporally-tuned cells 
showed responses to oriented stimuli. Two-thirds of these cells also responded to isotropic 
stimuli. Surprisingly, over a quarter of tuned cells were driven by isotropic but not anisotropic 
stimuli, showing a strong preference for non-oriented stimuli. Neurons responding to anisotropic 
and isotropic stimuli showed similar spatiotemporal tuning.We used spectral clustering to 
compare response patterns across visual areas. Neural responses fell into broad groups that were 
differentially represented across areas. V1 had the largest fraction of cells tuned to low 
frequencies and of cells responding to non-oriented stimuli. In contrast to V1, higher visual areas 
were comprised of distinctly tuned groups with mixed preferences for oriented or non-oriented 
stimuli. LM had fewer low frequency tuned cells and were biased toward mid frequencies (0.1 
cpd, 2 Hz). A good fraction of neurons in AL and AM were tuned for low spatial frequencies, 
high temporal frequencies (0.025 cpd, 8 Hz). PM was composed of two main groups responding 
to low or high spatial frequencies (0.025 and 0.32 cpd) and low temporal frequencies (1 
Hz).Taken together, our results demonstrate rich feature selectivity and functional specialization 
in the mouse visual cortex. We are currently investigating the circuitry underlying these 
responses. 
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Abstract: Postrhinal cortex (POR) is a higher visual cortical area upstream of the entorhinal 
cortex and hippocampus which is essential for contextual learning and affective responses gated 
by input from the amygdala. We found that POR shows modular organization, in which 
muscarinic acetylcholine receptor 2 (M2) is strongly expressed in repeating ‘patches’ in cortical 
layer 1 (L1) interdigitating with weakly M2-expressing ‘interpatches.’ In primary visual cortex 
(V1), which is also modularly organized, layer 2/3 neurons lying below patches have distinct 
spatiotemporal tuning properties from those lying below interpatches. Here we tested the 
hypothesis that inputs from areas involved in motion and affective processing, rostrolateral 
cortex (RL) and lateral amygdala (LA), target different modules in POR than the dLGN and 
lateral posterior nucleus (LP) which are involved in bottom-up and attention-related processing. 
We first used retinotopic mapping of projections from V1 to POR to determine the location and 
borders of POR relative to M2 expression. Using transgenic mice expressing M2 tagged with 
tdTomato (ChM2-tdT), we found that POR lies within a region of higher M2 expression 
surrounded by areas P, ECT, PORa, LM, and LI. Next, we examined the projection pattern of 
inputs from LA, dLGN, LP, and RL to L1 of POR. LA receives cortical projections driving 
aversive and reward-related behaviors. dLGN provides retinotopically precise bottom-up input to 
L1 of V1. LP, a homologue of the pulvinar, is a higher thalamic nucleus carrying contextual 
information extracted from self-motion and optic flow. RL is an extrastriate area specialized for 
processing motion and is a possible homologue of primate MT. We injected adeno-associated 
virus expressing EGFP, an anterograde tracer, into these four areas to determine the projections 
to L1 of POR. After injections, mice were perfused with fixative and the cortex was removed and 
flattened. Cortices were cleared using the ScaleS protocol, then EGFP-labeled projections and 
ChM2-tdT expression were imaged with confocal microscopy. We found that dLGN and LP 
projections are biased toward targeting patches, with dLGN projections being more patch-



specific. LA and RL inputs to POR more strongly targeted POR interpatches, with LA 
projections showing greater interpatch specificity. These projection patterns demonstrate that the 
patchy organization of POR serves to cluster L1 inputs from specific sets of areas: patches 
receive more inputs from visual thalamic structures (dLGN and LP), while interpatches receive 
inputs from areas related to fear and reward (amygdala) and moving objects (RL). 
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Abstract: Integrating visual information with relative head direction is essential for forming 
coherent representation of environment. For instance, static visual stimuli move in the opposite 
direction when head is rotated whereas moving visual stimuli does not. This can also be seen in 
virtual navigation setups where motor input and somatosensory inputs from head-to-body angle 
changes are coupled with changes in visual stimuli. Indeed, recent studies have reported motor 
activity driven modulation of visual cortex. However, little is known about which cortical 
regions/projections mediate the integration of somatosensory information such as changes in 
head-to-body angle and visual stimuli at mesoscopic level. To identify the regions activated and 
to characterize the dynamics of brain activity, we modulated head-to-body angle in awake, 
behaving Thy1-GCaMP6s transgenic mice while the cortical activity was recorded at mesoscopic 
level. We observed sequential activation of the cortex starting from somatosensory trunk area to 
secondary motor cortex, retrosplenial cortex and visual cortices. Modulation of head-to-body 
angle alone could drive the sequence of activity. However, the activation level was clearly higher 
in secondary visual cortices compared to primary visual cortex. This pattern was dependent on 
the depth of focus. This suggests that secondary visual cortices receive higher level of 
somatosensory input compared to primary visual cortex. We speculate that the selective 
activation of secondary visual cortices in response to head-to-body angle modulation may be 
mediated by the midline brain regions that send disproportionate projections to secondary visual 
cortices 
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Abstract: Understanding the brain requires more than a census of its genes or a catalog of its 
parts--we need to watch it in action as it performs the tasks that give rise to activity and 
perception 
In 2016, the Allen Institute for Brain Science launched the Allen Brain Observatory: the first tool 
of its kind to provide a highly standardized survey of cellular-level activity in the mouse visual 
system. With the data and tools in this resource, researchers around the world are empowered to 
investigate how circuits in the mouse brain process a wide range of visual stimuli. 
The first data released in June 2016 in the Allen Brain Observatory surveyed four areas in the 
mouse visual cortex at multiple depths, sampling more than 18,000 neurons in total. The mice 
were presented with a large variety of visual stimuli to determine the “tuning,” or preference, of 
each individual cell to visual features like motion and shape orientation, as well as complex 
images like natural scenes and movies. Two additional data releases were carried out in 2016 and 
2017, extending the scope of the observatory dataset with the inclusion of new visual areas as 
well as new cre-lines. In addition, we also added new metrics to quantify both previously and 
newly released datasets. 
The Allen Brain Observatory is also a foundational platform for future system neuroscience 
efforts both inside and outside of the Allen Institute. As such, it is essential that we carry out 
careful, iterative and data driven improvements to our operational, software and hardware 
infrastructure. Here we describe some of these improvements along with their supportive 
analysis. In many such instances, we leveraged our access to a large amount of data to capture 
biological variability. For instance, we systematically assessed the eye gaze location to position 
our visual stimulation screen in an optimal location or we leveraged our platform to adjust the 
locally sparse noise stimulation parameters for Higher Visual Areas (HVAs). 



Our final goal is to provide a comprehensive functional characterization of layers, cell types and 
visual areas in the mouse visual cortex. This dataset will provide key landmarks to guide future 
research on cortical computation during behavior task. 
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Abstract: When characterizing the selectivity of visual sensory neurons, an exhaustive sampling 
of all possible stimulus features is not tractable. Instead, one or a few classes of stimuli are 
typically used to characterize specific aspects of a cell’s selectivity, often in an attempt to 
efficiently sample along the presumed principal dimensions of the feature space. Significant 
selectivity within a stimulus class can be illustrated, for instance, through the ability to map 
spatial receptive fields or derive an orientation tuning curve. We investigated the relationships in 
the selectivity of individual neurons across multiple classes of visual stimuli with 2-photon 
calcium imaging in mouse primary visual cortex, including data in the Allen Brain Observatory 
that surveys multiple cre-lines and cortical layers. Although cells are not expected to maintain 
similar feature selectivity across stimulus classes with very different visual statistics (e.g. locally-
sparse noise versus natural scenes), cells would be expected to have similar selectivity across 
stimulus classes that have similar visual statistics (e.g. locally-sparse noise versus static 
gratings). However, we found that the presence or absence of selectivity within one stimulus 
class did not predict whether the same cell would exhibit selectivity within another class of 
stimuli, even in cases where visual statistics were similar across the stimulus classes. We 
explored this phenomenon in detail by comparing the responses of single neurons to locally-
sparse noise and static gratings in order to leverage existing knowledge about the relationship 



between tuning for these two types of stimuli. Surprisingly, we found a substantial fraction of 
neurons that had significant receptive fields as mapped with locally-sparse noise, but lacked 
selectivity among the set of static gratings or failed to respond to them at all. Furthermore, we 
found a substantial fraction of cells that reliably responded to a particular class of stimuli overall, 
such as locally-sparse noise, without exhibiting selectivity among the stimuli within that class. 
Our results highlight important considerations for the design of sensory stimulus sets as well as 
the interpretation of neuronal selectivity within and across stimulus sets. 
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Abstract: How do cell types and connectivity give rise to experimentally recorded responses in 
the mouse visual cortex? A data-driven modeling approach can help dissect the laminar and cell 
type circuit that gives rise to cortical activity. By combining two large-scale data resources, the 
Allen Mouse Brain Connectivity Atlas (http://connectivity.brain-map.org/) and the Allen Brain 
Observatory (http://observatory.brain-map.org/visualcoding/), we develop a framework for 
testing models of feedforward columnar computation. 
We first construct models of neuronal visual responses in dorsal lateral geniculate nucleus (LGd) 
parameterized using data from electrophysiological recordings [1]. The model contains multiple 
cell classes modeled as separable spatio-temporal filters. Cell classes were determined on the 
basis of the spatial profile and temporal kinetics of responses to sparse noise and drifting grating 
stimuli. For each cell-class, model parameters were optimized by minimizing the sum of squares 
of differences between experimental and model response metrics based on these stimuli. This 
model can transform a wide range of visual stimuli into a putative input for primary visual cortex 
(VISp). 
We then construct models of VISp responses; preliminary results indicate that these models can 
be fit to responses from the Allen Brain Observatory when the processing of the early visual 
system is included. A staged approach in which we characterize the set of neuronal responses in 
a population (area and layer) followed by populations which directly receive its inputs can then 



be iteratively applied to the Allen Brain Observatory. Such an approach requires a large sample 
of responses throughout the cortical hierarchy, such as the systematic recordings provided in the 
Allen Brain Observatory. 
[1] Durand, S., Iyer, R., Mizuseki, K., de Vries, S., Mihalas, S., & Reid, R. C. (2016). A 
Comparison of Visual Response Properties in the Lateral Geniculate Nucleus and Primary Visual 
Cortex of Awake and Anesthetized Mice. Journal of Neuroscience, 36(48), 12144-12156. 
http://doi.org/10.1523/JNEUROSCI.1741-16.2016 
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Abstract: Vertigo and motion sickness can be generated by moving visual stimuli in the same 
way that head and body movement can induce vertiginous and motion sickness sensations. The 
same stimuli that induce motion sickness have also been shown to be effective in the habituation 
of motion sickness following repeated exposure to these stimuli. The purpose here is to describe 
the development of a virtual reality head mounted system that can be used to determine spatial 
orientation in the presence of a rotating visual environment. The system was developed using the 
Oculus Rift virtual reality display and the OpenGL graphics API to generate rotating 
environments in three dimensions. The system generates stripes whose width can be set by a 
simple user interface. The speed of rotation of the stripes and the axis about which they rotate 
can also be set through the user interface. The program was developed in Windows using C++ 
together with Oculus Rift 64-bit libraries. The program was compiled and linked using the 64-bit 
open source MinGW compiler. The spatial orientation estimate was determined by having 
subjects give a haptic representation of the spatial vertical by pointing the thumb in the direction 
of the spatial vertical. The Leap Motion hand sensor was used for this purpose since it is capable 
of determining the directions of the finger tips relative to its coordinate frame. Our initial 



investigation in a single subject shows that thumb pointing is stable for at least ten seconds when 
the subject is asked to point towards the spatial vertical. The initial data also suggest that motions 
of the environment induce disorientations, especially in roll. Thus, a virtual reality display and a 
Leap Motion hand sensor can potentially be coordinated to study perception of the vertical in 
static and visual motion environments with the head in different orientations relative to gravity. 
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Abstract: To understand rapid sensorimotor processing underlying a behavior essential to 
survival, we investigated the role of descending interneurons in the control of loom-evoked 
escape behavior in Drosophila. Using the an automated behavioral assay, we performed a neural 
activation and silencing screen across a collection of fly lines targeting specific descending 
interneuron cell types. A subset showed robust escape phenotypes, including seven with 
putatively shared visual inputs. To test whether these neurons are active in the context of loom-
evoked escape, we characterized their visual tuning using in vivo somatic whole-cell patch clamp 
electrophysiology. Recordings show strong excitatory loom responses which suggests that these 
neurons serve as parallel descending pathways to downstream takeoff motor centers that 
coordinate escape. 
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Abstract: Animal early visual systems process primitive information from the photoreceptor 
level to encode higher-level representations of ethologically relevant visual features. It is thought 
that looming motion should be encoded by the early visual system in order to detect imminent 
collision or dangers such as an approaching predator. Recently Wu et al. (2016 eLife) described 
more than 20 different classes of Drosophila visual projection neurons that transmit information 
from the early visual system to higher order brain regions. We here examined looming sensitivity 
in a subset of these visual projection neurons using in vivo two-photon calcium imaging. We 
found that different classes of visual projection neurons encode distinct spatiotemporal features 
of looming motion. Furthermore, we characterized visual response properties on a single cell 
level and found a strong correspondence between an individual neuron’s anatomy and its 
functional properties. Our results suggest that looming motion is encoded by parallel channels in 
the Drosophila early visual system. 
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Abstract: Animals respond to sensory cues in a context-specific manner, an ability that is 
critical for survival. Even innate sensorimotor responses are flexible, such that an identical cue 
elicits different actions in different situations. How the brain achieves this context-dependent 
flexibility is unclear. Here, we describe the sensorimotor pathways controlling visually-evoked 
landing in Drosophila. Landing exemplifies a context-specfic behavior because flies only initiate 
landing actions in response to expanding visual cues if they are flying, and the landing motor 
sequence is suppressed during other behaviors. 
Using patch-clamp recordings, optogenetics and quantitative behavioral analysis, we identified 
the most important components of the landing pathways and their role in extracting visual 
features and controlling the landing motor sequence. We show that descending neurons 
mediating landing integrate visual and mechanosensory cues and control leg extensions in a 
graded fashion while the fly is flying. Our recordings reveal that visual responses in these 
descending pathways are shut down when the fly is not flying. Moreover, we found that this 
gating of visual input occurs via two different mechanisms in two different landing descending 
neuron cell types. Our findings suggest that state-dependent gating of descending pathways is 
one mechanism that controls the brain’s access to different motor networks, thus enabling 
flexible, context-dependent action selection. 
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Abstract: A primary function of a fly’s wings is to produce rapid, agile aerial maneuvers. Yet 
male flies also use their wings to create a precise, species-specific courtship song required for 
reproduction. The patterns of activity in the 12 wing steering muscles during flight and courtship 
must be distinct. However, how potentially overlapping neural circuits in the ventral nerve cord 
drive distinct patterns is unclear. In order to enable the systematic analysis of neural circuits 
underlying flight and courtship song, we created cell-type specific driver lines targeting cells in 
the wing and haltere neuropils using the split-GAL4 system. In split-GAL4 lines, two different 
enhancers each drive the expression of one domain of the split-GAL4 transcription factor. Only 
cells that express both domains generate a functional GAL4 protein and thus drive expression of 
the gene of interest. Well-chosen combinations of enhancers can produce very sparse lines with 
expression limited to one or a few specific cells. To rapidly screen existing enhancer expression 
patterns for potential overlap, we created a library of over 14,000 auto-brightness adjusted 
maximum intensity projections (MIPs) of expression patterns in Janelia Generation 1 GAL4 
lines. These were registered to a common ventral nerve cord template and color-coded to 
indicate the position of each point on the dorsal-ventral axis. We developed a Fiji plugin which 
enables users to draw an area of interest around a cell or neurite, and then uses this mask to 
search the MIP library for GAL4 lines which including matching cells. Depending on the mask 
and settings used, the program can narrow down the search to a few hundred suggested matching 
images (1-3% of the original images), which can then be used as candidates in choosing split 
intersections. Using this system, we have made over 100 split-GAL4 lines targeting sensory 
neurons of the wing and haltere, haltere motoneurons, direct wing muscle motoneurons, indirect 
or power motoneurons, descending interneurons, ascending interneurons, local interneurons, 
bilateral interneurons, and intersegmental interneurons. We are currently using these cell-specific 
drivers to screen for activation and silencing effects on flight or courtship song. 
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Abstract: New genetic methods in Drosophila make it possible to modulate the activity of single 
neuronal cell types. However, the behavioral consequences of such modifications are often 
context-specific, may occur over small temporal and spatial scales, and are sometimes 
incompletely penetrant. One can enhance detection of such behavioral changes by assaying more 
animals, by reducing noise in a given assay (for example, eliminating background behavior 
generated by social interactions), or by monitoring the motor patterns at higher temporal and 
spatial resolutions. Here we present a new, automated apparatus that simultaneously implements 
all three of these approaches to quickly characterize large populations of unrestrained individual 
flies during visual or optogenetically-induced behaviors. As a proof of principle for detailed 
description of behavior, we use flyPEZ to observe the sequence of optomotor behaviors in 
response to a rotating grating, and we characterize the direction of takeoff in response to looming 
disk stimuli. FlyPEZ is also equipped with red LEDs for optogenetic activation of neurons, and 
we show how different patterns of light stimulation affect behavior. Finally, to demonstrate 
flyPEZ’s temporal sensitivity and ability to detect loss-of-function phenotypes, we genetically 
silence visual output neurons and identify a novel phenotype which occurs on a millisecond 
timescale. 
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Abstract: Vision influences behavior, but ongoing behavior also modulates vision in animals 
ranging from insects to primates. The function and biophysical mechanisms of most such 
modulations, however, remain unresolved. We studied how motor-related inputs dynamically 
influence visual signaling in flying Drosophila. We first showed via genetic silencing 
experiments that a network of eighteen identified motion-sensitive visual neurons participates in 
gaze-stabilizing head movements. We then performed patch-clamp electrophysiology to 
comprehensively measure motor-related inputs arriving to these neurons during rapid flight turns 
in tethered, flying Drosophila. We found that the motor-related inputs arrive to all visual 



neurons, but the strength of the input varied systematically across cell types. Why are some 
visual neurons modulated more strongly than others? Insight into this question arose from 
examining each cell’s visual responses to rotational optic flow. We found that the stronger a 
neuron responded to optic flow about the yaw axis, the larger was the measured motor-related 
modulation in that cell. This result supported the hypothesis that the motor-related inputs 
selectively abrogate the yaw stability function in this neural network, while leaving the stability 
function for other rotational axes active. This idea, however, appeared incompatible with the 
body kinematics during turns, which consist of stereotyped banked turns that would induce optic 
flow feedback about all axes of rotations. In order to resolve the paradox, we measured the head 
movements via high-speed videography, while magnetically tethered, flying flies make rapid 
turns. We found that Drosophila attempt to maintain their heads stable along roll axes during 
turns, in agreement with previous studies in freely flying larger flies, which can act to confine the 
effective visual feedback in the yaw rotational axis. Together, our data support the hypothesis 
that these optic-flow sensitive neurons regulate gaze-stabilizing head movements and that motor-
related inputs aim to mute the predicted visual responses to yaw visual motion in this population 
during turns, thus facilitating an anti-stability yaw head movement toward the new gaze 
direction. This work proposes a function for a behavioral modulation of visual processing and 
illustrates how the brain can remove one sensory signal from a neural network carrying multiple 
related signals. 
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Abstract: Sensory to motor transformations in cerebral cortex evolve over both time and space. 
The spatio-temporal properties of cortical processing and contributions of diverse cortical 
regions to sensory-guided behaviors are still under investigation. We recorded wide-field 
calcium (GCaMP6s) activity in mice trained to perform a visual Go/No-Go detection task. Mice 
were trained to lick a reward port in response to a visual stimulus (target) and ignore an auditory 



stimulus (distractor). Mice performed the task well (d’ 1.4 to 3.5) while head-fixed and free to 
run on a wheel. During task performance, we imaged contralateral dorsal cortex transcranially at 
20 Hz. Calcium activity increased first in V1 ~100 ms after target stimulus presentation. Frontal 
cortex was highly correlated with all licking (hits, false-alarms, spontaneous licking). 
Surprisingly, a parietal region spanning trunk/limb somatosensory cortex was active prior to the 
response and was not associated with running or spontaneous licking, suggesting a role in 
decision making. To understand how behavioral and brain state affects task performance, we 
compared running speed, pupil diameter, and pre-stimulus calcium activity on hit and miss trials. 
On average, pre-stimulus calcium activity in parietal and occipital regions was higher on miss 
trials than hit trials, suggesting that high spontaneous activity interferes with the generation 
and/or propagation of sensorimotor representations. The magnitude and timing of activity in 
disparate cortical regions is indicative of the function of these cortical regions during learned 
behavior and may further reveal how sensorimotor transformations occur. 
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Abstract: Animals distinguish between threats and innocuous events using sensory 
computations. Leeches are counter-shaded annelids that are active during the day and are 
therefore themselves vulnerable to visually guided predators. They will often undulate in a 
rhythmic motion with the rear sucker attached, and such "ventilation" behavior may attract 
unwanted attention and render the leech vulnerable. Accordingly leeches suddenly "freeze" when 
a shadow passes over. To characterize this we used small groups of juvenile leeches in defined 
light environments and exposed them to either a decrease in luminosity (shadow, lights-off) or a 
comparable increase (lights-on) using a calibrated green LED. Each of 20 groups received 20 
trials of lights-off and lights-on while individuals (tracked by video) were ventilating. Shadow 
proved a much more effective stimulus (74.6%) than lights-on (16.9%) at inducing a freeze. 
Refinements in stimulus presentation allowed us to determine optimal shadow durations and 
rates of change, suggesting that the system also encodes temporal cues. Since photoreceptors 



produce action potentials in response to lights-on, we hypothesized that there must be discrete 
interneurons selectively activated to encode the "off" response. To examine this we assessed the 
shadow response of a known visually responsive interneuron, the S-cell. There is a well-
characterized S-cell response to lights-on and so we used this feed-forward interneuron as an 
assay for visual activity evoked within the CNS. Examining midbody S-cells using intracellular 
electrophysiology in semi-intact preparations we found that shadows elicited a depolarizing 
response in almost half (48%) of the preparations, sometimes causing spiking. Typically there 
was a barrage of complex depolarizing PSPs with a long, variable latency (200-800 ms), 
consistent with a polysynaptic pathway. This was in contrast to the lights-on response (as the 
shadow was removed) that occurred 100% of the time with shorter, more consistent latency 
(~200 ms). We suggest that there must be interneurons that invert the sign of visual information 
by spiking in response to lights-off stimuli having particular temporal characteristics, and that 
these interneurons then inhibit the ventilation circuitry. Thus, synaptic interactions between 
photoreceptors and interneurons in the CNS may provide substrates for synaptic computation for 
visual feature extraction by a system lacking image-forming eyes. 
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Abstract: New brain-wide data acquisition techniques provide the opportunity to explore how 
activity patterns change over the course of learning complex tasks. We use models of neural 
networks to understand essential changes in the dynamical trajectories of networks during 
learning. We look for evidence of these learning-related changes in brain activity. We train 
models of recurrent neural networks to perform various tasks using reservoir computing [Jaeger 



and Haas 2004, Sussillo and Abbott 2009]. The tasks span from learning a sinusoidal wave 
output to more complicated change-detection tasks that parallel behavioral tasks we use in 
behavioral experiments conducted in mice. We search for common footprints in the altered post-
training dynamics across tasks. To this end we analyze the dominant low-dimensional latent 
variables. First, we find changes in the number of latent dimensions: specifically, fewer 
dimensions are required to explain the bulk of the activity after learning. The correlations 
responsible for this collapse in dimensions, in reservoir computing, are created via feedback. 
They then allow for controlled dynamics, from which we can read the desired output. Indeed, 
correlated activity of single neurons in a specific brain area, while the animal is engaged in a 
task, has been shown to rise during learning [Huber et al 2012, Peters et al 2013]. Here we 
explore this phenomenon in brain recordings that span multiple areas. We train mice to perform a 
visual change detection task and use wide-field calcium imaging to measure mesoscale activity 
across mouse cortex over the course of task learning - from the naïve mouse to expert. Our 
recordings show that higher-order brain areas correlate their activity with the visual cortex in a 
mouse that has successfully learned the task. As our reservoir computing results suggest, the 
input to higher areas is altered, giving rise to correlated activity driven by the stimulus. We 
expect the latent variables that describe the activity to change accordingly as well. 
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Abstract: How we estimate self-motion from optic flow has been an important topic for 
decades. While numerous studies have revealed the computational process underlying our 
perception of self-motion (i.e., vection), less is known on the process underlying our implicit 
visuo-motor control. This is especially the case for walking speed adjustments based on optic 
flow. Several earlier studies on postural response induced by optic flow assumed error correction 
mechanism which minimizes retinal motion (and in some cases retinal motion parallax). 



However, such mechanisms could fail in explaining the walking speed adjustment because 
retinal motion velocities depend on the distances of our surroundings and do not directly 
represent the physical walking velocities per se. Here, to understand how our brain deals with the 
issue, we measured head velocity of participants walking in a virtual corridor. The corridor was 
built upon the HTC Vive system which enables free walking in virtual reality environments. 
When the side walls of the corridor, painted with checkerboard patterns of white and black 
squares, moved occasionally either towards or against the walking direction with a velocity 
proportional to the head velocity, their walking velocity increased and decreased respectively as 
previously been reported. In our first experiment, we measured the walking velocity under 
different velocities (gain of 0.5 or -0.5 or 0.0) and distances (0.5 and 1.0 m) of the same side 
walls (identical checkerboard patterns). Two-factor-repeated-measures ANOVA on average 
walking velocity revealed statistically significant effect of only the physical velocity of the walls 
(but neither of the distance of the walls nor the interaction between the distance and the 
velocity). In the second experiment, we changed the pattern of the near wall so that the spatial 
frequency as well as the area of the checkerboard patterns on the retina closely mimic that of the 
far wall. Furthermore, we had the participants walk with either monocular or binocular vision, 
the order of the two conditions counterbalanced among the participants. In this case, the effect of 
distance was statistically significant in both monocular and binocular conditions, but the effect 
was smaller in the case of binocular vision (statistically significant effect of interaction between 
vision condition and distance). While relevance of depth cues remains rather controversial in 
case of posture control, our findings suggest that the walking speed adjustment based on optic 
flow is robust to changes in distances of our surroundings and that the robustness depends on the 
accuracy of our depth estimation. 
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Abstract: For animals lacking image-forming eyes, the role of visual circuitry in extracting 
visual features remains to be characterized. Our central hypothesis is that two-dimensional pixel 
arrays of simple eyes can be used to extract low-resolution image features. We examined visual 



circuitry of the medicinal leech, Hirudo verbana, to learn how extraction of distributed visual 
input drives adaptive behavior. Hirudo possesses 5 pairs of pigmented cephalic eyecups at the 
margin of the anterior sucker and a distributed, segmentally iterated array of 7 pairs of dermal 
sensilla positioned dorsal to ventral along the central annulus of each mid-body segment. With 
this photosensory input, Hirudo discriminates between green and near ultraviolet (UV) light and 
rotates to minimize ventral, but not dorsal UV exposure. We argue that the distributed array of 
dermal sensilla can act as a “spectral statocyst” to maintain 3-D body position. Combining light 
stimulation with extracellular recordings, we characterized sensillar responses across wavelength 
and luminosity to determine the contribution of primary sensillar photoreceptors in 
discriminating spectral information. Ventral sensilla appeared to be preferentially narrowly 
responsive to UV light, while dorsal sensilla were more broadly responsive to green light. 
Therefore, we suggest that spatially discrete spectral contrast information is established at the 
primary sensory level. Interactions between sensillar axons and interneurons in the CNS may 
form the substrates for synaptic computation and extraction of visual features that inform 
behavior. Considering the location-specific spectral sensitivity documented in the S-cell, we 
predicted that intracellular inspection of select paired and unpaired visually sensitive CNS 
neurons would reveal receptive field patterns that reflect the asymmetrical rotation to reduce 
ventral UV exposure. To determine if the response properties of these neurons can be modulated 
by exposure to specific wavelengths from spatially constrained inputs, we are comparing their 
electrophysiological profiles in leeches having all input pathways with those in animals receiving 
constrained stimuli (i.e. unilateral ventral or dorsal input). Coupled with a similar 
characterization of motor and premotor neurons that may coordinate body rotation, receptive 
field properties of the neurons characterized herein should reflect the observed asymmetric 
rotational behavior and facilitate information circuit identification in the leech visual system. 
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Abstract: The advanced genetics, short life cycle and anatomy of its compound eye make the 
fruit fly a perfect model to study visual processes. Histamine (HA) is released at Drosophila 
photoreceptor terminals. Most is recycled, depending on two enzymes: Ebony, expressed in 
surrounding epithelial glia, where it conjugates HA with β-alanine to form β-alanylhistamine 
(carcinine); and Tan in photoreceptors, which mediates hydrolysis of carcinine to liberate HA 
and β-alanine. Mutant tan and ebony have abnormal electroretinograms (Hotta & Benzer, 1969); 
both also have significantly reduced head HA (Borycz et al., 2002). Phototaxis paradigms have 
been widely applied to Drosophila, conveniently simple methods that complement molecular and 
biochemical techniques. Our goals were to assess: 1) whether tan and ebony, known to recycle 
histamine abnormally, can still detect light; and 2) the effect of a HA supplement on phototactic 
behaviour. We used wild-type Oregon R; hdc, which is unable to synthesize HA; tan and ebony. 
Phototaxis was measured using a T-Maze and two illumination paradigms: 1) a light/dark choice; 
and 2) a green/blue choice using 525 nm and 467 nm LEDs. Wild-type flies mostly explored the 
lit arm (72%) in a light/dark choice; only 22% entered the dark arm and 6% remained in the 
loading chamber. In a green/blue choice 62% of wild-type chose the blue-lit arm, 20% the green-
lit arm, and 18% remained in the loading chamber. In hdc, which cannot synthesize HA and is 
reportedly blind, 67% of flies remained in the loading chamber in a light/dark choice; only 17% 
and 16% explored either lit or dark arm. In a green/blue choice, the number of immobile hdc flies 
increased to 85%; only 5% and 10% entered either green or blue arm, respectively. tan showed 
some phototactic behaviour entering either the lit- (33%) or dark- (24%) arm, the remaining 43% 
being immobile, whereas ebony had 43, 5 and 52%, respectively. In a green/blue choice 31% of 
tan entered the green arm, 45% the blue and 24% remained inside the loading chamber. 
Corresponding numbers for ebony in the same task were 15, 48 and 37%. A 5% HA supplement 
for 24 h completely rescued-wild type phototactic behaviour in hdc either in a dark-light 
paradigm or a blue/green choice. The same treatment increased by 12% the number of wild-type 
entering the lit-arm with a parallel reduction of flies entering the dark-arm. Drinking 5% HA 
improved T-maze performance in tan whereas it was a median lethal dose for ebony, with 
approximately 50% flies dead after 24h access to HA. Thus, despite lacking HA recycling, tan 
and ebony still show some phototactic responses, possibly from de novo HA synthesis. 
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Title: Processing of passive and motion-induced visual percepts in the rat dorsomedial striatum 
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Abstract: One of the inevitable gains of the evolutionary development of vision is the capacity 
to detect moving objects. The utility is two-fold: the concordant shift of the elementary visual 
features reflects the voluntary or involuntary movement of the observer and discordant changes 
can be identified as independently moving ‘third party’ objects. Making a distinction between 
these percepts and recognizing the moving prays or predators are essential for survival. Such 
sensory information allows focusing the attention, adapting behavior and adjusting the motor 
patterns; however, we have very scarce knowledge on how the appropriate motor output is 
generated by integrating the sensory information. Motor habits and action selection are often 
associated with the basal ganglia, and especially the striatum. This process requires continuous 
monitoring of ongoing behavior to provide its meaningful interpretation, but the nature of the 
striatal multisensory integrative functions during dynamic behavior is still largely unknown. 
In the current set of experiments, we set out to decipher that which aspects of the visual 
information are reaching the dorsomedial caudate nucleus (CPu) of freely moving rats. We also 
explored how these inputs shape the activity of the striatal neurons by simultaneously performing 
large-scale high-density extracellular recordings in the CPu and in the visual cortex, while the 
animals perform various behavioral tasks involving visual stimulation. We found that fast-
spiking interneurons are particularly sensitive to visual motion, and this sensory information may 
have a cortical origin. Our data show that besides the presence of space and reward related 
activity, discrete gamma bursts generated by the visual cortex also appear in the CPu with a few 
tens of ms delay, and modulate the firing patterns of the same striatal neurons. 
Consequently, our results suggest that the CPu acts also as an integrator, and adjusts the 
procedural motor functions by the internal representation of the past experiences and the present 
circumstances. 
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Title: Generalization of rat spontaneous behavior between real world and virtual reality 
environments in a CAVE experimental setup 
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Abstract: Virtual reality (VR) experimental behavior setups enable cognitive neuroscientists to 
study the integration of visual depth cues and self-motion cues into a single percept of three-
dimensional space. Rodents can navigate a virtual environment when locomotion is simulated by 
running on a spherical treadmill; however, two-dimensional navigation is markedly reduced 
when their ability to turn freely is restricted. Besides making movement more difficult, this 
reduced exploration may also stem from sensory conflict between the visual and vestibular 
systems, as head translation produces no change in the visual perspective of the virtual 
environment. In humans, vestibulo-visual conflict reduces the subject's immersion in the virtual 
environment and produces sensations of nausea. Updating the virtual environment via the 
subject's head movements solves both the vestibulo-visual and sensorimotor conflict issues, 
however, and in 2014, we demonstrated the utility of real-time VR via rodent head tracking in a 
proof-of-principle CAVE system. Here, we show that these freely-moving rats demonstrate 
immersion in virtual environments by displaying height aversion to virtual cliffs, exploration 
preference of virtual objects, and spontaneously modify their locomotion trajectories near virtual 
walls. These experiments help bridge the classic behavior and virtual reality literature by 
showing that rats display similar behaviors to virtual environment features without training. 
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Abstract: Sensorimotor behaviors are strongly influenced by the behavioral state of an animal. 
In this study, we demonstrate that exposure to a strong low frequency stimulus results in a 
transient inhibition of locomotor activity, which persists for 1-2 min after cessation of the 
stimulus. The magnitude of inhibition and its recovery time are both stimulus-dependent. During 
the inhibitory period, selective auditory and visual escape responses are also suppressed, 
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suggesting that this is a novel behavioral state in zebrafish. Inhibition is abolished by prior bath 
application of 300 mM ethanol, and the inhibitory effect is exaggerated after ethanol washout. 
We also demonstrate that this effect can be disrupted by ablating the lateral line neuromasts, but 
disruption of the visual or auditory/vestibular systems has no effect. In order to identify the 
neural substrates mediating this inhibitory state, we utilized a circuit breaking screen using a 
library of gal4 enhancer trap lines. We identified a gal4 line, Et(REx2-SCP1:kGal4ff)y318, 
which labels cerebellar neurons that co-express vglut2a and gata1, suggesting that these are 
glutamatergic granule cells. Genetic ablation of these cells results in a ~33% reduction of 
inhibition after stimulus presentation compared to controls without affecting baseline locomotor 
activity. However, ablation does not alter the decreased sensory escape responsiveness during the 
inhibitory state, and recovery time is also unchanged. Further investigation will explore the role 
of these neurons in the zebrafish cerebellum in processing lateral line information and regulating 
this novel behavioral state. 
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Title: Sensori-motor processing during heat perception in larval zebrafish 
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Abstract: Thermosensation provides us with crucial information about our environment. It 
allows us to judge whether the drink we are holding has a pleasant temperature, while sensing 
noxious heat or cold enables us to avoid dangerous environmental conditions. While temperature 
sensation is well understood at the cellular-molecular level, especially in vertebrates fairly little 
is known about central processing of heat information. 
The larval zebrafish is an ideal model to identify temperature processing centers and strategies in 



the brain. Like most other animals, larval zebrafish need to avoid extreme hot and cold to 
maintain a suitable internal temperature. Indeed, from five days post fertilization zebrafish 
readily navigate thermal gradients seeking out a suitable temperature range. To understand the 
sensori-motor transformations underlying temperature sensation we previously used random 
white-noise stimuli to characterize heat perception in larval zebrafish (Haesemeyer et al., Cell 
Systems, 2015). This approach revealed that zebrafish modulate swimming by integrating 
temperature information over short timescales and that both changes in temperature and absolute 
heat levels influence swim initiation. 
Using brain-wide functional calcium imaging in head-restrained larval zebrafish we have now 
identified stereotyped responses related to temperature processing in the central nervous system. 
Our data indicate that temperature is represented in the brain on different timescales from very 
slow dynamics on the order of minutes in the pre-optic area to quickly adapting neurons in the 
hindbrain. 
At the periphery, trigeminal sensory neurons detect fluctuations in external temperature and 
encode these in ON and OFF channels. While temperature representation in the trigeminal 
ganglion is simple and highly correlated, responses in their hindbrain target area become highly 
diversified. This decorrelation of responses seems to underlie the generation of behavioral output 
by hindbrain motor centers and is hence a critical step in the sensori-motor transformation. 
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Abstract: Vision is the primary sense that many animals use to develop a dynamic map of the 
surrounding environment. Visual information is interpreted through guidance algorithms that are 
specific to different modes of locomotion. For example, recent studies with flying birds have 
revealed that, like in humans, visual motion (specifically, pattern velocity) is interpreted 



differently when stationary (i.e., hovering) than when moving forward. During hovering flight, 
hummingbirds drift to compensate in relation to the magnitude of pattern velocity in all three 
major axes. During forward flight, these animals ignore fore- and aft- pattern velocity with 
respect to flight trajectory, but will adjust altitude to compensate for vertical pattern velocity. 
The lateral aspect of trajectories for forward flight control are more consistent with a guidance 
strategy based on balancing visual expansion. The ability of birds to smoothly transition between 
forward and hovering flight when docked at a flower requires a shift in visual guidance strategy 
that reflects changes in behavior and in neural signals. How animals control locomotor 
transitions to accomplish complex movements is not well understood. As a first step to 
determining the neural mechanisms underlying smooth transitions between locomotor modes, we 
investigated the flight trajectories of hummingbirds with the sequence: takeoff, cruise, 
deceleration, and hovering. Experiments were performed in a virtual reality tunnel that allowed 
for separate stimuli on the sidewall and frontal field. We systematically tested the combined 
effects of visual pattern velocity and expansion cues on flight mode transitions. Flights were 
tracked using machine vision that permitted automated tracking of body position and velocity. 
Collectively, the results reveal how and when hummingbirds shift their use of frontal and lateral 
cues as they transition between flight modes. These results are interpreted relative to the well-
described circuits between the avian retina and pre-motor areas. 
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Abstract: We performed simultaneous Purkinje cell whole-cell patch-clamp recordings and 
calcium imaging obtained from 16-23 day-old mice cerebellar slices. We induced parallel fiber 
to Purkinje cell long term depression (LTD) in voltage clamp mode by pairing parallel fiber 
stimulation and somatic depolarization. We measured the changes in intracellular calcium in 
response to climbing fiber stimulation before and after LTD induction. We found that the 
calcium response to climbing fiber activation increases in regions near and around the synaptic 



LTD induction site, while dendritic regions far from the conditioning site are not affected. 
Furthermore, this enhanced calcium response after LTD induction are localized in spiny 
dendrites, but not in smooth main dendrites, even when they are in close vicinity to conditioning 
sites. Thus, our results show that the climbing fiber evoked calcium response increases in spiny 
dendrites around the synaptic LTD induction site. Given the dependence of synaptic plasticity on 
calcium concentration, this could facilitate synapses that underwent LTD to reach the threshold 
for further synaptic plasticity. 
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Abstract: The cerebellum is important for maintaining balance, for generating co-ordinated 
locomotion and for motor adaptation and learning. Purkinje neurons in the cerebellum are critical 
for cerebellar function yet how they shape cerebellar output is not yet clearly understood. We 
recently established that Purkinje neurons in vivo exhibit membrane potential bistability. In the 
‘up state they generate sodium spikes tonically, interspersed with calcium spikes while in the 
‘down’ state, they are quiescent and fire bursts of sodium action potentials. Yet, how such single 
neuron dynamics like membrane potential bistability is used by the whole population of Purkinje 
neurons to influence behavior remains unknown. We wanted to address this question by using 
calcium imaging to monitor populations of Purkinje neurons during behavior. Specifically we 
wanted to ask whether Purkinje neurons switched mode during motor episodes. For this, one first 
needs to establish the relationship between calcium signals recorded optically and membrane 
potential. Therefore, we first performed combined imaging and whole-cell patch clamp from 
single Purkinje neurons. We observed that the optical signals corresponded to calcium spikes in 
the up state and bursts in the down state. These results demonstrated that calcium imaging in 
Purkinje neurons yields information regarding different types of cellular signals, depending on 



the membrane potential of the neuron. We also discovered that calcium spikes in the up state and 
bursts in the down state were driven by CF input and also correlated with motor bout initiation. 
As such the GCaMP signals in Purkinje neurons faithfully follow the motor code. We next 
monitored fictive swim episodes during open loop optomotor responses (OMR) while imaging 
populations of Purkinje neurons in their somata and dendrites. We report interesting spatio-
temporal dynamics within ensembles of these neurons during sensory stimulus and motor 
activity. Taken together, our results show that Purkinje neurons represent motor bouts using two 
modes (tonic spiking vs. bursting) depending on their membrane potential. Thus bistability in 
Purkinje neurons seems to endow them with an additional degree of freedom for the 
representation of motor outputs. 
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Abstract: The cerebellum is known to play a crucial role in motor learning. Purkinje cells (PC) 
give rise to the sole output of the cerebellar cortex and are therefore pivotal in this process. PCs 
can fire two different types of spikes: simple spikes (SS) in response to parallel fiber (PF) 
stimulation and complex spikes (CS) as a result of climbing fiber input. The CS is a multi-
component response that includes a burst of sodium spikes at the soma and a dendrite-wide Ca2+ 
transient. A classic theory of cerebellar function postulates that CFs carry instructive signals to 
PCs that guide learning. However, recent findings indicate that learning may occur independent 
of CF activity suggesting the existence of other candidate instructive signals. To study the 
mechanistic basis of instructive signaling, we used the vestibulo-ocular reflex (VOR), a 
compensatory eye movement in response to head motion that is subject to re-calibration through 
cerebellar-dependent plasticity. We used optogenetics to selectively manipulate PC activity 
during vestibular stimulation and probe for the consequences of this activity by examining the 
gain of the VOR. Using several techniques to induce PC activity either with or without dendritic 



Ca2+ influx during vestibular stimulation, we found that PC activity associated with dendritic 
Ca2+ was sufficient to induce a change in VOR gain after repeated pairing with vestibular 
stimulation. However learning did not occur when Purkinje cells were activated without a 
dendritic Ca2+ transient. Our results suggest that Ca2+ influx in PC dendrites is a key component 
for learning and point to PC dendrites as the initial site of plasticity as predicted by early 
theories. 
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Abstract: The synaptic properties of Purkinje cell dendrites will contribute to the effectiveness 
of converting climbing fiber (CF)-mediated complex spikes into meaningful instructive signals 
that guide motor learning. Molecular layer interneurons (MLIs) inhibit Purkinje cell dendrites yet 
their role in modulating dendritic excitability related to climbing fiber instruction is poorly 
understood. Using optogenetics to precisely control MLI output, we found that molecular layer 
inhibition potently diminished dendritic Ca2+ spiking in Purkinje cells evoked by CFs. Because 
Ca2+ spikes provide the biochemical trigger for inducing long-term depression (LTD) at 
coincidently active parallel fiber synapses, suppressing CF-mediated Ca2+ influx prevented LTD 
and, instead, revealed opposite direction plasticity indicative of multiplexed instructive signaling 
through distinct mechanisms. To evaluate the effect of ML inhibition on CF-mediated learning 
we used a dual-color optogenetic approach allowing for the independent actuation of both MLIs 
and CF. Examining for adaptation of the vestibulo-ocular reflex (VOR), optogenetic activation of 
CFs in the flocculus during vestibular stimulation in the dark could be used to implant an 
artificial motor memory resulting in a long-lasting learned increase in the VOR. Interestingly, 
when MLIs were co-activated with CFs, learning occurred in the opposite direction; there was a 



decrease in eye movement relative to head rotation. These findings point to a potential profound 
role for MLIs in directing (or ensuring) the accuracy (or appropriateness) of learning through 
their potent influence on Purkinje cell dendritic excitability and plasticity. 
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Abstract: Climbing fibers (CFs) are the axons originating from excitatory neurons in the inferior 
olive that provide instructive signals driving cerebellar-dependent motor learning. CFs are 
activated by erroneous movement or unexpected sensory activation providing error feedback to 
Purkinje cells (PCs) in cerebellar cortex and triggering plasticity that makes way for a learned 
motor response to be expressed. CFs exhibit variable, high-frequency bursts of 1-6 action 
potentials, yet the consequence of this variable activity has been largely ignored. This is due to 
the fact that even a single action potential can produce a massive all-or-none postsynaptic PC 
response. Recent evidence suggests CF burst size may encode parametric features of a sensory 
stimulus and possibly determine the speed and direction of learning. However, in previous 
studies, CF burst size has been inferred based on PC recordings, which may be affected by 
factors other than CF activity, such as non-CF inputs into and the intrinsic excitability of the PC. 
Using calcium (Ca2+) imaging to directly measure CF activity in awake mice we show that CF 
burst size serves multiple functions. CFs differentiate unexpected sensory events from 
spontaneous activity by increasing burst size. During eyeblink conditioning, CFs are initially 
more reliably responsive to the unconditioned stimulus (US; air puff) before learning occurs, but 
switch to become more reliably responsive to the conditioned stimulus (CS; a light) as learning 
progresses. As the switch to become primarily CS-responsive occurs, the magnitude of Ca2+ 
transients increases, whereas repeatedly presenting only the CS (unpaired) results in a decrease 
in the magnitude of CF Ca2+ transients. These data suggest that CF burst size serves multiple 



functions: to encode unexpected sensory stimuli, provide positive error feedback, and to attach 
saliency to cues that reliably predict aversive stimuli presentation. 
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Abstract: One remarkable question in neuroscience is how the brain stores novel information 
from the environment and makes modification in behavior. Of interest, many implications reveal 
that the activity-dependent plasticity of synaptic efficacy and intrinsic excitability underlie the 
learning rule. The long-term depression (LTD) at the parallel fiber (PF) and Purkinje cell (PC) 
synapses has been found to be cellular basis of the cerebellum-dependent motor learning. In 
order to transfer information formed at cerebellar cortex to the postsynaptic regions such as the 
vestibular nuclei (VN) and the cerebellar nuclei (CN), the activity-dependent changes in the 
intrinsic excitability might be manifested for appropriate signal transduction within motor-
learning circuitry. Here, we show that pairing of the PF and climbing fiber (CF) for PF-PC LTD 
induction evokes long-term depression of intrinsic excitability (LTD-IE) in the cerebellar PCs 
from male C57BL/6 mice. Interestingly, this intrinsic plasticity showed different kinetics from 
synaptic plasticity, but both forms of plasticity share Ca2+ signaling and protein kinase C (PKC) 
pathway as their underlying mechanism. While small-conductance Ca2+-activated K+ channels 
(SK channels) play important roles in long-term potentiation of intrinsic excitability (LTP-IE), 
no direct implication was found in LTD-IE. After PF-PC LTD induction, neither the temporal 
summation of dendritic EPSP nor the power of spike frequency adaptation is changed, indicating 
that cerebellar LTD executes the information processing in a quantitative way without quality 
changes of synaptic integration and generation of output signals. Our results suggest that LTD-IE 



may have a synergistic effect with synaptic depression on the total net output of neurons by 
amplifying the modification of PF synaptic transmission. 
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Abstract: Cerebellar learning is canonically thought to rely on synaptic plasticity, particularly at 
the inputs to Purkinje cells. Recently, however, other complementary mechanisms have been 
identified. Intrinsic plasticity is one such mechanism, and depends on a down-regulation of 
calcium-dependent SK-type K channels, which is associated with an increase in neuronal 
activity. In the hippocampus, SK-mediated intrinsic plasticity has been shown to play a role in 
trace eyeblink conditioning learning; however, it is not yet known how intrinsic plasticity 
contributes to a cerebellar learning task such as delay eyeblink conditioning. Here we show that 
after delay eyeblink conditioning, Purkinje cells in lobule simplex / lobule HVI were more 
excitable than controls consistent with an increase of intrinsic excitability. Whole cell recordings 
were obtained from acute cerebellar slices from mice 48 hours after the final training session. 
Groups of mice received over a period of repeated training sessions either distinctly paired trials 
of a tone co-terminating with a periorbital shock (conditioned mice), unpaired trials of only a 
tone or a shock (pseudoconditioned mice) or neither a tone or a shock (naïve mice). We found 
that Purkinje cells from conditioned mice exhibited more evoked activity than cells from control 
animals, resulting in a shift to the left in the I-F curve following a gradual current injection 
protocol. The current and potential threshold needed to evoke spikes was decreased in the 
conditioned mice. Furthermore, following the stimulation of parallel fibers or climbing fibers, 
the Purkinje cell responses from conditioned mice were more excitable showing a increased 
number of spikelets in complex spikes, a greater area and reduced duration of depolarization, a 



reduced afterhyperpolarization, and shorter latency to the minimum amplitude in both complex 
spikes and bursts of parallel fiber activity. This increase in excitability may indicate that SK-
dependent intrinsic potentiation occurs during eyeblink conditioning, as the conditioned mice 
also showed reduced changes in excitability following the application of an intrinsic plasticity 
protocol, suggesting an occlusion effect in conditioned mice. 
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Abstract: Cerebellar Purkinje cells (PCs) form the sole output of the cerebellar cortex and 
receive two major excitatory synaptic inputs: parallel fibers (PFs), the axons of granule cells 
(GCs), and a climbing fiber (CF). GCs integrate multi-modal information from multiple sources 
to deliver patterns of inputs via PFs, whereas CFs send instructive signals such as sensorimotor 
error signals and/or timing signals to PCs. Coincident PF and CF inputs cause plastic changes in 
PC firing, a process which is thought to be crucial for multi-modal integration and precise 
adaptation of motor action. However, how PF and CF inputs interact to regulate PC output 
during behavior is not well understood. To address this question, we used two functional 
fluorescent probes with different colors to monitor PF and CF inputs simultaneously during a 
multi-sensory association task, to visualize how these inputs are spatiotemporally coordinated to 
achieve precisely timed behavior. RCaMP2 was expressed in PCs to monitor CF inputs, while 
GCaMP6f was expressed in GCs to directly monitor PF inputs to the PCs. Imaging was 
performed in Crus I, the region responsible for orofacial sensorimotor processing. Head-fixed 
mice were trained on a multi-sensory go/no-go task in which they had to lick during brief (0.5 s) 
combined sensory stimuli with different modalities such as air-puff, LED flash, or a tone, but not 
to single-modality sensory stimulus. Mice refined their lick behavior during learning so that 
licking in response to combined stimuli became quicker, shorter, faster and more regular. 
Simultaneous imaging of PF and CF inputs to the same PCs revealed that these inputs became 



more coupled during performing the task. Along with learning, PF responses to cues became 
temporally precise, whereas CF responses for non-rewarded trials were diminished. Both PF and 
CF inputs became bimodal in licking trials: the first peak appeared just after the cue and the 
second peak was observed after lick offset. Muscimol injection into the Crus I in expert mice 
deteriorated task performance through a decrease in hit rate and increase in latency of licks after 
the combined cue (lick onset latency: 0.236 ± 0.006 s to 0.363 ± 0.007 s, p < 0.001). These 
results suggest that spatiotemporal coupling of PF and CF inputs to PCs is important for 
immediate multi-sensory processing necessary for rapid motor initiation and reliable suppression 
of unnecessary movement. Optogenetic manipulation of PCs, PF and CF inputs will allow 
further dissection of the roles of individual inputs and PC outputs in this form of cerebellum-
dependent motor adaptation. 
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Abstract: Group 1 metabotropic glutamate receptors (mGlu1/5) are critical to synapse formation 
and participate in synaptic long-term potentiation (LTP) and long-term depression (LTD) in the 
brain. mGlu1/5 signaling alterations have been documented in cognitive impairment, 
neurodegenerative disorders, and psychiatric diseases, but the underlying mechanisms for its 
modulation are not clear. Here, we report that transferrin receptor 1 (TFR1), a trans-membrane 
protein of the clathrin complex, modulates the trafficking of mGlu1 in cerebellar Purkinje cells 



(PCs). We show that conditional knockout of TFR1 in PCs does not affect the cyto-architecture 
of PCs, but reduces mGlu1 expression at synapses. This regulation by TFR1 acts in concert with 
that by Rab8 and Rab11, which modulate the internalization and recycling of mGlu1, 
respectively. TFR1 can bind to Rab proteins and facilitate their expression at synapses. PC 
ablation of TFR1 inhibits parallel fiber-PC LTD, whereas parallel fiber-PC LTP and PC intrinsic 
excitability are not affected. Finally, we demonstrate that PC ablation of TFR1 impairs motor 
coordination, but does not affect social behaviors in mice. Together, these findings underscore 
the importance of TFR1 in regulating mGlu1 trafficking, and suggest that mGlu1 and mGlu1-
dependent parallel fiber-LTD are associated with regulation of motor coordination, but not 
autistic behaviors. 
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Title: Population coding in the Purkinje cell network during execution of goal directed action 

Authors: *D. KOSTADINOV, M. BLANCO POZO, M. BEAU, M. HAUSSER 
Wolfson Inst. for Biomed. Res., Univ. Col. London, London, United Kingdom 

Abstract: The activity of Purkinje cells (PCs), the sole output neurons of the cerebellar cortex, is 
important for both execution of accurate motor programs and learning of new actions. Activation 
and suppression of many PCs is capable of directly inhibiting and driving movements, 
respectively, and coincident activation of climbing fibre and parallel fibre input pathways to PCs 
drives plastic changes in firing that is a major locus of cerebellar learning. Our goal is to uncover 
how PC populations acquire the response properties necessary for driving goal-directed motor 
execution, and how these representations change under altered sensorimotor conditions. To 
address these questions, we have recorded the activity of groups of PCs in mice trained to 
perform a virtual-reality based sensorimotor integration task. Mice were head-fixed in front of an 
array of monitors and trained to use a steering wheel placed in front of their forepaws to translate 
a virtual object from eccentric positions to the midline to get a reward. Thus, trial outcomes 
consisted of undershoots, correct trials, and overshoots. Over several weeks of training, mice 
learned to make accurate movements at rates well above chance. To monitor activity in PCs 



during behaviour, we virally expressed GCaMP6f in these neurons and used resonant-scanning 
2-photon microscopy to record dendritic calcium transients, which predominately reflect 
complex spiking activity, simultaneously across ~200 PCs while mice performed the task. In 
well-trained mice, movement initiation produced calcium transients in similar groups of PCs, 
irrespective of trial outcome. However, PC populations exhibited a stereotyped activation 
sequence in correct trials that was not present in undershoot and overshoot trials: PC calcium 
signals synchronized just prior to movement onset, paused during movement execution, and 
resynchronized at movement termination. We also observed that many PCs are active upon 
delivery of reward on correct trials and absence of reward delivery on incorrect trials. PC 
populations encoding movement dynamics were not independent populations from the ones 
encoding reward and error related activity. Thus, calcium signals in PCs contain information 
about the execution of actions as well as the evaluation of their outcome. We are currently using 
chronic imaging of PC populations over days to explore how PCs acquire these response 
properties as animals learn the task, determine the reliability of PC responses on single trials, and 
track the dynamics of responses as animal adapt their actions under changing sensorimotor 
coupling. 
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Title: BDNF Val66Met and transcranial direct current stimulation interact in cerebellar-
dependent motor learning 
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Abstract: Cerebellar tDCS has been reported to enhance motor associative learning and motor 
adaptation, holding promise for future clinical application in patients with movement disorders. 



However, behavioral benefits from cerebellar tDCS are highly inconsistent across the literature 
and further characterization of predictive factors of treatment success is necessary. Therefore, we 
studied the role of BDNF Val66Met in classical eyeblink conditioning and VOR adaptation and 
the interaction with cerebellar tDCS. We undertook two large tDCS studies in genotyped 
subjects performing either an classical eyeblink conditioning task (N=117, between design) or a 
VOR adaptation task (N=46 subjects, within-design). Our results show faster eyeblink 
conditioning for carriers compared to non-carriers (βCarriers=20.7 [1.3 38.0]) with a supportive 
role for anodal tDCS only in the slower non-carrier group βAnodal,Non-carriers=19.7 [2.8 36.1] 
but not in the faster carrier group βAnodal,Carriers=-1.0 [-21.6 17.3]. In addition, cathodal tDCS 
was ineffective in both genetic groups (βCathodal,Non-Carriers=-1.6 [-19.6 21.1], 
βCathodal,Carriers=2.7 [-13.8 18.7]). The VOR adaptation experiment did not show an effect of 
BDNF Val66Met, tDCS or the interaction (βCarriers=-4.8 [-11.8 2.0], βAnodal,Carriers=5.0 [-
1.4 11.0], βAnodal,Non-Carriers=0.7 [-3.6 4.5]). These results suggest that BDNF Val66Met (1) 
can determine effectiveness of cerebellar tDCS by modifying learning rate in some cerebellar-
dependent tasks and (2) has a currently unknown role in cerebellar-dependent associative 
learning. 
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Title: Alcohol induces input-specific aberrant synaptic plasticity in the rat dorsomedial striatum 
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Abstract: Accumulated evidence suggests that the dorsomedial striatum (DMS) of the basal 
ganglia plays an essential role in pathological excessive alcohol consumption. The DMS receives 
multiple glutamatergic inputs. However, whether and how alcohol consumption distinctly affects 
these excitatory afferents to the DMS remains unknown. Here, we used optogenetics to 
selectively activate the rat medial prefrontal cortex (mPFC) and basolateral amygdala (BLA) 



inputs in DMS slices, and measured the effects of alcohol consumption on glutamatergic 
transmission in these corticostriatal and amygdalostriatal circuits. We found that excessive 
alcohol consumption increased AMPA receptor- and NMDA receptor (NMDAR)-mediated 
neurotransmission, as well as the GluN2B/NMDAR ratio, at the corticostriatal input to the DMS. 
The probability of glutamate release was increased selectively at the amygdalostriatal input. 
Interestingly, we discovered that paired activation of the mPFC and BLA inputs using dual-
channel optogenetics induced robust long-term potentiation (LTP) of the corticostriatal input to 
the DMS. Taken together, these results indicate that excessive alcohol consumption potentiates 
glutamatergic transmission via a postsynaptic mechanism for the corticostriatal input and via a 
presynaptic mechanism for the amygdalostriatal input. These changes may in turn contribute to 
pathological alcohol consumption. 

Disclosures:  T. Ma: None. B. Barbee: None. X. Wang: None. J. Wang: None. 

Poster 

315. Striatal Physiology 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 315.02/FF4 

Topic: E.03. Basal Ganglia 

Support: NIAAA R01AA021505 (JW) 

 NINDS NS074895 (FS) 

 Development Funds from TAMHSC-VPR (FS and JW) 

Title: Stroke triggers nigrostriatal plasticity and increases alcohol consumption in rats 
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Abstract: Excessive alcohol consumption is a known risk factor for stroke, but the effect of 
stroke on alcohol intake is unknown. The dorsomedial striatum (DMS) and midbrain areas of the 
nigrostriatal circuit are critically associated to stroke and alcohol addiction. Here we sought to 
explore the influence of stroke on alcohol consumption and to uncover the underlying 
nigrostriatal mechanism. Rats were trained to consume alcohol using a two-bottle choice or 
operant self-administration procedure. Retrograde beads were infused into the DMS or midbrain 
to label specific neuronal types, and ischemic stroke was induced in the dorsolateral striatum 
(DLS). Slice electrophysiology was employed to measure excitability and synaptic transmission 
in DMS and midbrain neurons. We found that ischemic stroke-induced DLS infarction produced 
significant increases in alcohol preference, operant self-administration, and relapse. These 



increases were accompanied by enhanced excitability of DMS and midbrain neurons. In addition, 
glutamatergic inputs onto DMS D1-neurons was potentiated, whereas GABAergic inputs onto 
DMS-projecting midbrain dopaminergic neurons was suppressed. Importantly, systemic 
inhibition of dopamine D1 receptors attenuated the stroke-induced increase in operant alcohol 
self-administration. Our results suggest that the stroke-induced DLS infarction evoked abnormal 
plasticity in nigrostriatal dopaminergic neurons and DMS D1-neurons, contributing to increased 
post-stroke alcohol-seeking and relapse. 
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Title: Chronic intermittent ethanol potentiates goal-directed behavior via dorsomedial striatal 
adenosine A2A receptor 
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Abstract: Chronic intermittent ethanol (CIE) exposure promotes voluntary ethanol consumption. 
Previously we have reported that inhibition of the adenosine A2A receptor (A2AR) in the 
dorsomedial striatum (DMS) increases reward seeking when mice were tested in random ratio 
(RR) paradigm of nose-poke operant chamber, which is implicated in goal-directed behavior. 
However, the mechanisms underlying how CIE exposure regulates the goal-directed behavior 
under devalued and valued conditions remain unknown. Here, we investigated whether the A2AR 
in the DMS contributes to goal-directed behavior in mice exposed to CIE. Our results show that 



CIE exposure elicited anxiety-like behavior in elevated plus maze test without affecting working 
memory in y-maze test. During acquisition of instrumental behavior training in C57BL/6J mice, 
CGS21680 (0.3 mg/kg, i.p.), A2AR agonist, and optogenetic stimulation of A2AR-expressing 
neurons in the DMS abolished goal-directed behavior for sweetened 10% ethanol, whereas 
ZM241385 (20 mg/kg, i.p.), A2AR antagonist, did not impede goal-directed behavior under 
valued condition. Interestingly, A2AR activation prevented voluntary ethanol consumption in 
operant chamber even after 24 hours following CGS21680 (0.3 mg/kg, i.p.) injection. Taken 
together, activation of the A2AR in the DMS dampens goal-directed behavior and alcohol 
drinking, suggesting that activation of DMS A2AR could be a potential target for the treatment of 
alcohol use disorder. 
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dorsomedial striatum 
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Abstract: The dorsomedial striatum (DMS) is crucial for goal-directed behavior and heavily 
implicated in drug and alcohol addiction. Our recent study indicated an opposite role of DMS 
dopamine D1 receptor (D1R)- and D2R-expressing medium spiny neurons (MSNs) on alcohol 
consumption (Cheng et al. 2016). However, the cell type of presynaptic neurons that project to 
DMS D1- versus D2-MSNs remains unknown. To assess whether these presynaptic neurons also 
contain D1Rs or D2Rs, we used a state-of-the-art rabies viral-based monosynaptic retrograde 
tracing technology together with D1-/D2-Cre;Ai14 transgenic mice to map these neurons brain-
wide. We found abundant DMS-projecting neurons in the different cortical regions, amygdala, 
thalamus, and midbrain. Interestingly, we found that most D1-MSN-projecting neurons did not 
express D1Rs, and similarly, most D2-MSN-projecting neurons did not express D2Rs. We only 
observed a few D1-MSN-projecting neurons in the cortex and thalamus that contained D1Rs; a 
few D2-MSN-projecting neurons in the same brain regions that expressed D2Rs. In addition, 
using optogenetic slice electrophysiology and D1-/D2-Cre;Ai32 mice, we found that DMS D1-
MSNs received glutamatergic inputs mainly from D2-neurons outside of the striatum, whereas 



glutamatergic inputs onto DMS D2-MSNs were predominately from D1-neurons. These results 
suggest that the D1-D2 and D2-D1 projections are the dominant connections in brain-wide, 
which is an important question in the addiction field that has not been addressed before. Since 
drugs of abuse and alcohol affect dopaminergic system brain-wide, understanding these 
connections will improve our knowledge of the DMS circuits in drug addiction. 
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Title: Pharmacologic and genetic targeting of the neural extracellular matrix to ameliorate aging-
related cognitive decline 
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Abstract: The percentage of the global population aged 65 years and older is projected to double 
from 8% to 16% by the year 2050. With no effective prevention and treatment, cognitive decline 
is a major concern of the aging population, presenting a large financial burden on public health 
care systems worldwide. The brain’s extracellular matrix (ECM) has been implicated in 
mediating neural structural stability by enwrapping synaptic connections fundamental for long 
term memory storage and other cognitive functions. We hypothesize that aging-dependent 
accumulation of neural ECM impairs the structure and function of cognitive neural circuitry (e.g, 
striatum), therefore pharmacologic and genetic modulations of the neural ECM can 
restore/reverse aging-dependent cognitive decline. Young (6-7 month old) and aged (22-24 
month old) mice were analyzed for multiple cognitive functions. Aged mice manifested 
significant decline in motor skill learning, working memory, object recognition memory, and 
adaptive learning compared to younger counterparts. The cognitive decline was accompanied by 
a significant aging-dependent accumulation of the striatal neural ECM. To establish a functional 
link between aging-dependent striatal ECM accumulation and cognitive decline, we performed 



stereotaxic infusions of chondroitinase ABC (ChABC) into striatum to eliminate CSPGs in aged 
mice, in order to reverse aging-related decline of object recognition memory and motor skill 
learning. Furthermore, to identify an endogenous genetic target of the striatal neural ECM, we 
have genetically targeted an orphan sugar-nucleotide transporter as a potential modulator of 
neural ECM proteoglycans synthesis. AAV-mediated overexpression was shown to drive striatal 
ECM accumulation. Our study unravels a causal link between cognitive decline and neural ECM 
accumulation, affording new therapeutic targets for guided neuroplasticity to reverse age 
dependent cognitive decline. 
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Title: Anatomical evidence that multiple striatal regions influence motor cortex 
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Abstract: Striatum receives monosynaptic cortical input and sends multisynaptic output back to 
the cortex. Dorsolateral striatum (DLS) receives motor cortical input but dorsomedial (DMS) and 
ventral striatum (VS) do not. However, accumulated evidence suggests the involvement of DMS 
and VS in motor action such as goal-directed and Pavlovian approach behaviors. Those findings 
raise the possibility of output from DMS and VS to motor cortex, despite an absence of motor 
cortical input. We address this possibility by retrograde transneuronal tracing using rabies virus 
(RABV). RABV was co-injected with an anterograde monosynaptic tracer (cholera toxin b-
subunit, CTb) into the rat motor cortex, which resulted in third-order RABV+ striatal neurons 
and CTb+ cortico-striatal fibers. DLS showed both RABV and CTb labeling, suggesting a 
closed-loop between DLS and motor cortex. Surprisingly, a few clusters of RABV+ neurons 
were observed in DMS, VS, and the tail of striatum. These areas were devoid of CTb labeling 
but made output connections to motor cortex, suggesting an open-loop structure. In another set of 



rats, injection of RABV/CTb into prefrontal cortex resulted in RABV labeling in DMS and VS 
but not in DLS. Since these RABV-labeled regions receive prefrontal input, this suggests a 
closed-loop structure. These results demonstrate co-existence of closed- and open-loop structures 
between the striatum and motor cortex, but a closed-loop structure for the striatum and prefrontal 
cortex. The present study provides an anatomical basis for understanding how the striatum can 
access motor cortex. 
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Abstract: Rhythmically firing neurons in substantia nigra pars reticulata (SNr) receive inhibitory 
synaptic input from direct pathway striatal spiny neurons. To investigate how direct pathway 
input could affect spike timing in SNr neurons, we characterized the direct pathway synaptic 
input, measured the post-stimulus time histogram (PSTH) for simulated inhibitory input, and 
interpreted the results using a model based on the phase resetting curve (PRC). To characterize 
direct pathway inhibition, a virus containing a Cre-inducible channelrhodopsin was injected into 
the striatum of Tac1-IRES2-Cre-D mice. The 20 - 80 % rise time and decay time constant were 
measured from photo-evoked currents in whole-cell voltage-clamp mode. The reversal potential 
(Erev) was measured from photo-evoked IPSPs recorded in perforated-patch current-clamp 
mode. To measure PRCs and characterize the spike responses to simulated direct pathway 
inhibition, we recorded from SNr neurons in perforated-patch configuration. To obtain the PRC, 
we injected zero-mean current noise and analyzed the spike responses by a previously described 
multiple linear regression method. To investigate the spike responses to direct pathway input, we 
used dynamic clamp to apply trains of simulated inhibitory post-synaptic conductances (IPSGs) 
with kinetics and Erev based on our experimental data. The PSTH was computed with respect to 
the onset of each IPSG. The main feature of the PSTH was a rapid dip in firing rate typically 



lasting on the order of 10 ms. In some cells the dip was followed by a period of firing above the 
baseline rate.To understand the PSTH shapes, we developed a PRC-based phase model 
augmented with an approximation of the phase-dependent membrane potential, Vm(phi). Given 
the experimental Erev, Vm(phi) provides a phase-dependent driving force to convert input 
conductance into current, which changes the cell’s phase according to the PRC. The same IPSG 
trains injected into each neuron were applied to each phase-voltage model, and the model PSTH 
was calculated. The models generally produced a PSTH closely resembling the cell data. Our 
data indicate that, rather than only reducing firing rate, direct pathway inhibition can produce 
dynamic, bidirectional changes in spike probability. These changes were well explained by our 
phase-voltage models, providing a tool to explore the potential impact of more complex patterns 
of input arriving from multiple pathways. 
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Abstract: Autonomous oscillator neurons in substantia nigra pars reticulata (SNr) integrate 
synaptic input from the direct, indirect, and hyperdirect pathways, including synaptic excitation 
from the subthalamic nucleus (STN). Synaptic input perturbs the oscillation phase of SNr cells, 
producing changes in spike timing that can be quantified by the phase resetting curve (PRC). 
When a rhythmically firing neuron receives inputs that do not cause immediate spiking, small 
changes in spike timing underlie the average response measured by the post-stimulus time 
histogram (PSTH). Thus, we tested the ability of phase models based on the PRC to predict the 
PSTH of SNr neurons in response to excitatory currents. Perforated-patch, current-clamp 
recordings were obtained from SNr neurons in mouse brain slices. Episodes of noise stimulation 
used to estimate the PRC were alternated with episodes of EPSC waveforms designed to mimic 
synaptic input from the STN. PRCs were computed by a previously described multiple linear 
regression method. The PRCs were type-1, showing only shortening of the inter-spike interval 



(ISI) by depolarizing stimulus pulses. Most of the PRCs had a strong rightward skew, indicating 
greater sensitivity to stimuli arriving late in the ISI, and many had a prominent peak at late 
phase. Phase models were constructed based on the PRC for each neuron and run with the same 
EPSC trains delivered to the real cell. The PSTH was then measured for each cell and the 
corresponding model. Overall, the models captured the major features of the experimental 
PSTHs, including a large, brief peak shortly after EPSC onset, often followed by a dip below the 
baseline rate. However, some quantitative differences between the cells and models were 
observed. In particular, cells with very high sensitivity at late phases often showed a larger PSTH 
peak and a more prominent dip than predicted by the models. Thus, nonlinear mechanisms 
deviating from ideal phase-oscillator behavior increase the sensitivity and temporal precision of 
SNr neurons' responses to fast EPSCs. These properties of SNr neurons may facilitate the 
transmission of fast signals along the hyperdirect pathway from cortex to STN to SNr. 
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Abstract: Striatal low-threshold spike (LTS) interneurons are autonomous oscillators that 
receive input from the cortex, the thalamus, and local neurons within the striatum. Oscillatory 
activity in the cortex and thalamus is transmitted to the striatum, where it produces oscillatory 
synaptic currents in striatal neurons. A previous study found that striatal LTS interneurons show 
a spiking resonance with frequencies between 5 and 30 Hz when stimulated with broadband 
noise, suggesting that they might amplify oscillations in that frequency range and become 
synchronized by these inputs. We characterized the oscillatory entrainment of striatal LTS 
interneurons by applying small (10-20 pA) sinusoidal intracellular currents to mimic oscillatory 
synaptic currents over a frequency range from 1 to 30 Hz. LTS neurons were identified in 
B6.FVB-Tg(Npy-hrGFP)1Lowl/J transgenic mice, in which they express green fluorescent 
protein. The applied sinusoidal currents did not alter the average firing rate of the cells, but had 



strong effects on their firing patterns at all stimulus frequencies. LTS cells were most strongly 
phase-locked to the stimulus when its frequency matched the cells’ unperturbed firing rate. To 
determine whether a shared oscillation might synchronize the population of LTS cells, we 
targeted channelrhodopsin to LTS cells by viral delivery in a somatostatin-cre (Ssttm2.1(cre)Zjh/J) 
mouse line. Sinusoidal blue light was used to generate an oscillatory current in all the LTS cells 
in the region of the injection, and single cells were recorded in cell-attached configuration. 
Application of the sinusoidal current produced no change in firing rate, and changes in firing 
pattern were indistinguishable from those seen with intracellular current, indicating that the 
network did not synchronize. To determine whether oscillations in the LTS cell population could 
be transferred to postsynaptic spiny projection neurons (SPNs), we measured spontaneous 
inhibitory postsynaptic currents in SPNs during sinusoidal optogenetic stimulation of the LTS 
cell population. The data showed a strong transfer of oscillations from entrained presynaptic LTS 
cells to the synaptic currents produced in SPNs. These results may suggest that presynaptic 
entrainment of LTS cells will generate an oscillating input to SPNs, which could interact either 
constructively or destructively with oscillating inputs reaching SPNs directly from the cortex or 
thalamus. 
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Title: Involvement of the store operated calcium entry in the long-lasting calcium transient in the 
striatal GABAergic neuron 
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Abstract: We previously reported that the long-lasting spontaneous Ca2+ transients (spontaneous 
[Ca2+]i transients), which lasted up to about 300 s, were observed in striatal cells. These Ca2+ 
transients were mainly caused by the Ca2+ release from the intracellular Ca2+ store (ER) via IP3 



receptors. But, the mechanisms that underlie the spontaneous [Ca2+]i transients remain unclear. 
Store operated Ca2+ entry (SOCE) is thought to be activated by the depletion of Ca2+ in ER. 
Thus, we investigated whether SOCE involved in the spontaneous [Ca2+]i transients or not. 
At first, we confirmed the presence of SOCE in the striatal neurons using Ca2+ imaging in the 
striatal slice preparations. In the striatum more than 95% neurons are GABAergic, thus, the 
GAD67-GFP knock-in mice were used for visualization of the GABAergic neurons. After 
depletion of Ca2+ in the ER by the application of thapsigargin, [Ca2+]i was elevated when the 
extracellular Ca2+ concentration returned to normal level from the Ca2+-free condition. This 
[Ca2+]i elevation was blocked by the application of the blocker of the SOCE, SKF96365. Thus, 
striatal GABAergic neuron has SOCE. Next, we investigated the contribution of SOCE in the 
spontaneous [Ca2+]i transients. To quantify the amount of the Ca2+ influx, we used the method of 
the Mn2+ quenching of the fluorescent Ca2+ indicator. The time constant of the quenching was 
faster in the neurons exhibiting the spontaneous [Ca2+]i transients compared with the neurons not 
exhibiting the [Ca2+]i transients under of TTX administration. SKF96365 tended to decrease the 
frequency of the spontaneous [Ca2+]i transients. These results suggested that the spontaneous 
[Ca2+]i transients led to activate SOCE in the striatal cells, and that SOCE might contribute to the 
maintenance of the high [Ca2+]i levels during the spontaneous [Ca2+]i transients. 
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Title: Dopaminergic modulation of striatal cholinergic interneurons governs sequence learning 
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Abstract: Learning action sequences is necessary for normal daily activities, such as tying your 
shoes. The dorsal striatum (dStr) has been shown to encode learned action sequences. 
Specifically dorsal striatal medium spiny neurons (MSNs), change their firing rate at the start 
and/or stop of action sequences and are able to encode entire learned action sequences as a single 
event through sustained changes in firing throughout the sequence. Acetylcholine (ACh), 
released from tonically active cholinergic interneurons (CINs), regulates striatal function by 



acting on a diverse group of ACh receptors found on MSNs, presynaptic glutamate and 
dopamine terminals, and GABAergic interneurons, which regulate MSN excitability, 
neurotransmitter release, and striatal synaptic plasticity. CINs in the dStr pause their tonic firing 
during learned action sequences, but the significance of this physiology for behavioral 
performance has not been explored. We hypothesize that CIN pausing is critical to regulate 
dopamine and glutamate release and MSN excitability, allowing for plasticity necessary for 
learning. Activation of dopamine type-2 receptors (D2Rs) on CINs drives pauses in firing. Here 
we show that genetic deletion of D2Rs specifically from CINs by crossing D2-floxed mice with 
Chat-Cre mice (D2F-ChatCre) inhibits this D2R-mediated pausing. D2F-ChatCre mice show 
deficits in learning an operant action sequence task and lower breakpoints in a progressive ratio 
task, suggesting a reduced motivation to work for sucrose reward, but show no deficits in an 
accelerating rotarod task, indicating that motor skill learning is intact. Additionally, D2F-
ChatCre mice perform similar to controls in an operant reversal learning task, indicating 
normalthat behavioral flexibility, an aspect of cognitive function impaired y is normal, which is 
impaired in CIN ablation studies. Using in vivo recordings of unit activity in dStr throughout 
acquisition of the sequence task we found that D2F-ChatCre mice have deficits in sequence 
encoding, with fewer MSNs encoding action entire action sequences compared to controls., 
suggesting that Thus, CIN D2 deletion appears to impairs a neural substrate of action chunking. 
Virally replacing D2Rs in CINs in the dStr, improves action sequence learning, but does not 
rescue the lower breakpoints, further suggesting that D2Rs on CINs in the dorsal striatum are 
critical for sequence learning, but not for driving the motivational aspects of the task. 
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Abstract: Cholinergic interneurons (CINs) represent 1 to 2% of the striatal population, yet they 
play a determining role in learning. Their firing pattern makes them unique; they are 
spontaneously active, exhibit profound after hyperpolarization activity and respond to salient 



stimuli irrespective of the valence, mainly through a brief firing suppression. This pause can be 
preceded or followed by an acute excitation. Such responses have been shown to mediate the 
acquisition of the association between a predictive cue and an external stimulus, and as such, the 
CIN pause response has been proposed to represent a neural correlate of classical conditioning. 
This response has been shown to be linked to midbrain dopamine (DA) neuron’s activity. 
Specifically, it is absent in DA depleted animals and time-locked to an increase of DA neuronal 
firing. At the circuit level, midbrain inputs to CINs have been described, however it is still not 
clear how these inputs impact CIN mediated conditioning. More specifically, the midbrain is 
composed of several neuronal types including glutamatergic, GABAergic and DAergic cells. 
Furthermore, DA neurons have been shown to be able to co-release glutamate or GABA. 
Although a few studies have investigated midbrain to striatal neurons circuitry, the results come 
from independent and different experimental conditions making the observations hard to 
reconcile. Here, we aim to systematically dissect the midbrain to CIN pathways and evaluate 
how each midbrain cell type and related pathway influences CINs firing response in order for 
them to support conditioned behavior. Our preliminary data suggest that all three neuronal cell 
types contact CINs but only the glutamatergic and GABAergic inputs (vglut2- and vgat-cre 
expression) form monosynaptic contacts whereas DA neurons (manipulated trough dat-cre 
expression) inhibit CINs but via an indirect pathway. Optogenetic manipulation of these 
pathways in a contextual fear conditioning design differentially affects acquisition of the 
contextual cues. 
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Abstract: The dorsal striatum has the complex computational task of integrating highly 
convergent excitatory afferents from diverse cortical and subcortical brain regions, in order to 
guide action selection and motor decision-making. One way the striatum deals with this 



challenge is by distributing inputs among specialized neuronal subtypes, including striatal spiny 
projection neurons (SPNs), which are situated in two different chemically- and anatomically- 
defined compartments (referred to as patches and matrix). Differential engagement of patch vs 
matrix SPNs during specific behaviors has been proposed, but our understanding of the cellular 
properties that may underlie such differential engagement is limited. This is due to the relative 
low density of patches within the striatum, and an inability to distinguish compartments in live 
tissue slices using traditional microscopy. To overcome these limitations, we have crossed 
Nr4a1-eGFP transgenic mice, in which GFP is preferentially expressed in patches, with Drd1-
tdTomato mice, which label D1-type dopamine receptor-expressing direct pathway SPNs 
(dSPNs), allowing comparable SPN types to be functionally compared in patches and matrix. In 
agreement with previous studies, the soma of dSPNs located in patches were more excitable than 
those in the matrix, as reflected by higher input resistance and lower somatic current injection 
required to elicit action potentials. Because patch and matrix SPNs receive different 
constellations of glutamatergic inputs, all of which synapse on dendrites that are spatially and 
electrically distant from the soma, we used 2-photon imaging and 2-photon uncaging of 
glutamate to assess postsynaptic dendritic synaptic integration in an input-unbiased manner. 
Dendritic spine density and NMDA/AMPA receptor mediated current ratios were similar in 
dSPNs in patch vs matrix compartments. Postsynaptic integration of spatially and temporally 
coordinated synaptic inputs was also similar in patch vs matrix dSPNs: there was no difference 
in the number of neighboring activated spines required to evoke regenerative plateau potentials 
in distal dendrites, nor was there a difference in the duration of these plateau potentials. Thus, 
although somatic excitability is higher in SPN patches, postsynaptic dendritic integration of 
glutamatergic inputs is similar between the two compartments. Despite similarities in synaptic 
integration, preliminary data suggest that D1-type dopamine receptor modulation of synaptically 
evoked dendritic plateau potentials may be restricted to dSPNs residing in the matrix. The 
mechanism underlying this compartment disparity is currently being explored. 
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Abstract: The striatum is the central hub of the basal ganglia that integrates glutamatergic inputs 
from the cortex and the thalamus, and dopaminergic input from the substantia nigra pars 
compacta. We have recently reported that the two types of striatal projection neurons (SPNs), the 
D1 dopamine receptor-expressing direct-pathway SPNs and the D2 dopamine receptor-
expressing indirect-pathway SPNs, are both activated during action initiation. To further 
investigate the relationship between these two pathways and their roles in movement control, we 
have developed a novel spectrally resolved fiber photometry method that allows for simultaneous 
monitoring of neural activity from two or more molecularly defined groups of neurons. By 
intrastriatal infusion of a mixture of rAAV vectors expressing Cre-On red calcium indicator 
jRGECO1a and Cre-Off green calcium indicator GCaMP6f in D1-Cre and A2A-Cre mice, we 
were able to simultaneously measure the neural activity from direct- and indirect- striatal 
pathways in freely moving mice. We have found that strong activation in the direct pathway in 
conjunction with weak activation in the indirect pathway in one hemisphere leads to a ‘start and 
go’ type of contraversive movement in the arena, whereas strong activation in both pathways in 
one hemisphere produces a ‘start and stop’ type of movement featuring quick initiation of a 
contraversive movement immediately followed by an abrupt stop. Our results suggest that 
balance between striatal direct- and indirect-pathways determines the dynamics and fate of 
actions. 
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Abstract: Recent technological and molecular biological advancements have broadened the 
capabilities for understanding neuronal circuitry, which is a shared pursuit that would provide 
countless benefits to the scientific and medical communities. Currently, novel optical imaging 
technologies are being paired with novel foreign gene delivery vectors to improve signal 
detection sensitivity as well as gene expression efficiency. Additionally, the employment of site-



directed DNA recombination technology and tissue-specific promoters in viral vectors has 
enabled a refined targeting of neuronal populations with great functionality and flexibility. We 
use these molecular techniques to produce adeno-associated viruses (AAVs) with fluorescent 
genetically encoded calcium indicators (GECIs) to visualize the activity of neuronal subsets in 
behaving mice. Optical fiber photometry is used to record from multiple probe sites within the 
active mouse brain. Data is thereby collected only from the effected neuronal population and can 
be analyzed not only for neuronal activity, but also connectivity, kinetics, and degradation, 
among other measures. Multiple combinations of AAVs with various tissue-specific promoters, 
recombinases and their recognition sites are possible. By focusing more precisely than tissue-
specific promoters, we hope to achieve accuracy and efficiency with even greater specificity. For 
example, the hSynapsin promoter, known for its exclusive activity in neurons, is often used 
instead of the more general CAG or Ef1a promoters to target expression of foreign genes to 
neurons. We now move to the use of promoters of individual proteins associated with neuronal 
subsets, such as those for dopamine receptor (DAR), pro-opiomelanocortin (POMC) or agouti-
related protein (Agrp) positive neurons. For instance, AAVs expressing Cre recombinase under 
the control of promoters specific for DARs type I (D1) and/or type II (A2A) can be used in 
conjunction with AAVs expressing double floxed inverted reporter genes to limit data collection 
to those specific neurons. We can use this format to study mouse models of Parkinson’s Disease 
(PD). From in vivo recordings in mice, spectral data collected over time can distinguish between 
normal and degraded neuronal activity, which may correlate with declining motor behavior. This 
visualization of PD-like disease progression in the brain could be used to evaluate potential 
treatment methods and prevention strategies in real time. We continue to work to expand this 
existing molecular toolkit to provide greater flexibility and convenient adaptability for future 
research studies. 
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Abstract: Monitoring the cellular and molecular events in specific types of cells in behaving 
animals using genetically encoded fluorescent sensors is a powerful approach to decode neural 
correlates of specific behaviors, and to uncover the mechanisms underlying the psychiatric and 
neurological disorders. Here we report a novel in vivo method that allows for high speed (50 Hz) 
continuous recordings of fluorescence signals with high spectral resolution (7.7 nm) and wide 
spectral range (350-1100 nm) from deep brain structures through a small diameter (125 micron 
OD) optical fiber in freely moving animals. By applying linear unmixing algorithm on the 
recorded emission spectra of multiple fluorescent sensors, the new photometry method can be 
used to simultaneously measure multiple cellular events in a local brain circuit when the animals 
are performing behavioral tasks. To simultaneously record neural activity from striatal direct- 
and indirect-pathway neurons, we infused Cre-On DIO-jRGECO1a (red calcium indicator) and 
Cre-Off Lox-FAS-GCaMP6f (green calcium indicator) rAAV vectors into the dorsal striatum of 
D1-Cre and A2A-Cre mice. We found that although the striatal direct and indirect pathways are 
mostly activated at the same time during voluntary movements, the differences in the magnitude 
of activation in these two pathways often lead to different behavioral consequences. Using this 
method, we are studying how dopamine modulates the activity in these two striatal pathways. 
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Abstract: Abstract 
The striatum, which is the main input nucleus of the basal ganglia, receives excitatory input from 
most of the cerebral cortex. The striatum contains feedforward and feedback GABAergic 
connections encompassing both projection neurons and interneurons, forming an extensive 
inhibitory network. This unique architecture prompted the hypothesis that the function of the 
basal ganglia in general and specifically of the striatum is to select a single action out of a 



multitude of actions presented by massive convergent cortico-striatal inputs. In this context, the 
GABAergic network inhibits all the actions presented by the cortex except for a single “selected” 
action. Currently, there are limited physiological evidences for the functional role of the striatal 
inhibitory network and for the validation of this hypothesis. In this study we examine the 
processing of competing cortical input in the striatum in freely behaving rats. We used electrical 
and optical stimulation of multiple cortical areas in conjunction with somatosensory input while 
simultaneously performing extracellular recordings from the striatum. Characterization of the 
neuronal activity of the striatum that occurs during separate as well as simultaneous stimulation 
of different cortical areas was performed. We observed both synergistic and antagonistic 
interactions between cortical inputs in the striatum, supporting a complex representation of the 
cortical activity by the striatum. This remapping of cortical information suggests that the 
research of cortico-basal ganglia information processing requires the progression to the study of 
the interaction between multiple sources of input to this pathway. 
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Abstract: The striatum of the basal ganglia is associated with learning a variety of behaviors 
such as motor control and habit formation, and has been implicated in habitual drug use. The 
dorsolateral (DL) striatum receives input from the primary sensorimotor cortex and is involved 
in procedural learning and habit formation, while the dorsomedial (DM) striatum receives input 
from the association cortex and is involved in spatial learning and goal-oriented behavior. 
Previous studies have found that DM neuron spiking is entrained to a higher theta frequency than 
DL neuron spiking. In addition, previous studies disagree about the requirement for D1 
receptors, with some showing that D1 receptors are required for long term potentiation (LTP) in 
the DM striatum (Hawes et al., 2013) but others showing that D1 receptors are not required in 
the DL striatum (Park et al., 2014). These two studies used different stimulation paradigms, so it 



is possible that the apparent regional difference may instead be attributed to different stimulation 
protocols, which may recruit different molecular mechanisms. To investigate the extent of 
regional differences in striatal LTP, we measure whether a larger LTP is produced by a lower 
theta frequency in the DL striatum, corresponding to in vivo theta rhythms. We use extracellular 
field recording on adult C57Bl6 mouse brain slices to measure LTP in response to a theta-burst 
stimulation of either 10.5 Hz or 5 Hz. Our results show that 10.5 Hz but not 5 Hz produces LTP 
dorsomedially; in contrast, both 10.5 Hz and 5 Hz produce similar LTP amplitudes 
dorsolaterally. We test LTP induction in both male and female mice and find that male mice 
exhibit greater LTP than females, independent of estrus status. Using 5 Hz to induce LTP, we 
demonstrate that blocking D1 receptors with SCH23390 in the DL striatum prevents LTP, 
suggesting that this molecular mechanism does not differ between striatal regions. This study 
also investigates the role of BDNF in the DM and DL striatum by repeating LTP induction while 
blocking TrkB receptors. In conclusion, although no difference between the DM and DL striatum 
is found in D1 receptor requirement for LTP, a difference is found in temporal sensitivity, 
suggesting that other molecular mechanisms may differ between the two regions. 
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Title: Fast-spiking interneurons regulate ensemble calcium signaling and striatum-dependent 
learning 
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Abstract: The striatum is the primary input nucleus of the basal ganglia, a set of sub-cortical 
nuclei that are essential for motor planning and action selection. Parvalbumin-expressing fast-
spiking interneurons (FSIs) in the dorsal striatum have been linked to decision making during 
goal-directed behavior, while defects in striatal FSIs have been associated with movement 
disorders including tics and dyskinesias. However, their role in learning and network plasticity is 
less clear. Within the striatum, the primary input nucleus of the basal ganglia, loss of FSI 



function has been associated with involuntary movements in animals and Tourette’s Syndrome in 
human patients. Our results indicate that selective ablation of striatal FSIs is not sufficient to 
impair acute motor performance. Instead, loss of FSI function disrupted striatum-dependent 
forms of learning. To investigate the mechanism underlying these striatal learning deficits, we 
combined in vivo optogenetic control of FSIs with Ca2+ imaging of striatal medium spiny 
projection neurons (MSNs) in freely moving mice. Together, our data support a model in which 
striatal FSIs facilitate adaptive motor learning through coordination of task-related Ca2+ 
signaling and plasticity in MSN networks. 
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Abstract: Spiny projection neurons (SPNs) of the striatum contribute to goal-directed and habit 
learning by integrating glutamatergic input from cortex and thalamus. SPNs also receive 
GABAergic input from multiple types of striatal interneurons and SPN collaterals. Experimental 
work has demonstrated that temporally-aligned glutamatergic activation of 10-20 neighboring 
spines located distally on SPN dendrites elicits regenerative, NMDA-dependent plateau 
potentials that resemble the transitions observed in vivo from hyperpolarized downstates to 
depolarized upstates. These results suggest that NMDA plateau potentials may drive state 
transitions and, due to strong calcium transients accompanying plateau potentials, may control 
synaptic plasticity in SPNs. Though GABAergic inhibition is important to SPN function in vivo, 
its effect on dendritic and spine calcium dynamics evoked by plateau potentials has not been 
examined. Here we investigate the effects of spatial and temporal distributions of GABAergic 
inhibition on distally clustered glutamatergic input in a biologically detailed SPN computational 
model with sophisticated calcium dynamics. Specifically, we examine the effects of dendritic 
location and timing of GABAA synapses (relative to glutamatergic activation of a distal cluster of 



spines) on nonlinear spine and dendritic calcium transients. Additionally, as GABAA currents 
from neurogliaform synapses exhibit significantly slower kinetics than currents from fast spiking 
interneurons, low threshold spike interneurons, or SPN collaterals, we investigate the effects of 
GABAA kinetics on regulating glutamatergic integration. We find that GABA inhibition can 
diminish supralinear spine calcium transients evoked by glutamatergic activation of clustered 
spines when GABAA synapses are close to the site of glutamatergic activation and within a time 
window from 50-100 ms before to 25 ms after glutamatergic activation. In contrast, proximal 
GABAA synapses did not exhibit an inhibitory effect. Further, we find that slow GABAA kinetics 
have a stronger inhibitory effect than the faster GABAA synapses. These results suggest that 
distal synapses regulate distally clustered glutamatergic activation and calcium signaling, while 
the proximally synapsing fast spiking interneurons are unlikely to do so. Together, our results 
indicate that GABAergic signaling in the striatal network is important for regulating NMDA-
plateau potentials and calcium signaling in SPNs. 
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Abstract: The dorsal striatum is critical for action selection. The output of this nucleus is 
regulated by powerfully inhibitory GABAergic fast-spiking interneurons (FSIs), which comprise 
roughly 1% of the total population of striatal neurons. By virtue of the presence of electrical 
synapses between FSIs, modeling studies propose that these neurons synchronize in vivo. 
However, in vivo electrophysiological recordings to date suggest that these neurons fire 
idiosyncratically. To resolve this and to provide insight into how these neurons encode action, 
we employed in vivo Ca2+ imaging and optogenetics in mice in conjunction with ex vivo whole-
cell patch clamp electrophysiology. We find that rapid integration of cortical inputs to FSIs 
combined with a moderate degree of electrical coupling between FSIs provides a possible 
substrate for our in vivo observation that coordinated FSI activity encodes action velocity. 
Additionally, optogenetically manipulating FSIs in vivo further implicates this population in 
action control. These results substantiate the critical role of FSI feed-forward inhibitory 



governance of striatal output and provide insight into movement disorders, such as Tourette 
syndrome, that are associated with FSI deficits. 
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Abstract: Oscillatory activity in several frequency bands has long been a hallmark of dopamine 
depletion (DD) and implicated in motor control in the basal ganglia (BG). Previously, 
oscillations in the delta band (1-4 Hz) have been reported after DD in the anesthetized mouse 
BG, but were generally attributed to anesthesia-induced cortical slow wave activity permeating 
into deep brain regions. To explore the oscillatory properties of BG neurons in awake DD mice 
and observe how they are modulated by motor activity, we injected 6-hydroxydopamine into the 
medial forebrain bundle, then recorded from mice head-fixed to a wheel on which they could 
voluntarily walk or run. Using linear multielectrode probes, we recorded single units in the 
substantia nigra pars reticulata (SNr), external segment of the globus pallidus (GPe) and 
subthalamic nucleus (STN) of DD and healthy mice. Approximately 30% of all recorded units in 
each region displayed prominent delta oscillations in DD, whereas no units oscillated in healthy 
animals. Using short-time autocorrelation measures, we show that bouts of walking correlated 
with decreased delta band power in oscillating SNr and GPe units, but increased power in STN 
units. This study shows single unit slow oscillations in several regions of the awake, dopamine 



depleted basal ganglia that are modulated by motor activity in a consistent way within a 
particular BG region. A deeper understanding of how firing patterns in the basal ganglia change 
after loss of dopamine innervation will help elucidate dopamine’s functional role in shaping 
basal ganglia activity and motor output. 
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Abstract: Measurement of local field potentials (LFPs) is a classical physiological technique 
often used for general characterization of neural activity in brain circuits. LFPs can be used to 
characterize various physiological phenomena underlying changes in behavior, from 
spontaneously occurring oscillations to responses evoked by sensory or electrical stimulation. 
Electrical stimulation applied at various frequency protocols are known to result in long-term 
plasticity. Although this technique gives a good overview of circuit dynamics, it lacks specificity 
important for detailed analysis of plasticity mechanisms in specific neural pathways. This 
specificity is especially difficult to achieve with electrical-stimulation in vivo. In our studies we 
combined LFP recording with optogenetic afferent stimulation to overcome this problem, taking 
advantage of the unique precision of this latter technique. First, we compared electrically- and 
optically-evoked LFPs in the dorsal striatum in brain slices and anesthetized mice to characterize 
the basic properties using varying stimulus parameters. Next, we compared long-term plasticity 
changes evoked by low- and high-frequency protocols. Finally, assessed pharmacological effects 
on plasticity by application of well-characterized pharmacological agents such as AP5, NBQX, 
TTX, kynurenic acid, alcohol and more. Our results proved that LFPs can be evoked with 
channel-rhodopsin 2 (ChR2) expression and light stimulation. We also showed similarities and 
differences between electrically- and optically-evoked LFPs and their dependence on intensity of 
the stimulation current, stimulation parameters, and topographical organization of the recorded 
region. Furthermore, we revealed that pharmacological modulation of electrically-induced 



plasticity affects electrical and optical LFPs to different extents. In all parts of our project we 
recorded LFPs evoked by stimulation with a tungsten electrode and recorded with a glass pipette 
or evoked by light stimulation and recorded with an optrode. Mice expressing ChR2 in cortex 
were generated by breeding Emx1-Cre mice with AiCOP4 conditional ChR2-expressing mice. 
We examined plasticity mechanisms specifically in cortico-striatal circuits because these circuits 
underlie action control and action learning. Furthermore, we focused on dorso-medial and dorso-
lateral striatum that receive projections from the prefrontal cortex and motor cortex respectively. 
These pathways are especially interesting due to their engagement in alcohol-related behaviors. 
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Abstract: The striatum has been implicated in the gating of motor and cognitive behavior. In 
particular, the caudate has been implicated in goal-oriented learning and action selection. What 
computations it performs to produce this type of behavior are largely unknown. Understanding 
the organizational properties of this region is a critical step. While there is a relatively large 
animal literature in examining afferent and efferent projections of the caudate, the methodology 
is intrinsically limited. Neuroimaging methods, however, allow us to tackle some of these 
limitations via continuous sampling of the brain image space. Previous attempts have been made 
to utilize human brain imaging data to examine the organization of the caudate, though few have 
taken full advantage of the continuous nature of the data. We’ve developed a regression based 
approach of analyzing functional magnetic imaging (fMRI) data, allowing for the quantification 
of anatomical gradients in functional connectivity. We examined the caudate spatial topology in 
two databases of healthy participants: the Cambridge-Buckner subset of the 1000 Functional 
Connectomes database (n = 198, ages 18-30), and the NKI/Rockland database (n = 189, ages 4-
85). Our results supported the previous literature by demonstrating stable gradients of 
connectivity patterns across the caudate’s anterior-posterior (A-P) and medial-lateral (M-L) axis. 
However, we found that the differential connectivity along the M-L gradient is better described 
with respect to networks, with default mode network preferring the medial extent of the caudate, 
and the frontoparietal network preferring the lateral extent of the caudate. We replicated this 



result across subsamples within the same and across different databases. Further, stable patterns 
of caudate topology was evident at the single subject level. Lastly, we examined the effects of 
aging and found that age predicts the integrity of the M-L organization within the head of the 
caudate, and that this relationship seems mediated by preferential connectivity from the nucleus 
accumbens (N.Acc) to the anterior caudate. The systems level differential organization in 
network connectivity along the M-L axis of the caudate suggests the potential integration of 
internally and externally oriented information. Further, it seems that connectivity between N.Acc 
and the anterior caudate is integral to this M-L organization, and this connectivity decreases with 
age. 
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Abstract: Poor decision-making is closely related to symptoms of various psychiatric disorders. 
Rat gambling task (rGT) adopts the basic principle of Iowa Gambling Task, which is widely used 
to assess the decision-making process in humans. Dendritic spine is a key structure for structural 
plasticity in the brain, and its morphology dynamically changes through the learning process. 
Here we examined how housing condition and choice preference appeared in rGT contributes to 
morphological change of dendritic spines in the nucleus accumbens (NAc). Rats were housed as 
isolated or paired, and trained in a touch screen chamber to learn the relationships between 4 
different light signals on the screen and accompanied reward outcomes or punishments set up 
with different schedules. Once they show a stabilized pattern of preference upon free choice, rats 
were separated as risk-averse or risk-seeking group according to their preference of choice. A 
control group of rats were housed in pair and never exposed to rGT training. When we visualized 
dendritic spines by GFP expression incorporated with adeno-associated virus in the NAc, and 
conducted quantitative analysis, we observed that rGT alone with pair-housing, whether it turned 
out to be risk-averse or risk-seeking, did not contribute to show any difference in spine density 
compared to control group. However, when combined with isolation-housing, rGT showed 
increased number of total and thin spine density only in risk-seeking compared to control groups. 
These results indicate that trait (risky choice preference) and environment (isolated housing) 



inter-influence to contribute to morphological changes of dendritic spines in the NAc, and may 
suggest that these changes might underlie maladaptive decision making. 
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Abstract: The ezrin-radixin-moesin (ERM) proteins are a family of widely distributed 
membrane-associated proteins. They have been implicated not only in cell-shape determination 
but also in signaling pathway. When a threonine residue at C-terminal regulatory domain is 
phosphorylated, they become activated and crosslink F-actin filaments to plasma membrane. 
Although it has previously shown that ERM proteins are expressed in neuronal cells in the brain, 
there are few studies directly visualizing their presence on dendritic spines in vivo. The present 
study aimed to explore the experimental methods to visually detect phosphorylated ERM 
proteins on dendritic spines of the medium spiny neurons in the rat NAcc. First, we used 
immersion weak fixation in aldehyde solution to achieve enhanced immunohistochemical 
staining of phosphorylated ERM proteins in the NAcc tissues. Second, we labeled medium spiny 
neurons with eGFP by using adeno-associated virus and examined the presence and distribution 
of phosphorylated ERM proteins on dendritic spine under confocal microscope. Phosphorylated 
ERM proteins were found located in dendritic shafts and extra-synaptic sites of dendritic spines. 
These results, first time directly to our knowledge, visually elucidated subcellular localization of 
phosphorylated ERM proteins in the NAcc medium spiny neurons, and suggest that we may be 
able to use these methods as a new tool to examine the functional significance of these proteins 
in the brain. 
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Abstract: Reaching movements are controlled continuously. This implies that information 
relevant to the task at hand is monitored throughout the movement and that the movement is 
adjusted if necessary. Visual and mechanical perturbations of the hand and the target elicit task-
sensitive movement adjustments at very short latencies. Also vestibular perturbations to an 
otherwise unperturbed body and environment lead to hand movement adjustments. It is unknown 
if the vestibular system interacts with the online visuomotor control system for reaching 
movements. Here we asked if vestibular information modulates the gain (defined as the velocity 
of the hand to correct for perturbations) of visuomotor feedback responses. 
Participants were seated on a vestibular sled that translated them forward or backward with a low 
or high acceleration profile (1.7 or 3.2 m/s2 peak acceleration, bell-shaped velocity). During the 
passive full body translation, they were instructed to move their right index finger in the sagittal 
plane toward a body-fixed target, which jumped perpendicular to the main movement direction 
in half of the trials. The jump could occur 100, 200 or 350 ms after trial start. If vestibular 
information modulates the feedback response, the gain of the response to the early jumps should 
be higher for the fast than for the slow sled profile because the acceleration is higher at the 
moment of the jump. The gain of responses to the late jump should be equal for the slow and fast 
sled profile, as the imposed acceleration is equal at this time. 
The first results are in line with our predictions. In response to the target jumps, movements were 
corrected at very short latencies (~150 ms). The gain of the corrections in response to the early 
jumps was larger for the high than the low acceleration; the gain was not different for late jumps. 
Importantly, response gains did not differ between forward and backward passive translation, 
suggesting that inertial forces on the arm in the main movement direction were not modulating 
the feedback responses. Critically, the distance of the finger relative to the target at the moment 
of the early jumps was the same for slow and fast sled profiles, ruling out that the gain effect was 
due to differences in hand position. These results therefore suggest that vestibular information is 
integrated in visuomotor feedback control at a very early stage. 
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associated with behavioral outcomes 
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Abstract: Following ischemic infarct in the cerebral cortex, spared neurons fire in noisy bursts 
that function as a signal for neurite growth. While this activity has been suggested to promote 
beneficial axonal reinnervation, it may also interfere with behavior by disrupting motor-related 
neural activity during critical post-infarct periods, when rehabilitation is optimal. Weak, periodic 
signals, such as neuronal subthreshold membrane voltage oscillations, may be amplified by noisy 
events via stochastic resonance (SR). In the distribution of inter-spike intervals (ISIs) for a given 
neuron, SR is evidenced by multiple peaks. Therefore, multi-peak ISI (MP-ISI) may indicate the 
presence of noisy processes that disrupt normal spike timing in behavior. We investigated 
whether MP-ISI is associated with behavioral outcomes in rats performing a pellet-retrieval task 
after an endothelin-1 (ET-1) ischemic infarct of primary motor cortex (M1). Extracellular 
activity was recorded using micro-wire arrays implanted in ipsilesional premotor cortex (PM) 
and contralesional M1. Spikes were sorted into clusters according to their waveform and 
location. ISIs were aggregated separately for spikes in epochs surrounding either unsuccessful or 
successful grasps. To test whether noisy spiking is associated with behavioral outcomes, we 
counted and classified the number of spike clusters with MP-ISI during one or both alignment 
epochs. Spike clusters demonstrated comparable average firing rates and burstiness for both 
healthy and lesioned rats. While more total spike clusters demonstrated MP-ISI in rats with ET-1 
lesions (114 of 157 spike clusters with MP-ISI were from lesioned rats), there was a significant 
increase in the frequency of MP-ISI in lesioned rats during either only unsuccessful or only 
successful grasps (57 of 69 spike clusters) compared to spike clusters with MP-ISI in both grasp 
outcomes (57 of 88 spike clusters; G = 6.44, df = 2, P[X2 > G] < 0.05). Qualitative differences in 
spike timing patterns indicate that the oscillations emphasized in MP-ISI are unique to 



behavioral outcome. These results suggest that noisy spiking processes inherent to recovery from 
ischemic infarct potentially amplify spike timing entrainment to weak neural oscillations during 
behavior. 
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Abstract: Goal-directed movement affects tactile perceptual processing. Specifically, touch is 
suppressed during action (see Juravle, Binsted, & Spence, 2016, for a recent review). Here, we 
set to investigate the reverse influence, that is, whether and how the visually-conveyed tactile 
qualities of an object to be grasped affect the kinematics of the executed movement. To achieve 
this purpose, each trial we presented our participants with a cylindrical object and instructed 
them to prepare to grasp it. Vision was then occluded for a variable delay during which the 
object could be replaced (or not), depending on the condition for the trial. The return of vision 
was the go signal for the movement. Participants reached for, grasped, and lifted the object off 
the table. We used two objects, a smooth cylinder and an irregularly carved one. Furthermore, 
because we were interested in how sensory priors might affect the movement profile, in two 
separate experiments (each with N = 16), we manipulated the probability of the object being the 
same or different at the time of the go signal (by blocks: 100%, 50%, and 80%). In an additional 
block (80% +), a third unexpected ‘spiky’ object was presented only twice. Results indicate that 
the visually-conveyed tactile attributes of an object consistently affect the transport component 
of the reach-to grasp movement, as a function of their predictability. These findings suggest that 
perception modulates movement in a reverse fashion to the documented tactile suppression. 
Taken together, our results point toward sensorimotor integration as a bidirectional process, with 
the motor prediction being adjusted online during the reaching movement based on available 
visual input and current sensory priors. 
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Abstract: While motor cortex has been found to exhibit heterogeneous and dynamic firing 
patterns related to various movement kinematics (i.e., direction, speed, and distances) during arm 
movement, sensory or cognitive factors (i.e., serial target presentation) also influence its 
activities. To examine temporal dynamics of directional selectivity during sequential arm 
movement, we recorded single-unit activity from the motor cortex while a monkey performed a 
coherent double reach instructed by memorized cues presented simultaneously. The monkey was 
seated in front of a touch screen. Trial began with a green circle displayed on the center of the 
screen, monkey was required to touch the green circle for 300 ms. Then, in 1/3 of trials (single-
reach trials), another green circle was presented as a reaching goal for 400 ms (cue period) at one 
of six vertexes locations of a regular hexagon around the central green circle with side length 15 
cm. After the cue was extinguished, the monkey had to keep his hand on the central green circle 
for a delay period of 600 ms before it was turned off (GO signal), and the monkey was then 
required to reach to the previously cued location to obtain a reward. In the remaining trials 
(double-reach trials), a green square and a green triangle were presented simultaneously, with the 
triangle placed at a location either 120° clockwise (1/3 of trials) or counter-clockwise (1/3 of 
trials) from the square. After the 600 ms delay, the monkey was required to reach the 
remembered square location first, and then to reach the remembered triangle location 
immediately, the monkey was rewarded only if he reached the both targets accurately in the 
correct order. All the 18 trial types (3×6, three conditions by six directions) were pseudo-
randomly interleaved. Among 62 neurons recorded from one monkey to date, 30 of them showed 
significant directional tuning (one-way ANOVA, p<0.05) during pre-movement (200 ms before 
first movement onset) or peri-movement (-100-100 ms around first movement onset). While 
some neurons exhibited differential pre-movement activity for single-reach and double-reach 
trials with same first reach, most neurons showed similar preparatory activity before GO signal 



in the double-reach trials but became tuned for the second reach before the first reach offset. 
These results suggested that movement preparation rather than execution is a predominant 
function of motor cortex. 
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Abstract: Although motor cortex traditionally was believed to contain ‘upper motor neurons’ 
driving muscle, converging recent evidence suggested that its heterogeneous activity carries 
information far beyond movement kinematics/kinetics, including large cognitive components and 
responses to visual and somatosensory inputs. To elucidate dynamic interplay between sensory 
inflow and motor outflow, we recorded single-neuron activity from motor cortex while macaque 
monkeys performed a flexible manual interception task. The monkey initiated a trial by 
positioning a hand at the center of a touch screen for 600ms. Then, a peripheral target (green 
circle) appeared and whirled along a circular annulus around the center, and the monkey was 
required to intercept it within 800 ms after the random delay (400 ± 100 ms). Once a peripheral 
location was touched, the target stopped, and if the angle between target and hand endpoint was 
less than 15°, the trial was a success and the endpoint was marked for feedback with a red circle 
(blue if missed). The moving target appeared at a random direction and moved with shuffled five 
speed conditions: 120° and 240°/s clockwise, 120°and 240°/s counter-clockwise, and 0°/s 
(control). The arm trajectory was sampled by an electromagnetic tracking system (Polhemus 
G4). In such a flexible stimulus-response contingency, interceptive reach was launched to the 
future interception zone rather than the instantaneous stimulus location. Under the incongruent 
incoming sensory stimuli and impending movements, most neurons we recorded to date 
exhibited invariant movement tuning for different target motion speeds, suggesting that the 
motor cortex plays an intimate role in forming motor programs based on sensory inputs and 
behavioral context. 



Disclosures:  Y. Zhang: None. T. Wang: None. H. Cui: None. 

Poster 

316. The Control of Reaching Movements I 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 316.06/GG12 

Topic: E.04. Voluntary Movements 

Support: NIH NINDS NS035103 

 NIH NINDS F32 NS093721-01 

Title: The functional organization of movement maps in New World titi monkeys 

Authors: *M. K. BALDWIN1, A. C. HALLEY2, L. A. KRUBITZER3 
1Ctr. for Neurosci., Univ. of California Davis, Davis, CA; 2Ctr. for Neurosci., Univ. of 
California, Davis, Davis, CA; 3UC Davis, Davis, CA 

Abstract: The current study is part of an ongoing project in the laboratory exploring and 
comparing the functional organization and dynamics of cortical motor areas in primates and their 
close relatives. Recent evidence from our lab using long-train (LT) intracortical microstimulation 
(ICMS) in macaques and tree shrews (one of the closest living relatives of primates) has shown 
that movements can be evoked not only from classical frontal and posterior parietal motor 
regions of the brain, but also from somatosensory cortex (Baldwin et al., 2016; Baldwin et al., 
2017). Further, in tree shrews, we have discovered that evoked movements within somatosensory 
cortex are unaffected when motor cortex is reversibly inactivated (Baldwin et al., 2014). The 
current study explores the extent and organization of evoked movements using LT-ICMS, and 
how the different cortical fields from which movements can be evoked are functionally 
organized using reversible inactivation methods. Titi monkeys were chosen for these 
experiments because they share many common brain features with macaque monkeys; however, 
all motor and somatosensory cortical fields are located on the cortical surface and are therefore 
easily accessible for reversible inactivation using cortical cooling. Our main findings were that 
evoked movements could be elicited from frontal motor areas, posterior parietal cortex, as well 
as somatosensory cortical areas. Similar to findings in macaques and tree shrews, these 
movements were complex in nature involving multiple joints and body parts such as the shoulder 
+ elbow + wrist, the hand + mouth, or the forelimb + hindlimb. Unlike macaques, we found few 
sites at which movements of single digits could be elicited; however, representations of forelimb 
movements were extensive. When motor cortex was inactivated by cooling, evoked movements 
in posterior parietal cortex were diminished, while those in somatosensory cortex were relatively 
unaffected. Our findings suggest that somatosensory cortex may not only provide feedback for 



the execution of complex movements, but could itself be directly involved in the generation of 
these movements. 
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Abstract: Located in the dorsal brainstem, the cuneate nucleus (CN) is difficult to access with 
either acute or chronically implanted recording electrodes. As such, there have been few attempts 
to record CN single units, virtually none from awake animals. Transmission of afferent signals 
through CN in anesthetized preparations depends on a number of factors, including the history of 
afferent input and descending cortical inputs. Thus, the representation of somatosensation in CN 
during behavior is nearly unknown. 
Despite these hurdles, we have successfully implanted multi-electrode arrays in rhesus monkeys. 
We trained the monkey in three types of tasks using a manipulandum to control a cursor on a 
screen. In the first, the monkey reached to random targets in the workspace. In the second, the 
monkey performed a classic center-out task, reaching from a center target to one of four outer 
targets. On some trials, while the monkey held the handle in the center target, motors in the 
manipulandum randomly applied a force to the monkey in one of the four directions. In the final 
task, the manipulandum was fixed in place, and the monkey used isometric force on the handle to 
control the cursor, reaching once again to random targets. Although early implants recorded tens 
of neurons for ~4-6 weeks, in the most recent animal, we recorded ~20 neurons during a series of 
experiments spanning six months. Another animal had over 50 units, but with only one recording 



session prior to failure. Receptive fields of these neurons were typically were on the proximal 
arm, with a mix of cutaneous and proprioceptive afferents. 
95% of neurons modulated their firing rates significantly during the isometric task, with many 
well-tuned to the direction of applied force. Virtually the same proportion of neurons responded 
during the active component of the unloaded, center-out task, with 60% of neurons tuned to 
movement direction. During these active movements, some neurons appeared to modulate their 
firing rates 50-100 prior to movement onset, suggesting the influence of descending inputs. 
Three-quarters of neurons responded to the applied bumps, with approximately one-third having 
some directional tuning. We are able activate individual muscle receptors (muscle spindles and 
Golgi tendon organs) selectively through vibration and electrical stimulation. We intend to 
compare these patterns of activation to the modulation observed during the movement and 
isometric tasks. Furthermore, by using a combination of motion tracking and musculoskeletal 
modeling to extract muscle lengths and length changes, we will assess the tuning properties of 
these neurons in intrinsic, as well as Cartesian coordinates. 
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illusion 
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Abstract: Mirror illusion can be used to induce systematic errors for reaching movement made 
with the unseen hand behind the mirror. However, it remains unclear the cortical mechanism 
during the reaching movement under the influence of the mirror illusion. The aim of this study is 
to investigate the cortical mechanism during the reaching movement under the influence of the 
mirror illusion. Nine right-handed female volunteers conducted reaching tasks under the 
influence of the mirror illusion. Participant initially placed right hand in front of, and the left 
hand behind, a mirror placed vertically in the mid-sagittal plane on the table. She asked to move 
the right hand to the directions toward or away from the mirror. After 10 s of exposure to the 
mirror reflection (mirror illusion condition) or to the mirror covered by an opaque sheet (control 



condition), participant reached to unseen target situated 15 cm forward with their unseen left 
hand behind the mirror. We recorded the reaching trajectories made with the tip of index finger 
of the unseen left hand using by VICON motion capturing system. Surface 
electroencephalography (EEG) was recorded during the reaching movement in the mirror 
illusion and control conditions and analyzed by a traditional event-related potential (ERP) and a 
single-trial-based EEG power and phase dynamics. As a result, during an early stage of the 
reaching movement, horizontal errors were larger in the mirror illusion condition than in the 
control condition. These results suggest that, in the mirror illusion condition, participants plan 
and execute their left hand reaching movements to the direction away or toward from the mirror. 
Next, positive ERP deflections during reaching movement in the mirror illusion condition were 
larger than those in the control condition over sensorimotor site opposite to the reaching hand. 
Theta-band EEG power during reaching movement in the mirror illusion condition sustained 
longer than in the control condition, while theta-band EEG inter-trial phase-locking in the mirror 
illusion condition was stronger than those in the control condition. These results suggest that, in 
the mirror illusion condition, participants are difficult to control their left hand in the late stage of 
the reaching movement under the influence of the mirror illusion because they become more able 
to detect their visual-proprioceptive conflict in the late stage of the reaching movement. 
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Title: 3D assessment of upper limb proprioception 
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Abstract: Proprioception is the sense of body position, movement, force and effort. Loss of 
proprioception can affect planning and control of limb and body movements, negatively 
impacting activities of daily living and quality of life. Assessments employing planar robots have 
shown that proprioceptive sensitivity directionally-dependent within the horizontal plane 
(Wilson et al, 2010). Little is known however about proprioceptive sensitivity when tested 
outside the horizontal plane. To investigate proprioceptive sensitivity in 3D we developed a 
novel experimental paradigm employing a 7-DoF anthropomorphic robot arm (LWR4+, KUKA 
Inc.), which enables reliable testing of arm proprioception along arbitrary paths in 3D space, 
including vertical motion. A participant’s right arm was coupled to a trough held by the robot 
that stabilized the wrist and forearm, allowing for changes in configuration only at the elbow and 
shoulder. Sensitivity to imposed displacements of the endpoint of the arm were evaluated using a 
“same-different” task, where participant’s hands were moved 1-4cm from a previously visited 
reference position. The proportion of trials where subjects responded “different” when the 
stimuli were different (“hit rate”), and where they responded “different” when the stimuli were 
the same, (“false alarm rate”), were used to calculate d’, a measure of sensitivity derived from 
signal detection theory. Data have been obtained from 76 subjects, each of whom was tested in 
two directions (34 upward, 36 downward, 21 backward, 19 forward, 18 leftward, and 18 
rightward). For all directions sensitivity (d’) increased monotonically as the distance from the 
reference location increased. However, we also found differences in sensitivity between 
directions at some distances. For example, sensitivity was greater for rightward and leftward 
displacements than for downward and backward ones at 2cm and 3cm (permutation tests, 
p<0.05). Sensitivity was also greater for upward and forward displacements than for downward 
and backward ones at 3cm (permutation tests, p<0.05). These data confirm previous findings that 
the ability to estimate the position of the limb via proprioception is anisotropic across a 3d 
workspace, which has important implications for understanding the multisensory planning and 
control of reaching movements in 3D space. 
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Title: Segregated processing of reach depth and direction signals in the macaque area PE 
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Abstract: The posterior parietal cortex (PPC) includes several anatomically and physiologically 
defined areas that combine visual and somatosensory information with motor commands to 
generate appropriate arm movements in the three-dimensional space. Over the years, the role of 
several PPC areas in the encoding of arm movements in different directions has been extensively 
studied, but few works have investigated the processing of reach depth and the relative influence 
of these two signals in the reach-related activity. Area PE (Brodmann’s area 5), located in the 
rostral part of the PPC, is one of the key nodes of the reaching circuit of the medial PPC and has 
strong projections to the primary motor cortex. In the present study we examined the relative 
influence of depth and direction information on neurons of the medial part of area PE and 
characterized their temporal evolution over the course of a fixate-to-reach task in darkness 
towards targets placed at different depths and directions. The same task configuration was used 
in the studies of neighboring superior parietal lobule areas V6A and PEc (Hadjidimitrakis et al., 
2014, 2015), thus allowing us to compare direction and depth processing between the three PPC 
areas. Single unit activity was recorded from two Macaca fascicularis (N= 120) and was 
quantified within four main epochs: target fixation, reaching preparation, execution, and target 
holding. We found reach-related cells in PE tuned by target depth (16%) and by direction (12%) 
and by both of these signals (6%, average percentages across task epochs), and these 
modulations were differently distributed across the task epochs. The tuning of activity by 
direction was strong at the beginning of the task, whereas the depth tuning mainly occurred 
during movement execution. Our study shows that different populations of cells code for reach 
depth and direction, thus arguing for a segregated processing of depth and direction information 
in PE. This finding is in contrast with evidence from V6A and PEc where high and intermediate, 
respectively, degree of convergence of depth and direction signals has been reported. Altogether 
the results from the three areas suggest a gradual parcellation of spatial information that occurs 
in a caudal-to-rostral fashion in medial PPC. This coding scheme parallels the increase of 
somatosensory and the simultaneous decrease of visual processing observed along the caudo-
rostral axis of the medial PPC, and it also correlates with the reference frame transformations 
from extrinsic to intrinsic coordinates that occur in the same direction. 
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Abstract: Previous studies have suggested that damage to central nervous system may alter 
muscle synergies, coordinated activities of multiple muscles that organize modules for motor 
control. To investigate the alternation following the damage will facilitate more effective design 
of neurorehabilitation technologies. Most of the studies have focused on muscle synergies of the 
patients recruited during simple tasks, such as isometric force generation or reaching movements, 
and contributed significant insight into the research field. We have investigated how the muscle 
synergies were modulated during a peg transfer task in patients with hemiparesis toward the 
realization of effective neurorehabilitation systems covering complex movements. In the present 
study, we investigated relationship between the muscle synergies and physical performance, 
which was measured by Fugl-Meyer (FM) assessment, in patients with hemiparesis. 
Thirty-two patients with hemiparesis (FM upper arm score 15-64) picked a peg on 3×3 grid 
points on a board and placed it out of the board sequentially by using their affected arms. 
Fourteen able-bodied subjects also performed the same task. We estimated a set of muscle 
synergies for each subject by applying nonnegative matrix factorization to electromyographic 
signals measured during the task, and classified the synergies into 14 classes by using a 
hierarchical clustering method. We investigated which class of the synergies affected the FM 
upper arm scores by using lasso, which is a sparse regression method that can select relevant 
variables to the explanation, with binary variables that indicated the synergy was detected in the 
patient or not as explanatory variables and the FM upper arm score as response variables. 
The results of the regression showed that the FM upper arm scores could be explained 
moderately by using only variables for 3 classes of the synergies (correlation between measured 
and estimated FM upper arm scores 0.73). Two of the classes, which had concentrated activity 
on anterior deltoid or biceps, were assigned positive weights (i.e. increased the scores), and the 



other one, which had co-contraction on shoulder muscles, was assigned a negative weight (i.e. 
decreased the scores). Post-hoc logistic regression with the FM upper arm score as an 
explanatory variable showed that probabilities of detection of the synergies in the patients 
significantly depended on the FM upper arm scores (p < 0.05). 
These results suggested that the extracted muscle synergies had relationship with physical 
performance in the patients. The results may be useful for development of new 
neurorehabilitation technologies. 
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Abstract: Motor planning and control are influenced by the availability and reliability of sensory 
feedback. When proprioceptive sensory feedback is deficient or unavailable, compensatory 
processes may increase function, but may come at the price of increased cognitive load or 
decreased quality of movement. It is unclear whether augmented feedback, such as vibrotactile 
feedback, can ameliorate the effects of these sensory changes. By assessing neural and 
behavioral activity during a well-characterized motor task with sensory reduction and 
augmentation, the role of augmented sensory feedback for motor control can be assessed. 
Electroencephalography (EEG) and kinematic data were gathered while persons (n=12) with 
sound limbs using a prosthetic limb simulator performed a repetitive reach and grasp task 
involving medium, small, and large discs. The participants were divided into two groups, one 
with full vision, and one with a barrier that occluded their vision during the reach and return 
phases of a reach-grasp- transport-return task. Subjects in both groups performed the task in two 
conditions, with or without vibrotactile feedback. We hypothesized that vibrotactile feedback 
would reduce visuomotor cortical network activation with accompanying improvements in 
efficiency of motor behavior. Neural results for the vibrotactile condition show decreased 
activation of the visuomotor cortical network in the full vision group, while the occluded group 



showed decreased activation of the frontoparietal network. Kinematic results showed no 
significant effect of vibrotactile feedback on transport velocity. There was a significant effect on 
aperture, but only for the large disc. In conclusion, the effect of vibrotactile feedback supports 
our hypothesis regarding neural activity, yet kinematic results appear minimal. This may 
demonstrate the limitations of artificial sensory feedback for improving motor behavior 
independent of sensory adaptations following sensory loss. 
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Abstract: Optic ataxia is a consequence of brain damage to the posterior parietal cortex (PPC) 
resulting in errors during visually-guided arm movements. Because the PPC is known to be 
involved in multisensory integration processes, optic ataxia has been proposed to originate from 
a deficit of transforming sensory information into an accurate reaching movement. Optic ataxia 
patients are paradoxically more accurate when they point toward remembered targets indicating 
that they do not benefit from on-line motor control (lack of hand automatic pilot). Accurate 
reaching relies on a comparison between hand and target positions before and during movement 
execution. In the case of a visual target, this comparison can be cross-modal (when only 
proprioceptive information about the hand is available) or visual-to-visual (when visual 
information is also available for hand location). In order to investigate the role of the PPC in 
these hand-target comparisons at different phases of the movement we asked a patient with 
unilateral optic ataxia to reach to remembered peripheral positions of visual targets while 
maintaining fixation under three different conditions: without vision of the hand (noV), with 
vision of the hand only before the movement (startV) or during the entire reach (fullV). Six 
neurologically intact control participants also took part in this experiment. Overall, reaching 
errors of the patient were reduced by 38% in the fullV as compared to the noV condition. 
However, such an improvement was not found in the startV condition, suggesting that the optic 



ataxia patient benefitted from hand visual information only at the end of the movement. This 
finding suggests that the optic ataxia patient can perform correct reach movements only when 
proximal visual-to-visual comparison is possible between hand and target locations. Together, 
these results indicate that the PPC is involved specifically when the visual target location has to 
be compared with hand location informed from proprioception or from internal models. In 
addition, visual information of the hand at start does not improve the ongoing dynamic 
prediction of hand location. This could also be due to inability to process visuo-visual 
comparisons at further distances due to impairments of visual localization in peripheral vision. 
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Abstract: Reaction times can be measured and analysed in many different ways. By comparing 
several options we show that the method that one chooses influences both the judged reaction 
time and, more importantly, conclusions about how the reaction time depends on the 
circumstances under study. We compared simple auditory reaction times in two conditions: one 
in which the response amplitude was constrained and one in which it was not. One might expect 
that adding constraints will increase reaction times. Indeed, when the reaction time was defined 
as the time that was needed to release a micro-switch (i.e. to raise the finger by 0.5 mm) it was 
longer when the amplitude was constrained than when it was not. However, constraining the 
amplitude of the response makes the response less vigorous, so determining the reaction time on 
the basis of a fixed displacement, even if it is a very small displacement, could make the reaction 
time appear to be shorter for a more vigorous response, even if the moment of movement onset is 
unaffected. We therefore analysed the data in various alternative ways. Reaction times 
determined in what appeared to be the most reliable ways were not systematically longer for the 
more constrained movements. The most reliable methods use extrapolation of the change in the 
average force that the finger exerts on the surface or of the change in the finger’s average 
acceleration to estimate the reaction time. 
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Abstract: Cutting edge genetic and optical tools to study neural circuits in the mouse only gain 
their full potential in combination with well-controlled behavioral paradigms. In rodent motor 
research, the “reach-to-grasp” behavior has proven to be a powerful paradigm because it closely 
resembles that of primates and it has been well characterized in the context of stroke and 
Parkinson’s disease. However, the classical reaching for food pellets in rodents also has some 
technical shortcomings and its use under head-fixed conditions is rather limited. Here, we 
explore a novel version of this paradigm in which mice are trained to reach for water droplets 
instead of food pellets. We found that freely moving mice immediately engage in this water 
droplet reaching task and become fully proficient after 5 training sessions, performing hundreds 
of reaching trials per hour. Importantly, the “reach-to-grasp” kinematics for water droplets 
follow the same sequence described for classical pellet reaching. 
Inspired by the classical “center-out” reaching task in primates, we next investigated whether 
mice were able to perform the task under head-restrained conditions and towards different target 
locations. We found that head-restrained mice can rapidly learn to locate, reach out and grab 
water drops presented in different target locations around their snout. Interestingly, not the 
whiskers, but the olfactory system is principally used for target localization. Optogenetic 
inactivation of the motor cortex halted the initiation, as well as the execution of ongoing reaching 
movements. 
Taken together, reaching for water has the potential to become a universal and flexible 
behavioral platform for systems neuroscience research in mice. 
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Abstract: There is increasing appreciation that perceptual decision-making is based not just on 
features of the stimulus, but also actions we associate with that stimulus. This occurs because 
sensory predictions generated as action consequences are combined with sensory input during 
decision-making. Congruent with this, we recently showed that perceptual decisions were better 
when sensory feedback and predictions were aligned, even when the predictions were modified 
through learning. Importantly, instability in the modified predictions caused the perceptual 
system to transition to “natural” predictions for maintaining enhanced perceptual judgments. 
Why does the perceptual system go back to the default natural predictions? We hypothesized that 
this is because actions that generate these predictions have been reinforced through everyday 
experience. Thus reinforcing a different set of actions should create a new “natural” and cause 
the perceptual system to rely on those predictions. To test this, two groups of subjects adapted to 
a 10-degree visuomotor rotation via feedback about motor errors and task success. Following 
adaptation, subjects continued to experience the rotation while receiving feedback about only 
error (Group 1, non-reinforcement) or only success (Group 2, reinforcement). Subsequently, all 
subjects adapted to an additional 10-degree rotation, but stabilization of this learning was 
prevented by a concomitant tone discrimination task. Subjects then performed a perceptual task 
in which they searched for and reported the color of a predefined visual target that moved on a 
screen among other distractors while they also moved their unseen hand. Importantly, target 
motion was congruent with the hand, or rotated by 10 or 20 degrees relative to hand motion. We 
noted that accuracy of the color report in both groups was initially better for targets that were 
rotated by 20 degrees. However, for Group 1 subjects, accuracy gradually became better for 
targets whose motion was aligned with the hand, while for Group 2 subjects, accuracy became 
better for targets whose motion was rotated by 10 degrees relative to the hand. Thus, 



reinforcement of the 10-degree adapted action caused subjects to rely on predictions derived 
from those actions for perceptual decision-making, but the lack thereof caused increased reliance 
on the default natural predictions. While this reaffirms that the perceptual system flexibly 
incorporates the most stable sensory predictions for perceptual judgements, these results suggest 
that this “stability” is defined by movement success. Thus, perceptual judgements are biased by 
sensory predictions derived from our most successful actions. 
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Abstract: Whether a person is right- or left-handed can currently be established only by using 
subjective handedness questionnaires. However, recent findings of motor control research open 
an opportunity to develop objective indicators of handedness. It has been shown that in right-
handed subjects, control of interaction torque at the shoulder and elbow is accomplished better 
by the dominant arm compared with the nondominant arm. This causes differences in the shape 
of the hand trajectories between the arms. In particular, our bimanual study of circle drawing 
suggested that the nondominant arm stronger deforms circular shapes han the dominant arm. 
This points to a possibility to use circle drawing as an indicator of handedness. To explore this 
hypothesis, we assessed quality of unimanual circle drawing in both arms of three groups of 
subjects, right-handed, left-handed, and ambidextrous. Arm dominance was assessed with two 
handedness questionnaires. Subjects were presented a template of a circle of 20 cm diameter and 
asked to repetitively draw a similar circle with the fingertip of each arm on a horizontal table. 
The circle drawing was performed at a comfortable speed and as fast as possible. The fingertip 
motion did not leave any visible traces. The table height was individually adjusted to restrict 
motion of the arm in the horizontal plane of the shoulder. Movements of the arm were recorded. 
Two trials of 20 sec duration were performed in each speed condition. The quality of circle 
drawing was assessed by computing the aspect ratio of each circle and averaging this number 
across the circles in each trial. Right-handed subjects produced more circular shapes compared 
with their left arm. This difference was more pronounced in fast movements. Left-handed 
subjects had no significant differences between arms in movements of either speed, although the 
trend in the fast condition was that the left arm movements were more circular. Ambidextrous 



subjects produced more circular trajectories in right arm movements in both speed conditions. 
An additional finding was that during fast movements, the dominant hand of left-handed subjects 
distorted the circular shape substantially more than the dominant hand of right-handed subjects. 
These results extend our understanding of the influence of arm dominance on arm movement 
trajectories and control. They also indicate that the circle drawing test could potentially be used 
for objective assessment of handedness. 
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Abstract: The objective of this study was to determine the influence of co-activation on the 
response to a physical perturbation during a postural control task. We examined the effect of pre-
perturbation muscle activity on the motor response of muscles stretched (agonist muscles) and 
shortened (antagonist muscles) by the perturbation. Subjects interacted with a KINARM End-
Point robot (BKIN Technologies, Kingston, ON, Canada). The subjects moved the endpoint 
handle to the center of a target and a perturbation pulse (50 ms duration) applied a force to flex 
or extend the elbow. The perturbation was applied after a random hold time of 1 - 4 s. Trials 
were successful if the subject returned the handle to the target within 500 ms of perturbation 
onset and stayed inside the target for 1000 ms. Surface electromyograph (EMG) signals were 
recorded for muscles spanning the elbow. Background loads were used to increase the baseline 
activation of agonist muscles to high and low levels. Trials were also performed with agonist and 
antagonist muscles co-activated. Co-activation targeted baseline muscle activity equal to the 
levels achieved by the background loads using visual feedback of the EMG signal. Subjects 
completed the task with greater success when co-activating than when resisting background 
loads with similar agonist activation. Co-activation reduced overshooting and oscillations when 
recovering from the perturbation and returning to the target. Agonist muscles exhibited a short 
latency stretch response and gain scaling when activated through both co-activation and 



background loads. Under the co-activation condition, antagonist muscles displayed a burst of 
EMG activity starting 80 - 100 ms post-perturbation. This early antagonist response was not 
observed in the background load condition, when the antagonist muscles were not pre-activated. 
Differences in hand position between the background load and co-activation conditions did not 
occur fast enough post-perturbation to be attributed to changes in intrinsic muscle properties. The 
response of the agonist muscles to the perturbation was similar in both the background load and 
co-activation conditions and did not explain the behavioral differences observed when co-
activating. The early antagonist response occurred before reversal of the hand position, while the 
antagonist muscles were still shortening; thus, the response was not caused by a stretch reflex. 
This demonstrated an anticipatory response that provided an early braking mechanism to reduce 
overshoot and oscillations in the recovery from the perturbation, likely improving task 
performance. 
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Abstract: During human arm reaching movements, a universal phenomenon occurs in which the 
end-point accuracy decreases as movement speed increases. More than half a century ago, Fitts 
conducted a pioneering research on this speed-accuracy trade-off by formulating the relationship 
between movement amplitude, duration, and accuracy. This relationship is generally known as 
Fitts’ law, which describes the duration D of arm movement as a function of the amplitude A and 
target width W. When the target width W is considered to be an allowable error of the hand end-
point (i.e., the end-point accuracy), Fitts’ law represents the speed-accuracy trade-off. In 



previous studies, this law has been applied under various conditions (i.e., using different 
experimental tasks, devices, and subjects). Most, if not all, studies support Fitts’ law. Thus, Fitts’ 
law has been widely accepted as a practical evaluation tool for human performance modeling and 
human-computer interfacing. However, since Fitts’ law is an empirically derived model, its 
theoretical background has not been sufficiently elucidated. To understand the mechanism of the 
human speed-accuracy trade-off, several studies have sought to improve Fitts’ law by generating 
new models related to the central nervous system or musculoskeletal system. However, 
conventional model was based on kinematic theory and dynamics was not taken into 
consideration. Human arm movements are achieved by transforming motor commands through 
dynamics. Thus, speed-accuracy trade-off characteristics can be explained by the joint torque 
produced by motor commands. Here, we investigated whether the speed-accuracy trade-off 
described by Fitts’ law can be better explained by joint torque, which is directly controlled by 
motor commands. To examine the relationships between the movement speed, end-point 
accuracy, and joint torque, we performed temporally and spatially constrained experiments. A 
positive correlation was observed between the integrated absolute torque and end-point error, 
which is a measure of end-point accuracy for the trial-averaged values of each experimental 
condition. These findings suggest the possibility that the speed-accuracy trade-off described by 
Fitts’ law can be explained by human arm dynamics and its parameters. 
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Abstract: Athletes are required to make a decision about where to throw a ball or where to kick 
a ball. Recent studies have shown that humans tend to be risk-seeking in motor decision tasks 
(Wu et al., PNAS, 2009). The risk-seeking strategy is robust; it is difficult to improve the 
strategy even after 9 days practice of 2250 trials (Ota et al., Sci Rep, 2016). However, it is 
unclear whether the risk-seeking strategy can be improved. Here we investigated the robust risk-



seeking strategy in motor decision task can be influenced by a virtual opponent in a competitive 
game because players unintendedly imitate opponent’s behavior in a competitive game (Naber et 
al., PNAS, 2013). Twelve participants performed both a one-player reaching game to maximize 
total rewards and a competitive reaching game to obtain higher total rewards than an opponent. 
In each trial, the participants obtained higher rewards if their endpoint of a reaching movement 
was located closer to a reference line (300 mm from an initial position). However, no rewards 
were assigned if the endpoint was over the reference line. The participants required to make a 
decision about where to aim for under risk of no rewards. The participants first performed the 
one-player game for 5 blocks and then performed the competitive game for 12 blocks. Each 
block consisted of 10 trials. In the competitive game, the participants confronted either optimal 
or risk-averse opponent. Optimal opponent set its mean endpoint to be the each participant’s 
optimal mean endpoint that maximized the expected rewards under the existence of their own 
motor variance. Risk-averse opponent set its mean endpoint farther away from the reference line 
than the optimal mean endpoint. Consistent with the previous studies, the risk-seeking strategy 
was adopted in the one-player game. The observed mean endpoint (279 ± 7 mm) was 
significantly closer to the reference line than the optimal mean endpoint (272 ± 7 mm) in the last 
block of the one-player game. However, compared with this block, the observed mean endpoint 
significantly decreased in the first block of the competitive game (270 ± 7 mm), suggesting that 
the participant’s aiming point approached their optimal endpoint. Furthermore, when the 
opponent player was optimal, the observed mean endpoint gradually increased from middle to 
end of the competitive game. In contrast, it plateaued when the opponent player was risk-averse. 
These results indicate that the presence of the opponent player influences risk-sensitivity in 
motor decision-making. 
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Abstract: Our previous study suggested that human arm reaching movements without visual 
feedback are planned as a trade-off between effort and movement variability arising from signal-
dependent and constant motor noise (Wang et al., 2016). Modelling effort as a quadratic function 
of the motor command can predict qualitative differences between durations of movements in 
different conditions, but does not predict well the exact movement duration, nor decision making 
and movement speed in a variety of tasks (Shadmehr et al., 2016). The systematic prediction 
error of movement duration suggests the hypothesis that effort corresponds to a sub-quadratic 
function of the motor command. We thus test through simulation of planar arm movements 
considering a two link arm model with signal-dependent and constant noise how using |u|^n with 
1<n<2 as effort predicts motion features quantitatively. Cubic splines were used to parameterize 
the motor command and thus reduce parameter space dimension and speed up optimization. 
Prediction of arm reaching movement duration is improved with n>1. This suggests that the 
central nervous system considers a sub-quadratic effort cost as well as variability due to signal 
dependent and constant noise to plan movement. 
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Abstract: Muscle activity (EMG) has been often used as a control signal to operate a prosthesis. 
In isometric conditions, EMG activity may be assumed to reflect the force generated by that 
muscle. Based on this notion, myocontrollers can be used to predict in real-time the forces 
generated by individual muscles during isometric tasks. This approach has been used to virtually 
‘remove’ individual muscles and to study the resulting adaptation phenomena. Similar 
approaches have been used to assess motor system modularity. These applications use a 
proportional myocontroller in conjunction with an isometric force control task, with the limb 
placed at a fixed location. Extension of this approach to actual movements, using a kind of 



EMG-controlled force field generation, would enable a deeper insight into adaptive and modular 
properties of the motor system. To do so would require to appropriately account for (i) the non-
linear dependence of muscle length on arm configuration and (ii) the muscle activation 
dynamics, which depends non-linearly on muscle length and its rate of change. As a step toward 
this direction, here we compare three different models of muscle geometry, characterised 
respectively by (i) constant moment arms; (ii) moment arms described by polynomial functions 
of the joint angles with fixed coefficients; and (iii) a polynomial model fitted to individual 
subjects’ data. As regards activation dynamics, we also compare a linear model with a Hill-type 
muscle model, with realistic models of contractile and tendon elements. We focused on planar 
arm movements while grasping a robot manipulandum. We designed a motor task which 
alternates reaching movements between seven targets evenly distributed within the workspace, 
and isometric force steps while the hand is kept fixed within each of the spatial targets. Once a 
spatial target is reached, subjects had to generate 25 N force steps in twelve directions. We 
recorded movement kinematics, endpoint force and the activity of seven muscles. Using a 
constrained optimization procedure, we estimated muscle geometry and muscle activation 
parameters from these data, for each of the model variants. Fitting performance was assessed in 
terms of vector correlation, rotation and scaling between observed and predicted endpoint force 
trajectories. The different model variants exhibited acceptable reconstruction performance in 
both isometric and dynamic conditions. This suggests that myoelectrically-controlled force field 
generation in different areas of the workspace and during movements is a feasible way to probe 
motor system adaptation and possibly to deliver personalized forms of robot-mediated therapy. 
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Abstract: In the study of human motor control, the synergistic and antagonistic interactions 
between muscle groups play a large role in the movement and force exertion of the limbs. 
Determination of the degree to which different muscles are activated during a given action can 
provide significant insight into how the central nervous system organizes combinations of 
muscles to perform various tasks. In this poster, we report on the tests on eight participants with 
no known neurological disorders. All the procedures were approved by the local IRB and 
informed consent was obtained from all participants before enrolling in the study. The activity of 
32 different muscles is compared across 16 different quasi-static force effort tasks to create a 
mapping between combinations of muscular activation and intended action by the user. 
Persistent homology, and two different statistical analysis methods, viz. principal component 
analysis and non-negative matrix factorization (NMF) are applied to the 32 electromyography 
signals and the six-degree-of-freedom force data to determine the muscles synergies that play the 
largest role for a given effort. The number of muscle groups in NMF is determined by the 
modified Akaike information criterion (AICc). The results of the three analysis methods are 
compared to better understand the mechanisms at play for synergistic muscle activations. 
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Abstract: Conventional approaches to studying motor variability in jaw function use 
experimental pain models to elicit pain via the delivery of capsaicin injections to the jaw. 
Evidence using this approach shows that increase in jaw pain is associated with increases in 
variability of jaw function. However, it is not clear whether individuals with chronic jaw pain 
also show increased motor variability of jaw force control. The purpose of this study was to 
investigate the effect of motor-evoked clinical pain on force production in chronic jaw pain. 
Seventeen participants with a history of jaw pain (> 6 months) and 19 pain-free healthy controls 
performed visually guided isometric jaw contractions at 2% and 15% of their maximum 



voluntary contraction. Self-reported pain ratings (i.e. pre-task and post-task ratings) using a 
visual analog scale (VAS) were collected on a trial by trial basis. Psychological factors were 
measured using clinical questionnaires. The findings showed that the self-reported pain and force 
variability were higher in the jaw pain group relative to controls at both force levels. In the jaw 
pain group, the self-reported pain was higher at the high force level than at the low force level, 
whereas normalized force variability was greater at the low force level than the high force level. 
At the low force level, a multiple linear regression analysis found that disability days, pain 
intensity, disability score, anxiety, depression, and pre-post pain rating change explained 64.6% 
of the variance in motor variability. At the high force level, 45.6% of the variance in motor 
variability was explained by pain duration, pain intensity, anxiety, and the pre-task pain rating. 
Our observations demonstrate that motor-evoked clinical jaw pain is associated with increased 
motor variability, and this increase in variability can be predicted based on measures of self-
reported pain and psychological measures. 
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Title: Probing motor priorities with electrical manipulation of neural noise scaling 
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Abstract: A hallmark of human movement is smoothness. Notably, movement trajectories are 
not only smooth but are maximally smooth, i.e. they follow minimum-jerk profiles. This 
phenomenon has been observed in a wide range of human actions and has been interpreted as 
evidence that the human neuromotor system prioritizes smoothness in motor planning. 
Conversely, it has been suggested that smoothness may not be a neuromotor priority per se but a 
consequence of multiplicative neural noise. A minimum-jerk movement minimizes neural 
command amplitudes, which in turn minimizes multiplicative noise, and therefore minimizes 



task performance variance. Since both alternative theories, i.e., that smoothness is a by-product, 
or, is prioritized in of itself, lead to the same motor outcome - a maximally smooth movement, it 
has proved challenging to falsify either theory experimentally. To this end, we electrically 
manipulate the scaling relation of neuromotor noise and observe how the nervous system 
responds. Previous research showed under isometric conditions that applying a train of electrical 
pulses to a muscle decreases the coefficient of variation of force fluctuations (Jones et al., J 
Neurophysiol, 2002), a consequence of a partial reversal of motor unit recruitment. In our 
paradigm, we: 1) magnified this effect by applying a noisy train of stimulation pulses with an 
amplitude inversely related to arm acceleration, making large motor commands relatively less 
noisy than small ones, and 2) applied this acceleration-modulated electrical noise while humans 
performed an as-fast-as-possible accuracy-constrained elbow flexion movement with their right 
arm. We hypothesized that if smoothness is a by-product of end-point variance minimization, 
then when higher accelerations are made less noisy, humans should increase the jerkiness of their 
movements, allowing them to move faster for a given end-point variance. Conversely, if 
movement smoothness is a priority, subjects should maintain maximally smooth (minimum-jerk) 
movements, forfeiting the opportunity to move faster. In our experiment, subjects practiced 
under four randomized conditions (80 trials each): 1) no added noise, 2) acceleration-modulated 
electrical noise, 3) constant electrical noise, and 4) a sham condition with noise applied to the 
non-involved arm. Early results suggest that subjects do increase the jerkiness of their movement 
profiles when the scaling of their neural noise is electrically altered to make high accelerations 
less variable. Within a relatively short time, it appears that the nervous system can modify its 
control strategy to take advantage of its current noise properties. 
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Abstract: In this study we compared several temporal characteristics in the whole body pointing 
movements of ageing and young subjects performing whole body pointing (WBP). As a 
movement used in daily life that involves significant inclination of the heavy trunk segment, it is 
important to understand for considerations of equilibrium. We examined two strategic time 
points during the task - first, the crossover point where the velocity of the Centre of Mass (CoM) 
in the vertical dimension outstripped the velocity in the anteriorposterior dimension and 
secondly, the time to peak of the COM velocity profile. Both time points occurred earlier in 
ageing subjects. The crossover point also showed adjustments with target distance in aging 
subjects while this was not observed in younger subjects. Studies with a model showed that this 
temporal adjustment with target distance fit into an optimal control strategy that emphasized 
stability rather than absolute work as an optimal control strategy. The lack of significant 
differences in movement duration eliminated this as a cause for the differences observed between 
the two groups. Comparisons of the head and angular excursions did not reveal any significant 
differences between the old and young subjects, hence indicating that the observed temporal 
shifts in the WBP aging subjects took place through modest adjustments of a common movement 
strategy. 
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Abstract: In contrast to many other forms of learning, the genetic components of operant self-
learning, a kind of motor-learning, are still poorly understood. So far, only Protein Kinase C 
(PKC) and FoxP have been identified as necessary for operant self-learning. It is also unknown 
whether the training procedure used in Drosophila is capable of supporting long-term (i.e., 24h) 
memory. Here we tested mutants for the gene radish, coding for a RAP-like GTPase activating 
protein. We found that these mutants do not show any decrement in operant self-learning, but 
improved operant world-learning, where the flies do not need to show any motor-learning, but 
color-learning is sufficient. We also tested rover and sitter flies, alleles of the foraging gene, a 
member of the protein kinase G (PKG) family. We found that PKG does not seem to be involved 



in operant self-learning, either. We also replicated a difference in heat sensitivity between these 
two alleles that had been described previously. Both PKG variants as well as a different wild 
type strain (wild type Berlin) showed savings of the operant memory after a brief (60s) reminder 
training 24h after the initial training. 
In conclusion, operant self-learning appears to be independent of both RAP-like GTPase 
activating proteins (radish) and PKG (foraging). Long-term memory of operant self-learning is 
also independent of PKG activity. 

Disclosures:  B. Brembs: None. W. Sun: None. 

Poster 

317. Motor Learning and Recovery 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 317.02/HH1 

Topic: E.04. Voluntary Movements 

Support: R01 NS094384 

Title: Cortical map plasticity as a function of vagus nerve stimulation intensity paired with 
motor training 

Authors: *R. A. MORRISON, T. DANAPHONGSE, S. SARKER, J. MONG, H. ZHANG, D. 
HULSEY, K. ADCOCK, S. A. HAYS, M. P. KILGARD, R. L. RENNAKER 
Univ. of Texas At Dallas, Richardson, TX 

Abstract: Vagus nerve stimulation (VNS) paired with motor training enhances plasticity of 
movement representations in the motor cortex. A previous study demonstrated that there is an 
inverted-U relationship between stimulation intensity and VNS-dependent enhancement of 
plasticity in the auditory cortex after VNS-tone pairing. Low intensity (0.2 mA) and high 
intensity (1.6 mA) VNS drive significantly less cortical plasticity than moderate intensity 
(0.4mA or 0.8 mA) VNS. We sought to determine whether VNS current intensity similarly 
altered the degree of plasticity in the motor cortex when paired with motor training. To do so, we 
investigated the effects of a range of VNS intensities paired with forelimb training on 
reorganization of map representations in the motor cortex. Rats were trained on a motor task in 
which they pressed a lever twice in rapid succession to receive a food reward. Once proficient, 
rats were implanted with a vagus nerve stimulation cuff. After a week of recovery, rats were 
randomized to one of three groups: 0.4mA VNS, 1.6mA VNS, or sham stimulation. All groups 
returned for five days of training on the motor task, during which VNS at the appropriate 
intensity was repeatedly paired with forelimb movement. After the five days of VNS paired 
behavioral training, intracortical microstimulation (ICMS) was used to investigate map 
representations in the motor cortex. Preliminary data indicates that rats receiving 0.4mA VNS 



display a significant increase in proximal forelimb representation in the motor cortex compared 
to 1.6mA and sham groups. Rats receiving 1.6 mA VNS fail to show an expansion in proximal 
forelimb representation compared to the sham group. These findings are consistent with the 
existence of an inverted-U effect on VNS-dependent plasticity in the motor cortex and may 
provide insight into optimization of VNS parameters for clinical implementation in motor 
disorders. 
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Abstract: Brain stimulation is believed to modulate the excitability of neural circuits and 
increase the likelihood of neuroplasticity. The local effects of stimulation are an active area of 
investigation; however, the effects on network connectivity remain largely unexplored. Here, we 
tracked changes in network connectivity across sensorimotor cortex in response to stimulation. 
We used a large-scale optogenetic interface that enables stimulation of excitatory neurons 
(AAV5-CamKIIa-C1V1-EYFP) with simultaneous recording of surface potentials (µECoG) 
from primary somatosensory (S1) and motor (M1) cortices. In two macaque monkeys we 
explored connectivity dynamics using a simple stimulation protocol; we delivered 5 ms laser 



light pulses at a frequency of 5 Hz at one or two cortical sites. 
We quantified functional connectivity between S1 and M1 by measuring how neural activity 
propagates through the network. Optogenetic stimulation evokes a direct response in the 
stimulated area followed by a delayed (3-6 ms), indirect response in the other area. We 
calculated the inter-area connectivity by measuring the relative amplitude of the direct and 
indirect evoked responses and by computing the coherence of spontaneous activity between the 
stimulation site and the other area. 
In general, stimulation strengthened the connectivity between S1 and M1. After 50 minutes of 
stimulation, there was a significant increase in the relative amplitude of evoked responses and in 
inter-area coherence at the stimulation frequency. To capture the dynamics of these changes, we 
tracked each of these measures across time. There was a trend of increasing connectivity with 
continued stimulation. 
In addition to the trend of increased inter-area connectivity, stimulation led to heterogeneous 
changes across the network at a finer scale. To assess these changes, we measured the pairwise 
coherence during spontaneous activity. Stimulation evokes a network-wide pattern of activity, so 
the coherence during stimulation is different than the baseline coherence. This difference, which 
we call input coherence, predicted changes in coherence after stimulation, consistent with a 
Hebbian plasticity model. To further test this model, we delivered more complicated patterns of 
optical stimulation. Although there were more variable effects on the network, the input 
coherence continued to predict changes in connectivity. 
Our results show that stimulation induces changes within and between cortical areas. Regardless 
of the complexity of the stimulation, connectivity across the network follows the coherence 
driven by the evoked activity, which is consistent with Hebbian learning. 
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Abstract: Transcranial direct current stimulation (tDCS) has gained interest as an adjunct tool to 
promote motor recovery after stroke. While evidence has shown that tDCS can improve motor 
performance, there is more limited reporting on the neurophysiological brain changes induced by 
tDCS post-stroke in the absence of a motor task. Moreover, very few studies of persons with 
stroke consider the potential effects of medications on the efficacy of brain stimulation. 
Recently, it has been shown that selective serotonin reuptake inhibitors (SSRIs) alter the effects 
of tDCS in healthy individuals. Stroke survivors are often prescribed SSRI antidepressants either 
for the treatment of post-stroke depression or to help promote motor recovery. However, SSRIs 
may alter cortical excitability differently in healthy vs. stroke-affected brains, or in the acute vs. 
chronic administration of these drugs. Therefore, we aimed to investigate the neurophysiological 
effects of anodal tDCS in stroke survivors on vs. off antidepressants. Chronic, unilateral stroke 
survivors participated in the study, and were assigned to the control or antidepressant group 
based on their medications. Subjects received real and sham anodal tDCS over the lesioned 
hemisphere primary motor cortex (M1) over two sessions held at least one week apart. In each 
session, bilateral motor cortical excitability measurements were collected via transcranial 
magnetic stimulation before and after tDCS. We compared baseline excitability and responses to 
tDCS between groups. Results showed that at baseline, cortical silent period durations from the 
non-lesioned (NL) hemisphere were shorter in the antidepressant group than the control group, 
indicating less intracortical inhibition. Unexpectedly, motor evoked potential (MEP) amplitudes 
from the NL hemisphere increased in the antidepressant group after real tDCS, compared to 
either sham tDCS, or to the control group. All other comparisons were not significant. Given our 
results, we speculate that anodal tDCS over the lesioned M1 in stroke subjects taking 
antidepressants may have preferentially affected the excitability of transcallosal neurons, which 
in turn resulted in an increase in MEP amplitudes through complex inhibitory mechanisms in 
these subjects and not those not taking antidepressants. In summary, anodal tDCS over the 
lesioned M1 of stroke survivors seems to have complex effects on cortical excitability, with 
antidepressant medications and/or the presence of depression, as important factors. Further 
investigation is warranted and future tDCS studies in stroke should consider examining 
antidepressant medications as covariates. 

Disclosures:  X. Li: None. S.M. Morton: None. 

Poster 

317. Motor Learning and Recovery 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 317.05/HH4 

Topic: E.04. Voluntary Movements 

Support: NIH Grant R01AR069176-01A1 



Title: Female sex hormones modulate the response to low-frequency rTMS in the human motor 
cortex 

Authors: *L. M. ROGERS1,2, Y. Y. DHAHER1,2,3 
1Shirley Ryan AbilityLab, Chicago, IL; 2Physical Med. and Rehabil., Northwestern Univ., 
Chicago, IL; 3Biomed. Engin., Northwestern Univ., Evanston, IL 

Abstract: Background: The importance of sex-specific research has been demonstrated in a 
growing number of studies but has yet to translate to rehabilitation therapy. Recently, adjuvant 
therapies aimed at creating short-term neuroplastic change to balance motor cortical excitability 
after stroke have been particularly effective at diminishing impairment and improving motor 
function, but few studies have considered the impact of fluctuating sex hormones on these 
interventions. Objective: Accordingly, the goal of this study was to evaluate the modulatory 
effect of sex hormones on cortical excitability and the response to repetitive noninvasive brain 
stimulation in healthy, normally cycling women. Our goal is the lay the foundation for 
understanding how cyclic fluctuations may impact the treatment of a chronic neurological 
disease such as stroke. Methods: Serum estradiol and progesterone levels were measured in six 
healthy female subjects (average age 31.3) every other day for two months. Three healthy males 
(average age 21) served as a comparison group. All subjects underwent sessions of repetitive 
Transcranial Magnetic Stimulation (rTMS), with corticomotor excitability tested before and 
after. Results: We found significantly enhanced rTMS-induced inhibition when serum estradiol 
concentrations were rising and progesterone concentrations remained low. In contrast, the effect 
on corticomotor excitability was reversed just after peak estrogen (post-estrogen peak) where the 
normally down-regulatory rTMS protocol resulted in significant facilitation despite serum 
estradiol levels remaining high. All six women exhibited enhanced inhibition when estradiol was 
rising; in all but one woman, excitability increased by at least 30% at post-estrogen peak. 
Conclusions: These preliminary findings suggest female sex hormones influence the effect of 
rTMS on corticomotor excitability, and that the nature of this influence varies across the 
menstrual cycle. More broadly, this study highlights the importance of sex-specific science in 
rehabilitation research. 
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Abstract: Pairing forelimb movements with vagus nerve stimulation (VNS) drives robust 
plasticity within primary motor cortex (M1). VNS activates cholinergic circuits, which are 
required for VNS-depended enhancement of plasticity. However, there may be multiple 
neuromodulatory mechanisms required for VNS-dependent enhancement of plasticity. 
Norepinephrine regulates plasticity, and the noradrenergic locus coeruleus is driven vigorously 
by VNS. However, the role of norepinephrine in VNS-dependent enhancement of plasticity is 
unknown. We hypothesize that noradrenergic innervation of M1 and/or basal forebrain is 
necessary for M1 plasticity associated with VNS pairing. To test this, we trained rats on a skilled 
lever press task emphasizing use of the proximal forelimb. After demonstrating proficiency on 
the task, rats received M1 injections of vehicle or DBH-Saporin to selectively deplete 
norepinephrine in motor cortex, and underwent implantation of a stimulating cuff electrode on 
the vagus nerve. Sham and NE-lesioned rats resumed training one week after surgery. After 
returning to pre-surgical performance, both groups received 10 sessions of training with VNS 
paired on successful trials. Intracortical microstimulation was performed to derive M1 maps 
within 24 hours of the final training session. Initial data suggests that sham lesioned animals who 
receive VNS pairing with successful trials show a robust expansion of proximal forelimb 
movements represented in M1. Noradrenergic lesion of M1 blocks this VNS-dependent 
expansion of proximal forelimb representation, indicating that cortical norepinephrine 
innervation is necessary for VNS driven plasticity. Ongoing experiments will determine whether 
noradrenergic input to the central cholinergic systems is required for VNS-dependent 
enhancement of plasticity. 

Disclosures:  D. Hulsey: None. M. Shedd: None. J. Mong: None. R.L. Rennaker: E. 
Ownership Interest (stock, stock options, royalty, receipt of intellectual property rights/patent 
holder, excluding diversified mutual funds); Vulintus, Inc.,. S.A. Hays: None. M.P. Kilgard: E. 
Ownership Interest (stock, stock options, royalty, receipt of intellectual property rights/patent 
holder, excluding diversified mutual funds); MicroTransponder, Inc.. 

Poster 

317. Motor Learning and Recovery 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 317.07/HH6 



Topic: E.04. Voluntary Movements 

Title: The effect of volitional movement on paired associative stimulation-induced plasticity 

Authors: *A. O. ALOKAILY1,3, M. YAROSSI4, S. V. ADAMOVICH2 
1Biomed. Engin., 2Dept of Biomed. Engin., New Jersey Inst. of Technol., Newark, NJ; 3Dept. of 
Biomed. Technol., King Saud Univ., Riyadh, Saudi Arabia; 4Biomed. Engin., Rutgers Univ., 
Newark, NJ 

Abstract: Paired associative stimulation (PAS) is a recognized technique to induce neuro-plastic 
changes in the human motor cortex (M1). PAS modulates cortical excitability by pairing 
peripheral nerve stimulation with transcranial magnetic stimulation (TMS) of M1 in a timing-
dependent manner to induce Hebbian-like plasticity. To date, PAS is most often performed with 
the subject at rest. A key question about how to combine PAS and voluntary movement is the 
timing of stimuli with respect to muscle activation onset. Here, we investigate the effect of PAS 
on M1 excitability when the stimuli are delivered during preparation or execution of a voluntary 
movement. Thirteen healthy right-handed subjects (age: 26±3), (9 Male and 4 Female) 
participated in the experiment. Prior to each session, twenty trials were conducted without 
stimulation to compute the mean reaction time (RT) for timing of stimulation during PAS. 
Subjects were instructed to extend their right hand fingers activating the extensor digitorum 
communis (EDC) in response to a visual cue. Each PAS session consisted of 240 pairs applied at 
a rate of 0.2 Hz. All subjects completed the following four PAS sessions: Triggering the TMS 
during: 1) movement preparation (RT-50ms), 2) movement onset (RT), 3) movement execution 
(RT+50ms), and 4) conventional PAS at rest. TMS induced motor evoked potentials (MEPs) 
were measured in the muscles of interest prior to and following the intervention to asses changes 
in corticospinal excitability. The MEPs amplitude was used for statistical analysis. PAS triggered 
during voluntary contraction (RT+50) or at rest increased excitability, while PAS delivered at the 
same inter-stimulus interval during movement preparation (RT-50) decreased excitability. 
Additionally, these changes were significant only for the targeted EDC muscle and not the flexor 
digitorum superficialis (FDS) indicating a muscle specific effect. Unlike most of PAS studies, 
our focus was on hand extensors for its rehabilitation importance. The results of this preliminary 
investigation suggest that the direction PAS induced plasticity was dependent on the order of 
stimulation and voluntary movement onset. These findings have important implications for the 
incorporation of PAS into neuromotor rehabilitation training. Future investigations will explore 
the underlying neurophysiological mechanisms, and possible clinical applications. 
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Abstract: Electromyography signals recorded from residual muscles of transtibial amputees are 
a potential neural control source for feedforward myoelectric control of powered prostheses. 
However, the ability for transtibial amputees to activate their residual antagonistic muscles to 
reach coordinates in a two-dimensional (2-D) control input space via proportional myoelectric 
control has not been examined. Understanding the reachable control input space of the residual 
muscles is required in order to utilize the amputee user’s residual muscles for myoelectric control 
of a powered prosthesis. Peripheral damage to residual muscles results in changes to mechanical 
properties of the muscle, damage to muscle sensory receptors, and disruption of afferent 
pathways from the muscle. Disruption of afferent pathways likely affects residual muscle 
recruitment patterns. The purpose of this study is to examine the voluntary residual muscle 
activation patterns of transtibial amputees when mapping out a reachable 2-D control input space 
that requires both coactivation and reciprocal activation of residual antagonistic muscles to 
maximize the control input space. We asked ten transtibial amputee subjects to move a computer 
cursor to define a reachable control input space, where the cursor’s 2-D position was directly 
proportional to independent continuous myoelectric control signals from the residual lateral 
gastrocnemius and residual tibialis anterior. Our results show that the reachable control input 
space varied widely across amputee subjects ranging from 52% to 81% of the maximum possible 
control input space (see Figure). The amputee subjects used different strategies to expand their 
reachable control input space depending on their ability to perform coactivation and reciprocal 
activation using their residual muscles. Future development of powered prostheses using 
proportional myoelectric control should evaluate the amputee user’s reachable control input 
space in order to design a controller that can align/adapt to the current state of the amputee user’s 
residual muscle function. 



 

Disclosures:  S. Huang: None. H. Huang: None. 

Poster 

317. Motor Learning and Recovery 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 317.09/HH8 

Topic: E.04. Voluntary Movements 

Support: College of Human Sciences Untenured Seed Grant from Iowa State University 

Title: Music training differentially modulates motor cortical activity in healthy young adults 

Authors: *P. IZBICKI, S. ANDERSON, E. STEGEMOLLER 
Neurosci. & Kinesiology, Iowa State Univ., Ames, IA 

Abstract: Previous studies have demonstrated that music training may induce neuroplastic 
effects in the brain, especially in the motor cortex. Furthermore, research using transcranial 
magnetic stimulation (TMS) in healthy young adults has revealed that listening to music can 
modulate global motor cortical excitability. However, no research has shown if music training 
affects how motor cortical excitability is modulated by music listening. Thus, the aim of this 
study is to determine the effects of listening to music on motor cortical activity in healthy young 
adults with formal music training. Single pulse and paired pulse short interval intracortical 
inhibition (SICI) TMS were applied during three conditions: no music, relaxing music, and 
activating music. Motor evoked potentials (MEPs) were recorded from the first dorsal 
interossieous muscle using bipolar surface electromyography (Delsys). MEP amplitude was 
obtained and averaged across each condition. Participants were divided into groups of 1) formal 
music training < 5 years and 2) formal music training > 5 years. A 2 x 3 repeated measures 
ANOVA (using gender as a covariate) was completed comparing MEP amplitude between music 
conditions and music training groups. There was a statistically significant difference (p=0.043) in 
global motor cortical excitability between music listening conditions with no group effect. 
However, there was a near statistical difference (p=0.054) in intracortical inhibition between 
groups. The group with >5 years of training had decreased intracortical inhibition during music 
conditions as compared to the group with <5 years of training. This suggests that while listening 
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to music, increased music training has no effect on global motor cortical excitability but has an 
effect on intracortical inhibition. These results will further elucidate the mechanism by which 
music affects the motor cortex with implications in both music education and music therapy. 
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Title: Volitional control of inhibitory neuron subtypes 
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Abstract: Animals have the ability to adapt their behaviors to new environmental demands. A 
dramatic example is found in closed-loop neural feedback tasks in which animals can modulate 
the activity of specific neuron(s) that are arbitrarily selected by the experimenters. However, 
brain circuits consist of diverse cell types and it is unknown how different cell types adapt to 
new demands. Here, we examined the adaptability of three subtypes of inhibitory neurons (INs) 
in a closed-loop task with two-photon calcium imaging with mice expressing GCaMP6f in 
parvalbumin (PV), somatostatin (SOM), and vasoactive intestinal peptide (VIP)-expressing INs. 
The same two nearby neurons were targeted over multiple sessions, and the mice were rewarded 
when the activity of the positive target neuron (N+) exceeds that of the negative target neuron 
(N-) beyond a set threshold. With all subtypes, mice learned to increase the reward rate over 
several days, but the strategies differed across cell types. When PV-INs were targeted, the 
activity of N- decreased, but SOM- or VIP-INs targeting led the activity of N+ to increase, with a 
mild decrease in N- activity in SOM-INs. These results extend the notion of adaptability of 



individual neurons to INs and highlight the versatility of neural circuits in adapting to new 
demands in a cell-type specific manner. 
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Abstract: Examining topographical reorganization in human sensorimotor cortex following 
amputation and stroke has been instrumental in understanding the neural mechanisms of long-
term plasticity and cortical reorganization. An equally vital component to understanding 
representational plasticity is the delineation of the short-term homeostatic mechanisms involved 
in the functional reorganization of motor cortex, which are proposed to drive these long-term 
adaptations. Here, we investigated these mechanisms of homeostatic plasticity in human motor 
cortex by measuring cortical motor event-related potentials (ERPs) during an artificial 
syndactyly paradigm. To simulate the digit movement restriction of syndactyly, the index and 
middle finger of the dominant hand were temporarily fused together with a topical skin adhesive. 
This fusion constrained the movement of the two digits, necessitating movement together as a 
single digit. Immediately following artificial syndactyly, baseline motor potentials were recorded 
in two bimanual motor response tasks: a cued choice response task and a cued go/no-go task. 
Participants were then given motor dexterity practice under the conditions of artificial syndactyly 
through several tasks (ex. Purdue pegboard). Motor potentials were again recorded following 
practice using the same bimanual motor response tasks. Participants returned for a second 
session where they completed the same procedures and tasks but without artificial syndactyly. 
Preliminary analyses of motor potentials elicited by the dominant hand indicate that artificial 
syndactyly resulted in reduced amplitude of early-phase lateralized motor potentials, followed by 
increased amplitude in the late-phase of the motor potential. These findings may reflect early 
functional homeostatic adaptations in the motor cortex in response to movement constraints 
induced by artificial syndactyly. 
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Abstract: Age-related neuronal changes that impact motor function can lead to a decrease in 
effective motor control. Repetitive transcranial magnetic stimulation (rTMS) has the potential to 
modulate neuronal plasticity in healthy aging adults, which may yield changes in motor control. 
However, little research exists on the influence of age with motor practice or motor practice plus 
rTMS. The purpose of this study was to examine how rTMS alone, motor practice alone, and 
rTMS paired with motor practice influenced neuroplasticity and motor skills in healthy adults. 
Methods: Thirteen subjects participated in the three different intervention protocols, one per visit 
separated by a minimum of 48 hours. The interventions included 30 bouts of 6 seconds of wrist 
extension during the motor practice only, 30 trains of subthreshold 10 Hz stimulation during the 
rTMS only, and a combination of the two during the motor practice and rTMS intervention. To 
measure the effect of the interventions, the Box and Blocks Test (BBT), wrist extension force 
steadiness at 20%, and TMS outcomes (cortical excitability and short-interval intracortical 
inhibition) were assessed immediately before and after the intervention. Change scores for the 
TMS measures were calculated to measure neurophysiological changes from baseline and data 
were analyzed using an ANOVA. Results: The BBT data demonstrated a significant main effect 
for time for the right upper extremity (p=0.02), but not for the left upper extremity (p>0.05). 
During the force steadiness testing at 20% of max force, there was a main effect for time 
(p=0.025) but no difference between conditions. A significant interaction was observed in both 
TMS outcomes across muscles, conditions, and subjects. The combined intervention (motor 
practice plus rTMS) differentially targeted the extensors versus the flexors. Conclusions: This 
study highlights trends that rTMS coupled with motor practice has the potential to target active 
muscle groups (extensors in this study), while inhibiting inactive antagonist muscle groups 
(flexors). This finding adds to the understanding that pairing non-invasive brain stimulation with 
motor practice can have differential effects. This is an area of interest that should continue to be 
explored given the potential clinical implications of this approach. 
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Abstract: While prior studies have reported changes in resting-state functional connectivity 
(rsFC) after learning, the specificity of such effects to particular tasks and regions has not been 
firmly established. Further, the extent to which any apparent training-related changes in rsFC are 
influenced by factors such as time-of-day are unclear. Here, we address these issues using a 
within-subject design involving 19 healthy adults over four experimental visits. Each visit 
included two scan sessions, at 1000 and 1400 hours (AM/PM). On visits 2 and 3 between the 
AM and PM scans, participants trained for 90 minutes on either a visuospatial-learning (VSL) or 
a left-lateralized motor sequence-learning (MSL) task respectively. On visits 1 and 4 (control 
visits), participants received no training allowing us to model diurnal changes in rsFC. We 
examined training-specific changes in rsFC in anatomically and functionally-defined task-related 
networks using seed-based correlation analysis with the bilateral hippocampi (HIPP) and motor 
cortices (MC), given their involvement in VSL and MSL, respectively. Both HIPP and MC 
networks showed diurnal fluctuations in connectivity. After controlling for diurnal fluctuations, 
the effect of VSL on HIPP was evidenced by a training-related decrease in connectivity between 
the hippocampi and sensorimotor, premotor, and lateral prefrontal cortex, but an increase in 
connectivity with anterior medial place area and putamen. In contrast, MSL evoked an increase 
in connectivity between MC and temporal and occipitotemporal cortices, but a decrease in 
connectivity between MC and the caudate nucleus. Better performance in MSL was positively 
correlated with an increase in connectivity between MC and putamen and cerebellum and these 
effects were lateralized to the trained cerebral and cerebellar hemispheres. Finally, we explored 
the impact of time-of-day and training on large scale resting-state networks. Time-of-day related 
fluctuations in rsFC in multiple networks were observed. However, short-term motor training 
strongly modulated the inter-network rsFC with a decrease in connectivity between dorsal motor 
network to posterior default mode network as well as connectivity between the somatosensory 



network and right dorsal attention network. These results suggest that task- and region-specific 
effects of training can be detected using rsFC, but also underscore the importance of controlling 
for potential confounds in functional connectivity based analyses. 
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Abstract: Following intracerebral hemorrhage (ICH), the enormous burden of secondary insults 
causes a deterioration of quality of life and health in surviving patients. Given the fact that the 
viability of severe stroke patients has increased with technological progress, the importance of 
post-stroke treatment becomes increasingly prominent. Motor paralysis in particular is one of the 
severe aftereffects that deteriorates not only bodily function but also mental health. Because 
recovery from motor paralysis requires long-term rehabilitation, establishment of new therapies 
is indispensable. Exercise is recognized to be beneficial for promoting recovery of motor 
function after stroke in general. However, the most effective kinds of exercise for the 
rehabilitation of motor paralysis are still unknown. Recently, the notion that motor function 
recovery is promoted by patients’ individual psychological factors such as motivation has 
attracted much attention, but the mechanism of this effect is still unclear. In this study, the 
purpose was to compare the effects of forced and voluntary exercise for motor function recovery 
after collagenase-induced striatal ICH in rats. Male SD rats were placed on a stereotactic 
apparatus and injected with collagenase (200 U/mL) into the right striatum to induce ICH under 
deep anesthesia. ICH rats were randomly divided into forced exercise (F-Ex. group, n=7), 
voluntary exercise (V-Ex. group, n=8) and non-exercise (Non-Ex. group, n=10). The F-Ex. 
group was trained with forced treadmill exercise and the V-Ex. group was trained with voluntary 
wheel running. The rehabilitation period was 4-14 days after the surgery. Motor functions were 
assessed using the motor deficit score (MDS) and its subdivisions on days 0-15 in all groups. 
The animals in all groups were paralyzed severely at 1 day after surgery throughout the period. 



Paralytic symptoms continued in the Non-Ex. rats for 2 weeks after the surgery. Both of the 
trained groups had higher scores in all subdivisions and higher total MDS score than the non-Ex. 
group. The recovery of the V-Ex. group was faster than that of the F-Ex. group. These data 
suggest that exercise promotes the recovery of motor function, and that exercise with motivation 
may be more effective than forced exercise. 
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Abstract: [Purpose]Anterior cruciate ligament (ACL) injuries are one of the most common knee 
trauma during sports activity. The injured ACL is less able to control knee movement. The 
abnormal knee movement can also damage the soft tissue. These results lead to the instability, 
loss of motor and sensory functions of the knee joints. Although ACL is thought not to heal 
spontaneously, we clarified that the ligament heals when normalizing the joint 
movement(Kokubun 2016).The purpose of this study was to evaluate neurogenesis during the 
process of ACL healing. [Methods]Adult Wistar male rats (11 weeks old) were randomly 
assigned to three groups, ACL transection (ACL-T; n=12), ACL transection and controlling 
abnormal joint movement (CAJM: n=12), Sham op (Sham; n=12). ACLs were harvested for 
PCR array analysis, histological analysis at 1, 2 and 4 weeks after surgery. Expression of 84 
genes was analyzed using RT2 PCR profiler PCR array analysis (Neurogenesis; Qiagen). These 
mRNA expressions were normalized respect to multiple internal housekeeping genes and 
analyzed using ΔΔCT method. We evaluated the histologic sections at 4 weeks groups using 
immunofluorescence methods for primary antibodies Protein Gene Product (PGP 9.5), growth 



associated protein 43 (GAP43), nerve growth factor (NGF), substance P. Secondary antibodies 
were used Dylight488 and Cy3. [Results] With cutoff more than two-fold change, Up-regulated 
gene expressions in CAJM were 20 at 1week, 44 at 2 weeks, 26 at 4 weeks, respectively. Up-
regulated gene expressions in ACL-T were 11 at 1week,47 at 2 weeks, 22 at 4 weeks, 
respectively. In CAJM, PGP 9.5, NGF, GAP 43, positive nerves were observed in the bone 
attachment part of the ACL, the ligament surface, and the synovial membrane. But ligament 
regressed and neural elements were not observed in ACL-T. [Discussion] We observed to 
healing ligament at 2 weeks in ruptured ACL in a rat model in our previous study. Normalization 
of abnormal joint movement increases the expression of synapse formation, neuronal 
differentiation, growth factor transcription, neural plastic factor, and decreases that of apoptosis 
factor. Normal movement of the knee joint alters in biomechanical microenvironment changes of 
the joint. It was suggested that abnormal joint movement continued for a long period of time, the 
expression of related factors such as nerve regeneration and axonal outgrowth decreased, 
adversely affecting nerve regeneration. These findings might have important consequences for 
neural plasticity and regeneration in the neuromuscular system in the knee deficiency. 
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Abstract: Motor skill learning contains implicit and explicit memory components that contribute 
to overall learning. The serial reaction time task is well known for its measures of sequence 
specific implicit learning, behaviorally expressed as increased reaction times when exposed to 
blocks of trials that differ from those containing a sequence. Here we probed, whether implicit 



learning on a sequential isometric pinch force task would be observable as changes in reaaction 
time or as other performance measures, namelly target error, movement time, motor skill 
measure (adopted from Reis et al 2009) and movement smoothness. 46 healthy subjects 
performed the SRTT-SVIPT version on two consecutive days. Subjects were divided in 4 
different groups (2 main experimental conditions, 2 control groups). In the main experiment 
subjects practiced either 11 random blocks OR 1 random block followed by 8 sequence 
containing blocks interleaved with 2 additional random blocks to assess sequence specific 
implicit learning. 
In the sequence condition, subjects improved motor skill more than in the random condition. 
However, greater sequence specific learning was only observed in the reaction times but not in 
any of the motor execution variables.Interestingly, sujects anchored the beginining of the 
sequence implicitely to the first item in the sequence, since this was the only target that did not 
show reaction time prolongation when switched to teh random blocks. 
These data suggest that during learning of an implicit version of the SVIPT, sequence specific 
learning is manifested in reaction times, but two particular item-associations are stored in 
parallel, one for the start of the sequence and one for the item-item-association. 
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Abstract: Transcranial direct current stimulation (tDCS) is a noninvasive technique used in 
various therapeutic applications. Studies have shown that tDCS affects neuronal excitability. 
However, biological effects of tDCS on the underlying tissues remain unknown. The role Na+ K+ 
ATPase in the elicitation and maintenance of membrane potentials is established. In the present 
study, we investigated the effects of tDCS on Na+ K+ ATPase expression and modulation. Our 
findings show that the expression of Na+ K+ ATPase α1 is significantly increased in sensorimotor 
cortex after single session cathode stimulation, single session cathode tDCS, and repeated 
cathode tDCS. Expression of Na+ K+ ATPase α1 is significantly reduced in mice treated with 
single anode tDCS only. Atp1a1 mRNA expression is increased in mice treated with single 



session cathode stimulation of the exposed right sensorimotor cortex. Expression of Na+ K+ 

ATPase α3 is significantly increased in exposed sensorimotor cortex after single session of 
cathode stimulation, and repeated cathode tDCS. Expression of Na+ K+ ATPase α1 phospho-
serine 943 is significantly increased in exposed sensorimotor cortex after single session of anode 
stimulation, and anode tDCS. Expression of Na+ K+ ATPase α1 phospho-serine 943 is 
significantly reduced in exposed sensorimotor cortex after single session of cathode stimulation 
and single session of cathode tDCS. Expression of phospho-Darpp-32 is reduced after single 
session of anode tDCS, but was increased after repeated anode tDCS. Expression of phospho-
Darpp-32 is increased after single session cathode tDCS, but no significant changes seen after 
repeated session of cathode stimulation. Expression of Na+ K+ ATPase α1 phospho-serine 23 is 
increased in exposed sensorimotor cortex after single session anode stimulation, single session of 
anode tDCS, and repeated anode tDCS. Expression of Na+ K+ ATPase α1 phospho-serine 23 is 
reduced after single session of cathode tDCS. Expression of Na+ K+ ATPase β2 is increased in 
exposed sensorimotor cortex after single session of anode stimulation, and single session of 
anode tDCS. These results reveal that tDCS not only causes changes affecting neuronal 
excitability, but also affects molecular targets involved in the establishment of the membrane 
potentials. These molecular changes could play the underlying mechanism mediating the long 
term neurophysiological and functional changes caused by tDCS. 
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Abstract: Purpose. Cell-based restorative therapies are emerging as promising treatments for 
stroke. We studied the effects of autologous, bone-marrow derived, mesenchymal stem-cell 
(MSC) therapy on motor recovery following ischemic stroke. 
Materials & Methods. Thirty-one stroke patients (mean age 52 ± 10 years; 20 males; 17 left 
hemisphere lesions) were enrolled as a part of the ISIS (Intravenous Stem cells after Ischemic 
Stroke) study, receiving intravenously delivered MSCs, standard medical care, physical therapy 
and occupational therapy. Study details are provided at: 
https://clinicaltrials.gov/ct2/show/NCT00875654?term=ISIS+stroke+stem+cells&rank=1. MSC 
therapy was randomly administered after baseline assessments and patients were followed 
longitudinally for two years. The motor Fugl-Meyer Scale (FMS) was used as the main motor 
performance outcome measure. Lesion location and extent were estimated using 1mm3 T1-
weighted brain images. Longitudinal mixed effects linear regression models were used to explore 
effects of time and treatment on the motor FMS. 
Results. All stroke lesions involved the middle cerebral artery territory and most were large 
(mean volume 102.8 ± 63.4 ml). The mean motor-FMS for both treated and untreated patients 
increased from 35.4 +- 28.1 at one month to 49.1 ± 29.8 at six months and 53.9 ± 30.9 at two 
years. Sixteen patients received MSC treatment with a mean delay of 33.6 ± 6.1 days and 
injected doses of 158.2 ± 111.2 million cells. No adverse treatment effects were observed. MSC 
treatment was associated with better motor performance at all times after treatment (p<0.05) 
(Figure 1). 
Conclusions. This randomized control trial demonstrates that intravenous MSC treatment, given 
in the subacute period after ischemic stroke, can facilitate clinically significant motor recovery. 
Confirmation of these results in a larger sample of 400 patients using allogenic stem-cell 
treatment (RESSTORE http://www.resstore.eu/) is currently underway. 
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Abstract: Proportional scaling allows brains of vastly different size ranges to be compared by 
determining the relative amount of a brain that is dedicated to a given structure. Examining these 
relative proportions also provides a sense of the differential demand for the functions of a 
structure across different species and orders. We focused on primates and carnivores in 
comparison to representatives from 18 other orders and examined the proportional relationship of 
the hippocampus, striatum, thalamus, cerebellum, and neocortex as a function of the log brain 
size. 
We used images from 61 species from 20 different orders, including 10 Primates and 17 
Carnivores from the Comparative Mammalian Brain Collections 
(http://neurosciencelibrary.org/). Histological details can be obtained from 
http://neurosciencelibrary.org/explore/histoprocedures.html. The volume of the whole brain as 
well as the volume of hippocampus, striatum, thalamus, cerebellum, and neocortex was 
determined via ImageJ. Cross-sectional areas were summed and multiplied by the sampling 
interval. 
The proportion of the brain devoted to hippocampus, striatum, and thalamus was inversely 
related to the overall log brain volume. The hippocampus was proportionately smaller in both 
primates and carnivores relative to the remaining orders collectively. The striatum was 
proportionately smaller in carnivores compared to either primates or to the other orders 
collectively, and the striatal proportion did not change as a function of log brain size in 



carnivores. The thalamus was proportionately smaller in primates relative to carnivores and the 
other orders considered collectively. 
The neocortex and cerebellum showed different patterns. The proportion of brain devoted to 
neocortex was directly related to the log brain volume. The neocortex was proportionately larger 
in primates and carnivores than it was in the other orders collectively, but there was a lot of 
variation among species. The proportion of the brain devoted to the cerebellum showed no 
significant relationship with log brain volume. The cerebellum was proportionately smaller in 
primates relative to other orders collectively, but primates and carnivores did not differ. Species 
also varied enormously in the proportion of brain devoted to the cerebellum. 
Both the cerebral cortex and the cerebellum develop late in ontogeny. The proportional data 
reveal a high degree of variability in these regions relative to other regions. So a rule of late = 
variable may be suggested. Late developing structures may present more opportunity for various 
evolutionary pressures to sculpt them, which leads to more variability in their final forms. 
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Abstract: Pinnipeds (sea lions, seals, and walruses) are carnivorous mammals who have adapted 
to a life on land and at sea. Very little is known about their central nervous system but recent 
studies have begun to characterize their sensory systems. Their ape-size brains are marked by an 
extensive arrangement of sulci and gyri and thus far appear to be similar in their organization to 
other carnivores such as cats. Here, we extend past anatomical studies from our lab of the 
northern sea elephant (Mirounga angustirostris) and the California sea lion (Zalophus 
californianus) investigating their somatosensory (Sawyer et al, 2016) and their visual (Turner et 
al, 2017) networks to include the auditory system. Utilizing Nissl substance, cytochrome 
oxidase, and vesicular glutamate transporters (VGluT 1 and 2), we identified the auditory 
brainstem, midbrain, and thalamic nuclei in addition to primary auditory cortex. We found that 
the cytoarchitectural organization of the cochlear nucleus (CN), the superior olivary complex 



(SOC), the inferior colliculus (IC), the medial geniculate nucleus (MGN), and the core auditory 
region (A1) appeared to be similar between the elephant seal (n=1) and sea lion (n=1), with the 
former featuring slightly larger nuclei across the auditory system. Cytochrome oxidase stained 
sections of the elephant seal for example revealed a dorsal and ventral division of the CN, at least 
two subnuclei (the medial and the lateral divisions respectively) of the SOC, a clear division 
between the dense central nucleus and the dorsal cortex of the IC, the basic MGN subdivisions, 
and a strong layer IV band in auditory cortex. Similar observations were made with Nissl and 
VGluT2 in elephant seal and appeared to also hold true in the sea lion brain. Several auditory 
regions of these two pinniped species exhibited strong similarities with the auditory system of 
cats making cats an ideal reference for nuclei identification. Furthermore, some architectural 
similarities were also observed in ferrets and dogs. Thus, these results may provide additional 
insight in the evolution of large brains supporting a conservation of a set of auditory nuclei 
across species. 
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Abstract: Body movements require compensatory eye adjustments to maintain a stable visual 
field. Our previous data from in vitro experiments on Xenopus laevis revealed that during 
locomotion, this gaze stabilization is achieved not only by classical visuovestibular reflex 
feedback but also by feedforward signaling from the spinal locomotor central pattern generator 
itself. If the spino-extraocular pathway that conveys this efference copy of the locomotor pattern 
starts to be well known in larval and juvenile Xenopus, the resulting oculomotor behavior 
remained poorly investigated. This study aims to provide a fine in vivo quantification of 
compensatory eye movements produced by this efference copy before metamorphosis, during 
larval undulatory swimming, and after metamorphosis, during limb-based swimming. In both 



developmental stages, swimming sequences were video-recorded at 500fps in semi-intact 
preparations lacking visuovestibular sensory inputs, allowing to track eye and tail or limb joints 
angular positions frame-by-frame. This provides a quantification of amplitude and time relations 
of the locomotor-induced oculomotor behavior. In larvae, tail undulations produce conjugated 
eye movements which amplitude (up to 30°) increased with tail movement amplitude (up to 60°) 
but not with tail swimming frequency (5-15Hz), allowing the animal to maintain a constant gain 
(eye/tail amplitude ratio, ~0.5) despite the swimming intensity. Eye and tail movement amplitude 
peaks occurred in phase but with a 10ms lag explainable by the synaptic delay in the spino-
extraocular pathway previously estimated from our in vitro experiments. Moreover, those 
compensatory conjugated eye movements are relevantly modulated during swimming trajectory 
changes. The locomotor-induced oculomotor behavior seemed to become more robust during 
larval development. In the froglet, eye movement recordings showed a combination of 
convergent and retraction eye movements in phase with bilateral synchronous limb extension. 
Angular eye movement amplitude was much lower (up to 5°) than in larvae. The fine 
quantification of the locomotor-driven oculomotor behavior in larval and adult xenopus suggests 
a concomitant adaptation of the feed-forward spino-extraocular command with the maturation of 
vestibulo-ocular reflexes before and after metamorphosis. This study will bring important 
information to investigate 1/ interaction between the spino-ocular command and the vestibulo-
ocular reflexes; 2/ cellular basis of spino-extrocular efference copy signaling. 
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Abstract: Gastropod mollusks have been extremely productive model systems for studies of the 
neural basis of behavior and learning. Key to this success has been the unusually large size and 
relatively low numbers of their neurons, and the fact that the neuronal somata are conveniently 



organized in typical invertebrate fashion around a central neuropil, facing the experimenter, 
where they can be readily accessed with sharp electrodes. Inevitably, most recording efforts 
focus on the minority of neurons visible on the ganglion surface. However, many functionally 
important neurons lie below the surface layer, invisible and therefore largely unstudied. Our lab 
uses fast VSDs to optically record the action potentials of up to 200 neurons simultaneously. 
Because shifting the focal plane of the imaging lens allows recording from neurons at different 
depths, this work would benefit from a better understanding of how the neurons in the imaged 
ganglia are physically organized in the layers below the surface (e.g., their sizes, depths, and the 
number of layers). With this aim, we conducted a serial-section light microscopy study of 
Tritonia’s cerebropleural and pedal ganglia. Ganglia dissected from adult Tritonia were fixed, 
embedded in epoxy, sectioned either vertically or horizontally at 2 or 5 micron intervals, and 
stained with Toluidine Blue. After photographing each section, the resulting images were 
rendered into movies to allow high resolution travel through each ganglion, top-to-bottom and 
side-to-side. Typical for invertebrate ganglia, Tritonia’s neuronal somata surround a central 
neuropil, with each soma sending a single axon to either make local connections or to join axon 
bundles heading into nerves bound for other ganglia or the periphery. Resolution was sufficient 
to track many axons from their soma origin to their point of exit from the ganglion. Neurons 
were readily distinguishable by their large nuclei, which occupied 70-90% of the soma diameter. 
For the pedal as well as the cerebropeural ganglia, the layers of neurons lying between the sheath 
and the neuropil ranged from 1 to 8, depending on soma size. In the pedal ganglion, neuron 
somata ranged from 14 - 280 um in diameter, with the smallest neurons typically located closest 
to the neuropil. A complete section-by-section count for the pedal ganglion tallied 1885 total 
neurons. The largest of these had axons up to 55 um in diameter - significantly larger than the 
somata of the smallest neurons. This study represents the most detailed serial-section atlas of 
gastropod ganglia of which we are aware, and provides a clear view of the neuronal population 
under electrophysiological study in this well-established model system. 
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Abstract: The arcopallium (Arco), a major pallial subdivision of the avian telencephalon, 
receives projections from several other forebrain subdivisions, originates descending projections 
that target sub-pallial areas, and is a major output structure through which cortical-like circuits 
modulate sensory and motor systems. While an exact correspondence to mammalian structures 
has not been not fully established, some portions of the Arco are thought to correspond to 
pyramidal projection neurons in cortical layers 5/6, while others may correspond to pallial 
portions of the amygdala. In spite of its importance, relatively little is known about the internal 
organization of this brain area. Here we have conducted a gene expression analysis to define the 
molecular organization of the Arco in a songbird species, the zebra finch, using in situ 
hybridization for a set of Arco expressed transcripts (mostly derived from the zebra finch gene 
expression atlas, ZEBrA: www.zebrafinchatlas.org). We found that some transcripts (e.g. 
C1QL3, ETV1, PCP4, FEZF2) are expressed in broad patterns that help define the borders of the 
Arco even when they cannot be easily visualized by cytoarchitectonics in Nissl-stained sections. 
Other transcripts (e.g. SCUBE1, PLPP4/PPAPDC1A, SEMA6A, CBLN2, CCK, NECAB2, 
ZBTB20, CYP19A1, PLS3, KCNQ5, MGP, CNTN4, SNCA, PVALB, CRHR2, ANXA6) are 
expressed in patterns that are more discrete, allowing us to segment the Arco into at least five 
major domains, and further divide them into additional subdomains (e.g. lateral vs. medial 
dorsal, dorsal vs. ventral medial). We have also identified markers of the song nucleus robustus 
arcopallialis (RA), although the majority of these do not differentiate between RA and the lateral 
core of Arco, suggesting a possible evolutionary origin for this nucleus. While several identified 
Arco domains and sub-domains appear to correspond to Nissl-defined and/or previously 
described areas, others have not been previously reported, and/or cannot be easily visualized by 
Nissl. These results represent a first systematic segmentation of the Arco based on molecular 
criteria for the zebra finch, and provide a basis for future comparative analyses with other avian, 
reptilian, and mammalian brain organizations. 

Disclosures:  T.M. Kaser: None. M. Wirthlin: None. P.V. Lovell: None. C.V. Mello: None. 

Poster 

318. Neuroethology: Development and Anatomy 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 318.06/HH23 

Topic: F.01. Neuroethology 

Support: BELSPO SSTC PAI P7/17 



 NIH NS35467 

Title: Perineuronal nets development correlates with developmental and adult neuroplasticity 
related to song learning in the songbird brain 

Authors: G. CORNEZ1, E. JONCKERS2, S. M. TER HAAR1, O. SHEVCHOUK1, S. 
GHORBANPOOR1, G. F. BALL3, A. VAN DER LINDEN2, C. A. CORNIL1, *J. H. 
BALTHAZART4 
1GIGA Neurosciences, Univ. of Liège, Liege, Belgium; 2Bio-imaging laboratory, Univ. of 
Antwerp, Antwerp, Belgium; 3Dept. of Psychology, Univ. of Maryland, College Park, MD; 
4Univ. of Liege, Liege-1, Belgium 

Abstract: Perineuronal nets (PNN) are aggregations of extracellular matrix components 
surrounding the soma of specific neurons, mainly GABAergic interneurons expressing the 
calcium binding protein parvalbumin (PV+). In mammals, the development of PNN limits 
synaptogenesis around PV+ neurons and PNNs have been validated as a marker characterizing 
the end of critical periods for visual system development. In songbirds, song learning is limited 
to critical periods during ontogeny in closed-ended learners such as zebra finches and to specific 
phases of the annual cycle in open-ended learners such as canaries that are able to modify their 
song seasonally. Developmental and adult sensitive periods for song learning are associated with 
neuroplasticity in song control nuclei, including major morphological changes reflecting 
neurogenesis and synaptic reorganization The hormonal control of developmental and seasonal 
neuroplasticity is relatively well documented in songbirds but little is known about its possible 
regulation by PNN. Interspecific comparisons indicate however that more PNN are present in the 
song control nuclei of closed-ended compared to open-ended learners suggesting a relationship 
with song plasticity. To explore the expression of PNN throughout development, we used male 
and female zebra finch brains collected at different key ages in the song learning process (10, 20, 
30, 40, 50, 60, 90, 120 days post-hatch, dph) and we quantified the expression of PNN and their 
colocalization around PV+ interneurons. The number of PNN and the % of PNN surrounding 
PV+ interneurons increased progressively during developmental song learning in 3 song control 
nuclei (HVC, RA and Area X). Females who never sing in this species had fewer PNN than 
males in HVC and RA, two song control nuclei involved in song production, and their number 
never increased with age so that they became different from males for all ages after 50 dph. Two 
separate experiments used adult male and female canaries treated with a subcutaneous Silastic 
implant filled with testosterone or left empty in control subjects to mimic what happens in the 
spring when the seasonal plasticity of the song ends and the song crystalizes. Testosterone 
significantly increased the number of PNN in these forebrain song control nuclei in both sexes. 
Together these data demonstrate that an increased expression of PNN in the songbird brain 
correlates with the end of sensitive periods for song plasticity and might thus limit further 
synaptic reorganization at the end of these periods of behavioral and neural plasticity. 
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Abstract: Shedding the exoskeleton to permit further growth is an essential and recurrent step in 
the development of all insects and requires at each stage the execution of a stereotyped 
behavioral sequence, called an ecdysis sequence. The motor patterns—and body parts—required 
for the ecdysis sequence can vary dramatically from one developmental stage to the next, as they 
do in the fruit fly, Drosophila melanogaster, which undergoes a complete change in body plan at 
metamorphosis. Despite their profound behavioral differences, the ecdysis sequences of the 
larval, pupal, and adult fruitfly are all orchestrated by the release of a common, conserved set of 
neurohormones. The identity of some of the neurons that release these hormones change during 
development, indicating some malleability in the circuitry underlying ecdysis, but little is known 
about what changes occur in this circuitry downstream of the key hormones. To investigate 
changes in the downstream ecdysis circuitry, we have adapted several methods that allow us to 
track the development of neurons that express the receptors for the ecdysial hormones ETH, 
CCAP, and Bursicon. These methods include the previously published G-Trace (Evans et al., 
2009, Nature Methods: DOI:10.1038/NMETH.1356) and Cre-Dog (Tang et al., 2015, Nat. 
Neurosci: doi:10.1038/nn.4081) methods, as well as a novel, Cre-recombinase-based method that 
we call Cre-Trace. Each of these systems relies on the expression of two different markers, one 
that is directly driven by the transcription factor Gal4, and identifies neurons that are currently 
expressing the receptor gene, and one that becomes immutably expressed in the neurons that 
express the receptor gene in response to activation of a recombinase. The latter marker records 
the complete expression “history” of the the receptor gene, i.e. all neurons that have expressed 
it—past and present. We have applied the Cre-Trace, which utilizes a split Cre molecule, to track 
the known changes in expression of Bursicon over development and find that it reports changes 
similar to those found by other methods. Application of Cre-Dog, which employs a GFP-
dependent split Cre molecule, suggests a previously undocumented change in CCAP expression 
in adult abdominal ganglia neurons. We are currently using the G-Trace method to map changes 



in the expression of the Bursicon and ETH receptors. Preliminary evidence suggests broad 
developmental changes in the patterns of expression of both genes. 
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Abstract: Many flying insects possess a secondary visual system besides compound eyes - the 
so-called ocelli. The ocelli are involved for example in measuring ambient light levels to detect 
contrast between the sky and land for stabilizing the flight course (e.g. Mizunami 1994). The 
fruit fly Drosophila melanogaster has three ocelli located on top of the head, two lateral ocelli in 
the posterior and one medial ocellus in the anterior. Photoreceptors of each ocellus converge into 
a tripartite neuropil structure, the ocellar ganglion (OCG), which is attached to the dorsal part of 
the fly brain. As yet, we do not know how neurons in the OCG convey visual information to the 
brain. We screened several thousand GAL4 expression driver lines of Drosophila to identify and 
describe the morphology of neurons which innervate the OCG. By using the split-GAL4 
intersectional strategy (Luan et al. 2006, Pfeiffer et al. 2010), we were able to generate stable fly 
lines whose expression patterns are specific to OCG interneurons. We also used the multi-color 
flip-out technique to provide detailed information about single cell morphology. Our screening 
revealed three major classes of OCG neurons: 1. Local interneurons, innervating only distinct 
OCG neuropil portions to for a patchwork of slightly overlapping fibers. 2. Ocellar output 
neurons consisting of four subgroups. A large axon type with branches in one or two OCG 
neuropils and terminals in the posterior slope. A cell type innervating all three OCG neuropils 
and terminals bilaterally in the posterior lateral protocerebrum. A cell type class innervating two 
OCG neuropils and terminals in the central posterior brain. A descending interneuron type 
innervating a lateral OCG neuropil and terminals in the contralateral posterior slope and the wing 
neuropil of the ventral nerve chord. 3. Ocellar input neurons consisting of three subtypes. Two 



types with branches in the posterior brain and terminals in one or two OCG neuropils, and a cell 
type with numerous branches in several brain regions and terminals in all OCG neuropils. These 
OCG interneuron-specific driver lines can further be tested with optogenetic stimulation or 
silencing experiments to facilitate better understanding of their functions in visual processing. 
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Abstract: Most terrestrial animals rely on legged locomotion (i.e., walking) for many behaviors 
such as foraging, courtship, and escape. To fit this behavioral variability, walking must be 
adaptable to internal and external perturbations, such as general motor output variability, 
unforeseen obstacles, and variations in the walking surface. Therefore, sensory signals must 
continuously encode and transmit the state of the extremities for animals to produce sensible 
locomotor output. The motor output required for locomotion in general relies on not only 
inherently rhythmic neuronal networks (central pattern generators) but also sensory signal-based 
modulation and adaptation of these networks. Insects have six ambulatory legs that must be 
coordinated during walking to reliably transport them through their environment. Insect legs 
contain many sensory organs that measure various aspects of walking, like tactile stimuli, the 
angular position of leg segments, and load. Among these structures, the femoral chordotonal 
organ (fCO), an internal proprioceptor in the proximal femur, has been well-studied. It contains 
dozens to hundreds of neurons, depending on the species; studies have shown that, in addition to 
detecting substrate vibrations, the fCO provides important information about the leg’s state 
during walking by measuring the position, velocity, and acceleration of the femorotibial leg joint. 
In Drosophila, it is unknown whether these movement variables are measured by subgroups of 
fCO neurons. To address this and to characterize the internal organization of the Drosophila fCO 
in greater detail, we investigated the morphology and function of fCO neurons using ten Gal4 
driver lines that sparsely label fCO primary sensory neurons. We found that the distribution of 



these neurons within the fCO as well as their central projection patterns varied between Gal4 
lines. We then optogenetically activated these neurons in quiescent flies while monitoring tibia 
position to test for influences on muscle activity. Notably, some Gal4 lines generated tibial 
flexion, some tibial extension, and some produced no response. Finally, we inhibited these fCO 
neurons optogenetically in the intact fly in a free-walking paradigm. While the effects on 
walking were mostly mild, there were clear qualitative differences between the various Gal4 
lines, suggesting that these subsets of neurons encode different movement parameters of the 
femorotibial joint. Our findings add to the understanding of the functional structure of the 
dipteran fCO and the role of information about various movement parameters during walking. 
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Abstract: Evidence is accumulating that opsins can sense more than light. In Drosophila, opsins 
were recently implicated in larval temperature preference behavior and in hearing in adult flies. 
Here, we report that Drosophila larvae also require visual opsins for locomotion, and show that 
the proprioceptors that control locomotion express these opsins. Opsin mutant larvae had 
reduced muscle contraction amplitude, frequency of peristaltic contractions, locomotion speeds 
and crawling agility. A genomic rescue of the respective opsin gene restored normal locomotion. 
Opsin-dependent locomotion defects closely resembled the locomotion deficits of mutants whose 
chordotonal neurons are impaired. Promoter-fusions revealed that opsins are expressed in the 
serially arranged, proprioceptive chordotonal neurons in the larval body wall. Opsin expression 
was confirmed with antibodies, and chordotonal neurons seemed to be the only neurons that 
express opsins outside the larval eye. This strongly supports the idea that light-independent opsin 
functions evolutionarily predated their use as photoreceptor proteins. 
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Title: Generation and utilization of sensory signals encoding force decreases in insect legs 
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Abstract: Information from sense organs that detect forces is integral to the control of posture 
and locomotion. Furthermore, some mechanoreceptors, such as FA1 Meissner's corpuscles of the 
feet, discharge when forces decrease. In insects, signals of force decrements occur in 
campaniform sensilla, receptors that detect forces as cuticular strains. However, the specific 
mechanisms underlying encoding of force decrements and their potential functions in walking 
have been not been determined. Sensitivity to decreasing forces is not apparently reflected in 
sensory membrane encoding properties but instead appears dependent upon mechanical 
properties of the cuticle. In the present experiments, we are characterizing sensory discharges to 
decreasing forces in stick insects and cockroaches to 1) gain insight into how they are generated 
and 2) delineate the extent of their effects in walking. Tests use extracellular recording (CS 
Groups 3, 4 and 6, leg muscles) and application of bending forces to legs as 1) ramp and hold 
functions and white noise stimuli and 2) joint torques calculated by inverse dynamics from 
ground reaction forces in freely moving animals. In experiments to date, sensory firing to 
decreasing forces was invariably phasic and strongly dependent upon the level of load: 
discharges were minimal/did not occur after large initial load offsets but vigorously reflected the 
rate of change of force during complete unloading of the leg. Current experiments indicate that 
these characteristics are also reflected in the motor discharges and activation of leg muscles as 
synergists elicited by campaniform sensillum stimulation and in discharges recorded during 
walking in cockroaches. In addition, tests using bending forces applied as ramp and hold 
functions have shown that sensory firing to decreasing force is strongly dependent upon the 
duration of the hold phase. We are currently evaluating the contributions of viscoelastic 



properties of the cuticle and muscle tensions to this effect. Thus, the information about 
decreasing forces is strongly context dependent: receptors do not unequivocally encode the 
magnitude of force decline but are specifically tuned to detect rapid decreases in forces as they 
approach zero. The resultant sensory bursts can act as cues in detecting leg slipping prior to large 
changes in joint position and facilitate the onset of swing or compensatory leg lifting. These 
properties permit detection of critical signals of unloading without the computational cost 
required to continuously monitor body weight and also provide a specific mechanism for 
'emergent' coordination of walking. 
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Abstract: Goldfish react to a vibratory stimulus with a two-stage, C-shaped turn in the opposite 
direction of the stimulus known as the acoustic startle response. This response is mediated by 
Mauthner-cells (M-cells) located in the brainstem, which signal motor neurons in the spinal cord. 
Acoustic input stimulates the eighth cranial nerve and triggers this response. In previous studies, 
dopamine was found to enhance the eighth cranial nerve activity suggesting a dopaminergic 
pathway innervating the M-cell (Kumar and Faber, 1999). Further investigations revealed that 
full ablation of the goldfish telencephalon significantly decreased the likelihood of a complete 
startle response (Collins and Waldeck, 2006); however, the precise identification of any 
upstream influence or modulation of the M-cell in the brainstem has yet to be determined. 
Preliminary data found similar decreased mean startle angles (MSA) of the acoustic startle 
response between two different groups of goldfish that received medial telencephalon lesions or 
immersions of a dopamine D1 receptor (D1R) antagonist (Fischer et al., 2016). In this study, 
medial portions of the telencephalon were lesioned, and fish were then immersed in a D1R 
agonist to determine a rescue effect of the acoustic startle response after injury. Acoustic startle 



responses were tested and recorded for three consecutive pre-testing days, a post-testing day to 
determine effect of the surgery, and three post-testing days after a D1R agonist immersion. 
Statistical analysis revealed no significant difference between the ratio of final post-testing day 
MSA after D1R dopamine administration to pre-testing average MSA. These findings suggest a 
rescue effect and possible dopaminergic modulation from the telencephalon to the Mauthner-cell 
circuitry. Future directions hope to reveal the precise dopamine involvement in this modified 
startle response and the neuroanatomical projections from the telencephalon to the brain stem. 
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Abstract: Weakly electric fish use the electroreceptors for communication, prey detection, or 
predator detection. Glass catfish (Kryptopterus bicirrhis) is not electrogenic, but electroreceptive. 
Nerve impulses in their electroreceptors are modulated in response to electrical stimulation. A 
few report indicates that the sinusoidal electrical stimulation induces avoidance movements of 
glass catfish. It is not clear how electrical stimulation was coded as neural activity and induced 
avoidance movements. We investigated non-linear characteristics of electrosensory nerves of 
glass catfish to sinusoidal electrical stimulation and its associated behavioral responses. We first 
observed fish behavior during electric sinusoidal stimulation. Behavior responses of glass catfish 
to a weak sinusoidal electrical stimulation (250 nA, 500 nA, and 1000 nA) were observed in a 
circular aquarium located in a dark room. The sinusoidal stimulation current (1 - 100 Hz) was 
applied to the aquarium for 60 s. The electrical stimulation induced avoidance movements 
depending on the stimulation frequency and its amplitude. For 250 nA, 1 Hz of the stimulation 
evoked avoidance behavior. For 500 nA and 1000 nA stimulation, the glass catfish avoided the 
electrodes in the frequency of 1 - 40Hz, but not 100 Hz. Second, we observed spiking property of 
electrosensory nerve impulses in response to the sinusoidal electric stimulation. Anesthetized 



glass catfish (5-7 cm long) were placed in an experimental chamber in which water of 20.3 ± 
0.4C was filled. The stimulation electrodes were placed near the anterior and posterior tips of the 
fish. Stimulation frequency were 1 - 100 Hz. Stimulation amplitudes were 400 - 2000 nA. Nerve 
impulses were recorded in an ampullary canal. Spontaneous nerve impulses showed periodic 
beating. The electrical stimulation altered impulse patterns in the low frequency range of 40 Hz 
or less. The impulse pattern alternations were also dependent on the amplitude. Nonlinear 
analysis classified the impulse patterns into 5 groups: periodic beating, quasiperiodic beating, 
bursting, transition, and unclassified. For the weak stimulation, the quasiperiodic beating or 
bursting groups were frequently found around between 2 - 20 Hz of the stimulation frequency. 
For 1000 nA, bursting patterns were predominantly observed below 40 Hz. In the low frequency 
range, the periodic beating patterns of the electrosensory nerves were altered to non-periodic 
beating or bursting and avoidance movements were observed. Those results indicate that the 
impulse pattern alternations of the electrosensory nerves were associated with avoidance 
movements. 
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Abstract: It is believed that the cerebellum acquires and stores models of sensorimotor 
transformations. How these models are acquired and modified by learning is not clearly 
understood. Using the larval zebrafish as a model, we are working towards understanding how 
the cerebellar circuitry refines sensorimotor transformations to minimize errors in motor output. 



We use a custom designed closed-loop behavior setup to engage larval zebrafish in an optomotor 
adaptation task. In this task, head-restrained zebrafish larvae are placed in a virtual environment 
that provides optic flow. Tail movements made by the fish are detected in real time and 
transformed to forward displacement in the virtual environment. When feedback gain of this 
closed-loop environment is changed, the fish modulate motor output to compensate for 
sensorimotor mismatches introduced by the gain change. Using this behavioral paradigm, we 
have currently identified two distinct modes of motor adaptation that occur at different 
timescales. A fast mechanism, that enables fish to correct for gain changes within a swim bout 
and a slow mechanism that builds up over several bouts. After adapting to the new gain, fish 
showed consistent changes in bout velocity, duration and inter-bout interval, indicating that they 
had acquired novel sensorimotor transformations.To investigate the neural basis of these 
sensorimotor transformations, we imaged activity in specific cerebellar cell types during motor 
adaptation. We find both motor and sensory components in the activity profiles of Purkinje cells. 
We are now looking at how these activity profiles are modulated with respect to the specific 
kinematic changes observed during motor adaptation. Preliminary analysis shows distinct gain 
related activity in Purkinje cells. 
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Abstract: Stochastic resonance (SR) is a property of periodic systems in which non-detected 
signals become detectable with the addition of white noise. Using either direct play-back of its 
electric organ discharge (EOD) or a sine wave with f= EOD ± f (where 0≤f≤8), we used the 
Jamming Avoidance Reflex (JAR) of Apternotus sp. to determine if SR is a property of the 
neural circuit generating the JAR. A program developed in the LabView environment i) digitized 
the fish’s EOD, ii) identified threshold transitions to calculate the CoV, iii) varied the output 
playback amplitude to the fish, iv) added white noise on demand, v) varied the Vrms of the noise 
signal when added to the output EOD signal, and vi) recorded and saved to file, the instantaneous 
EOD frequency. A playback that did not change the coefficient of variation (CoV) of the 
interpulse interval (IPI) of the EOD was considered subthreshold. Changes in the CoV after 



adding varying amounts of noise to a playback or sine wave stimulation revealed the property of 
Stochastic Resonance, that is, the CoV changed, often by an order of magnitude. The CoV rose 
more with a smaller amplitude white noise than a greater amplitude when added in a 
subthreshold playback. In addition to the demonstration of SR, various filterings of the noise 
spectrum revealed important frequency ranges necessary to eliciting SR. 
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Abstract: Biomechanics is the study of how the physical body both creates and constrains 
behaviors. Understanding biomechanics provides a necessary link to neural control, as it clarifies 
the constraints upon and opportunities available to the body. The biomechanics of soft bodied 
creatures, such as worms, slugs and squids have few limits to their degrees of freedom, making 
them particularly challenging to model. These systems can also serve as the inspiration for soft-
bodied robots, which could navigate complex terrains or grasp delicate objects. The feeding 
grasper of Aplysia californica is a model system for understanding neural control. The grasping 
surface is a thin, finely toothed cartilaginous sheet that undergoes conformational changes as it 
opens and closes. The opening of this grasping surface has been attributed to the action of the I7 
muscle, but experiments in our lab have shown only small effects from removing this muscle 
from intact behaving animals. In contrast, we have discovered fine muscular fibers that adhere to 
the radular surface. When activated, these fibers produce openings in reduced preparations. 
Lesions of these fibers greatly impede the opening of the grasper in vivo. We have created a 3D 
model based on high resolution MRI data, which simulates both intact graspers and those with 
sub-radular fiber lesions. This model validates the role of the sub-radular fibers in radular 
opening. Understanding the motor control of the feeding grasper is likely to have implications 
for understanding the function and dysfunction of other soft structures, such as tongues and the 
digestive system. 
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Title: Axonal dynamics during thermal block in unmyelinated axons 
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Abstract: Elevated temperatures have been shown to cause propagation block of action 
potentials in both unmyelinated invertebrate and mammalian axons. Early work suggested that 
the block was due to potassium currents increasing in speed and “overwhelming” sodium 
currents. An exact mechanism of the block and the dependence of the block characteristics on 
axon diameters has not been studied. Recently, through analytical methods, application of 
infrared laser (IR) light and water bath experiments to Aplysia californica unmyelinated axons, 
and application of IR to shrew unmyelinated axons, it was shown that small-diameter axons can 
be blocked at temperatures lower than that required to block large-diameter axons. We explore 
the mechanism and scaling of axonal block using computational modeling. The computational 
model consists of an unmyelinated axon that is divided into three regions of different lengths. 
The first region, R1, is maintained at control temperature of 6.3 °C; the second region, R2, is 
maintained at a temperature of 25 °C, and the third region, R3, is once again maintained at the 
control temperature of 6.3 °C. The length of R1 is fixed, and an action potential is initiated at R1 
that travels through R2 and R3. The length of R2 is the minimum length of axon required (Lthresh) 
to produce a block of action potential propagation for a specific axon diameter. The variation of 
Lthresh is shown to be directly proportional to the square root of axon diameter, as shown before 
through analytical and experimental studies. To confirm the role of potassium ion channels in 
this observation, dynamic conductance clamps were used along the axon so that the conductance 
of the various regions of the axon were modulated to mimic the membrane properties that were 
observed when potassium channels were present in those regions. It was observed through 
dynamic clamp studies that the traveling action potential wave experiences significant 
weakening starting at some distance proximal to the onset of the heated region R2. The extent of 
this distance is a function of the square root of the axon diameter, based on observations of the 



spatial extent of the block currents. These studies are likely to provide guidance for the 
development of novel tools for control of neural activity using thermal modalities such as IR 
laser, conductive heating, RF or focused ultrasound. 
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Abstract: Animals can flexibly and robustly respond to changing conditions in their 
environment. Understanding the neural mechanisms of flexibility could be useful. In the marine 
mollusk Aplysia, previous studies have shown a complex response to mechanical loading during 
feeding (Hurwitz and Susswein 1992). Animals recruit a stronger muscular response to small 
mechanical loads to generate more force. If mechanical loads are large enough to injure the 
animal, it may cut and release food. We seek to understand the neural control of this behavior. 
Previously we have shown that, as animals switch from grasping food (biting) to swallowing, 
activity increases in specific motor neurons that aid in retraction (Lu et al. 2015). Furthermore, in 
a reduced preparation capable of feeding behaviors (the suspended buccal mass; McManus et al. 
2012), we have preliminary results suggesting that a small increase in mechanical load during 
swallowing may increase recruitment of these motor neurons, whereas a large increase may 
actually suppress activity in these neurons. What mechanism controls recruitment of the retractor 
motor neurons in adaptive responses to load? We have observed in feeding motor patterns a 
reciprocal relationship between the activity of large units on buccal nerves 3 and 2, 
corresponding to multiaction neurons B4/B5 and retractor motor neurons, respectively. B4/B5 
have inhibitory connections to these motor neurons (Gardner 1993), and they can act as 
proprioceptors that respond to muscle stretching (Jahan-Parwar et al. 1983). Here we study a 
hypothesized role of B4/B5 in regulating retractor muscle activation under load. Such a 
mechanism may allow animals to flexibly adjust motor output in response to mechanical load 
and may suggest general principles for nervous systems in many other animals. 
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Abstract: A biohybrid robot relies on actuation to navigate areas of interest, allowing it to carry 
out specific tasks in an open environment. Such biohybrid robots often utilize cells from 
mammalian or avian sources to provide organic actuation. However, these cells require precise 
environmental conditions to function. To develop biohybrid robots for use in challenging 
environmental applications, more robust tissue is needed. To this end, muscle tissue from Aplysia 
californica, which can survive challenging environments, has been used as a robust actuator for 
biohybrid robots. 
Muscles from the feeding apparatus of Aplysia californica have been selected as possible 
actuators. This allows the natural circuitry of the neuromuscular system, which has been well 
studied, to control the muscle. It is important to characterize the capabilities of the tissue 
constructs or native muscle tissues that provide propulsive force. Specifically, the I2 muscle has 
been isolated and characterized using a cantilever force characterization system. The muscle is 
attached between a flexible cantilever and a rigid base, such that the contraction of the muscle 
deflects the cantilever and the force can be calculated. 
Using this platform, the force capabilities and fatigue properties of the muscle have been 
assessed under different stimulation protocols. These protocols are based on three ways of 
actuating the muscle using direct electrical stimulation, nerve stimulation, and neural circuit 
stimulation, because neuromodulation of muscle force through circuitry has been well 
documented in Aplysia. The cantilever force characterization platform was used to compare these 



protocols. Stimulation via the ganglia, and thus via the natural neural circuitry, resulted in 
significantly higher force output than either direct electrical stimulation or nerve stimulation 
(p<0.05), with a mean force of 0.1 N. Additionally, direct electrical stimulation of the muscle 
resulted in the fastest rate of fatigue. In the future, the force and fatigue capabilities of the 
extrinsic muscles will be investigated to develop biohybrid devices capable of steering. 
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Abstract: Flexible and robust neural pathways are ubiquitous in animals. Behavioral flexibility 
is necessary to survive in unpredictable and changing environments. Previous work has 
demonstrated that variability in feeding behavior in the marine mollusk Aplysia californica can 
be useful to the animal - in general, motor components relevant to feeding show higher 
variability within animals, even as they vary less across different animals. (Cullins et al. Current 
Biology 2015). In this research, we have begun to investigate how to determine common patterns 
within this variability as a step towards automated analysis of neural recordings for behavioral 
prediction using a Bayesian network based neural net. Custom Mathematica software was 
written to carefully map the specific order of activation of motor neuronal bursts extracellularly 
recorded from the key protractor muscle (I2) and motor nerves (buccal nerves 2 and 3 and the 
radular nerve) that control the feeding apparatus (the buccal mass) of Aplysia californica during 
both biting and swallowing behaviors. Results of initial studies showed there is some conserved 
structure within individual animals and across different animals. Associating basic statistics for 
activity in each recording channel (i.e., duration of bursting, mean instantaneous firing 
frequency, and integrated rectified amplitude) with maps of conserved structure led to 
classification accuracy of 78% (n = 1000, std. error = 0.002 ± 0.001). This combination 
improved upon the success rate using only basic statistics (72%, n = 1000, std. error = 0.002 ± 
0.001) and only structural maps (70%, n = 1000, std. error = 0.002 ± 0.001) considerably. We 
plan to construct a neural net and to train it using the previously described structural and channel 



information. Should this procedure lead to accurate behavioral classification, it will be of general 
interest as, in theory, the technique will be implementable within a wide range of biological 
signal analysis settings. 
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Abstract: Because of its large, identified neurons, the buccal ganglion of Aplysia californica is a 
model system for understanding the neural basis of feeding behavior, which provides insights 
into motivated behavior and multi-functionality. We are monitoring in real time the activity of 
multiple key neurons in the neural circuit that controls feeding behavior. To this end, we are 
combining nerve recordings of the circuit’s motor output with recordings of cell bodies of 
neurons in the neural circuit using a two-dimensional, high-density (100 um pitch) 
microelectrode array (MEA, 120 electrodes). The majority of previous studies have focused on 
recordings from single neurons, or small groups of neurons. However, many interesting aspects 
of neural dynamics can only be understood by looking at large populations of neurons and their 
relationships to each other. We are using the MEA and at the same time recording from buccal 
nerves 2 and 3, the radular nerve and the I2 muscle to identify motor neurons on the array during 
motor patterns, and distinguish them from interneurons. We have successfully recorded from 
large identified neurons in the ganglion while recording one to one extracellular action potentials 
in the nerves. At the same time, we can monitor the extracellular potentials and current densities 
throughout the ganglion. Our preliminary data suggests this approach will provide deeper 
insights into a pattern-generating circuit. 
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Abstract: Like other songbirds, black-capped chickadees (Poecile atricapillus) have specialized 
neural regions for song production, perception, and learning. In addition, they are well-studied 
for their spatial memory and its associated neural underpinning, the hippcampus. Previous 
research has typically focused on short-term neural changes in perceptual regions in response to 
acoustic stimuli; however, long-term changes in these regions have not been investigated to the 
same degree. DNA methylation is one of several persistent epigenetic mechanisms that change 
the accessibility of DNA to be transcribed; increased levels of DNA methylation block 
transcription and can affect behavioural memory formation and maintenance. We were interested 
in whether global patterns of DNA methylation in various regions (caudomedial nidopallium 
NCM, caudomedial mesopallium CMM, HVC, and hippocampus) differed between male and 
female chickadees. We were also interested in whether learning ability on an operant 
discrimination task was related to levels of methylation in perceptual regions. Using 5-
Methylcytosine (5mC; a marker of DNA methylation) and NeuN—a neuronal marker, we 
labeled tissue from male and female chickadees that had participated in a discrimination 
paradigm. Preliminary results show there are no differences in levels of DNA methylation 
between males and females in perceptual regions, but there is evidence of lateralization of 
methylation between hemispheres in CMM. This study lays the groundwork for investigating 
acquired and heritable changes in DNA methylation at regulatory sites of genes involved in song 
perception and learning. 

Disclosures:  S.D. Aitken: None. C.A. Blackman: None. I.C. Weaver: None. L.S. Phillmore: 
None. 



Poster 

319. Birdsong: From Neurogenesis to Genetics and Epigenetics 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 319.02/II4 

Topic: F.01. Neuroethology 

Support: Japanese Government MEXT scholarship 

 JSPS KAKENHI 16H01261 

Title: Interspecific divergence of cis- and trans-regulation for gene expression associated with 
species-specific learned vocalization 

Authors: *W. HONGDI, A. SAWAI, S. HAYASE, K. WADA 
Hokkaido Univ., Sapporo, Japan 

Abstract: Birdsong is acquired through vocal learning with species-specific constraints. Over 
3,500 songbird species produce their unique songs using evolutionally conserved song circuits 
across species. Interspecies variation of gene expression in the song circuits is considered a 
crucial regulatory factor for species-specific vocal learning. Previous studies showed that cis- 
and/or trans-regulatory changes during evolution contribute to interspecific gene expression 
patterns. However, it remains unknown how the regulatory mechanism of interspecific gene 
expression affects species-specific learned vocal pattern. Here we show that gene expression in 
the song circuits is regulated by both interspecific divergence of cis- and trans-regulation, which 
are also associated with species-specific song pattern. Whole transcriptome analysis revealed 
1,730 and 1,620 genes in RA and HVC, respectively, as differentially expressed genes between 
zebra finch (ZF) and owl finch (OF). Using species-specific SNPs between ZF and OF, 403 and 
505 genes were differentially regulated with allelic imbalance bias in their F1 hybrid’s RA and 
HVC, respectively. Analysis of regulatory mechanisms showed that both cis- and trans-
regulations play important roles in interspecies different expression in the motor circuits nuclei. 
Furthermore, cis- and trans-regulated genes are significantly enriched in some cluster of genes 
that were significantly correlated with acoustic and sequence features of their learned song. 
These results suggest a potential contribution of both cis- and trans-mechanisms in the regulation 
of species-specific gene expression and song patterns. 
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Abstract: Vocal learning is a rare trait shared by a small number of distantly related species, 
such as songbirds, parrots, hummingbirds, cetaceans, bats, elephants, pinnipeds and humans. 
Similarities in behavior, development, learning and brain circuit structure are found across vocal 
learning species examined thus far, likely as a result of convergent evolution. In the vocal 
learning birds and humans, using high throughput transcriptome analyses our groups previously 
found convergent gene expression specializations (up- or down-regulation) of 10-100s of genes 
in song regions of birds and speech brain regions of humans relative to adjacent motor learning 
pathways. Here we begin to ask what are the molecular causes of the specialized gene 
expression. We performed H3K27ac ChIP-seq experiments on the song production nucleus of 
songbird (Taeniopygia guttata) RA (robust nucleus of the arcopallium) and the adjacent motor 
region and comparative genomic experiments across species to identify non-coding regulatory 
regions of the genes specialized in vocal learning brain regions. H3K27ac is generally associated 
with active enhancer DNA. Using native ChIP-seq, we identified several hundred H3K27ac 
peaks with significantly differential activity between chromatin of neurons in songbird RA and 
the adjacent motor regions, including a subset associated with specialized genes identified in 
RNA-seq transcriptome experiments. Aligned genomes of avian vocal learning species and their 
closest vocal non-learning relatives revealed many vocal learning specific accelerated regions in 
close proximity to specialized genes. We will next combine these data sets to determine whether 
accelerated regions have differential H3K27ac peaks between RA and adjacent motor areas. 
These findings suggest that epigenomic regulation at the level of enhancers with accelerated 
evolution could provide a basis for the molecular specializations associated with vocal learning 
brain regions. These experiments will help to identify the genetic mechanism in which vocal 
learning evolves and will benefit research for understanding vocal communication disorders. 
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Abstract: In striatal regions activated during learned vocalization, the transcriptional profiles of 
zebra finches and humans are more similar to each other than to more closely related non-vocal 
learning species. This makes the zebra finch essential for discovering drugs that treat 
communication deficits. Humans with learned vocalization deficits benefit from speech therapy, 
suggesting that pharmacologically targeting transcriptional machinery activated by experience 
could enhance the efficacy of environmental interventions. To investigate activity-dependent 
changes underlying vocal learning in the basal ganglia song nucleus Area X, we mined gene 
expression data generated via weighted gene co-expression network analysis and identified 
several candidate transcriptional regulators that are highly correlated to singing. Upregulation of 
the microRNA-128 (miR-128) host gene and downregulation of many miR-128 targets 
associated with human communication deficits were strongly correlated to singing. One target 
associated with auditory learning in rodents, histone deacetylase 3 (HDAC3), dynamically 
changed with singing at the protein level. Decreased HDAC3 (and other singing-induced 
changes in transcriptional regulators) leads to an increase in epigenetic marks associated with 
histone variant exchange. In line with this, we found a positive correlation between histone 
variant H3.3 protein and singing in adult birds. 
Ginsenoside Rh2, a biologically active compound isolated from ginseng, has been shown to 
increase miR-128, and downstream pathways related to epigenetic modification in in vitro or 
peripheral systems. Ongoing experiments using oral administration of ginsenoside Rh2 to 



juvenile birds learning their songs are aimed at determining whether or not this drug has an effect 
in vivo on song control neurons and song learning. Preliminary behavioral analysis suggests that 
activity-dependent chromatin remodeling underlying learned vocalization may be a promising 
therapeutic target for treating communication deficits in humans. 
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Abstract: How do naturally salient sounds like conspecific vocal communication signals have 
unique access to memory encoding and storage? Long term memory (LTM) for auditory cues 
depends on neural mechanisms that rely on gene expression for auditory plasticity to encode 
specific sounds. Because gene expression is regulated by epigenetic mechanisms, we used a 
selective inhibitor of histone deacetylase 3 enzyme (HDAC3i) to determine whether histone 
acetylation may gate experience with conspecific vocalizations into long-term memory, 
following earlier work showing that rats treated with HDAC3i acquire sound-specific memory 
for the characteristic features of a synthetic but behaviorally-significant pure tone sound 
(Bieszczad et al., 2015). We now report that HDAC3i in the adult male songbirds enables the 
transformation of a limited experience with a conspecific song into LTM for that song in the 
caudomedial nidopallium (NCM). NCM is analogous to superficial layers of mammalian A1 or 
secondary cortex, and known to function in song discrimination and memory. NCM plasticity 
appears as stimulus-specific adaptation: evoked responses to familiar (remembered) sounds adapt 
more slowly than to novel (or forgotten) sounds. Thus, adaptation rate (slope of decrease in 
response amplitude as a function of song repetition number) between pre-exposed familiar (F) 
vs. completely novel (N) songs provides a measure of the neuronal strength of memory for 
familiar songs. Normally, >200 repetitions (200X) of a single conspecific song can produce 
LTM in adult male zebra finches (revealed in NCM neuronal plasticity >20h later). Here, 
exposure to only 20 repetitions (20X) of 8 novel zebra finch songs was sufficient to induce 



neuronal memory to the 8 previously exposed F songs compared to 8 never-before-heard N 
songs when the limited exposure was followed by systemic injection of HDAC3i (n=8), but not 
of vehicle (n=6). Furthermore, we established a link between HDAC3 inhibition and song-
specific memory enabled via gene expression. NCMs dissected from birds sacrificed 30-minutes 
after HDAC3i or vehicle injection reveal HDAC3i induced increases in zenk (aka egr-1) 
expression. Strikingly, the effects of HDAC3i on NCM electrophysiology and transcription were 
lateralized: only left NCM exhibited neuronal memory and increased zenk expression in 
HDAC3i-treated birds relative to vehicle-treated birds. Therefore, HDAC3i transforms sub-
threshold auditory experiences into LTM by inducing a lateralized reorganization of the 
representations of specific, salient sounds, which may naturally gate privileged entry of 
conspecific vocalizations into long-term memory stores. 
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Abstract: Vocal learners acquire complex vocalizations through the imitation of tutors. Studies 
in zebra finches, a vocal learner songbird species, have revealed significant insights into vocal 
learning behavior, as well as the anatomical and functional organization of underlying circuitry. 
A great advantage of this model organism is that we have at our disposal a high-quality genome, 
brain cDNA/EST libraries, and extensive in situ hybridization and transcriptome datasets of 
brain gene expression. Because ion channels are essential in determining neuronal firing 
properties and conducting currents that initiate and propagate action potentials, we have been 
rigorously examining families of genes that encode ion channels. As a follow-up to our previous 
survey of potassium channels, we have now performed thorough analyses of sodium, calcium, 



and chloride channels, as well as their accessory subunits. We first used genomics analysis to 
determine which ion channel-related genes are present in the zebra finch genome, making use of 
best reciprocal alignments and synteny to verify orthology to mammalian genes. We next used in 
situ hybridization and microarray (cDNA- and oligonucleotide-based) analyses to examine their 
expression within five key nuclei of the song system -- HVC, RA, and nXIIts in the direct vocal-
motor pathway, and Area X and LMAN in the anterior learning-related pathway. We found that 
numerous members of these families are differentially regulated within several vocal nuclei in 
comparison to adjacent areas, and that many represent exquisite positive or negative markers of 
these nuclei (e.g. SCN3B, CACNB4, CACNA2D1.) From these expression patterns, inferences 
can be made about likely molecular determinants of excitability for each nucleus. Each nucleus 
is characterized by a diverse set of differentially expressed genes from each family, and there are 
no cases of unidirectional regulation across all nuclei for any examined channel, suggesting that 
each nucleus relies on a unique profile of ion channel genes. Of note, several calcium channels 
are positive markers for both HVC and Area X, suggesting shared upregulation that may be 
related to properties of the anterior forebrain pathway. These ion channel expression profiles 
provide insights into nucleus-specific versus shared determinants of firing properties in key vocal 
nuclei, and offer compelling targets for future manipulation studies. 
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Abstract: The lack of efficient approaches for development of transgenic songbirds represents 
an obstacle in assessing the molecular basis of vocal learning. Lentiviral mediated germline 
transgene expression has been achieved in songbirds, but this approach only allows random 
knock-in of genes and requires manipulating hundreds of embryos to obtain at least one 
successful germline transgenic. Recent technical improvements in isolation of avian primordial 



germ cells (PGC), avian embryonic manipulation, and general CRISPR-Cas9 genome editing 
have theoretically made transgenic development in songbirds more efficient. Here, we adapted 
methods used in Galliform birds to attempt to isolate zebra finch PGCs and integrate transgenes 
into them. Separately, we have successfully used Cas9 targeting of guide RNAs to manipulate 
the genome of the zebra finch. We are employing these techniques to develop CRISPR-Cas9 
expressing chimeras, some of which are currently being assessed for germline transmission. We 
hope to use Cas9 transgenic offspring to induce targeted knockout of candidate genes through 
both local viral injections and subsequent embryonic manipulations for global disruption. 
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Abstract: We present here an annual update to the Zebra finch Expression Brain Atlas (ZEBrA; 
www.zebrafinchatlas.org). ZEBrA is a publicly accessible online resource for investigating the 
brain distribution of genes involved in the physiology, development, and maintenance of 
functional circuits in the brain of songbirds. It consists of an in situ hybridization database for 
transcripts expressed in the brain of adult male zebra finches (T. guttata), a songbird species and 
the major model organism for studying vocal learning. Its major features and recent updates 
include: (1) The In situ database - an expanding collection of high-resolution (0.46 µm/pixel) 
digital images presented along with annotated drawings from a reference Histological Atlas. We 
have recently added ~150 image sets, so that ZEBrA currently houses more than 2,000 images 
(>100 GB) corresponding to ~660 brain expressed genes, including markers of all major nuclei 
that comprise the song system. (2) A reference Histological Atlas Browser - A set of 18 
annotated drawings prepared in registration with Nissl- and Myelin-stained images of sagittal 
brain sections derived from the Karten/Mitra atlas. (3) A Neuroanatomical Marker Search Tool - 



A search engine that allows users to retrieve a list of genes that are markers of a given structure, 
or of multiple structures. Markers of specific song nuclei are now highlighted in the homepage to 
facilitate access and use of the database. (4) Homepage vignettes that highlight and provide fast 
access to genes of great interest to songbird biology (e.g. song system markers), human speech 
and language disorders (e.g. FOXP2 and related targets), human neurological diseases, and 
membership in gene families (e.g. glutamate or GABA receptors). Recent uses of ZEBrA 
include: (1) utilizing the in situ database for validation and establishing cut-off criteria for 
microarray studies of the song system; (2) performing quantitative analysis of regional gene 
expression patterns, in search of molecular signatures of specific avian brain areas; (3) obtaining 
evidence of heterogeneity of cellular patterns of gene expression as a basis for cellular 
phenotyping within vocal control nuclei; (4) utilizing the ZEBrA platform and its embedded 
features as a resource that can be adopted by individual labs for cataloguing, storing and 
accessing high resolution brain gene expression data; (5) obtaining molecular data to characterize 
the internal organization of major avian brain subdivisions (e.g. arcopallium, mesopallium, 
hippocampus). 
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Abstract: The ability to imitate novel and complex vocal sounds (vocal learning) has been 
linked to the ability of forebrain circuits to modulate vocal and respiratory centers in the 
brainstem. Direct connections between forebrain and brainstem vocal areas have been found in 
all three vocal learning bird groups (songbirds, hummingbirds, parrots), as well as in humans 
where they comprise a projection from the laryngeal motor cortex to nucleus ambiguous in the 
brainstem. In contrast, such projections are absent in non-vocal learning organisms, including 



avian orders like galliformes (chicken, quail) and columbiformes (pigeon, dove), as well as 
mammals like rodents and non-human primates. In birds, while motor neurons within the 
tracheosyringeal portion of the hypoglossal nucleus (nXIIts) innervate the syrinx, the vocal 
organ, a direct projection from forebrain nucleus robustus arcopallialis (RA) to nXIIts is only 
present in vocal learners. This RA-to-nXIIts projection allows for forebrain circuits to modulate 
vocal output, and is thought to be critical for the production of learned vocalizations. Given the 
importance of this projection, and the temporal and structural complexity of learned, compared 
to innate vocalizations, we hypothesized that songbird nXIIts might express unique properties 
that are essential for learned song, and absent in non-vocal learning birds. To test these 
hypotheses, we examined publically available microarray datasets (45K Agilent oligo array) 
from previous studies that compared nXIIts to the adjacent non-vocal supraspinal motor neurons 
(SSp) in order to identify molecular markers of nXIIts. We performed parallel analyses on the 
nXIIts/SSp of zebra finches and two non-vocal learning species (rock dove, quail), and 
subtracted the resulting marker lists to identify nXIIts markers unique to finches. Whereas 
numerous nXIIts transcripts were expressed in combinations that do not reflect the occurrence of 
vocal learning, a set of ~600 specializations were unique to zebra finch nXIIts, including several 
genes identified in previous screens (e.g. ROBO1, PVALB). Bioinformatics analyses reveal 
enrichment in genes related to axon guidance, glutamate receptor binding, and ion channel 
activity. In sum, our study reveals that the main avian vocal-motor output nucleus, common to 
both vocal learners and non-learners, expresses a large set of genes that are specific to vocal 
learners, and thus represent novel candidate modulators of learned vocalizations. 
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Abstract: Vocal learning, the ability of animals to acquire vocalizations through imitation, is a 
rare behavioral trait. Besides occurring in humans and possibly in a few mammalian groups, it is 
prevalent in songbirds, where it is subserved by a set of brain nuclei that control the vocal and 
respiratory organs. The connectivity and physiology of these vocal nuclei have been extensively 
studied in zebra finches (T. guttata). Previous efforts using cDNA and oligo microarrays to study 
adult finches have identified large sets of differentially expressed transcripts in nuclei HVC, RA, 
and nXIIts of the direct vocal-motor pathway (Lovell et al., 2008; Hara et al., 2012, Pfenning et 
al., 2015; Friedrich et al., 2016), and in striatal Area X (Hilliard et al., 2014) within the anterior 
pathway for vocal learning and plasticity. Bioinformatics analyses provided initial evidence for 
the differential regulation of genes of relevance to neuronal excitability and plasticity (e.g. ion 
channels, transmitter receptors, neuropeptides), as well as neuronal connectivity (e.g. axon 
guidance cues). We now report an in-depth and systematic examination of these gene families 
based on microarray analyses, as well as in situ hybridization data from the ZEBrA online 
database (www.zebrafinchatlas.org) and/or from previous published studies. We compared the 
expression patterns across major nuclei in both the vocal-motor and anterior pathways for ~200 
genes in the above categories. Our results indicate that multiple members of these families are 
differentially expressed in various vocal nuclei, in comparison with the adjacent areas and in 
contrast to other gene family members. Factors like membership in a particular gene family, the 
receptor class with regards to the neurotransmitter type (e.g. excitatory vs. inhibitory vs. 
modulatory), or axon guidance category (e.g. ligand vs. receptor) did not predict which vocal 
nucleus showed differential regulation. While the data generally suggest that each vocal nucleus 
possesses a unique molecular profile, some general trends were noteworthy, namely most 
glutamate receptor types were down-regulated, whereas serotonin receptors were up-regulated. 
In sum, this is the first time that the expression of this large cohort of genes of relevance to the 
development, maintenance and physiology of the vocal control system in finches is evaluated in 
a systematic fashion. Our observations provide novel insights into molecular specializations of 
vocal control circuits in finches, identify candidate pathways related to patterns of connection 
between vocal nuclei, and point to candidate target genes for further mechanistic and regulatory 
studies. 
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Abstract: Female songbirds are thought to make mate choices based on aspects of male song 
quality. Male canaries (Serinus canaria) produce songs with “special” or “sexy” syllables 
composed of fast, frequency-modulated syllables that are especially attractive to females. These 
“special” syllables have been shown to be highly salient to female listeners and elicit high rates 
of sexual displays and enhanced immediate early gene (IEG) expression in the caudal 
mesopallium (CMM) and nidocaudal mesopallium (NCM), two major auditory areas important 
in processing conspecific song. The purpose of this study was to examine the effects of 
experience on activity in the auditory forebrain in female canaries. In this study, female canaries 
were placed on long days (14L:10D) for 6 weeks (photostimulated) then pair housed in sound 
attenuated chambers. After a brief acclimation period, females were exposed to either song with 
“special” syllables or song without “special” syllables for 14 days. After transfer to individual 
housing and one day of silence, birds were exposed to one of the aforementioned stimuli or 
silence for 90 minutes then sacrificed. Immunohistochemisty for the immediate early gene 
ZENK was used to detect neural activation in NCM and CMM. Preliminary data suggests that 
ZENK expression in both the CMM and NCM was higher in females chronically exposed to 
song containing “special” syllables, while ZENK expression was attenuated in females 
chronically exposed to song without special syllables. Follicle volume tended to be larger in the 
females who were exposed to the song with special syllables. This change in the forebrain ZENK 
response following exposure to preferred song may serve as a mechanism for increasing the 
likelihood of mating in environments with an abundance of high-quality mate options. 
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Abstract: Both nature and nurture influence learning process. Like human speech, birdsong is a 
learned vocalization regulated by both genetic and environmental factors. Songbird juveniles 
learn their songs, which are species-specifically constrained but individually unique, during the 
critical period of vocal learning. However, it is not well understood how genetic and 
environmental instructions modulate the vocal learning process. We examined song development 
in hybrid songbirds between zebra finch and owl finch, which possess species-specific traits at 
acoustics and sequence of syllables composed in the songs. The hybrid songbirds exhibit a wide 
variability of individual differences of song phenotypes under the tutoring environments of both 
parental species song playbacks. Half population of hybrid birds acquired intermediated patterns 
of both parental species. In contrast, the other population of hybrids acquired only either one of 
parental species songs. The individual variability of song was emerged from initiation of song 
production as the biased acoustic features. Intriguingly, even under the tutoring environment 
with single-species song playback, a population of hybrid birds developed the songs with non-
tutored parental species features, indicating the predisposition of learning intentions. 
Furthermore, the trend of predisposed-learning intention of song was differently biased among 
families. These results demonstrate nature via nurture for development of the individual 
uniqueness of vocal learning processes. 
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Abstract: Vocal learning is a complex trait evolved in a handful of lineages in mammals and 
birds, including humans and songbirds. Though phylogenetically distant, the brain circuits for 
vocal learning in these two groups display remarkable convergence in terms of their anatomy, 



physiology, and molecular specializations. Previously, we discovered that multiple human and 
zebra finch vocal circuit regions that serve analogous functions also display significant 
convergence in transcriptional correlation, including songbird RA and Area X, and human 
Laryngeal Motor Cortex and Anterior Striatum, respectively. These transcriptional similarities 
between analogous brain regions were discovered by comparing the correlation of overall 
expression between regions. We now improve and expand upon these results by taking a reverse, 
‘gene-centric’ approach. We developed computational algorithms to cluster the complete set of 
10,783 human genes according to their co-expression across 3,681 human brain regions, and 
statistically relate the similarity of cluster transcriptional specialization across human and 
songbird anatomical regions. This set allowed us to identify sets of transcriptional modules that 
could support the functional properties of analogous human and songbird vocal learning brain 
regions. These clusters provide insight into the molecular basis for known properties of speech 
and song-associated brain regions, as well as suggest new molecular pathways that characterize 
these circuits. These findings provide information on the transcriptome changes that could serve 
as a causal mechanism in the evolution of vocal learning and other complex behaviors. 
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Abstract: Injury within striatum leads to neurogenic (acquired) stuttering in humans and 
abnormally high syllable repetition in songbirds such as Bengalese finch (Lonchura striata 
domestica) and zebra finch (Taeniopygia guttata). While the stuttering-like song occurs soon 
after the injury in Bengalese finches, it occurs only after a month in zebra finches. These 



behavioral changes are accompanied with lesion recovery which is mostly due to the 
incorporation of newly born neurons. It has been proposed that the function of adult 
neurogenesis is to facilitate new memory formation and promote behavioral plasticity. Here we 
investigated 1/ if the neurogenesis and/or new neuron addition to vocal nuclei are associated with 
song variability in zebra finch and Bengalese finch and 2/ if the different time-course of 
stuttering may be caused by the different recovery rate and the newly added neurons into the 
injured striatum. First we studied the basal levels of neurogenesis in the neurogenic 
subventricular zone (SVZ) and new neuron incorporation into the striatal vocal nucleus Area X. 
We found that Bengalese finches had higher level of neurogenesis in most of SVZ and they 
showed also higher number of new neurons in Area X. The songs of zebra finches were more 
stereotypical than the songs of Bengalese finches, as shown by linearity and stereotypy scores. 
The level of neurogenesis in SVZ negatively correlated with the song linearity and stereotypy. In 
the second part of this study we performed bilateral neurotoxic lesions of Area X in zebra finches 
and Bengalese finches and employed magnetic resonance imaging for the longitudinal 
examination of the injury and its recovery in the same birds. This analysis is in progress. The 
results show that the behavioral plasticity is associated with higher neurogenesis in songbirds. 
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Abstract: Adult neurogenesis allows new neurons to be continually added to the adult brain. In 
the adult male zebra finch, the survival of adult-formed neurons in the song motor pathway 
nucleus HVC has been shown to be positively correlated with the quality of song production. 
This led to the idea that the degree of matching between expected and received auditory 
feedback during singing may contribute to the survival of new neurons engaged in song 



production. Other regions of the song system that receive new neurons in adulthood are the basal 
ganglia nucleus Area X and the auditory region caudomedial nidopallium (NCM). These regions 
also respond to playback of the birds own song and therefore new neuron survival in these areas 
may similarly be sensitive to song feedback. To test this, we altered song structure by 
unilaterally denervating the syrinx and quantified new neurons in Area X and NCM in both 
hemispheres. Mitotically active cells were labeled with i.m. injections of bromodeoxyuridine 
(BrdU, 3x/day, for three days). Three weeks after the last BrdU injection, birds underwent left or 
right syringeal denervation by sectioning the tracheosyringeal nerve (nXIIts), which innervates 
the syrinx. Control birds received sham surgery. One week after surgery, we used 
immunohistochemistry to label BrdU and the neuron-specific protein Hu. There were no 
differences in numbers of new neurons between left and right hemisphere Area X in either 
control or nerve cut birds. Moreover, either a left or right nXIIts nerve cut resulted in a 
significant bilateral decrease in new neurons in Area X. Confirming earlier work, we found more 
new neurons in left than in right NCM in control birds. Interestingly, denervation primarily 
disrupted the left-side lateralization of new neurons. A left nXIIts nerve cut resulted in a 
significant decrease in new neurons in both hemispheres of NCM. A right nXIIts nerve cut did 
not alter overall numbers of new neurons but resulted in a reversal of lateralization such that 
there were more new neurons in the right NCM relative to the left. These results replicate and 
extend previously reported findings and suggest that new neuron survival throughout the song 
system may be influenced by song-related feedback, and differs depending upon brain region. 
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Abstract: Stressful life events are linked to the development of several psychological disorders 
such as depression and posttraumatic stress disorder (Kendler et al., 1999). This link may be 
related to sex, with twice as many women suffering from stress-related disorders than men 
(Solomon & Herman, 2009). Dysfunction of medial prefrontal cortex (mPFC) and the 



orbitofrontal cortex (OFC) has been implicated in stress-sensitive disorders, and both mPFC and 
OFC are sensitive to the effects of stress. For instance, dendritic remodeling in mPFC after 
chronic stress is sex-specific. Whereas male rats exhibit dendritic retraction after chronic stress, 
female rats show dendritic growth (Garrett & Wellman, 2009). Liston and colleagues (2006) 
demonstrated that male rats show dendritic growth in OFC following chronic stress. However, 
no studies have examined the effect of stress on neuronal morphology in OFC in female rats. 
Therefore, we compared dendritic remodeling of pyramidal neurons in OFC in male and female 
rats after exposure to chronic stress. Rats underwent chronic restraint stress (3h/d for 10d) and 
were perfused on the final day of restraint. Brains were removed and stained using the Golgi-Cox 
method. Pyramidal neurons in ventral and lateral OFC were reconstructed in three dimensions 
using Neurolucida and their apical and basilar morphologies were quantified. Spine density on 
apical and basilar terminal dendrites was also quantified using Neurolucida. We found a basal 
sex difference in unstressed rats for both apical and basilar dendrites, with female rats having 
longer dendrites compared to males. This sex difference is opposite that found in mPFC, where 
unstressed males have longer apical dendrites (Garrett & Wellman, 2009). Moreover, unstressed 
females had reduced spine densities relative to unstressed males. In agreement with previous 
studies (Liston et al., 2006), chronic stress increased apical dendritic length in OFC of male rats. 
This effect was most robust distal to the soma. In contrast, little dendritic change was observed in 
female rats. We also found a decrease in overall spine density in stressed male rats compared 
with unstressed rats, which parallels the effects of chronic corticosterone exposure (Gourley et 
all, 2013). There was no difference between stressed and unstressed females. These results 
expand upon previous data, and further suggest that stress can have differing effects on neuronal 
morphology in the prefrontal cortex of male and female rats, and that these effects can differ by 
subregion. These sex differences in dendritic remodeling in OFC may contribute to differential 
effects of stress on OFC-mediated behaviors such as reversal learning. 
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Abstract: Bcl-2 associated athanogene 1 (BAG-1) is a molecular chaperone that binds to the 
glucocorticoid receptor (GR) and inhibits nuclear signaling. Decreased levels of BAG-1 mRNA 
have been observed in the prefrontal cortex of patients with bipolar disorder and schizophrenia. 
Additionally, BAG-1 protein levels are up regulated in the hippocampus of rats given chronic 
lithium or valproate, two drugs commonly used to treat bipolar disorder. While the etiology of 
these disorders is not well understood, exposure to chronic stress can exacerbate their symptoms 
and precipitate their onset. Repeated GR activation in response to chronic stress causes dendritic 
shrinkage in the prefrontal cortex in both rodents and humans. Molecular chaperones such as 
BAG-1 are critical for silencing GR signaling at low CORT levels and allowing for proper 
activation at high CORT levels. Studying BAG-1 deficiency in vivo will provide important 
insight into the molecular mechanisms of altered CORT signaling associated with certain mental 
illnesses and identify new potential targets for pharmacologic intervention. Here we evaluated 
the effects of BAG-1 deficiency on stress-induced neuroplasticity and gene expression in the 
mouse medial prefrontal cortex (mPFC). Separate cohorts of adult BAG-1 heterozygous 
knockout (BKO), and wild type (WT) mice were subjected to a 21d chronic restraint stress 
(CRS) and sacrificed 24h following the final stress. Brains were either processed for Golgi 
impregnation, transcardially perfused with 4% paraformaldehyde for immunohistochemical 
(IHC) analysis or dissected and flash frozen on dry ice for qRT-PCR analysis. Blood was 
collected for measurement of circulating CORT levels. Unlike WT mice, BKO animals failed to 
show dendritic remodeling after CRS. Previous work has also implicated the polysialated neural 
cell adhesion molecule (PSA-NCAM) in stress-induced plasticity. We observed increased levels 
of PSA-NCAM in the mPFC of BKO animals by IHC and increased mRNA levels of NCAM 
and the sialating enzyme ST8SiaIV. We hypothesize that deficient BAG-1 levels would lead to 
excess activation of GR signaling at baseline, potentially mimicking the effects of chronic stress 
and elevating PSA-NCAM, which then impairs neural remodeling when BKO are subjected to 
chronic stress. Experiments to evaluate differences in GR activation before and after stress, as 
well as other markers of stress are underway. These studies demonstrate the importance of BAG-
1 levels in stress-induced neuroplasticity in the mPFC and suggest that BAG-1 deficiency may 
mimic the effects of chronic stress. 
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Abstract: Post-traumatic stress disorder (PTSD) is a debilitating anxiety disorder that affects 
nearly 20% of individuals who experience a traumatic event; however, the majority of 
individuals will recover from the experience. Understanding the neural underpinnings of 
individual variation in resilience and susceptibility to stress is of critical importance to public 
health; however, the basis for differential susceptibility to anxiety remains poorly understood. 
Recent research has shown that PTSD patients have greater myelin content in the hippocampus 
when compared to trauma-exposed, yet unaffected individuals. Furthermore, previous work from 
the Kaufer lab has found that stress increases the production of oligodendrocytes (myelin-
producing cells) in the hippocampus of rats; however, whether white matter is a contributing 
factor to these disorders or merely a secondary consequence remains largely unknown. In the 
present work, we investigated the hypothesis that stress-induced changes to oligodendrocytes and 
myelin are both predictive and causative of high anxiety. To test this, we used an animal model 
of severe stress to induce a spectrum of anxiety-like behavior in rats. Brains collected from 
animals were analyzed for oligodendrocyte, myelin, and synaptic markers using 
immunohistochemistry and confocal microscopy. Interestingly, we found that increased 
oligodendrocyte and myelin density of the hippocampus following stress predicted higher rates 
of anxiety. In a second set of experiments, we experimentally increase or block hippocampal 
oligodendrogenesis to test whether increasing oligodendrogenesis is necessary and sufficient to 
generate the behavioral expression of anxiety. These studies contribute to the understanding of 



differential susceptibility to stress and may provide new avenues for PTSD biomarkers and 
therapies. 
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Abstract: Several sleep disorders, such as sleep apnea, often correlate with a decline in cognitive 
performance among children and adults. Previous studies have shown that hippocampal plasticity 
and cognitive performance are impaired in animal models exposed to chronic intermittent 
hypoxia (CIH), a cardinal trait of sleep apnea. Moreover, our recent work has shown that CIH 
modulates adult neurogenesis in the hippocampus. While the effects of CIH appear to involve 
oxidative stress, the role of the pro-oxidant transcription factor, hypoxia inducible factor 1a 
(HIF1a) plays in this phenomenon remains to be resolved. Here we test the hypothesis that 
HIF1a signaling is necessary part of the signaling pathway for CIH to suppress synaptic 
plasticity and modulate neurogenesis in the hippocampus. Following ten days of CIH, 
hippocampal brain slices were prepared from wild-type and HIF1a heterozygous knockout 
(HIF+/-) mice for electrophysiological or immunohistochemical studies. CIH suppressed long 
term potentiation in area CA1 and appeared to enhance adult neurogenesis in wild-type mice. 
However, long term potentiation from HIF1a+/- mice was unaffected by CIH suggesting the 
involvement of HIF1a signaling for CIH to suppress synaptic plasticity. Ongoing experiments 
will identify the role CIH-induced HIF1a signaling plays to modulate hippocampal neurogenesis. 
These findings for role of HIF1a may be critical to understanding the molecular basis by which 
sleep apnea leads to cognitive decline. 
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Abstract: Chronic stress alters neuronal morphology within the prefrontal cortex (PFC), 
inducing changes such as dendritic retraction and spine loss. Subanesthetic doses of ketamine, an 
NMDA antagonist, can act as a fast-acting antidepressant in treatment-resistant depressed 
patients, and these effects are associated with increased postsynaptic dendritic spine density in 
PFC pyramidal cells in fixed tissue studies. How changes in synapse number and dendritic 
morphology affect PFC microcircuit function, however, has yet to be established. 
In an effort to address this question, we investigated neural network dynamics in PFC 
microcircuits using two-photon calcium imaging and fiber photometry. Adult mice were 
intrancranially injected in the prefrontal cortex with a pan-neuronal GCaMP-expressing AAV 
virus (driven by the hSyn promoter), and either a microprism or an optic fiber was implanted to 
monitor the activity of GCaMP-expressing cells. PFC microcircuit activity was first quantified 
by two-photon calcium imaging through a microprism before and after a chronic, 10-day 
exposure to corticosterone, the principal murine stress hormone. The mice were then injected 
with an acute intraperitoneal dose of ketamine, and repeat imaging was performed 24-hours later 
from the same neural populations. PFC microcircuit activity was analyzed, and results suggest 
that chronic corticosterone exposure reduces correlated activity and disrupts multi-cell ensembles 
in network populations, which are rescued by ketamine treatment. Following the same chronic 
corticosterone protocol, we also used fiber photometry to record neural activity during tail 



suspension. We found that an increase in mPFC activity precedes the shift from immobility to 
struggling in controls, which is reduced in mice subjected to chronic corticosterone and partially 
rescued in mice receiving ketamine treatment. 
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Abstract: Major depressive disorder (MDD) is a highly prevalent and debilitating mood disorder 
that is diagnosed based on a mixture of symptoms, but anhedonia—decreased interest in 
rewarding activities—is a core feature. Anhedonia can be caused by an inability to experience 
pleasure or by a lack of motivation to work towards obtaining a reward. Every decision to exert 
effort to obtain a reward involves action valuation computations— essentially a cost-benefit 
analysis of whether the positive value of the expected outcome of an action outweighs the 
negative value of the expected effort associated with that action. The anterior cingulate cortex 
(ACC), a stress-sensitive region of prefrontal cortex (PFC), has been consistently implicated in 
action valuation computations across species. Whether and how dysfunctional action valuation 
computations drive anhedonic symptoms in stress-related psychiatric disease is unclear. While 
extensive, groundbreaking work has characterized the effects of stress on PFC glutamatergic 
circuitry, less is known about the role of local inhibitory circuitry in stress-induced depressive-
like behaviors, despite substantial evidence for changes in the inhibitory system in MDD 
patients. Here we investigated the role of one cellular subtype, somatostatin (SST)- expressing 
interneurons, in driving both healthy reward-seeking and chronic stress-induced anhedonic 
behavior. We recorded the activity of the ACC SST interneuron population through a chronically 



implanted optical fiber (fiber photometry) in awake, freely behaving mice performing an 
effortful reward-seeking task under normal and chronically stressed conditions. Our initial results 
indicate that SST interneurons facilitate action valuation computations by dynamically regulating 
synaptic inputs to the ACC and that this process is disrupted in chronic stress states. This study 
will advance our understanding of stress-induced anhedonic behavior by focusing on a sparse but 
essential cell population that is understudied in the context of stress and depression. 

Disclosures:  R.N. Fetcho: None. T.N. Huynh: None. B.S. Hall: None. F. Lee: None. C.M. 
Liston: None. 

Poster 

320. Stress-Modulated Pathways: Networks, Circuits, and Morphology 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 320.07/II24 

Topic: F.04. Stress and the Brain 

Support: NIH R01 MH109685-01 

Title: FAAH Genetic variation in mice leads to enhanced auditory fear extinction and increased 
frontolimbic circuit activity 

Authors: *T. N. HUYNH, R. N. FETCHO, F. S. LEE, C. LISTON 
Weill Cornell Med., New York, NY 

Abstract: Encoding and modulating memories of dangerous and threatening stimuli are critical 
adaptations, particularly when threats vary over time. PTSD is a debilitating disease involving 
intrusive memories of a traumatic event, which are due in part to the inability to modify 
responses to stimuli that are no longer threatening—a process known as extinction. Interestingly, 
there is a common human single nucleotide polymorphism (SNP) in the fatty acid amid 
hydrolase (FAAH) gene, the primary catabolic enzyme of the prototypical endocannabinoid, 
anandamide, which leads to the enhanced ability to extinguish fearful memories. Moreover, 
recently developed knock-in mice expressing this FAAH SNP display the same traits as observed 
in humans with this mutation. Previous studies demonstrate that humans containing the FAAH 
SNP and FAAH KI mice exhibit decreased anxiety as well as enhanced auditory fear extinction 
memory. Furthermore, humans and mice containing the FAAH SNP also exhibit increased 
fronto-amygdala projections which emerge during adolescence. It is well established that the 
medial prefrontal cortex (mPFC) and basolateral amygdala (BLA) are involved with the 
regulation fear extinction learning and memory, thus the FAAH KI mice provides a unique, 
clinically-relevant tool to investigate how the activity in this circuit is modulated to strengthen 
extinction memory. We used fiber photometry to acquire activity dependent calcium dynamics in 
freely moving rodents via a chronically implanted fiber. Using GCaMP6S, which we virally 



injected into the basolateral amygdala, we found that FAAH KI mice exhibit enhanced tone-
locked activity at the beginning of an auditory fear extinction session which attenuates by the 
end of the extinction session relative to WT mice. Interestingly, BLA activity is similar in FAAH 
KI mice and WT mice on day 2 of extinction, despite decreased freezing levels in FAAH KI mice 
relative to WT mice. We next investigated projection specific activity using a dual virus 
approach to record from BLA-projecting mPFC neurons. We found that on day 1 of extinction, 
activity in BLA-projecting mPFC cells is similar in FAAH KI mice and WT mice; on the other 
hand, there is an increase in tone-locked activity in BLA-projecting mPFC cells on day 2 of 
extinction in FAAH KI mice. These results indicate that BLA-projecting mPFC neurons may be 
critically involved with the encoding of auditory fear extinction memories that is dependent on 
the endocannabinoid system. 
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Abstract: Impairments in social functioning are a core component of many stress-related 
neuropsychiatric conditions including depression, schizophrenia and anxiety disorders.  The 
underlying mechanisms that lead to social dysfunction in these conditions are not well 
understood, but are thought to involve the nucleus accumbens (NAc), a stress-sensitive area of 
the ventral striatum that regulates drives and motivation. The NAc integrates signals from a 
reward-processing network that includes the infralimbic (IL) region of the prefrontal cortex. 
The mechanisms by which IL:NAc projections influence social behavior and how they are 
altered by chronic stress have not been well defined. This work aims to investigate how 
projections from the IL modulate activity in the NAc and influence social interaction behavior in 
order to define circuit mechanisms by which these processes are altered by chronic stress. 



Additionally, the cell population in the NAc is heterogeneous, comprised predominantly of D1 
and D2 subtype medium spiny neurons (MSNs). This study also looks to understand the 
contribution of these different cell types to the stress responses observed. Using a rodent model 
of chronic stress (chronic social defeat stress) and fiber photometry in order to record from and 
manipulate specific neural populations and circuitry, we show how chronic stress affects IL:NAc 
signaling and whole NAc, as well as D1 and D2, activity and in the context of social interaction 
behavior.This work may elucidate mechanisms by which stress can lead to changes in reward 
circuitry that impact social interaction and contribute to social dysfunction in psychiatric 
diseases.  
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Abstract: Apart from mood changes, depression has been associated with a biased memory for 
negative stimuli. Neuroimaging studies suggest this cognitive bias is related to the enhanced 
functioning of the hippocampus. We hypothesize that the facilitated formation of hippocampal 
engram cells, known as cellular substrates for memory, is related to the cognitive bias for 
negative stimuli in an animal model of depression. 
We employed a chronic social defeat model to examine the relationship between hippocampal 
engram cells and depression-related behaviours. The TetTag mouse model allows the tagging of 
activated neurons by a reporter gene LacZ. TetTag mice were stressed by social defeat, 
consisting of daily attacks by and co-housing with an aggressive mouse. Neurons activated in the 
first 2 days of social defeat were labeled by LacZ. After 8 total days of defeat stress, mice were 
separated into susceptible (exhibiting social avoidance) and resilient groups according to their 
social behaviour. Hippocampal engram cells were reactivated by an extra episode of social defeat 
to induce immediate early gene cFos expression. Neurons with both LacZ and cFos labeling 
represent engram cells. 
We found more LacZ labeled hippocampal CA1 neurons in susceptible mice compared with 



resilient and nonstressed control mice. Such group difference was still present when the dorsal 
and ventral hippocampus were analyzed separately. This finding suggests there are inherent 
differences in hippocampal activation between susceptible and resilient mice before the onset of 
depressive symptoms in susceptible mice. 
Intriguingly, we also found significantly more engram cells in susceptible mice than other mouse 
groups in the CA1 region of both dorsal and ventral hippocampus. No difference in LacZ labeled 
and engram cells was found in the dentate gyrus. Our findings suggest susceptible mice may 
have an enhanced hippocampal memory for social stress. Given that a hyperactive hippocampus 
may be related to rumination in depression, our findings suggest that targeting hippocampal 
engram cells may be a novel therapy for depression. 
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Abstract: Cognitive inflexibility is a symptom dimension shared by several stress-related 
psychiatric disorders; it crucially contributes to their etiology and is exacerbated by stress. 
Unfortunately, deficits in cognitive flexibility are poorly treated by current medications. In order 
to create more efficacious treatments, we need to know more about the neurobiology of stress 
effects on cognitive flexibility. In rodents, the attentional set-shifting task (AST) can be used to 
evaluate two types of cognitive flexibility: reversal learning, which is mediated by the 
orbitofrontal cortex (OFC), and extra-dimensional set-shifting, which is mediated by the medial 
prefrontal cortex (mPFC). 
We have identified two types of chronic stress that elicit behavioral deficits in each of these 
functions: chronic intermittent cold stress (CIC) selectively impairs reversal learning (p<.01), 
while chronic unpredictable stress (CUS) most robustly impairs extra-dimensional set-shifting 



(p<.05). In recent work, we have found that each stress paradigm affects the functional outputs of 
the two brain regions very differently: after chronic stress, the OFC becomes hyper-excitable, 
while the mPFC becomes hypo-excitable. We have previously demonstrated this using 
mediodorsothalamus (MDT) afferent stimulation to evoke field potentials in these regions. 
Evoked field potentials in the OFC are considerably potentiated after 2 weeks of CIC stress 
compared to baseline (before stress); however, in the mPFC, evoked field potentials are 
decreased after 2 weeks of CUS. 
Since the literature suggests that the mPFC has a decrease in apical spine density and dendritic 
complexity after chronic stress, we wanted to determine if, similar to our electrophysiological 
data, the OFC experiences the opposite effect. We have determined that, in male Sprague 
Dawley rats that undergo CIC stress, distal apical spine density in the medial OFC is 
significantly increased relative to non-stressed controls (p=0.0128). We plan on pursuing this 
further by using a larger cohort of animals in order to determine whether other regions of the 
OFC also have a similar effect. Additionally, we will be comparing this data to rats that undergo 
CUS in order to see if our stressor produces a decrease in spine density similar to what has been 
found in the literature. We will also perform Scholl analysis to determine if these groups also 
have differences in dendritic complexity. Finally, since functional changes in excitatory 
transmission correlate with altered AMPA receptor surface expression, we will also measure 
surface labeling of AMPA receptor subunits in the OFC and mPFC after chronic stress. 
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Abstract: The brain-body response to stress is a set of biological countermeasures that promote 
adaptation and are crucial to survival. However, frequent, prolonged, or otherwise inappropriate 
responses to stress can lead to strain on physiologic function and eventually disease. The 
hypothalamic-pituitary-adrenal (HPA) axis is a key mediator of the stress response, and plays a 



large role in the process of stress adaptation in the brain and hence in behavior. Here, we 
experimentally disrupt normal HPA function in male C57/B6 mice via noninvasive, oral 
corticosterone administration in order to determine how this system contributes to stress 
adaptation in the medial prefrontal cortex (mPFC), a brain area that is known to be affected by 
both acute and chronic stress. Our published data show this model blunts stress-induced 
corticosterone secretion, leads to abnormal behavioral responses to stress, and enhances stress-
induced cfos mRNA expression in the mPFC. We hypothesized that this altered activity in the 
mPFC may be driven by changes in glutamate signaling. To test this, we measured the 
expression of genes coding for glutamate receptor subunits in the mPFC and also performed in-
vivo biosensor recording of extracellular glutamate in the mPFC before, during, and after an 
acute stress exposure. We report altered glutamate signaling in the mPFC of HPA-disrupted mice 
that may account for the enhanced cfos expression we previously observed. As the mPFC 
undergoes structural and functional adaptation in response to repeated stress, which we propose 
occurs to prevent excitotoxic damage resulting from prolonged glutamate release, we also 
hypothesized that disruption of the HPA axis may affect the ability of neurons in the mPFC to 
properly adapt to repeated stress exposure. To test this, we exposed mice to repeated stress and 
quantified markers of oxidative stress in the mPFC. Together, our results suggest that disruption 
of normal HPA axis function can alter stress-induced glutamate signaling in the mPFC, and may 
also impair the ability of the mPFC to adapt to conditions of repeated stress exposure. 
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Abstract: For many decisions, the brain must combine both negative and positive motivators 
(costs and benefits). We recorded activity in a cortico-striosomal circuit in control and previously 
chronically stressed rats and mice during cost-benefit conflict task performance, and found 
aberrant activity in all elements of the circuit (Friedman et al. SfN 2017; Homma et al. SfN 
2017). Based on our recordings, we hypothesized that a major effect of chronic stress on the 
cortico-striosomal circuit is a shift in excitatory-inhibitory (E-I) balance. To examine this 
hypothesis, we created Hodgkin-Huxley models of a normal circuit and a circuit whose 
connectivity (and therefore E-I balance) was altered by stress. We implemented a network 
consisting of excitatory, striosome-projecting prefrontal-prelimbic cortex neurons (PFC-PLs), 
striosomal spiny projection neurons (SPNs), and a fast-spiking interneuron (FSI; a well known 
source of feed-forward inhibition in the striatum). We adjusted the parameters of the model 
based on the experimentally observed responses of striosomal SPNs and FSIs to 
microstimulation of PFC-PL. After this tuning, we inserted into the model the activity of the 
PFC-PLs recorded in the control and stressed animals. The model of the control case 
successfully predicted a cascade of activation starting from PFC-PLs and continuing to FSIs, 
resulting in the inhibition of striosomal SPNs, as observed experimentally. The model also 
predicted the abnormal activity of striosomal SPNs and FSIs caused by stress. Additionally, our 
modeling approach enabled us to investigate the relative importance of abnormal PFC-PL 
activity versus the shift in E-I balance in accounting for the stress-induced changes in the activity 
of SPNs and FSIs. In order to do so, we inserted into the ‘control’ model the activity of the PFC-
PLs recorded in stressed animals, and similarly we inserted into the ‘stressed’ model the activity 
of the PFC-PLs recorded in control animals. We demonstrate that a shift in the E-I balance is 
critical in explaining the effect of stress on the cortico-striosomal circuit using this model. This 
work has important potential implications for many neuropsychiatric disorders, in which a shift 
of E-I balance and/or a cortico-striosomal circuit may occur in conjunction with abnormal 
decision-making. 
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Abstract: Chronic stress often induces abnormal decision-making, but the underlying neuronal 
mechanisms for this effect are largely unknown. To understand the long-term effect of chronic 
stress on decision-making, we compared the behavior of normal and chronically stressed rats and 
mice in four different decision-making tasks performed on a T-maze. The cost-benefit conflict 
decision-making (CBC) options consist of high reward paired with high cost versus low reward 
paired with low cost. The benefit-benefit decision-making tasks consist of choices made between 
two rewards. The cost-cost decision-making task (CC) consists of equal rewards on each option 
paired with different cost levels. We over-trained rats and mice to stabilize choice variability and 
constructed psychometric functions. Rats and mice then underwent chronic stress procedures: 
immobilization or foot shock. Previously stressed animals were significantly more likely to 
choose high-reward, high-cost options than unstressed controls in the CBC task. However, they 
did not exhibit altered choice behavior in other tasks. We tested for a causal relationship between 
the aberrant choices in the CBC task and changes in the prefronto-striatal input preferentially 
targeting striosomes by injecting the prelimbic cortex (PFC-PL) with either AAV5-CaMKIIa-
eNpHR3.0-EYFP or AAV5-CaMKIIa-C1V1(E122T/E162T)-TS-EYFP. We found that 
optogenetic manipulation of activity in the striosome-targeting PFC-PL pathway can either 



counteract or mimic the effects of chronic stress on choice. In our electrophysiological 
recordings (Friedman et al. SfN 2017; Gibb et al. SfN 2017), we found aberrant activity of 
striatal fast-spiking interneurons (FSIs) produced by chronic stress. Therefore, we performed 
optogenetic manipulation of parvalbumin interneurons (putative FSIs). Here, we show that 
optogenetic stimulation partially rescued the behavioral effects of stress on decision-making, 
increasing the frequency of low-cost, low-reward choices in the CBC task. We found long-term 
effects of the optogenetic manipulation, which lasted for up to one month without additional 
stimulation. To further test the involvement of striatal inhibitory interneurons, we injected IEM-
1460, an inhibitor of GluR2-lacking AMPARs that preferentially blocks excitation of striatal 
FSIs. IEM-1460 infusion into the striatum shifted the animals’ choice behavior in the CBC task, 
which was strongly correlated with the changes in firing rates of striosomal projection neurons 
and FSIs. Our study demonstrates that manipulation of elements of the cortico-striosomal circuit 
can rescue or mimic chronic stress effects on decision-making. 
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Abstract: The ability to combine costs and benefits is critical for resolution of motivational 
conflict during decision-making. Abnormal decision-making is a symptom in many neurological 
and neuropsychiatric disorders. We examined the long-term effects of chronic stress on rats and 
mice across four T-maze decision-making tasks: a cost-benefit conflict (CBC) task, in which a 
high-reward option is paired with high cost; two benefit-benefit tasks with similar or dissimilar 
rewards; and a cost-cost task with equal rewards but different costs. We find that chronic stress 
changed the ability to perform the CBC task (Homma et al. SfN 2017). In order to identify the 
mechanism underlying this abnormal CBC task performance, we focused on a cortico-striosomal 
circuit implicated in evaluation of cost and reward (Friedman et al. 2015). We previously 
demonstrated that in non-stressed rats, the striosome-projecting neurons in the rodent prelimbic 
region of the prefrontal cortex (PFC-PLs) are selectively engaged in CBC decision-making, and 
that PFC-PL activation inhibits striosomal spiny projection neurons (SPNs) via striatal fast-
spiking interneurons (FSIs). In the current study, we identified putative PFC-PLs neurons 
antidromically and identified putative striosomal SPNs orthodromically. Using waveform 
characteristics, we identified FSIs, which are a well known source of feed-forward inhibition in 
striatum. We demonstrate that chronic stress radically alters the functioning of each element of 
the cortico-striosomal circuit during performance of the CBC task. We simultaneously recorded 
from pairs of PFC-PLs with striosomal SPNs, PFC-PLs with FSIs, and FSIs with striosomal 
SPNs. We examined the effect of chronic stress on functional connections in these pairs. We 
found altered neural excitation-inhibition balance during abnormal behavioral integration of cost 
and benefit in the CBC task. We delivered electrical microstimulation in the PFC-PL of control 
and previously stressed rats and confirmed that chronic stress reduces activation of FSIs by the 
PFC-PL, reducing feed-forward inhibition of the SPNs and shifting the balance of excitation-
inhibition in the striosomes toward excitation (Gibb et al. SfN 2017). Our findings demonstrate 
that chronic exposure to stress has a profound long-term effect on a cortico-striosomal circuit. 
We suggest that the cortico-striosomal circuit is a potential therapeutic target for 
neuropsychiatric disorders with abnormal decision-making. 

Disclosures:  A. Friedman: None. D. Homma: None. B. Bloem: None. L.G. Gibb: None. K. 
Amemori: None. D. Hu: None. S. Delcasso: None. A.S. Hood: None. J. Yang: None. K.A. 
Mikofalvy: None. T.F. Truong: None. S.E. Toro Arana: None. D.W. Beck: None. N. 
Nguyen: None. R.H. Vorder Bruegge: None. E.D. Nelson: None. K.A. Goosens: None. A.M. 
Graybiel: None. 



Poster 

320. Stress-Modulated Pathways: Networks, Circuits, and Morphology 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 320.15/JJ5 

Topic: F.04. Stress and the Brain 

Title: Corticohippocampal NMDAR-GluN2B subunit deletion protects against stress-induced 
dendritic remodelling 

Authors: *S. E. KANDIGIAN1, A. NG1, C. R. PINARD2, A. HOLMES2, H. C. BERGSTROM1 
1Dept. of Psychological Sci., Vassar Col., Poughkeepsie, NY; 2Lab. of Behavioral and Genomic 
Neurosci., NIAAA/NIH, Rockville, MD 

Abstract: Glutamate transmission at NMDA receptors (NMDARs) play a crucial role in stress-
induced structural plasticity in prefrontal cortex. NMDARs containing the GluN2B subunit are 
linked with various forms of developmental and experience-induced synaptic plasticity. One 
well-supported form of neuroplasticity is dendritic remodeling in the prefrontal cortex in 
response to stress, but the contribution of GluN2B-containing NMDARs in this process is 
unclear. Here we sought to establish a role of GluN2B in stress-related dendrite remodeling in 
the prelimbic cortex (PL) using mice lacking GluN2B in cortical and hippocampal CA1 subfield 
pyramidal neurons. Adult male GluN2B-floxed (Cre-positive; mutant) and GluN2B-floxed (Cre-
negative; control) mice (Brigman et al., 2012) underwent a chronic restraint stress regimen; mice 
were placed in ventilated 50 mL Falcon tubes for 2 hr/day for 10 consecutive days. Non-
restrained mice remained in the home-cage. On the final day of stress, adrenal glands were 
removed, weighed, and whole brains processed for Golgi staining to visualize dendritic structure. 
Layer II/III PL dendrites were completely reconstructed in 3D and morphometrically analyzed. 
Results revealed remodeling of the apical, but not basilar, dendritic tree after stress in controls, 
supporting previous work (Wellman, 2004). Stress-induced differences in PL apical dendritic 
structure were absent in mutants, suggesting NR2B expression in cortical and CA1 hippocampal 
pyramidal neurons is required for stress-induced apical dendrite remodeling in this brain region. 
There was also some indication for a retraction of the basilar tree after stress in mutants, as 
compared with controls. These findings extend prior evidence that NMDARs are critical 
mediators of stress-induced dendrite remodeling in the prefrontal cortex (Martin and Wellman, 
2011), and advance our understanding of GluN2B in stress-induced synaptic plasticity. 
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Abstract: In the presence of a stressor, the brain orchestrates an adaptive biobehavioral response 
(e.g., by increasing stress hormone levels, McEwen 1998). These processes, in turn, can 
influence brain structure and function, as shown by human brain morphological changes after 
chronic or severe stressors (Sapolsky 1996). Rodent models suggest that neuroplastic changes 
can also occur rapidly following acute stress (Gould et al. 1998). While rapid neuroplasticity in 
humans has been demonstrated e.g. after motor learning (Taubert et al. 2016), it has not been 
shown after acute stress. We used 3T MRI to investigate human brain plasticity after an acute 
psychosocial stressor. 67 healthy men underwent either the Trier Social Stress Test (TSST, 
Kirschbaum et al. 1993) or a placebo version (Het et al. 2009) while blood, saliva, and 
psychometrics were sampled. T1-weighted MP2RAGE images (Marques et al. 2010) and pulsed 
arterial spin labelling (pASL) scans were acquired 45 min before and 65 min after the 
intervention. Changes in grey matter density (GMD) and cerebral blood flow (CBF) were 
identified with voxel-based morphometry (VBM, Ashburner & Friston 2000) and a voxel-based 
analysis of pASL data. The TSST elicited a pronounced physiological stress response relative to 
the placebo (e.g., ACTH, group-by-time: F(1.58,69.69)=20.58, pGG<0.0001). The VBM-analysis 
showed a significant group-by-time interaction in two clusters at the cortical midline: a cluster in 
the anterior cingulate cortex (ACC; [-2,40,21], pFWE=0.037) showed a decrease in GMD in the 
control and no change in the stressor group, while a cluster in the midcingulate cortex ([4,-
12,48], p(FWE)=0.021) showed an effect in the opposite direction. GMD changes in the ACC 
were significantly associated with endocrine stress markers in the stressor group only (e.g., 
ACTH: ρ=0.47, p=0.02). Neither cluster showed a significant change in CBF (both p>0.1 
uncorrected). We found rapid brain plasticity after acute psychosocial stress in areas that have 



been associated with processing stressful (Dedovic et al. 2009) and self-relevant negative 
information (Grimm et al. 2009). While fast morphological changes in the adult brain have been 
related to cell-level phenomena (e.g., glial plasticity, Sagi et al. 2012), VBM findings have also 
been associated with other physiological parameters such as blood oxygenation (Tardif et al. 
2017). It is conceivable that such parameters are affected by a stressful intervention and thus 
contribute to our effects. We here provide first evidence for rapid brain plasticity following acute 
psychosocial stress. 
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Abstract: Chronic stress often leads to hippocampal dendritic retraction in the apical region of 
CA3 pyramidal neurons without quantifiable changes in the dendritic complexity of CA1 
pyramidal neurons. When chronic stress ends and a post-stress rest period without restraint is 
given, the reduction in CA3 dendritic complexity improves and becomes more complex. 
However, how a post-stress rest period affects CA1 neurons is unclear. Here, we investigated the 
relationship between CA3 and CA1 pyramidal neurons to determine whether dendritic 
restructuring in CA3 neurons corresponds with region-specific changes in the dendritic 
complexity of CA1 neurons. Young adult male Sprague-Dawley rats were chronically stressed 
by wire mesh restraint (6h/d/21d) and brains were removed soon after restraint ended (Str-Imm) 
or after a 21d post-stress rest period (Str-Rest). In addition, prior to restraint, we used RNA 
interference to downregulate BDNF in the CA3 region of the hippocampus, providing robust 
conditions to investigate the CA3-CA1 relationship. Consequently, rats were infused into the 



CA3 area with either an AAV vector with a coding sequence against BDNF (shRNA) or a 
sequence with no known mRNA complements (Scr). Apical and basal dendritic complexity of 
CA3 and CA1 neurons was quantified by counting total dendritic bifurcations and total dendritic 
intersections using the Sholl analysis (20 μm distances from soma). The data reveal CA3 apical 
dendritic retraction in Str-Imm-Scr and Str-Rest-shRNA. For the CA1 apical area, gross dendritic 
arborization differences were not detected, as often found in the field, but the Sholl 
quantification revealed regionally-enhanced dendritic complexity that varied by distance from 
the soma at the distal apical dendrites (Str-Imm-Scr) and proximal basal dendrites (Str-Rest-
shRNA). For the latter, significant increases in basal branch points were also detected with total 
branch point quantification method. Moreover, a correlation using all groups revealed a 
significant inverse relationship between CA3 apical dendritic complexity and CA1 basal 
dendritic complexity. The results demonstrate that chronic stress-induced CA3 apical dendritic 
retraction may relate to region-specific changes in CA1 dendritic complexity. 
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Abstract: Chronic adrenocorticotropic hormone-(1-24) (ACTH) treatment (100 μg/day; 14 days) 
induces antidepressant resistance in rodents. In this model, antidepressant response can be 
elicited via activation of nucleus accumbens (NAc) dopamine signaling. The present study aimed 
to determine the effects of ACTH pre-treatment on NAc dopamine neurotransmission using fast 
scan cyclic voltammetry and behavioral response to imipramine (10mg/kg), fluoxetine 
(10mg/kg), armodafinil (10mg/kg) or bupropion (10mg/kg) in the forced swim test. All 
treatments reduced immobility time in saline-treated control animals, however, only armodafinil 
and bupropion reduced immobility behaviors in ACTH-treated animals. NAc dopamine 
neurotransmission was attenuated in ACTH-treated animals relative to controls, and potentiated 
with either armodafinil or bupropion treatment. NAc dopamine receptor expression was 
upregulated in ACTH-treated animals relative to controls and Akt/GSK3 signaling was 
facilitated by armodafinil or bupropion to a greater degree in these animals. These data suggest 



that ACTH treatment impairs NAc dopamine neurotransmission and induces a potentially 
compensatory up-regulation of dopamine receptors. Together, these data support a role for 
targeted antidepressant treatment with armodafinil or bupropion in individuals with deficits in 
dopamine neurotransmission, potentially resulting from HPA-axis dysfunction. 
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Abstract: Recurring exposure to stressful life events increases risk for certain psychological 
disorders, including depression and posttraumatic stress disorder. Further, women are twice as 
likely to be diagnosed with many of these disorder during their lifetime. Currently, the 
neurobiological mechanisms underlying these risk factors are poorly understood. One possibility 
is that lasting stress-induced changes in brain regions associated with stress-linked disorders, 
including prefrontal cortex, might result in sex-specific vulnerability to subsequent stress 
exposure. Brain-derived neurotrophic factor (BDNF) and neuropeptide Y (NPY) are potential 
stress-resiliency factors, and importantly, these two factors are capable of differentially 
modulating neural activity. Thus, we examined activity (via fos expression), BDNF, and NPY 
expression in medial prefrontal cortex (mPFC) subregions of chronically stressed male and 
female rats in response to a novel, acute stressor. Adult rats underwent chronic restraint stress 
(CRS; 3h/day for 10 days) or were left unstressed (No CRS). Either 24 hours (CRS-24h) or 7 
days later (CRS-7d), rats were exposed to a 30-minute elevated platform stressor. Rats were 
euthanized ~60 min later and brains were removed and stained for fos, BDNF, and NPY. 
Stereological estimates of fos-positive cells and relative luminosities of BDNF- and NPY-



expressing neurons were obtained. As subregions of mPFC can bidirectionally modulate the 
periventricular nucleus (PVN) of the hypothalamus, fos expression was also measured in this 
region to examine potential chronic stress-induced changes in neuroendocrine function. 
Compared to No CRS male rats, CRS-24h and CRS-7d male rats had suppressed fos expression 
in prelimbic cortex in response to an acute novel stressor, along with increases in BDNF and 
NPY expression. A similar pattern of changes was observed in infralimbic cortex, though only in 
CRS-24h male rats, suggesting subregion-specific differences in the lasting effects of chronic 
stress. Importantly, no acute stress-induced changes in fos, BDNF, or NPY expression in mPFC 
were observed in CRS females at either timepoint. In response to acute novel stress, CRS-24h, 
but not CRS-7d, male rats had decreased PVN fos expression. In contrast, while CRS-24h 
females appeared to have a typical PVN response to acute stress, CRS-7d females had a 
significant increase in fos expression. These data suggest that a lack of neural changes in stress-
sensitive brain regions that modulate HPA axis responses immediately following chronic stress 
may increase female vulnerability to subsequent stress exposure, perhaps due to potentiated 
responses in the PVN. 
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Abstract: Repeated exposure to stress promotes depressive- and anxiety-like behaviors in 
animals and the development of psychiatric disorders in humans, including depression and 
posttraumatic stress disorder. However, not all stressed individuals develop stress-related 
psychiatric disorders. That is, some individuals are resilient to the effects of stress whereas others 
are vulnerable. In a paradigm of chronic social defeat in rats, we have identified subpopulations 
that are resilient or vulnerable to the neuroendocrine and behavioral effects of defeat. Rats that 



exhibit passive coping strategies as evidenced by short latencies to be defeated (SL) in the 
resident-intruder paradigm are vulnerable to the effects of stress whereas rats that exhibit active 
coping strategies as evidenced by longer defeat latencies (LL) are more resilient. SL rats display 
increased depressive-like and anxiety-like behaviors compared to LL rats. However, the 
mechanisms underlying stress resilience and vulnerability remain unclear. We used a targeted 
PCR array approach to identify novel neural substrates underlying resilience and vulnerability. 
We found that in LL rats, the expression of sphingosine-1-phosphate receptor 3 (S1PR3) was 
increased in medial prefrontal cortex (mPFC) neurons. S1PR3 is a G-protein coupled receptor 
that is associated with reductions in inflammation in the periphery. The mPFC regulates the 
stress response and affective-like behaviors, morphological changes occur in the mPFC after 
stress and its activity is dysfunctional in stress-related affective disorders. We used a viral vector 
to overexpress S1PR3 in the mPFC of rats and found that S1PR3 overexpression decreased 
depressive- and anxiety-like behavior, reduced c-Fos expression, and reduced expression of the 
inflammatory cytokines interleukin 1 beta (IL1β) and tumor necrosis factor alpha (TNFα). 
Virally mediated S1PR3 knockdown in the mPFC produced the opposite effects. We investigated 
whether the ability of S1PR3 to decrease neuronal activity or to reduce inflammation in the 
mPFC may be mechanisms that promote resilience. We found that chemogenetic inhibition of 
the mPFC simulated some, but not all, behaviors associated with resilience. In S1PR3 
knockdown rats, we found that preventing increases in TNFα by viral knock down reversed the 
increased depressive- and anxiety-like behavior produced by S1PR3 knockdown. Based on these 
results, we propose that S1PR3 in the mPFC promotes resilience by reducing neuronal activity 
and reducing TNFα in the mPFC. We conclude that the S1PR3 is a novel receptor that promotes 
behavioral and neuroendocrine responses characteristic of resilient individuals. 
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Abstract: Recent studies show that vagus nerve stimulation (VNS) can be used to improve 
neurological disorders including depression. Here we investigated whether VNS is involved in 
regulating the responsiveness of hippocampal neurons in relation to depression-like behavior in 
rats. We induced depression-like state by chronic restraint stress (CRS) in rats and mice, and 
applied them acute and chronic modes of VNS. Chronic VNS was performed on a daily basis for 
2 weeks using a cervically implanted microelectrode. c-Fos protein was induced in the solitary 
nucleus and serotonergic raphe nucleus 2 h after VNS. We found that 5HT1A and 1B receptor 
levels were decreased in the hippocampus of CRS animals and elevated to a similar level as in 
control 24 h after the acute VNS. Immunofluorescence analysis confirmed the hippocampal 
localization of receptors in the dentate granule cells and CA1 and 3 pyramidal neurons. In CRS 
animals having chronic VNS, hippocampal 5HT1A and 1B receptors were increased 2 weeks 
after VNS, and phospho-Erk1/2 protein levels were similarly regulated in hippocampal neurons 
as well. Behavioral forced swimming test revealed that the chronic VNS in CRS animals 
improved the immobility score compared to sham-stimulated control. Our results suggest that 
VNS may improve depression-like behavior via the activation of serotonergic neurons in the 
hippocampus. 
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Abstract: Hippocampal (HPC) circuits, such as the neurons that extend from ventral HPC 
(vHPC) to nucleus accumbens (NAc), are important for memory and play a critical role in 
depression and addiction, however the molecular mechanisms underlying this are not 
understood. We have recently discovered a role for ΔFosB, a chronic activity-dependent 
transcription factor encoded by the FosB gene that drives gene expression underlying cellular 
function of HPC neurons. In order to better understand the role of ΔFosB in vHPC-NAc 
projection neurons, we sought to develop a mouse model with a knockout (KO) of the FosB 



gene. We mated a floxed FosB strain (FosBfl/fl) with a Cre driver line (Nts2-Cre) with 
expression in HPC in order to knockout (KO) ΔFosB in HPC. NtsR2-Cre-driven FosB KO mice 
had a lack of ΔFosB expression in sub granular neurons in the dentate gyrus of the hippocampus. 
These mice also displayed decreased memory and were susceptible to stress, similar to what we 
had previously found when we silenced ΔFosB transcriptional activity in HPC. We next injected 
a retrograde HSV-Cre into NAc to drive GFP expression and KO FosB in vHPC projections to 
this region and found that ΔFosB is induced in these projections by cocaine, which is blocked in 
FosB KO mice. Studies are currently ongoing to produce a circuit-specific KO. However, these 
preliminary findings indicate that ΔFosB is important for normal hippocampal function and its 
expression (and inhibition) in the HPC-NAc circuit may be specifically crucial to stress 
susceptibility and drug seeking. 
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Abstract: Drug addiction is characterized by the continued seeking and taking of drugs despite 
adverse consequences, and this relapse to drug seeking can be precipitated by stress. Moreover, 
stress-related diseases, such as mood and anxiety-related disorders, are highly comorbid with 
drug addiction. The hippocampus, a brain region essential for learning and memory, has been 
implicated in addiction, as the user typically makes associations between the drug and the 
environment that can prompt craving and relapse, and in stress responses and mood disorders. 
Thus, in order to better treat these diseases, we require a better understanding of the synaptic 
underpinnings of both hippocampus-driven drug associations and hippocampal responses to 



stress. Excitatory signaling in the hippocampus occurs at dendritic spines, small postsynaptic 
specializations whose number, size, and shape correspond to synaptic number, strength, and 
maturity, respectively, and we sought to measure the effects of chronic drug or stress exposure 
on the morphology of these spines. To visualize spines, we performed stereotaxic surgery to 
inject herpes simplex virus (HSV) expressing green fluorescent protein (GFP) into the dorsal and 
ventral hippocampus of adult male C57/Bl6J mice. We treated mice chronically with cocaine (20 
mg/kg i.p. for 10 days) in a novel environment or exposed mice to 10 days of chronic social 
defeat stress (CSDS). We then conducted epiflourescent confocal microscopy of fixed brain 
tissue to quantify the morphologic changes in dendritic spines. Our initial observations suggest 
that, in dorsal hippocampus CA1 pyramidal neurons, chronic cocaine increased mushroom 
(mature) spines and decreased thin (immature) spines with no change in total spine density. We 
are also using HSVs to explore the molecular mechanisms of drug- and stress-dependent 
hippocampal spine changes, with particular emphasis on drug- and stress-induced transcription 
factors and their regulators. Ultimately, this research could lead to a better understanding of the 
common cellular, synaptic, and molecular pathways dysfunctional in addiction and mood 
disorders, and potentially provide novel targets for therapeutic intervention in these comorbid 
diseases. 
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Abstract: Depressive syndromes are a major cause of morbidity, affecting nearly 300 million 
globally, and often arise in response to life stress. Aside from its obvious social and financial 
burden, a striking characteristic of depression is that it affects women nearly twice as often as 
men. The impact of depression and the disparity in numbers of affected men and women have 
been recognized for some time, but the molecular underpinnings of the disease remain unknown. 
This knowledge gap is critical, as treatments remain ineffective in a large number of patients and 
no sex-specific therapies are known. Neurons in the hippocampus, particularly those that project 
to the nucleus accumbens, are mediators of stress responses, but little is known of the regulation 
of this circuit at the level of cell function or gene expression. Here, I use a novel witness chronic 
social defeat stress (CSDS) mouse model that is amenable to both sexes to investigate the role of 
the transcription factor ΔFosB in the regulation of ventral hippocampal-nucleus accumbens 
(vHPC-NAc) projection cells in susceptibility or resilience to CSDS. This circuit has gained 
recent attention in mood disorder research as it has been shown that reduced activity in these 
neurons promotes resilience to CSDS. Additionally, our group has shown that the transcription 
factor ΔFosB is required for hippocampal learning, and its expression is induced in the vHPC by 
stress or antidepressant treatment. Taken together with our knowledge of its role in resilience in 
other brain regions, this makes ΔFosB an exciting prospective target for the regulation of vHPC-
NAc neuronal function in response to stress. Here, I follow work from our group showing that 
general inhibition of ΔFosB function throughout the vHPC (but not dHPC) promotes 
susceptibility to subchronic stress, and show that overexpression of ΔFosB in vHPC reduces cell 
excitability. Moreover, we explore both basal and stress-induced sex differences in the 
excitability of vHPC-NAc projection cells, and uncover differences that may underlie sexual 
dimorphism in susceptibility to mood disorders. With these findings, I hypothesize that stress-
induced ΔFosB in vHPC-NAc neurons mediates changes in the function of these neurons and 
regulates gene expression to promote resilience to social stress in a sex-dependent manner. 
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Abstract: Stressful and traumatic experiences can contribute to mood disorders in some 
individuals while others are resilient. Though we know that the hippocampus plays a crucial role 
in stress responses, it is unknown how changes in hippocampal function, particularly at the level 
of gene expression, may drive resilience to stress. We have recently described a critical role for 
hippocampal expression of the transcription factor ΔFosB, encoded by the FosB gene, in 
learning, but its role in stress is unknown. Using the chronic social defeat stress (CSDS) model 
of depression, we have investigated the role of hippocampal ΔFosB in stress resilience in male 
mice. Here we show that ΔFosB is induced by CSDS and antidepressants. Inhibition of ΔFosB 
transcriptional activity in ventral, but not dorsal, hippocampus of adult male mice enhances 
susceptibility to CSDS. Moreover, using a novel dual-virus CRISPR system, we show that 
silencing of the FosB gene in adulthood in specific hippocampal cells projecting to nucleus 
accumbens also increases susceptibility to the social withdrawal phenotype of CSDS, while 
silencing of the FosB gene in ventral hippocampal cells projecting to amygdala is anxiolytic. 
These behavioral phenotypes are reversed by overexpression of ΔFosB in the same cells. Taken 
together, these data suggest that ΔFosB expression in response to stress regulates hippocampal 
cells projecting to nucleus accumbens to promote resilience to the social withdrawal phenotype 
of depression, while ΔFosB expression in hippocampal cells projecting to amygdala may drive 
stress-induced anxiety. We are currently investigating potential sex differences in ΔFosB’s role 
in these hippocampal projections in response to social stress using a modified witness model of 
CSDS. These findings offer new insight into the transcriptional mechanisms underlying the 
etiology of mood- and anxiety-related disorders. 
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Abstract: Ventral hippocampus (vHPC) projection circuits play a critical role in psychiatric 
disease, including depression, addiction, posttraumatic stress disorder, and anxiety disorders. 
Glutamatergic vHPC afferents to limbic regions such as the amygdala (AMY) and nucleus 
accumbens (NAc) are uniquely important in maladaptive emotional behaviors associated with 
psychiatric disease. Gene expression regulates HPC function, however the role of altered gene 
expression in vHPC circuits and its contribution to maladaptive emotional behaviors is unknown. 
ΔFosB, a truncated splice product of the FOSB gene, is a stable activity-dependent transcription 
factor that we have previously demonstrated to be critical for normal HPC function, making it a 
potential mediator of gene expression-dependent changes in vHPC projections. The goal of this 
project was to determine the role of ΔFosB in vHPC circuits and how it may contribute to 
maladaptive behaviors related to psychiatric disease. We used circuit-specific viral-mediated 
CRISPR silencing of the FOSB gene in vHPC projections to AMY or NAc and assessed a 
battery of emotional behaviors. We first found that non-specific inhibition of ΔFosB in vHPC 
impaired place preference conditioning to cocaine, and altered anxiety & fear learning. 
Moreover, FOSB silencing specifically in vHPC-NAc projections impaired place preference 
conditioning but did not affect fear & anxiety. Conversely, FOSB silencing specifically in 
vHPC-AMY decreased anxiety and impaired avoidance learning, but did not affect place 
preference conditioning. Viral-mediated rescue of ΔFosB expression in the FOSB silenced 
circuits reversed these effects. TRAP-Seq (Translating Ribosomal Affinity Purification followed 
by RNA sequencing) in FOSB silenced circuits indicates that these effects are driven by specific 
patterns of gene expression which may underlie physiological changes in vHPC projection 
neuron activity. Collectively, these findings demonstrate that ΔFosB regulates circuit-specific 
vHPC neuron function via changes in gene expression, and that this may underlie maladaptive 
emotional behaviors associated with psychiatric disease. Furthermore, they suggest that ΔFosB 
and its gene targets in vHPC projections neurons may serve as promising therapeutic inroads for 
multiple psychiatric diseases. 
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Abstract: Pyramidal neurons in cortex expressing S100a10 (p11) are considered essential for the 
antidepressant action of selective serotonin reuptake inhibitors (SSRIs), yet the physiology and 
serotonergic modulation of these neurons are not well understood. Here, we examine the 
characteristic properties and serotonergic modulation of GFP-positive S100a10 cortical neurons, 
then probe their response to the stress of prolonged social isolation and to chronic treatment with 
fluoxetine. In group-housed mice, S100a10 neurons display a biphasic serotonin response with 
brief inhibition followed by excitation. In socially-isolated mice, however, S100a10 neurons lose 
this serotonergic “signature” and the excitatory component is supplanted by strong inhibition. In 
these stressed mice, chronic treatment with fluoxetine in drinking water restores serotonergic 
excitation of S100a10 neurons. However, we observed that the fluoxetine-treated mice display 
behavioral heterogeneity with suggestive parallels to human reactions to SSRIs. Additional 
experiments revealed that a subset of SSRI-treated mice displayed anxiety-like behaviors 
together with an apparent overshoot of normal excitatory responses to serotonin in S100a10 
neurons. To investigate state-dependent molecular changes in S100a10 cortical neurons, we 
pursued cell type-specific mRNA purification by translating ribosome affinity purification. Data 
from 4 groups (group-housed, socially-isolated, fluoxetine-treated, and fluoxetine-anxious mice) 
reveal substantial changes in the gene expression of S100a10 neurons when social isolation 
disrupts and chronic fluoxetine restores or exaggerates serotonergic excitability. Intriguingly, 
anxiety upon fluoxetine appears to reflect SSRI-hyper-responsiveness in S100a10 neurons, rather 
than a failure to respond to treatment. 
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Abstract: The prefrontal cortex is critical for contextual appraisal, executive function, and goal-
directed behavior. Additionally, the infralimbic (IL) subregion of the prefrontal cortex has been 
implicated in stress responding, mood, and fear memory. However, the specific circuit 
mechanisms that mediate these effects are largely unknown. To date, IL output to the limbic 
forebrain has been examined largely qualitatively or within a restricted number of downstream 
sites. In order to quantify IL presynaptic input to structures throughout the forebrain, we utilized 
a lentiviral construct expressing synaptophysin conjugated to mCherry. Thus, allowing 
quantification of IL efferents that are specifically synaptic, as opposed to fibers of passage. 
Additionally, this approach permits IL innervation to be determined on a sub-structural level 
within the multiple heterogeneous nuclei of the limbic system. To examine the functional output 
of the IL, as well as structure-function relationships, we optogenetically activated IL output 
neurons and histochemically quantified neuronal activation throughout the limbic forebrain using 
fos-related antigen (Fra). Our quantification of synaptophysin-mCherry indicated that the IL 
provides robust synaptic input to a number of regions within the thalamus, hypothalamus, 
amygdala, and bed nucleus of the stria terminalis (BST), with limited input to the hippocampus 
and nucleus accumbens. Specific nuclei with the greatest innervation density included the medial 
dorsal and paraventricular nuclei of the thalamus, the posterior and lateral nuclei of the 
hypothalamus, the medial and basomedial regions of the amygdala, and anteromedial and 
anterolateral aspects of the BST. Furthermore, there was a high concordance between structural 
connectivity and functional activation. Optogenetic activation of IL output neurons induced the 
greatest activation in the posterior hypothalamic nucleus, medial amygdala, basolateral 
amygdala, and midline thalamic nuclei. Interestingly, some regions receiving substantial synaptic 
input did not have significant increases in Fra immunoreactivity, including the lateral 
hypothalamus and BST. Collectively, these studies represent a step toward a comprehensive and 



quantitative analysis of output circuits of the IL. This large scale efferent quantification or 
‘projectome’ also opens the door for data-driven analyses of the downstream synaptic 
mechanisms that mediate the integrative aspects of organismal stress responding. 
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Abstract: Wireless recording of in vivo biosensor activity provides second-by-second resolution 
of brain analytes within a specific region of a freely-moving animal. Observation of these 
parameters from multiple animals in a co-housed environment can provide valuable insight into 
the physiology underlying group housed behavior. Pinnacle developed a cage system capable of 
long-term housing, video tracking, RFID monitoring and wireless recording of physiological 
parameters from two animals over multiple days. Lactate and oxygen changes were measured 
continuously for seven days from two rats co-housed in the enclosure and compared to animals 
that were individually housed. Physiologically relevant changes in oxygen consumption 
corresponding with play behavior were measured. Lactate concentration was observed to change 
with sleep/wake state in a manner consistent to previously reported studies. Movement artifact 
was negligible even during periods of active animal activity. Sleep/Wake analysis noted 
differences between singly housed animals and group housed animals. The cage system is 
designed to accommodate food, water and bedding as well as programmable IR lighting for 
tracking animal behavior during lights off periods. Rats were implanted with guide cannulas 
(BASi) bilaterally into the frontal cortex region. After recovery from surgery (1 wk) a lactate 
biosensor (80 um diameter) and an oxygen sensor (180 um disc) were inserted into the cannulas 
and the sensors were connected to a wireless potentiostat in a head-mounted enclosure. Rats 
were co-housed for seven days with sensor, video and RFID data collected. All procedures were 
previously approved by the University of Kansas ACUC. Post-processing software was used to 



continually differentiate both rats using a combination of telemetry, RFID tagging and video 
tracking algorithms. Resolution of video occlusion events was accomplished by verification of 
the RFID tag signature for an unknown animal on one of four RFID antennas placed in each 
quadrant of the cage. 
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Abstract: Tenebrio molitor (TM) is an edible insect-derived material. In our previous study, as a 
result of chronic oral administration of TM extract to the OVX-mice model, density and 
thickness of bone tissues were increased and it appears that neurogenesis in hippocampal dentate 
gyrus tended to be improved. Therefore we hypothesized this ameliorating effect of menopause-
related problems in TM-treated mice model might be related to interaction between hormonal 



changes and stress regulation, particularly hypothalamic-pituitary-adrenal (HPA) axis in the 
body, together with neurogenesis mechanism. In this study, we administered Vehicle or TM 
extract to non-OVX-mice or OVX-mice model for 4 weeks. We collected brain tissues and 
blood, and performed blood chemistry, immunohistochemistry (IHC; AVP, GR, CRF and DCX) 
and Western blotting (WB; GR, CRF and DCX) at the hippocampus and hypothalamus. 
According to our metabolic data, body weight was significantly increased in OVX/TM group 
than OVX/Veh group and that was not different between NON groups. Serum estradiol-17β level 
and glucocorticoid level did not show difference between TM- and Veh-administered groups. 
However, it was demonstrated by IHC and WB results that doublecortin (DCX) expression was 
increased in TM- groups than Veh-administered groups. On the other hand, glucocorticoid 
receptor (GR) expression was significantly decreased in TM- groups than veh-administered 
groups and very interestingly, the GR expression site tended to be particularly concentrated in 
the subgranular zone (sgz). This is very meaningful because it is the place where the neuroblasts 
are located. In addition, the expression of vasopressin (AVP) and corticotropin releasing factor 
(CRF) was significantly reduced in the PVN area. Taken together, it is thought that chronic 
administration of TM extract may have the potential to alleviate systemic stress in 
postmenopausal animal models, and may have an impact on the regulation of HPA axis and 
neurogenesis correlation. 
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Abstract: During the past decade, various behavioral and molecular manifestations of the 
neuropsychiatric disorders in zebrafish were well characterized to be equivalent to humans. 



Unlike rodents, a standard depression model in zebrafish is still a prerequisite. 
Seeking a resemblance to the subordination, aggression, humiliation and bulling of the social 
defeat model in rodents, we designed the Chronic Predator Stress (CPS) model in zebrafish 
(Danio rerio). This model follows resident-intruder paradigm where the intruder (Danio rerio) is 
exposed to (direct) belligerent encounters of an aggressive resident fish (Metriaclima callainos) 
for a very short period and later separated by a partition (indirect).After the 5-day CPS paradigm, 
depression-like phenotype was evidently observed through relevant behavior tests (Social 
Interaction, Anhedonia, Novel Tank Test. Further molecular studies using telencephalon region 
(corresponding to hippocampus of mammals) of the subject fish indicated significant reduction 
in the expression of the neurotrophic factors and dysregulation of the downstream intracellular 
signaling cascade associated with CREB activation. CPS exposure indicated a significant 
contrariety in the expression of various neuronal and glial populations in the telencephalon 
compared to the control fish. 
After the accomplishment of the construct, face and discriminative validity, we evaluated this 
model for predictive validity using two antidepressants of different origin i.e, Fluoxetine (slow) 
and Ketamine (rapid) and their actions on phenotype and physiologiocal recovery. Our results 
indicate that the CPS model can be utilized as an alternative in in vivo animal model for 
depression which eventually can be useful as a tool to screen of novel potential antidepressants. 
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Abstract: Neural circuit disruptions have been increasingly appreciated as contributing directly 
to behavioral dysfunction. Identifying molecular contributors to specific neural circuit activity 
may provide a more promising route to efficacious drugs that target specific circuit-level causes 
of behavioral dysfunction. Here we describe an innovative, transdisciplinary pipeline that takes 



advantage of multisite in vivo neurophysiology, RNA-Seq, machine learning, and targeted viral 
manipulation strategies, for identifying and validating molecular drivers of specific neural circuit 
activity. We dissect neural circuitry underlying stress-susceptibility in a well-characterized 
mouse model of susceptibility to chronic stress: The chronic social defeat stress (CSDS) 
paradigm. 
Using in vivo neurophysiology in freely behaving mice, we recorded an endophenotype of stress-
susceptibility: pre-frontal cortex 2-7Hz oscillatory activity. We then measured the reactivity of 
this neural signature in a forced interaction test (FIT). Prefrontal cortex tissue was 
microdissected and gene expression was detected according to neural circuit activity using RNA-
Seq. We found that gene pathways associated with the mitochondrial complex ii were 
upregulated in animals with the putative resilient neural signature prior to stress exposure. We 
then used AAV manipulations to demonstrate that differential regulation of this pathway drove 
resilience to chronic social defeat stress. Finally, we demonstrate that we can enhance the 
predictor of resilience using multi-site in vivo recordings that incorporate other brain regions that 
contribute to a PFC-driven neural circuit signature, including nucleus accumbens, basolateral and 
central amygdala, ventral hippocampus and ventral tegmental area. 
Here we demonstrate that combining in vivo neurophysiology and Next Generation Sequencing 
can be a powerful approach for the identification of molecular drivers of specific neural circuit 
function with regard to stress-related pathology. Applying such approaches more widely will be 
essential for the development of circuit-based psychopharmacotherapeutics. 
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Abstract: Among its many roles, pituitary adenylate cyclase-activating polypeptide (PACAP) 
acts as an excitatory neuromodulator influencing neurotransmitter release and reuptake. 



Recently, PACAP has emerged as a regulator of stress responding. For instance, PACAP 
knockout mice exhibit abnormal anxiety-like behaviors and polymorphisms of PACAP and its 
receptor are associated with post-traumatic stress disorder in humans. In the current study, we 
investigated the effects of PACAP in the infralimbic cortex (IL), known for its role in 
maladaptive stress responses. We hypothesized that IL injections of PACAP would increase 
excitatory input to the intercalated cells of the amygdala and thus inhibit the central amygdala, 
reducing anxiety-like behavior. Cannulated adult male Sprague-Dawley rats were microinjected 
with PACAP (1 ug/side; n=12) or vehicle (sterile saline, 0.5 ul/side; n=10) into the IL 30 minutes 
prior to a forced swim test (FST). Blood was sampled via tail clip at 15, 30, 60, and 120 minutes 
post initiation of the FST for analysis of HPA responsiveness. Animals pretreated with PACAP 
had decreased incidence of swimming (p=0.02) and dived more often (p=0.006) than controls, 
suggesting alternative active coping approaches. Furthermore, PACAP-treated animals had 
decreased adrenal responsivity (p=0.03), a measure of adrenocortical function that could be an 
indication of reduced sensitivity to ACTH at the level of the adrenal cortex. When undergoing a 
passive avoidance test one week later, animals that had previously been treated with PACAP 
displayed a decreased cross-over latency during habituation, further suggestive of alternate 
coping strategies. Analysis of Fos indicated that intra-IL PACAP does not differentially activate 
primary targets in the basolateral or central nuclei of the amygdala, necessitating future studies 
investigating how PACAP is affecting HPA axis responsiveness and coping strategies.. 
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Abstract: Alterations in stress and dopamine levels can motivate goal-oriented behavior and 
prompt drug use in withdrawal. Amphetamine withdrawal is associated with dysphoria and 
hypersensitivity to stress in humans and rats that can prompt relapse. This effect may be 
mediated by enhanced stress-induced corticosterone (CORT) in the ventral hippocampus 



(vHipp), as is observed in rats. vHipp CORT can induce glutamate release and the vHipp sends 
glutamatergic projections to the nucleus accumbens shell (NAcS) to enhance dopamine output 
and reward salience. To directly test whether vHipp CORT can enhance NAcS dopamine output, 
a stress-relevant concentration of CORT (0.24 ng total) was infused into the vHipp of 
anesthetized drug-naïve adult male rats, and rats in amphetamine withdrawal. Resulting NAcS 
dopamine output was measured by in vivo chronoamperometry. In drug-naive rats, vHipp CORT 
enhances NAcS dopamine output, peaking 55 min post infusion. This suggests a novel 
mechanism by which stress exposure could enhance reward value to promote goal-oriented 
behavior. In amphetamine withdrawal, vHipp CORT reduces NAcS dopamine output, peaking 
20 min post-infusion, returning to baseline at 55 min post-infusion, then decreasing again, 
peaking at 80 min post-infusion. This suggests stress-induced vHipp CORT could contribute to 
dysphoric states that prompt relapse in withdrawal. These findings support an opponent-process 
theory of addiction, in which blunted dopamine reward responses and enhanced CORT stress 
responses negatively reinforce drug-taking. Preliminary data suggests these findings are specific 
to CORT in the ventral dentate gyrus/subiculum regions of the vHipp, as CORT infused into the 
dorsal vHipp or anteriorly into the CA1/CA3 regions do not alter NAcS dopamine output. CORT 
can act on glucocorticoid (GR) or mineralocorticoid (MR) receptors. vHipp GRs are thought to 
be excitatory; whereas vHipp MRs may be excitatory or inhibitory. Here we show that blocking 
vHipp MRs or vHipp GRs abolishes the CORT-induced NAcS dopamine increase observed in 
control conditions and augments CORT-induced decreases of NAcS dopamine output in 
amphetamine withdrawal, although GR antagonism produces these effects at a greater magnitude 
than that observed for the MR antagonist. These findings suggest that vHipp GRs and MRs 
contribute to vHipp CORT induction of NAcS dopamine output both in control conditions and in 
amphetamine withdrawal. Overall, our findings suggest vHipp CORT could play an important 
role in driving positive stress coping mechanisms in healthy conditions, with dysregulation of 
this system potentially contributing to relapse in withdrawal. 
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Abstract: Hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis has been implicated 
in psychiatric disorders such as major depressive disorder (MDD), Post-Traumatic Stress 
Disorder (PTSD), and possibly anxiety. Normally, glucocorticoid release consequent to HPA 
activation promotes adaptive responses that may equip the animal for future threats, via 
enhanced memory and altered emotionality. However, under conditions of excessive activation, 
these changes may be maladaptive leading to different excitatory and inhibitory drives within 
important limbic regions and their projections. 
Lesion studies suggest that the medial prefrontal cortex (mPFC) and ventral subiculum (vSUB) 
are critical for cessation of the HPA axis via polysynaptic signaling to the hypothalamus. We 
have shown that knocking down GR in the PFC leads to changes in HPA activation and 
depressive like behavior (as shown as increased immobility in the forced swim test). In this 
study, we sought to determine if the HPA and behavioral effects of GR downregulation are 
primarily due to loss of GR on excitatory projection neurons of the PFC and vSUB. To achieve 
region-specific down-regulation, we injected an adeno-associated virus (AAV) expressing Cre 
Recombinase under the CAMKIIα promotor into either the PFC or VSUB of mice with a floxed 
GR exon 3 (f/f) or wildtype (wt) littermate controls. Three weeks after injection of virus, male 
(n= 9-11), and female (n= 11-12) mice, aged 30-60 weeks were given a battery of behavioral 
tests that are thought to assess anxiety-like behavior (open field or elevated plus maze), 
depressive-like behavior(forced swim test), and behavioral inhibition (passive avoidance). There 
was no effect of PFC-specific GR deletion on open field or passive avoidance behavior in either 
males or female mice. Moreover, there were no differences in HPA axis activation after an acute 
stressor in f/f mice versus wildtype controls. In contrast, vSUB GR deletion in male mice 
decreased open arm entries in the elevated plus maze and decreased cross-over latency in the 
passive avoidance task (reduced behavioral inhibition). There were no differences in female 
mice. In addition, vSUB GR deletion increased stress-induced corticosterone release, again, only 
in males. These data suggest an important role for the GR in modulating vSUB, but not PFC-
mediated, stress responsiveness and emotional reactivity in a sex-dependent manner. 
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Abstract: Our lab and others have shown that exposing rodents to a single episode of acute 
stress can produce long-lasting reductions in wheel running that persist months after the stressor 
is no longer present. We hypothesize that chronically reduced running may be related to 
maladaptive changes of central-mediated fatigue pathways. Adenosine signaling in the brain is a 
key contributor to central-mediated fatigue. Under heightened metabolic demand, adenosine is 
produced from the catabolization of the cellular energy source, adenosine triphosphate (ATP), 
and can act as a neuromodulator by promoting fatigue-related behavior primarily through activity 
at adenosine A1 and A2a receptors. Adenosine receptor expression may upregulate following 
metabolic demands of sufficient intensity, such as acute stress, which may produce a more rapid 
onset of central fatigue and contribute to persistently reduced wheel running activity. Therefore, 
we explored the effects of a single episode of acute uncontrollable stress on the expression of 
adenosine receptor protein in the striatum, as well as other brain areas where adenosine 
modulates fatigue behavior including the hippocampus, prefrontal cortex, and hypothalamus. We 
exposed adult C57BL/6J mice to a series of uncontrollable tail shocks (acute stress) or left them 
undisturbed in home cages (control). The mice were sampled at either 24 hours or 4 weeks by 
transcardial perfusion with phosphate buffer and paraformaldehyde. Immunohistochemistry was 
performed on thin brain sections to detected A1 and A2A receptors. Brain sections will be imaged 
and densitometry will be performed to semi-quantitatively measure the density of adenosine 
receptors in brain regions. Data collection is underway. We hypothesize A1 and A2a receptor 
expression will upregulate across all brain regions following acute stress by at least the 4-week 
time point. A widespread increase in brain adenosine receptors may be relevant to the 
modulation of increased fatigue-related behavior and reductions in physical activity following 
stressful experiences of sufficient intensity. 
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Abstract: Val to Met substitution at codon 66 (Val66Met) in Brain-Derived Neurotrophic Factor 
(BDNF) leads to reduced activity-dependent secretion of BDNF. In humans, this SNP has been 
associated with anxiety disorder, structural abnormalities of the hippocampal formation and 
cognitive impairments. Our previous data link anxiety-like differences in BDNF-Val66Met 
knock-in (BDNFMet/Met) mice with reduced GABAergic innervation of the dorsal hippocampus 
(doi: 10.1093/cercor/bhw210). Others have also shown that both food restriction (FR) and 
exercise (EX) elevate BDNF levels in the hippocampus. 
We investigated whether FR and/or EX during adolescence restore behavioral deficits in 
BDNFMet/Met mice. Four groups of male and female pubertal BDNFMet/Met mice and their wild-
type littermates, all singly housed, were reared as follows during adolescence: EX (housed with a 
wheel from P36-44), FR (from P41-44), and FR-plus-EX (housed with a running wheel from 
P36-44 and FR from P41-44, an animal model of activity-based anorexia) and CON (no FR and 
no EX). After recovery from these treatments for >7 days, we assessed the animals’ anxiety-like 
behavior, spatial and object recognition memory and social preference and recognition. Animals 
were sacrificed at P60 to measure GABAergic innervations and α4βδ-GABAA receptor levels on 
their pyramidal neurons in the dorsal hippocampal CA1 by electron microscopic 
immunocytochemistry. 
During early adulthood, male BDNFMet/Met mice display increased anxiety-like behavior and 
impairment of spatial and object recognition memory and social recognition. EX, FR, and FR-
plus-EX to BDNFMet/Met mice during adolescence had no effect on anxiety-like levels, and EM 
confirmed that GABAergic innervation remains low. However, EX, FR, and FR-plus-EX 
showed differential restorative effects on spatial, object recognition memory, and social 
recognition deficits, and EM suggests that these are mediated by changes in α4βδ-GABAAR 
levels. Female BDNFMet/Met mice display normal spatial memory, but elevated anxiety-like 
behavior and impairments in object recognition memory and social recognition. FR and FR-plus-
EX normalized their anxiety-like levels and improved their object recognition memory, with 
changes in α4βδ-GABAAR levels. Social recognition deficits found in BDNFMet/Met female mice 
may be via altered GABAergic innervation in distal dendrites. 
Thus, FR and/or EX during adolescence normalizes anxiety, cognitive and social abnormalities 
exhibited by BDNFMet/Met mice. Our study highlights sex differences in the effects of BDNF 



Val66Met SNP on anxiety and cognitive functions, and their potential causal and restoring 
mechanisms. 
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Abstract: Stress-related mood and anxiety disorders, like depression and posttraumatic stress 
disorder (PTSD), are highly prevalent yet poorly treated. Relapse and residual symptoms remain 
problematic, and a poor understanding of the neurobiology underlying these illnesses has limited 
the development of new treatments. Imaging studies have shown reduced activity in the mPFC in 
both depression and PTSD, associated with deficits in executive functions, including impaired 
cognitive flexibility, that not only represent symptoms of these illnesses, but also contribute 
causally to their development and maintenance. Such changes presumably involve aberrant 
forms of neural plasticity in the mPFC. Similarly, chronic stress compromises cognitive 
flexibility, and is likely to disrupt the plasticity that normally underlies this executive process. 
Cognitive flexibility mediated in the mPFC can be measured using the attentional set-shifting 
test, and chronic unpredictable stress (CUS) induces a deficit of cognitive flexibility on this test. 
Further, we have previously shown that CUS attenuates the response of the mPFC to stimulation 
of the excitatory afferent from the mediodorsal thalamus (MDT). Thus, we are using 
optogenetics to investigate if directly inducing plastic changes in the mPFC is sufficient to alter 
cognitive flexibility. Glutamatergic neurons in the MDT were selectively infected either with the 
ChETA variant of channelrhodopsin by injecting an AAV5-CAMKII-ChETA viral vector, or 
with control AAV5-CAMKII-GFP, and allowed 6 weeks for expression and trafficking of the 
channel to terminals innervating the mPFC. Rats were anesthetized with chloral hydrate and 
baseline field potentials evoked by MDT stimulation were recorded in the mPFC for 15 min. 
Optical LTD was induced by stimulating mPFC terminals. The mean amplitude of evoked 
responses, recorded for 3 hr after stimulation, was reduced to 75% of baseline, indicating a 



depressed response (n=4; p <0.0001). This depressed response was not observed in control GFP 
animals. (n=4; p>0.05) Then using this procedure, we induced LTD in awake rats to test the 
effect of LTD on set-shifting. ChETA injected rats (n=9) that received the LTD protocol 1-hr 
prior to set-shifting took significantly more trials to reach criteria than controls (n=8; p <0.0001). 
These results suggest that inducing LTD in the MDT-mPFC pathway is sufficient to produce 
cognitive deficits similar to those observed after CUS. By contrast, future experiments will 
explore if inducing LTP in the mPFC will restore healthy behaviors compromised by CUS. 
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Abstract: Women suffer double the incidence of psychiatric disorders related to stress compared 
to men. While the symptoms of such psychiatric disorders like depression are similar in males 
and females the range of vulnerabilities and sensitivity to likely causal factors remains unknown. 
This has encouraged investigations of factors thought to participate in the onset of such disorders 
like stress. A component of the stress response is activation of the locus coeruleus (LC)-
norepinephrine system. Stress-induced LC activation is mediated by corticotropin-releasing 
factor (CRF) and is associated with enhanced arousal and changes in cognitive flexibility. This 
study examined the effects of adolescent and adult social stress using the resident-intruder model 
on LC activity in unanesthetized female rats. Single unit LC activity was recorded before and 
during resident-intruder stress on the first and fifth days of 5 consecutive daily exposures. The 
resident was a lactating female and LC activity was recorded from the intruder. Spontaneous LC 
neuronal activity was compared between adult and adolescent rats before and during the stressor. 
We found that LC activity was similarly increased in adult (160 + 19%C, 27 cells, 3 rats) and 
adolescent (156 + 10%C, 60 cells, 4 rats) females on day-1 of social defeat (SD). However, by 
day-5 of SD, LC neuronal activation in adolescents further increased to 201 + 10%C (43 cells, 4 
rats), but stress-induced LC activation in adults declined to 123 + 10%C (24 cells, 2 rats) on day-



5 of SD. This suggests that LC activity in adolescents may be sensitized by repeated stress and 
this differs from the reduced LC response to stress shown in adult females. This finding is 
interesting because it is suggested that adolescence is a period of stress vulnerability when brain 
circuits associated with emotion and decision-making are in ongoing maturation. In conclusion, 
we found that LC neurons of adolescents were more sensitive to social stress than those of adult 
female rats. These findings of enhanced reactivity to stressful experiences during adolescence 
may serve to underscore the critical vulnerability of this developmental stage and how it may 
lead to an elevated incidence of stress-related psychiatric disorders in women. 
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Abstract: Adolescence is a crucial time of increased neuronal plasticity, rendering this period 
particularly vulnerable to stress. A common stressor encountered during this period is social 
stress. An ethologically relevant animal model of social stress is the resident-intruder model. 
Using this model, we have shown that social stress engages distinct amygdalar corticotropin-
releasing factor (CRF)- and nucleus paragigantocellularis (PGi) opioid-containing afferents to 
the locus coeruleus (LC) in adult male and female rats, that segregate according to coping 
strategy as determined by the latency of the rats to assume a defeat posture. Here, we identified 
the neural circuitry that activates the LC following social stress in adolescent male Sprague-
Dawley rats. Prior to social defeat exposure, rats were injected with the retrograde tracer, 



Fluorogold (FG) into the LC. Three days following FG injection, rats were subjected to repeated 
(5 days) social defeat or control manipulation, and perfused 90 minutes after the last session. 
Sections through the lower brain stem and forebrain were collected and processed for 
immunocytochemical detection of c-fos, a marker of neuronal activity, FG and CRF or 
enkephalin (ENK). Consistent with our previous tracing studies, retrogradely labeled neurons 
from the LC were distributed throughout the rostro-caudal segments of the central nucleus of the 
amygdala (CeA) and PGi. Cell counts revealed that c-fos expression in the CeA was significantly 
increased in the short latency to defeat (SL) rats (P < 0.01) when compared to control and LL 
latency (LL) rats. Triple labeling of c-fos, FG and CRF revealed that 78% of c-fos and FG-
immunoreactive neurons in the CeA of SL rats also expressed CRF, which was significantly 
higher (P < 0.05) when compared to control and LL rats. In the PGi, approximately 34% of c-Fos 
and FG-immunoreactive neurons of LL rats also expressed ENK, which was significantly higher 
(P < 0.05) when compared to control and SL rats. These results are consistent with previous 
studies in male adult rats and underscore that that social stress engages distinctly different 
regulation of the LC depending on coping strategy that may translate to distinct behavioral and 
physiological consequences. 
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Abstract: A severe and widespread mood disorder, major depression affects about 15 % of the 
population. Significantly, women are twice as likely to develop a depressive illness as men. 



Despite the high prevalence of this disease, its neurophysiological correlates are not completely 
understood. The most widely used antidepressant treatments target the serotonin (5-HT) system, 
especially the 5-HT neurons in the dorsal raphe nucleus, which play an important role in stress 
response and emotional regulation. We have recently shown that chronic social isolation stress in 
male mice decreases 5-HT neuronal excitability in the dorsal raphe nucleus and produces a 
depressive-like phenotype (Sargin et al., eLife, 2016). Here, we examined potential sex 
differences in the regulation of 5-HT neuronal excitability at baseline and in response to stress. 
In a combined set of behavioral and electrophysiological studies, we investigated anxiety- and 
depressive-like behaviors and dorsal raphe 5-HT neuronal excitability in male and female mice. 
Compared to male mice, female mice showed significantly increased anxiety in the open field 
test at baseline. Under acute forced swim stress, female mice showed a significantly greater 
depressive-like response. To investigate 5-HT neuronal excitability, we performed whole cell 
patch clamp electrophysiology in dorsal raphe slices obtained from adult male and female mice. 
At baseline, in response to strong depolarization 5-HT neurons of female mice showed 
attenuated action potential firing compared with 5-HT neurons of male mice indicating reduced 
excitability. In response to acute stress, 5-HT neurons in male mice were less excitable, while 
those in females remained unaffected. Ongoing experiments are further probing the cellular 
mechanisms underlying the sex differences in behavior and 5-HT neuronal physiology under 
baseline conditions and in response to stress. 
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Abstract: Endogenous cannabinoids or endocannabinoids (eCB), derived from phospholipids 
are one of the most ubiquitously distributed modulators in the brain. Involved in various 
physiological and pathological conditions, eCB release from post-synaptic neurons mediate their 



actions through the activation of cannabinoid receptors that are often localized on pre-synaptic 
axon terminals. We have shown that cannabinoid type 1 receptors (CB1r) are positioned to pre-
synaptically modulate norepinephrine (NE) release in the rat frontal cortex (FC) and that these 
are directly apposed to neurons containing the eCB synthesizing enzyme diacylglycerol lipase 
(DGL). DGL functions to synthesize 2-arachidonoylglycerol (2AG) in the post-synaptic neuron. 
While DGL synthesizes the eCB 2AG, the metabolic enzyme monoacylglycerol lipase (MGL) 
serves to degrades the eCB. These enzymes are also thought to be differentially distributed, with 
DGL being localized post-synaptically in somato-dendritic processes and MGL more frequently 
localized pre-synaptically, in axon terminals. In the present study, we investigated cellular sites 
for interactions between noradrenergic afferents and cortical neurons expressing MGL using 
immunofluorescence and immunoelectron microscopy. Tissue sections were collected through 
the FC and processed for immunocytochemical detection of MGL, CB1r and the norepinephrine 
transporter (NET) or the NE synthesizing enzyme, dopamine-beta-hydroxylase (DβH). 
Immunofluorescence microscopy revealed co-existence between MGL, CB1r and DβH or NET 
in varicose processes in the FC. Ultrastructural analysis, using immunogold-silver labeling for 
MGL and immunoperoxidase labeling for NET or DβH, confirmed that NET or DβH-labeled 
axon terminals also exhibited MGL-immunoreactivity in the FC. Taken together, these data 
indicate anatomical substrates for proposed interactions between the eCB metabolic enzyme, 
MGL, and the noradrenergic system in the FC. 

Disclosures:  E.J. Van Bockstaele: None. K. Mackie: None. B.A. Reyes: None. 

Poster 

321. Stress-Modulated Pathways: Physiological and Behavioral Outcomes 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 321.16/KK3 

Topic: F.04. Stress and the Brain 

Support: Agreement “CNR-Sardegna Ricerche-Universita’ di Cagliari” 

Title: Gender-specific changes in hippocampal synaptic plasticity and cognitive performance in 
C57BL/6J mice exposed to maternal separation 

Authors: *G. TALANI1, G. SARIGU2, F. VEDELE2, M. PETRELLA2, D. COLOMBO2, E. 
SANNA2 
1Inst. of Neurosci., Natl. Res. Council, Monserrato, Italy; 2Dept. of Life and Envrn. Sciences, 
Section of Neurosci. and Anthrop., Univ. of Cagliari, Monserrato, Italy 

Abstract: Repeated maternal separation (MS) in newborn rodents is a powerful experimental 
model for investigating the consequences of neonatal stress on ethanol (EtOH) sensitivity as well 
as the neurochemical mechanisms involved in the long-term impairments at brain level in 



adulthood. Because previous work suggested that the effect of MS on voluntary EtOH drinking 
appears to be gender-specific, the aim of the present study was to evaluate the long-term effects 
of MS on EtOH voluntary consumption and long-term hippocampal plasticity and compare the 
outcome between males and females C57BL/6J adult mice. Male or female pups were separated 
daily from the dam for 360 min (from PND 2 to 17). On PND 60, mice were tested for their 
voluntary EtOH consumption by using the two-bottle free choice paradigm. Extracellular and 
patch-clamp recordings were performed in order to evaluate possible changes in hippocampal 
synaptic plasticity as well as GABAergic and GLUergic transmission. As previously shown, MS 
male but not females mice showed a marked increase of EtOH intake and preference. Long-term 
depression (LTD) but not potentiation (LTP), induced in the CA1 hippocampal subfield, was 
enhanced in MS male but not females. In parallel, MS male mice showed an impaired 
performance on the Barnes maze with a decrease of long-term spatial memory when compared 
with control animals. Conversely, females exposed to MS did not differ from their control 
counterparts when tested in the Barnes maze. Patch-clamp experiments revealed, in the CA1 
pyramidal cells, a significant enhancement of GABAergic sIPSC frequency and a decrease in the 
amplitude and decay time constant of GLUergic sEPSCs. Interestingly, a single injection of β-
ethynyl estradiol in MS male mice at PND2, completely prevented the MS-associated long-term 
changes of both voluntary EtOH consumption and hippocampal synaptic plasticity, suggesting 
that this treatment produces a protective effect against MS stress. Overall, our findings 
strengthen the idea that MS produces long-lasting modifications on plasticity at both excitatory 
and inhibitory synapses, effects that may be relevant for the altered cognitive performance and 
sensitivity to EtOH. These results, herein add to previous evidence supporting the idea of gender-
specific sensitivity to stress associated to MS, and suggest that hormones may affect the outcome 
of early life although the neurobiological mechanisms behind these changes need further 
investigation. Founded by the Agreement “CNR-Sardegna Ricerche-Universita’ di Cagliari” 
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Abstract: In the field of stress neurobiology, habituation is defined as a decreasing and learned 
response to a familiar stressor over time. Disrupted habituation is a signature of post-traumatic 
stress disorder (PTSD), causing devastating effects for those afflicted. Understanding the 
molecular and neural substrates underlying habituation may allow for improved therapies for 
PTSD patients. In rats, we model habituation using the repeated restraint stress paradigm. 
Exposure to this moderately intense stressor increases the expression of immediate early genes in 
certain brain regions, induces the production of stress-related hormones, and elicits struggle 
behavior. All of these responses are highest on day 1 of restraint and attenuate by the 5th to 7th 
exposure. We have previously identified the posterior paraventricular thalamic nucleus (pPVT) 
as a crucial brain region that promotes habituation. However, the underlying molecular 
mechanisms and specific neural connections among the pPVT and other brain regions that 
mediate habituation are unknown. Using Designer Receptors Exclusively Activated by Designer 
Drugs (DREADDs), we investigated the role of the pPVT in regulating the stress response. We 
demonstrated that chemogenetic inhibition of the pPVT disrupted neuroendocrine habituation to 
5 days of 30min daily restraint exposure, consistent with our previous data using neurotoxic 
lesions. Additionally, we found that chemogenetic inhibition of a subset of pPVT neurons that 
project to the medial prefrontal cortex (mPFC), which negatively regulates the stress response, 
was sufficient to attenuate habituation. We hypothesize that pPVT neurons, in particular those 
that project to the mPFC, play a critical role in the abiity to habituate to stress. Finally, we 
investigated whether activity-regulated cytoskeleton-associated protein (Arc) induction within 
the pPVT was a molecular mechanism of habituation. Arc is an immediate early gene that 
reduces excitatory synapse number. We found that Arc expression was increased in the pPVT on 
day 1, but not day 5 of restraint in naïve rats and that Arc knockdown in the pPVT attenuated 
habituation. We hypothesize that Arc-mediated restrictions in excitatory synapse number during 
the first exposures to restraint are a critical mechanism underlying habituation of the stress 
response. Our findings offer new insight into the role of the pPVT in regulating the stress 
response and are amongst the first to provide potential molecular and network mechanisms 
underlying stress habituation. 
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Abstract: The noradrenergic system has been shown to play a key role in the modulation and 
regulation of stress responses, arousal, mood, and emotional states. Dysregulation of 
noradrenergic transmission, which has been shown to play a key role in the modulation and 
regulation of stress responses and emotional states, can lead to the development of several stress-
related psychiatric disorders. As the primary mediator of stress-related inputs to the 
noradrenergic locus coeruleus (LC), corticotropin-releasing factor (CRF) increases LC neuronal 
discharge rates and induces norepinephrine (NE) release in target regions. The endocannabinoid 
(eCB) system has been shown to modulate stress responses in multiple brain regions and is 
thought to act as an “anti-stress” neuromediator. We have shown that cannabinoid receptor type 
1 (CB1r) and CRF co-localize within individual axon terminals in the core and peri-LC areas, 
and that these are characterized by morphologically distinct synapses as revealed by electron 
microscopy. Using anterograde tract-tracing from the amydala, we also demonstrated that the 
eCB system is positioned to directly regulate CRF release from this limbic afferent. Mice lacking 
the CB1r are known to exhibit anxiogenic-like phenotypes and have altered stress responses. In 
the present study, we sought to investigate the effect of CRF on LC-NE activity in male and 
female wild type (WT) and CB1r knock-out (KO) mice. Whole-cell patch-clamp recordings of 
LC-NE neurons were conducted in 250 μm thick horizontal brain slices obtained from 4-5 week 
old C57/B6 CB1r KO mice and their WT littermates. An optimal dose of 300nM CRF was first 
determined in male WT mice. Preliminary results, in WT subjects, show that bath application of 
300nM CRF significantly increases LC-NE excitability compared to baseline in both sexes, as 
measured by the number of spikes elicited by a range of increasing current pulses. Additionally, 
300nM CRF caused an increase in input resistance in both males and females. Interestingly, both 
male and female CB1r KO mice had heightened basal LC-NE excitability that was comparable to 
the level of excitability caused by 300nM CRF in WT littermates. Bath application of 300nM 
CRF did not cause any further increase in LC excitability. Taken with our previous anatomical 
data showing co-existence of CB1r with CRF in single afferents innervating the LC, some of 
which originate from the amygdala, these data indicate that the eCB system regulates LC-NE 
neuronal activity, which has significant implications for mediating stress responses. 
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Abstract: Depression affects more than 300 million people worldwide, and the risk of 
experiencing a depressive episode is twice as high for women as it is for men. Pro-inflammatory 
cytokines and the activation of inflammatory pathways have been associated with depression. 
Many autoimmune and inflammatory diseases also have a higher incidence in women, presenting 
the possibility that sex-specific peripheral immune system responses to stress may influence sex 
differences in susceptibility to depression. The purpose of this study is to examine how 
peripheral cytokine expression may reflect differences in stress susceptibility between sexes. We 
used a 6-day subchronic variable stress (SCVS) model, in which stressed female but not male 
mice express depression-associated behaviors (Hodes et al., 2015) to observe the effects of sex 
and stress on peripheral cytokine expression. Animals were exposed to a combination of foot 
shock (0.45 mA/ 2 sec/ 100 in 1 hour), tail suspension and restraint stress, one a day, two times, 
over the course of 6 days. Blood was drawn from animals within 20 minutes of stress exposure 
(restraint stress) on the last day of SCVS. Multiplex ELISA was used as an unbiased screen to 
quantify plasma expression levels of 27 different cytokines. The overall pattern of expression 
indicated that male and female peripheral immune systems respond to stress differently 
following 6 day SCVS. In general, cytokines that were significantly affected by stress in males 
were increased compared to male controls. In females, stress generally decreased cytokine levels 
compared to same sex controls. The following cytokines were significantly (p<0.05), and 
oppositely regulated in stressed male and female mice after 6 day SCVS: CXCL1, VEGF, CCL5, 
IL-1α, Eotaxin, and IL-13. The exceptions to this pattern were the cytokines CXCL2 and M-CSF 
which were both significantly increased males and females following stress. The expression of 
VEGF, IL-13, CCL5, IL-1α in all treatment groups were positively correlated with each other, 
suggesting a potential interconnection of these inflammatory pathways in response to stress in 
both sexes. These results were further correlated with behavior results from a novelty suppressed 
feeding test that was conducted after the blood draw. CCL5 levels were positively correlated 
with latency to eat in males (p<0.05), but not in females. LIX levels were positively correlated 



with latency to eat in all groups. Eotaxin levels were negatively correlated with latency to eat in 
stressed animals of both sexes. Together these data suggest that sex specific cytokine patterns of 
expression may be able to indicate stress susceptibility in both sexes. 
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Abstract: Depression and anxiety are common and debilitating mood disorders, and they are 
more prevalent in females than males. Previously, we reported that sub-chronic (6 days) variable 
stress (SCVS) induced behavioral stress susceptibility in females but not males. These behavioral 
effects were accompanied by sex specific changes in transcription of the Nucleus Accumbens 
(NAc) determined by RNA sequencing (Hodes et al. 2015). Here, we took a candidate gene 
approach based on pathway analysis of genes that sex specifically regulated the effects of stress 
on plasticity, neurotransmitter levels and immune function in the nucleus accumbens (NAc) 
following 6 days of stress. We examined expression of these genes in the NAc and hippocampus 
of male and female mice following chronic (28 days) variable stress (CVS). These two brain 
regions were examined as they both show sex specific regulation of plasticity that has been 
associated with the effects of stress on behavior (Bangasser et al, 2007,Brancato et al., 2017, 
Christoffel et al, 2011, 2012, McEwen et al. 2001, 2016, McKittrick et al, 2000, Shors et al. 
2001, 2004). Males and females exposed to CVS both demonstrate stress susceptibility across a 
behavioral test battery. We hypothesized that different transcriptional patterns would emerge at 6 
and 28 days within the same brain areas. Specifically we characterized whether expression in 
males and females at 28 days followed the same or opposite sex patterns found at 6 days. We 
found that for many of these candidate genes males expressed transcriptional patterns more 
similar to females (than males) at 6 days. For example, After 6 days of variable stress we found 
that transcription for the adonosine receptor 1 (Adora1) which can regulate both dopamine and 



glutamate was significantly down regulated in the NAc of females whereas by 28 days it was 
down regulated both sexes in the NAc (trend: p=0.08) and hippocampus (p= 0.01). The gene 
encoding the serotonin transporter (SLc6a4) was initially upregulated in the NAc of stressed 
females following SCVS whereas following CVS it was upregulated in males compared to 
females (p= 0.02). Vascular endothelial growth factor A (Vegfa) was significantly down 
regulated in the NAc of stressed females following SCVS, at 28 days it was no longer 
significantly regulated by stress in the NAc of either sex but was down regulated in the 
hippocampus of both sexes (p= 0.003). These data suggest that changes in gene expression occur 
first in the NAc of females after SCVS and may be followed by similar changes in the NAc of 
males and the hippocampus of both sexes following 28 days of variable stress. 
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Abstract: Chronic stress is associated with an increase in prevalence of mental health 
complications such as anxiety and depression. We have previously reported that repeated social 
defeat (RSD) causes microglial activation, monocyte infiltration into the brain, and increased IL-
1β signaling in association with prolonged anxiety-like behavior. We hypothesized that 
interleukin-1β (IL-1β) signaling in the brain was the key player in this stress-mood disorder 
interaction. In the present study, we used a modified social stress paradigm paired fighting (PF) 
to induce social stress. Following exposure to six days of PF, C57BL/6 mice displayed general 
withdrawal in a social interactivity test with juvenile C57BL/6 mice. The experimental mice also 
experienced a decreased latency to immobility in the tail suspension test. Mice exposed to paired 



fighting had increases in neutrophils and Ly6Chi reactive monocytes in circulation. Parallel to 
this, PF mice had an increased number of peripherally-derived leukocytes in the cerebral 
ventricle. To examine the significance of IL-1 signaling in these processes, we used our genetic 
model of global IL-1 receptor 1 knockout, the IL-1 restore model (IL-1R1r/r). After PF, IL-1R1r/r 
mice did not display the same social withdrawal or reduced latency to first immobility in tail 
suspension. In addition, IL-1R1 deletion did not prevent the increase in circulating Ly6Chi 
monocytes after PF, but it did reduce the number of peripheral leukocytes in the cerebral 
ventricle. Next, we injected IL-1β intracerebroventricularly (icv) in mice exposed to PF. 
Following PF, icv-IL-1β injection did not affect microglial morphological alterations. 
Nonetheless, icv-IL-1β injection in PF increased peripheral macrophages within the cerebral 
ventricle and exacerbated affective behavior. Taken together, these results show that IL-1R1 
signaling plays a crucial role in stress-induced affective behavior and central IL-1β 
administration augments the neurobehavioral deficits associated with paired fighting stress. 

Disclosures:  D.J. Disabato: None. D.P. Nemeth: None. X. Liu: None. G. Gorantla: 
None. J.P. Godbout: None. N. Quan: None. 

Poster 

321. Stress-Modulated Pathways: Physiological and Behavioral Outcomes 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 321.22/KK9 

Topic: F.05. Neuroimmunology 

Support: NIH Grant NS026880 

 NIH Grant DA019521 

 NIDA T32 DA007135 

Title: Exploring the role of GPR83, a newly deorphanized G-protein coupled receptor, in stress 
and immune function 

Authors: *L. M. LUEPTOW1, L. MIORIN2, A. FAKIRA3, M. SCHOTSAERT2, A. GARCIA-
SASTRE2, L. DEVI3 
1Icahn Sch. of Med. At Mount Sinai, New York, NY; 2Microbiology, 3Pharmacol. Sci., Icahn 
Sch. of Med. at Mount Sinai, New York, NY 

Abstract: Considerable research has demonstrated the complex interplay between the brain, 
stress, and immune function. Additionally, most immune organs have direct innervation from the 
CNS, along with the presence of many neurotransmitters and neuropeptides, and often, these 
signaling molecules can have a profound effect on immune function. GPR83, a G-protein 
coupled receptor recently identified as the receptor for the neuropeptide PEN, is expressed in a 



number of rodent brain regions that are critically involved in the regulation of stress, mood and 
behavior. In addition, previous research suggests GPR83 is also highly expressed in the spleen, 
thymus and specific T-cell populations. GPR83 has shown to be differentially regulated 
following exposure to the glucocorticoid dexamethasone, with an up-regulation of GPR83 in 
rodent thymocytes, but a down-regulation in various brain regions. This suggests dynamic 
regulation of GPR83 in neuroendocrine activation, potentially in stress and anxiety. Previous 
research has also shown GPR83 knockout mice to be resilient to stress-induced anxiety 
following an acute stressor. To further investigate the role of GPR83 in stress, wild type and 
GPR83 knockout mice were exposed to chronic stress. Both WT and KO mice showed 
significantly decreased latency to immobility in the forced swim test as compared to non-stressed 
mice, suggesting knockout of GPR83 does not protect against stress-induced depressive-like 
behavior. To better characterize GPR83 in immune function, we investigated GPR83 expression 
in various immune cell types. Using flow cytometry, we found GPR83 to be highly expressed on 
numerous immune cell types, including CD4+ and CD8+ T-cells, FoxP3+ T-cells, and NK cells. 
Low dose infection of PR8 (H1N1) to female GPR83 KO mice resulted in elevated viral RNA 
levels, and reduced levels of various cytokines in the lungs as compared to wild type control 
mice at day 5 after infection. In addition, reduced infiltration of CD4+ and CD8+ T-cells, as well 
as FoxP3+ T-cells to the lungs of GPR83 KO mice was observed by flow cytometry analysis. To 
explore the potential neuronal pathways that activate GPR83 in peripheral immune organs, we 
injected attenuated pseudorabies virus tagged with GFP into the spleen or thymus of mice, and 
examined viral expression following 72 hrs of retrograde transport. GFP expression was 
observed in parts of the raphe nucleus, periaqueductal grey and central amygdala, regions 
involved in somatic regulation and the modulation of pain and stress. Based on these 
observations, we believe further characterization will reveal the GPR83-PEN receptor system to 
be an important mediator of stress and immune function. 
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Abstract: Interleukin 1 is a pleiotropic cytokine that mediates diverse functions in the central 
nervous system and neuroendocrine system through its receptor, type I interleukin-1 receptor 
(IL-1R1). In the past, efforts have been made to visualize IL-1R1 mRNA and protein. However, 
due to the fact that IL-1R1 is often expressed at very low levels, it remains difficult to distinguish 
IL-1R1 expressing cells from labeling artifacts generated by the visualization procedures 
including in situ hybridization and immunohistochemistry. In the present study, we remapped the 
IL-1R1 distribution in an IL-1R1 reporter mouse line in which IL-1R1 mRNA and protein were 
tracked by the endogenous tdTomato fluorescence and HA tag respectively. Endothelial IL-1R1 
mRNA and protein was found throughout the brain and spinal cord, with highly elevated 
expression in the olfactory bulb and paraventricular nucleus of hypothalamus. Neuronal IL-1R1 
mRNA was identified in selective brain regions including dentate gyrus, dorsal raphe nucleus, 
arcuate nucleus and cerebellum. In addition, IL-1R1 mRNA and protein were found in the cells 
of the anterior lobe of pituitary, but not in the posterior lobe of pituitary and adrenal gland. The 
distribution of IL-1R1 in the CNS and neuroendocrine systems shown by the current study 
suggests additional targets of IL-1 stimulation. 
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Abstract: Neurogenesis in the central nervous system plays a critical role in neuronal plasticity 
and memory. Previous reports showed chronic Interleukin-1β (IL-1β) decreases neurogenesis; 
however the mechanism of this phenomenon is not understood. In this study, we examined the 
expression patterns of Interleukin-1 Receptor 1 (IL-1R1) and the impact of chronically expressed 
IL-1β on hippocampal neurogenesis. Using a genetic IL-1R1 reporter mouse (IL-1R1GR/GR), IL-
1R1 mRNA expression is visualized via tdTomato fluorescence. IL-1R1 expression was found in 



brain endothelial cells and neurons of the dentate gyrus. Restricting IL-1R1 expression to 
glutamatergic neurons (VglutCre-IL-1R1r/r), allowed IL-1R1 to be expressed exclusively in these 
dentate gyrus neurons. Interestingly, IL-1R1 expressing neurons do not express doublecortin, 
indicating neuronal IL-1R1 is not expressed on the proliferating neural progenitor cells. Chronic 
IL-1β expression in the DG, via an adenoviral vector, induced local activation of microglia and 
neuronal death in the WT and VGLUTCre-IL-1R1r/r animals but not IL-1R1 deficient (IL-1R1r/r) 
animals. When proliferating neurons are tracked by EDU labeling, chronic IL-1β caused 
decreased EDU+ cells within the subgranular zone (SGZ) in WT and VGlutCre-IL-1R1r/r but not 
IL-1R1r/r animals. These results show IL-1R1 is located on the mature neuronal population of the 
dentate gyrus and IL-1 acts upon these receptors to indirectly suppress neurogenesis. 
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Abstract: Repeated social defeat (RSD) is a murine stress model that promotes long-term 
“stress-sensitization”, in which exposure to sub-threshold stress causes re-establishment of 
anxiety. We previously reported that RSD-induced anxiety depends on trafficking of monocytes 
to fear and threat appraisal brain regions. We hypothesize that RSD drives the production of 
inflammatory monocytes that are recruited to the brain by microglia, and these monocytes 
augment pro-inflammatory signaling that reinforces activation of threat circuitry. To address this, 
we used the CSF-1R inhibitor, PLX5622, to deplete microglia. Subsequent removal of the 
inhibitor allows microglia to rapidly repopulate. Here, we show that elimination of microglia 
after RSD prevented the recruitment of monocytes to the brain and recall of anxiety in stress-
sensitized mice. Furthermore, microglia were depleted prior to RSD and allowed to repopulate. 
The phenotype of microglia was assessed by measuring behavioral and cytokine reactivity to 
peripheral LPS administered 24 days after RSD. We report that mice exposed to RSD displayed 



a prolonged reduction in social interaction to peripheral LPS and exaggerated pro-inflammatory 
cytokine expression from microglia. Importantly, repopulating microglia in mice exposed to 
RSD normalized social interaction and reduced microglial pro-inflammatory cytokine expression 
to levels similar to non-stressed mice. These data demonstrate that microglia 
depletion/repopulation can be used to prevent microglial priming. Collectively, microglial 
priming may underlie monocyte recruitment to the brain and re-establishment of anxiety in 
stress-sensitized mice. 

Disclosures:  J.P. Godbout: None. M.D. Weber: None. J.F. Sheridan: None. 

Poster 

321. Stress-Modulated Pathways: Physiological and Behavioral Outcomes 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 321.26/KK13 

Topic: F.05. Neuroimmunology 

Support: F31 MH 109234 

 R01- MH-093473 

 R01-MH093472 

Title: Extramedullary monopoiesis underlies stress-sensitization and recurring anxiety 

Authors: *D. B. MCKIM1, J. P. GODBOUT2, J. F. SHERIDAN3 
1The Ohio State Univ., Columbus, OH; 2Neurosci., Ohio State Univ. Dept. of Neurosci., 
Columbus, OH; 3Inst. for Behavioral Med. Res., Ohio State Univ., Columbus, OH 

Abstract: In humans, chronic stress is associated with an increased prevalence of mental health 
complications including anxiety and depression. Repeated social defeat (RSD) in mice 
recapitulates key deficits associated with psychosocial stress in humans. We showed that 
exposure to sub threshold stress 24 days after RSD caused the recurrence of anxiety that was 
dependent on monocyte trafficking from the spleen to the brain. We hypothesized that 
extramedullary production of monocytes in the spleen contributed to enhanced monocyte 
trafficking and recurring anxiety following psychosocial stress. RSD caused profound 
mobilization of hematopoietic stem progenitor cells (HSPCs) into circulation that accumulated 
and substantially proliferated in the spleen. For instance, RSD significantly increased the 
presence of all sub-types of hematopoietic colony forming units (CFU) in blood and spleen. 
Moreover, there was a 30-fold increase in the number of Lin-/Sca1+/cKit+ (LSK) progenitor 
cells in the spleen after stress that were actively proliferating (S/G2/M cell cycle phase). Next, 
competitive bone marrow adoptive transfer was used to assess the presence of splenic HSPCs. 
RSD significantly increased the presence HSPCs in the spleen (28-fold) that engrafted into host 



bone marrow. EdU pulse chase experiment revealed that RSD potently induced proliferation of 
HSPCs within the red pulp of the spleen. Moreover, a BrdU pulse chase experiment showed that 
RSD significantly increased the presence of proliferating splenic CD11b+/BrdU+ monocytes. 
This increase in monocyte proliferation in the spleen persisted for at least 1 month as detected by 
BrdU pulse chase. These data indicate that RSD caused extramedullary monopoiesis in the 
spleen that persisted for at least 1 month. To determine the necessity of this splenic reservoir for 
recurring anxiety, mice were splenectomized. Splenectomy either before or after RSD both 
prevented the recurrence of anxiety following acute stress 1 month after RSD. We conclude that 
splenic monopoiesis promotes recurring anxiety following psychosocial stress in mice. The 
fundamental observation that psychosocial stress caused chronic extramedullary monopoiesis in 
the spleen has numerous implications for negative health outcomes associated with chronic 
stress. We specifically showed here that extramedullary monopoiesis underlies monocyte 
trafficking and recurring anxiety following psychosocial stress. These data reveal a novel 
immune mechanism connecting stress to prolonged behavioral complications. 
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Abstract: Fatigue may be a bio-alarm for sustainable working performance. Past neuroimaging 
studies have shown differences in gray matter morphometry and in task-related brain activities 
between fatigued and unfatigued subjects or states. Recent studies using resting state functional 



magnetic resonance imaging (RS-fMRI) have suggested that spontaneous co-activating brain 
regions, termed as resting state networks (RSNs), may potentially differ from fatigue states. 
However, it is still unclear how RSNs are associated with subjective fatigue during cognitive 
performance. In this study, we conducted a RS-fMRI study to clarify temporal changes in RSNs 
before and after mental fatigue.We recruited 32 healthy volunteers who did not complain any 
fatigue in daily life. RS-fMRI scans were performed before and after fatigue-inducing session in 
which participants performed working memory task for 45 minutes. During a period of the 5-min 
RS-fMRI scans, subjects were asked to view a fixation cross, and not to sleep. As a working 
memory task, we adopted a 2-back task where subjects were asked to view successively 
presented numeric characters (form 1 to 4), and to answer whether a newly presented character 
was identical or not compared with that appeared two presentation before. For the data analysis, 
we used the predefined 20 components of RSNs (Smith et al., 2002), and run dual regression to 
compare the RSNs connectivity between before and after fatigue.The comparison of RSNs 
revealed that the visual RSN significantly decreased after fatigue session. The analysis of 
correlation between RSNs revealed that the correlation between default mode and attention 
networks significantly changed after fatigue session: these two networks were in significantly 
negative correlation before, but not after the fatigue. It is known that the default mode network is 
deactivated when attention network is active during cognitive tasks directed towards external 
stimuli, indicating that these two networks function in antagonistic manner. Taken together, the 
present study indicates that acute mental fatigue may induce disorganization between default 
mode and attention networks, potentially underlining a mechanism for impairment of 
sustainability in cognitive performance. 
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Abstract: Stress induces a shift from hippocampus-dependent, ‘cognitive’ toward dorsal 
striatum-dependent, ‘habitual’ memory. Not all individuals are susceptible to this shift under 
stress, yet the source of these individual differences is largely unknown. Based on 
pharmacological studies pointing to a critical role of the mineralocorticoid receptor (MR) in the 
stress-induced shift toward striatal learning, we hypothesized that variants in the MR gene 
contribute to individual differences in the effects of stress on the engagement of multiple 
memory systems. In two independent experiments, healthy participants were genotyped, exposed 
to a stressor (Trier Social Stress Test) or control manipulation and performed a probabilistic 
classification learning task that can be solved using hippocampus-dependent single-cue or dorsal 
striatum-dependent multi-cue strategies, while EEG (experiment I) or fMRI (experiment II) 
measurements were taken. Stress did not affect learning performance per se, but led to a shift 
from hippocampal to striatal learning strategies and this shift was more pronounced in carriers of 
a six SNPs-comprising haplotype containing at least one copy of the alleles of two MR variants 
associated with increased MR functionality ([rs2070951] MR-2G/C C, [rs5522] MR-I180V I). 
The stress-induced shift toward dorsal striatal processing was paralleled by an increase in the 
feedback-related negativity, an event-related potential thought to reflect, at least partly, striatal 
processing, as well as by enhanced amygdala and caudate nucleus activation. Carriers of the MR 
haplotype showed reduced amygdala and hippocampus activation under stress. Additionally, 
stress resulted in reduced functional connectivity between the amygdala and the hippocampus 
and this reduction was particularly pronounced in MR haplotype carriers. Already at rest, the MR 
haplotype was linked to increased amygdala-caudate nucleus connectivity. Our results indicate 
that genetic variants associated with enhanced MR expression facilitate a stress-induced shift 
from hippocampal toward dorsal striatal learning, most likely via impaired hippocampal 
processing and reduced amygdala-hippocampus crosstalk, which allows the dorsal striatum to 
guide behavior under stress. 
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Abstract: It is suggested that the specific combination of hippocampal activity during initial 
motor sequence learning (MSL) and post-training sleep is necessary to optimize motor memory 
consolidation. The current study investigates whether exposure to stress, a factor known to 
disrupt hippocampal activity during learning, compromises the subsequent consolidation of 
motor sequence memory. Thirty-seven healthy young adults were exposed to a stressor (i.e. 
socially evaluated cold pressor test; SECPT) (stress group, n = 20) or control procedure (no 
stress group, n = 17) before they were trained on an eight-element bimanual MSL task. 
Participants were retested on the motor task 24 hours (including a night of sleep) after initial 
training to assess memory consolidation. Autonomic and endocrine responses to stress were 
assessed by measuring heart rate and blood pressure as well as salivary cortisol (i.e., principal 
stress mediator hormone), respectively. Results revealed that participants in the stress group, as 
compared to the no stress group, showed significant increases in blood pressure and heart rate 
during stress exposure. 80% of the participants in the stress group were classified as “cortisol 
responders” (n = 16) as they showed an increase in cortisol of at least 2 nmol/l after the SECPT 
intervention (Schwabe et al., 2008, PNEC). Cortisol concentration in responders was 
significantly elevated as compared to their own baseline as well as the no stress group prior to 
and immediately following initial training. Importantly, while both groups showed comparable 
motor performance (in terms of both movement speed and accuracy) during the initial training 
session, the magnitude of performance improvement was significantly lower in the stress group 
as compared to the no stress group during the 24h-retest. Our results provide the first evidence 
that stress exposure prior to motor learning selectively disrupts subsequent memory 
consolidation processes. It is speculated that stress exposure challenged the recruitment of the 
hippocampus during initial acquisition of the motor memory and therefore compromised 
subsequent sleep-related motor memory consolidation. 
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Abstract: Research has identified stress as a paradoxical pressure, acutely impeding cognitive 
processing (Sliwinski, Smyth, Hofer & Stawski 2006) while simultaneously improving memory 
and mental health in chronic, predictable doses (Buchanan & Lovallo 2001; Parihar, 
Hattiangady, Kuruba, Shuai & Shetty 2011). The question of how stress impacts our mind and 
body remains largely unanswered. This study evaluated spatial reasoning ability as a function of 
stressor type. Human subjects performed a mental rotation task (Shepard & Metzler 1971) during 
psychological (loud, misleading feedback) and physiological (cold pressor test) stress. For each 
trial, participants viewed a pair of geometrical shapes varying in spatial orientation, and decided 
whether the stimuli were identical or mirrored objects. Task performance was based on reaction 
time and proportion correct. After a block of trials were completed for each stress and control 
condition, stress levels were measured, such as self-report scales, cardiovascular function, and 
salivary concentrations of cortisol and alpha-amylase. In the cold pressor test condition, both 
speed and accuracy were better than the control condition (warm water hand submersion). The 
psychological stress condition did not affect performance as much as the physiological stressor. 
Biomarkers of stress were also most affected by the cold pressor test. The results showed that 
physical stress can adversely affect cognitive function, while psychological stress may need to be 
high before significant cognitive impairment is observed. We theorized that physiological and 
psychological stressors contradistinctively activate the stress response. 
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Abstract: The BclI polymorphism of the glucocorticoid receptor (GR) gene (NR3C1) is a 
common polymorphism that has been associated with increased GR sensitivity, blunted cortisol 
responses to stress, and increased susceptibility for stress-related psychological disorders. Given 
the extensive work implicating glucocorticoid signaling in the effects of stress on learning and 
memory, we predicted that the BclI polymorphism might influence such effects. Two hundred 
and thirty-five healthy individuals were exposed to the socially evaluated cold pressor test or a 
control condition immediately or 30 min prior to learning a list of words that varied in emotional 
valence and arousal level. Participants’ memory for the words was tested immediately (recall) 
and 24 h after learning (recall and recognition), and saliva samples were collected to genotype 
participants for the BclI polymorphism. The results showed that stress administered immediately 
before learning exerted sex- and genotype-dependent effects on long-term memory. Specifically, 
stress enhanced long-term memory selectively in male non-carriers of the BclI risk allele (G). 
Stress had no effect on females or male risk allele carriers. Stress administered 30 min before 
learning selectively impaired long-term recognition memory in risk allele carriers. These 
findings suggest that carriers of the BclI polymorphism may retain a sensitized stress response 
system. They also suggest that the association between the BclI polymorphism and increased 
susceptibility for stress-related disorders might relate to its influence on emotional memory 
systems. 

Disclosures:  T.J. Duffy: None. H.E. Nagle: None. A.M. Dailey: None. M.K. Fiely: 
None. B.E. Mosley: None. A.R. Scharf: None. C.M. Brown: None. M.B. Earley: None. K.L. 
Hess: None. J.K. Handel: None. M.R. Riggenbach: None. M.T. Roseler: None. L.E. 
Wireman: None. J.J. Hipskind: None. B.R. Rorabaugh: None. P.R. Zoladz: None. 

Poster 

322. Stress and Cognition: Clinical Studies 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 322.06/KK19 

Topic: F.04. Stress and the Brain 

Support: NIH Grant R15MH104836 

Title: FKBP5 polymorphisms influence pre-learning stress-induced alterations of learning and 
memory 

Authors: *P. R. ZOLADZ1, A. M. DAILEY1, H. E. NAGLE1, M. K. FIELY1, B. E. MOSLEY1, 
C. M. BROWN1, T. J. DUFFY1, A. R. SCHARF1, M. B. EARLEY1, K. L. HESS1, J. K. 
HANDEL1, M. R. RIGGENBACH1, M. T. ROSELER1, L. E. WIREMAN1, J. J. HIPSKIND1, B. 
R. RORABAUGH2 
1Psychology, Sociology, & Criminal Justice, 2Pharmaceut. & Biomed. Sci., Ohio Northern Univ., 
Ada, OH 



Abstract: FK506 binding protein 51(FKBP5) is a co-chaperone of heat shock protein 90 and 
significantly influences glucocorticoid receptor sensitivity. Single nucleotide polymorphisms 
(SNPs) in the FKBP5 gene are associated with altered hypothalamus-pituitary-adrenal (HPA) 
axis function, changes in the structure and function of several cognitive brain areas, and 
increased susceptibility to post-traumatic stress disorder, major depression, bipolar disorder, and 
suicidal events. The mechanisms underlying these associations are largely unknown, but it has 
been speculated that the influence of these SNPs on emotional memory systems may play a role. 
In the present study, 112 participants were exposed to the socially evaluated cold pressor test 
(stress) or control (no stress) conditions immediately prior to learning a list of 42 words. 
Participant memory was assessed immediately after learning (free recall) and 24 h later (free 
recall and recognition). Participants provided a saliva sample that enabled the genotyping of 
three FKBP5 polymorphisms: rs1360780, rs3800373, and rs9296158. Results showed that stress 
impaired immediate recall in risk allele carriers. More importantly, stress enhanced long-term 
recall and recognition memory in non-carriers of the risk alleles, effects that were completely 
absent in risk allele carriers. Follow-up analyses revealed that memory performance was 
correlated with salivary cortisol levels in non-carriers, but not in carriers. These findings suggest 
that FKBP5 risk allele carriers may possess a sensitized stress response system, perhaps 
specifically for stress-induced changes in corticosteroid levels, which might aid our 
understanding of how SNPs in the FKBP5 gene confer increased risk for stress-related 
psychological disorders and their related phenotypes. 
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Abstract: When considering how individuals’ respond in a built environment some of the 
characteristics of the space that can be considered are related to air quality, such as carbon 
dioxide levels (CO2). Here the effects of exhaled CO2 levels in a room scale environment for 
human subjects’ self-reports of their perception of the space, stress responding, and executive 
function were assessed. The hypotheses tested were that: 1) higher exhaled CO2 levels in room 
will increase self-reported stress ratings and reduce executive function of human room 
occupants; 2) the Amplified Modular Phytoremediation System (AMPS), designed by the Center 
for Architectural Science and Ecology (C.A.S.E.), will reduce carbon dioxide levels in the room 
coincident with reducing self-reported stress ratings and enhancing executive function of human 
room occupants; and 3) there are individual differences (relating to stress 
responsiveness/disposition) for these measures in different room air quality conditions. Human 
subjects were tested in three different air quality conditions (baseline low CO2, high CO2, and 
remediated low CO2 by AMPS) on standard self-report measures of stress/anxiety (State and 
Trait Inventory of Somatic and Cognitive Anxiety) and executive function (Trail Making, Digit-
Symbol Substitution Task, Compound Remote Associates Test, short- and long-term verbal 
memory, Mental Rotation, n-back). The findings suggest differences in how individuals respond 
on standard measures of stress/mood and executive function under high CO2 conditions that can 
be remediated by AMPS. These patterns of poor responding under high carbon dioxide 
concentrations were particularly pronounced in individuals with high stress responsiveness. For 
example, subjects with low stress responsiveness had better performance in the Compound 
Remote Associates test than those with high stress responsiveness under baseline and remediated 
low CO2 conditions, compared to high CO2 conditions. Together, the data from this experiment 
provide proof-of-concept that AMPS has the capacity to reduce carbon dioxide levels in a room 
produced by individuals’ occupancy in that space and that there are measurable effects on 
individuals’ reported symptoms, stress, and cognitive function that depend upon stress 
responsive disposition of subjects. 

Disclosures:  A.A. Walf: None. L. Halderman: None. A. Murali: None. D. Rivera: None. Z. 
Lin: None. A. Dyson: None. J. Draper: None. 

Poster 

322. Stress and Cognition: Clinical Studies 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 322.08/KK21 

Topic: F.04. Stress and the Brain 



Support: The study was sponsored by Biologische Heilmittel Heel GmbH, Baden-Baden,  
 Germany 

Title: Influence of Neurexan® on brain activity in responses to deviant stimuli during an 
auditory oddball task 

Authors: *M. A. KRYLOVA1, G. SUROVA2, S. ALIZADEH1, H. JAMALABADI1, M. 
SCHULTZ3, M. WALTER2,1,4 
1Translational Psychiatry, Univ. Clin. For Psychiatry and Psychotherapy, Tübingen, Germany; 
2Clin. Affective Neuroimaging Lab., Magdeburg, Germany; 3Biologische Heilmittel Heel 
GmbH, Baden-Baden, Germany; 4Leibniz Inst. for Neurobio., Magdeburg, Germany 

Abstract: Background: Neurexan®, a medicinal product sold over the counter (OTC), contains 
four ingredients; Passiflora incarnata (passionflower), Avena sativa (oats), Coffea arabica 
(coffee) and Zincum isovalerianicum (zinc valerianate). Neurexan® has been investigated in 
patients with symptoms related to acute stress, nervousness/restlessness, and insomnia. The 
previous research suggested an attenuated neuroendocrine stress response in healthy volunteers 
induced by Neurexan® (Doering et al. 2016). This study further explores the effects of 
Neurexan® on cognitive performance and attention that can be assessed by the oddball 
paradigm. It is generally recognized that stress is associated with cognitive impairments. 
Expecting that Neurexan® reduces the stress level, we hypothesized that the subjects in the 
placebo group would be more susceptible to distraction compared to treatment group. 
Methods: In a randomized, placebo-controlled, double-blind, two-period crossover trial, brain 
responses to the unattended auditory oddball task of 39 healthy, moderately stressed males were 
measured with 64-channel electroencephalogram (EEG) after intake of a single dose of 
Neurexan® or placebo. The paradigm consisted of 80% standard tones and two types of deviant 
tones (10% frequency deviant; 10% duration deviant), presented in a pseudo-randomized order. 
The standard tone was composed of eight equally loud sinusoidal tones (fundamental frequency 
330 Hz and seven harmonic partials) and had the duration of 100 ms. The deviants were either 40 
ms shorter (duration deviant) or 1.25 semitones higher (frequency deviant). 
Results: Significant effect of Neurexan® on the latency of mismatch negativity (MMN) 
(decreased latency under treatment) was observed with repeated-measures ANOVA. The main 
effect of the treatment (F(1,37)=4.297, p=0.045, η2= 0.104) and significant treatment x deviant-
type interaction (F(1,37)=8.828, p=0.005, η2=0.193) were found. Further Wilcoxon-test for 
paired samples showed that this reductione of latency was present for the frequency deviant 
stimuli (z(37)=-2.85, p=0.004). 
Conclusion: Significant reduction of MMN latency in the Neurexan treatment group suggests 
that Neurexan® induces subtle primary processing changes in term of reaction time. 
References: Doering B.K., Wegner A., Hadamitzky M., et. al. (2016) “Effects of Neurexan® in 
an experimental acute stress setting—An explorative double-blind study in healthy volunteers” 
Life sciences 146, 139–147. 
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Abstract: Hormonal contraception (HC) can modify the stress response and memory processes. 
However, these studies often ignore HC type, delivery method, drugs delivered, and dosing 
schedule, all factors that differ across the many HC formulations and which might affect 
outcomes. Timing within one HC type might also exert effects. For example, unlike implants, 
oral HC and vaginal rings deliver hormones for a set period followed by a period of no 
hormones. Disregarding these factors make it difficult to interpret when and how HC may be 
exerting effects. 
To examine if HC phase (active vs. inactive) differentially influences stress effects on free 
cortisol responses and working memory performance, we tested 16 women using monophasic 
28-day HC containing 7 inactive days. Women were seen twice, once during days 8 to 21 (active 
phase) and once during days 24 to 28 (inactive phase). Women completed an n-back task, 
followed by a stressor (cold pressor), and later completed the n-back task again. Three saliva 
samples were collected; a baseline sample, immediately pre-stress, and 19-minutes post-stress. 
A 2 (HC phase) x 3 (time: baseline vs. pre-stress vs. post-stress) repeated-measures ANOVA on 
salivary cortisol levels (n=9) revealed a 2-way interaction with increases across all three time 
points during the active phase, and a decrease from baseline to pre-stress and increase from pre-
stress to post-stress during the inactive phase. Additional 2 (HC phase) x 2 (time: baseline vs. 
post-stress) repeated-measures ANOVA revealed increases from baseline to post-stress during 
the active phase only. 
A 2 (HC phase) x 2 (load: 0-back vs. 2-back) x 2 (time: pre-stress vs. post-stress) repeated-
measures ANOVA on WM performance before and after stress (n=16) revealed stress-induced 
increases in correct responses during the 0-back but decrements during the 2-back. We also 



found a marginal 3-way interaction with the above pattern observed during both HC phases, but 
with smaller overall changes during the inactive phase. A similar 2 (HC phase) x 2 (load) x 2 
(time) repeated-measures ANOVA on reaction time for correct responses revealed a significant 
3-way interaction, with stress-induced increases during the 0-back and decreases during the 2-
back during the active phase, but increases during both loads during the inactive phase. 
Our findings suggest that women experience differential effects of stress on salivary cortisol 
responses and cognition depending on HC cycle phase. Together, these results help inform how a 
woman’s HC might affect her day to day life, and also suggest that HC type and position in the 
HC cycle must be considered in future studies investigating the potential effects of HC. 
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Abstract: Extensive work over the past few decades has shown that certain genetic variations 
interact with life events to confer increased susceptibility for the development of psychological 
disorders. The deletion variant of the ADRA2B gene, which has been associated with enhanced 
emotional memory and heightened amygdala responses to emotional stimuli, might confer 
increased susceptibility for the development of post-traumatic stress disorder (PTSD) or related 
phenotypes by increasing the likelihood of traumatic memory formation. Thus, we examined 
whether this genetic variant would predict stress effects on learning and memory in a non-
clinical sample. Two hundred and thirty-five individuals were exposed to the socially evaluated 
cold pressor test or a control condition immediately or 30 min prior to learning a list of words 
that varied in emotional valence and arousal level. Participants’ memory for the words was tested 



immediately (recall) and 24 h after learning (recall and recognition), and saliva samples were 
collected to genotype participants for the ADRA2B deletion variant. Results showed that stress 
administered immediately before learning selectively enhanced long-term recall in deletion 
carriers. Stress administered 30 min before learning impaired recognition memory in male 
deletion carriers, while enhancing recognition memory in female deletion carriers. These 
findings provide additional evidence to support the idea that ADRA2B deletion variant carriers 
retain a sensitized stress response system, which results in amplified effects of stress on learning 
and memory. The accumulating evidence regarding this genetic variant implicates it as a 
susceptibility factor for traumatic memory formation and PTSD-related phenotypes. 
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Abstract: By searching the benefits of one remedy for metal fatigue and depression on elderly. 
We found an innocuous and inexpensive solution. A manner which improves mental and 
corporeal human discomfort is delivered by the use of a selective cooling of both gonads -the 
must peripheric component of hypothalamic-pituitary axis-. On the essays, we found the must 
spectacular benefits especially to solve the memory loss, depression, fatigue, sadness. 
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Abstract: INTRODUCTION: Childhood maltreatment is associated with neurobiological 
changes, such as decreased grey matter and increased brain response to fearful, traumatic, and 
other emotional stimuli in fronto-limbic/striatal areas. Prior studies have suggested that 
maltreatment is more prevalent among women and low-income families. In this study, we 
recruited young women from a family planning clinic (Title X) that prioritizes low-income 
families, and we compared them to a group of young women recruited from the surrounding area 
(mostly college students). We tested whether a relationship between childhood maltreatment and 
the brain response to aversive cues is robust enough to be detected even when the aversive cues 
are presented subliminally - entirely outside conscious awareness. METHODS: Young women 
(age=21.9) were recruited from a Title X family planning clinic (clinic sample, n=34) and from 
the surrounding university (community sample, n=20). Childhood maltreatment was assessed 
with the childhood trauma questionnaire (CTQ), and brain activity was measured with BOLD 
fMRI in response to 33 msec evocative [food, romantic, and aversive (vs. neutral)] cues. Total 
scores from the CTQ were used as a covariate of interest for each of the evocative (vs. neutral) 
cue contrasts for all participants (n=54), the clinic sample (n=34), and the community sample 
(n=20). Thresholds for all whole-brain fMRI correlation analyses were set at p < 0.005 and k > 
200. RESULTS: The clinic population had significantly higher CTQ scores than the community 
sample (p < 0.05). There was a positive correlation of higher CTQ scores with heightened brain 
response to aversive (but not sexual or food) cues in one large cluster (k>2000) that extended 
from the anterior orbitofrontal cortex to the nucleus accumbens to the midbrain. Importantly, the 
clinic (but not the community) sample showed a positive correlation of increased brain response 
with CTQ scores that mirrored the results from the overall analysis. CONCLUSIONS: Increased 
prior adversity was associated with an increased brain response to aversive cues in fronto-
limbic/striatal regions, observed primarily in the clinic sample. These results suggest that the link 
between prior adversity and a heightened brain sensitivity to later stressful stimuli is strong 
enough to be detected even when the “stressor” is minimal (33 msec) and entirely outside 
awareness. The relationship was stronger in the clinic sample, highlighting a potential 
vulnerability to stressors in this disadvantaged group, while simultaneously offering a potential 
brain target for screening pharmacotherapeutic or behavioral interventions. 
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Abstract: In Germany estimated 4 to 5 million employees work in jobs with hearing impairing 
noise exposure. Noise induced hearing loss is the second most common work-related disease. In 
hearing impaired people auditory recognition is worsened and listening effort is enhanced 
resulting in higher mental load. We assume that this induces not only psychical but also physical 
stress that could be analyzed qualitatively and quantitatively either by questionnaires or by 
recording of magnetoencephalographic (MEG) activity and of vegetative and cardiac parameters. 
Our two groups of probands worked either in the beverage industry or in symphonic orchestras. 
One control group (16 normal hearing workers, mean age 59 years) and two groups (13 
participants, mean age 56 years) with moderate hearing impairments (average 45 dB SPL) in the 
frequency range of 3-4 kHz were stimulated with tone pips at 65 dB SPL with different pitches 
overlaid by random noise. In a “one back task” the subjects had to decide whether the next to last 
pip had a higher or lower frequency than the last pip, and correct responses were rewarded. Two 
different stimulus conditions were presented, either at a constant pitch difference or with pitch 
difference adjusted to the actual error rate. We recorded the MEG and auditory evoked magnetic 
fields for analyzing the distribution of the sources, the electrocardiogram, arterial oxygen 
saturation and breathing frequency. From the electrocardiogram we calculated the square root of 
the mean squared differences of successive heart beat intervals (RMSSD) and the HF-power as 
parameters of heart rate variability. The discrimination threshold in the control group was 
significantly lower (122 Hz) compared to the hearing impaired group (300 Hz). In both groups 
alpha activity in the MEG increased by 0.1 to 0.15 Hz towards higher frequencies during the 
hearing task. However, in the hearing impaired group the alpha activity was higher already at 
rest (9.5 Hz) than in the control group (9.25 Hz). Heart rate significantly increased during the 
hearing task in both groups. Heart rate variability and HF-power at rest were significantly lower 
in the hearing impaired group, and RMSSD and HF-power further decreased during the hearing 
task, thus indicating an attenuated influence of the parasympathetic nervous system. These data 



provide objective evidence that cardiovascular parameters are affected already at rest by the 
increased mental load and have to be considered in occupational medical care in the prevention 
of worsening of work-related hearing damages. The long term alterations to the cardiovascular 
system caused by noise induced hearing damage can be objectified and reflect stress. 
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Abstract: The onset or development of depression could be caused by chronic stress. While 
exercise has stress-buffering effects, the therapeutic effect of exercise against anxiety/depressive-
like behaviors is not fully understood. The objectives of this study were, at first, confirm that 
chronic forced swim stress induces anxiety/depressive-like behaviors after stress exposure, and 
then investigate whether treadmill exercise alleviates the anxiety/depressive-like behaviors 
induced by forced swim stress through the alteration of hypothalamic-pituary-adrenal (HPA) axis 
response. It has been found that forced swim stress exposure as rats were placed in a glass 
cylinder (35 cm high × 24 cm diameter) filled to a depth of 25 cm with water (25 ± 1 degrees). A 
6-min test was repeated each day, induced abnormal behaviors including forced swim 21 days 
after stress exposure using forced swim test, open field test and elevated open-platform test. 
These abnormalities were inhibited by repeated administration of the antidepressant, imipramine, 
suggesting that these behaviors are anxiety/depressive behaviors. Moreover, treadmill exercise 
ameliorated depressive behaviors induced by chronic forced swim stress. Interestingly, there was 
no significant difference of the HPA axis response including serum corticosterone level among 
groups. These data suggest that the treatment effect of exercise may be not through the alteration 
of the HPA axis. These results also suggest that the HPA axis changes may be not as responsive 
as behavioral measures. Further research is needed to explore the mechanism of chronic forced 
swim stress. In summary, forced swim stress induces anxiety/depression-like behaviors without 
the change of the HPA axis. Moreover, treadmill exercise ameliorates anxiety/depression-like 
behaviors induced by chronic forced swim stress not affecting on the HPA axis response. These 



data suggest that treadmill exercise may rescue anxiety/depression-like behaviors without the 
HPA axis in mild stress rat model. 
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Abstract: Psychopathology is frequently associated with mitochondrial dysfunction in patients. 
Post-traumatic stress disorder (PTSD) is a debilitating psychiatric disorder that affects millions 
of people worldwide. Induced by exposure to a traumatic event, the presentation of the disease in 
terms of duration and symptomatology is highly heterogenous, and the severity of the inducing 
trauma does not predict the severity of the disorder. This suggests the possibility of an 
underlying genetic metabolic factor. We therefore investigated whether susceptibility to PTSD is 
associated with mitochondrial dysfunction. We exposed 48 wildtype male mice of the 
FVB.129P2 (“sighted” FVB) background to a PTSD-induction paradigm previously shown to 
reliably induce PTSD-like symptomatology with a similar presentation to that of PTSD in 
humans. The inducing trauma was inescapable electric foot shock, administered in two 
decontextualized sessions over two consecutive days. PTSD-susceptible animals were diagnosed 
through a series of behavioral tests to identify some physical symptoms of PTSD: hyperarousal, 
hypervigilance, and sleep cycle disruption. Those 12 animals most and least clearly displaying 
PTSD-like symptomatology were identified, brain tissue was collected, and mitochondria were 
isolated. The activities of the electron transport chain (ETC) complexes I, II, III and IV, as well 
as citrate synthase, were measured by spectrophotometric assay using a Konelab autoanalyzer to 
determine mitochondrial activity and density, respectively. Comparing ETC activity and 
mitochondrial density to PTSD-like symptomatology reveals a statistically-significant inverse 
relationship between PTSD susceptibility and mitochondrial capacity (p=0.016). Our results 
indicate that susceptibility to PTSD in mice is comorbid with reduced mitochondrial capacity. To 
demonstrate that mitochondrial dysfunction is sufficient to induce PTSD susceptibility, we are 



currently inducing PTSD in a strain of transgenic mice with genetically-induced suboptimal 
mitochondrial function, and assaying for a concordant increase in PTSD susceptibility. We are 
also investigating how reduced mitochondrial capacity affects activation of large scale brain 
networks and endocrine functions involved in stress response. 
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Abstract: Chronic stress leads to a dysregulated hippocampal inhibitory tone that may contribute 
to poor hippocampal-dependent spatial learning and memory. The present study examined 
whether the spatial memory deficits that occur following chronic stress could be overcome by 
antagonizing the γ-aminobutryic acid (GABAA) receptors, a prominent inhibitory receptor for 
GABA in the hippocampus. Young adult male Sprague-Dawley rats were chronically stressed 
(STR, wire mesh restraint, 6h/d/21d) or assigned to a non-stressed control group (CON). When 
chronic restraint ended, rats were tested on a 2-trial object placement (OP) task at a challenging 
delay (3hr) that would result in chance performance without intervention. Rats were also tested 
over the next few days on an object recognition task to measure non-spatial memory and the 
elevated plus maze (EPM) to assess anxiety profile. In CON rats, injections of bicuculline (BIC, 
0, 0.25, 0.5 mg/kg, i.p.) 30 min prior to testing, facilitated object placement at both the 0.25 and 
0.5 mg/kg doses. In contrast, STR rats required the highest dose (0.5 mg/kg) of BIC to improve 
their performance on the object placement task, as the lower dose (0.25 mg/kg) and vehicle were 
ineffective. Motivation to explore the objects and anxiety profile were unlikely to explain these 
results, based upon the performances on object recognition and EPM. These findings reveal 
different dose response functions for BIC in control and chronically stressed rats, with 



chronically stressed rats requiring a higher dose of BIC to achieve spatial memory ability as 
observed in the controls. While the literature demonstrates that chronic stress disrupts 
hippocampal inhibitory tone, the current study reveals that a single injection of a GABAA 
receptor antagonist can restore hippocampal-dependent spatial memory in chronically stressed 
subjects. 
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Abstract: Adult neurogenesis in the hippocampus is involved in visuo-spatial learning and 
memory, and also regulation of the hypothamic-pituitary-adrenal axis and stress-related 
behaviour. Although, neurogenesis has been shown to buffer the effects of chronic stress on 
expression of depressive-like behaviours, it is not yet known if adult neurogenesis acts in a 
similar way to buffer negative effects of chronic stress on learning and memory function. Sex 
differences exist in the effects of chronic stress on learning and memory, and thus the role of 
adult neurogenesis during chronic stress likely differs between male and females. To address this 
possibility, we used a transgenic rat that expresses the herpes simplex virus thymidine kinase, 
under the glial fibrillary acidic protein promoter (GFAP-TK). Administration of the anti-viral 
drug valganciclovir leads to death of mitotic neural precursor cells in the GFAP-TK rat. 
Beginning at 6 weeks of age, GFAP-TK rats were given valganciclovir orally for 6 weeks (twice 
per week), which leads to a near-complete ablation of adult-neurogenesis in the dentate gyrus. At 
13 weeks of age, rats then completed 21 days of chronic restraint stress, with 6 hours of daily 
restraint stress. Following restraint stress, visuo-spatial learning and memory was assessed with a 
modified Morris water maze procedure, in which stress during testing was increased using cold 
16 °C water. Rats completed acquisition training for 3 days (4 trials per day) with a probe trial 
(60 sec) on the following day to assess memory for the escape platform location. Typical effects 
of chronic stress were observed, with reduced body-weight gain in restrained rats, and also 
increased adrenal weight in restrained male, but not female rats. Restraint stress did not impair 



learning and memory ability in either GFAP-TK or wild-type male rats. In female rats, however, 
restraint stress improved learning performance in wild-type rats. In female GFAP-TK rats, 
learning performance of restrained and control rats was similar, but in the probe trial restrained 
GFAP-TK rats performed worse than controls. These results indicate that the chronic restraint 
stress paradigm used was not sufficient to impair performance in wild-type male and female rats. 
In GFAP-TK rats, however, restraint stress impaired memory performance in female rats, 
suggesting that neurogenesis may buffer the deleterious effects of chronic stress on memory 
ability specifically in females. These findings may indicate a sexually dimorphic role for adult 
neurogenesis in the etiology of cognitive dysfunction within depression and stress-related 
disorders. 
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Abstract: Traumatic brain injury (TBI) is a frequent injury in military conflicts, often caused by 
exposure to overpressure (shock) waves from devices such as improvised explosive devices. 
Studies indicate high rates of co-morbid mTBI and posttraumatic stress disorder (PTSD). 
Specifically, Ahlers and colleagues (2012) demonstrated blast-exposed rats display PTSD-like 
behavior, indicating possible relationships between blast and PTSD development. Moreover, 
both stathmin and corticosterone levels are increased post-blast in the rodent brain and serum, 
respectively. These markers typically indicate increased anxiety and are altered as a result of 
both fear and stress responses. However, not every blast-exposed subject will display anxiety-
like behavior and may display phenotypes similar to controls. Therefore, including animals from 
experimental groups that do not appear anxious may obscure results that would demonstrate 
differences due to blast. To account for this, normal and abnormal behaviors can be determined 
from the control group, and the experimental group can be split into those displaying normal 
behaviors (“unaffected”) and anxiety-like behaviors (“affected”). These subgroups can then be 



compared separately to controls for a better understanding of changes that blast exposure may 
cause in behavior and molecular variables. Data sets consist of molecular variables (e.g., blood 
or protein biomarkers) and behavioral data that identify the “affected” group. Using an affective 
profiling approach introduced by Richter-Levin and his colleagues (2015), control animal 
behavioral data was analyzed to determine boundary values for normal behavioral results. These 
boundary values were then applied to the experimental group’s behavioral data, and animals 
whose behavior fell outside this range were separated into an “affected” experimental group; 
remaining animals were labeled “blast-unaffected”. Using these procedures, data for molecular 
variables were then compared. When this method was used on test data containing behavioral 
data from an elevated zero maze and stathmin and corticosterone levels, clear differences in the 
average values between “affected” and “unaffected” groups were present. This method shows 
promise as another method to study effects of blast, while accounting for animals whose data 
may obscure results due to similarities to control animals. 
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Abstract: Stress may induce adaptive or maladaptive organismal responses depending on the 
individual’s genetic makeup. Glial-derived neurotrophic factor (GDNF), a growth factor 
supporting the survival and physiology of dopaminergic neurons, is upregulated in response to 
stress and is essential for adaptive brain responses to chronic stress. Heterozygous GDNF mice, 
which have reduced GDNF expression, and wild-type littermates were tested for learning and 
attention impairments under standard experimental conditions and after a chronic stress regimen. 
Freezing behavior in response to pre-exposed and non-pre-exposed stimuli paired with foot 
shocks was analyzed to assess latent inhibition, as a measure of selective attention. Analyses 
indicated a main effect of pre-exposure (F(1,47)=59.89, p<0.01), stress (F(1,47)=4.64, p<0.05), 



and a pre-exposure x stress interaction (F(1,47)=6.35, p<0.05). Post-hoc analyses showed that all 
unstressed mice as well as the wild-type stressed mice showed latent inhibition (p<0.05); in 
contrast, GDNF-deficient mice did not show latent inhibition after chronic stress (p>0.05). 
Immunohistochemical staining procedures were used to evaluate neuronal activation in brain 
regions relevant to latent inhibition, and revealed significant differences between GDNF-
deficient mice and controls in the prefrontal cortex and nucleus accumbens. Our results support 
the role of chronic stress in triggering maladaptive brain responses in vulnerable individuals, 
with important implications for the onset of psychiatric disorders such as schizophrenia or PTSD. 
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Abstract: Tourette syndrome (TS) is a neurodevelopmental disorder characterized by recurring 
motor and phonic tics, which are preceded by a sense of discomfort known as a premonitory 
urge. TS symptoms are contributed to by an inability of the brain to filter out irrelevant sensory 
information. As such, these patients have deficits in sensorimotor gating processes, which aim to 
discriminate between relevant and irrelevant stimuli and can be measured by prepulse inhibition 
(PPI) of the startle reflex. TS symptoms are underpinned in part by hyperdopaminergic systems 
within the cortico-striato-thalamo-cortical loop. In accordance, dopamine (DA) agonists have 
been extensively studied in preclinical models of TS to replicate various aspects of the disorder. 
For example, D1 receptor agonists induce PPI deficits and stereotyped behaviors in mice. 
Current therapies for TS are often not effective or are associated with side effects that decrease 
patient compliance. To address this issue, our lab has been studying the contribution of 



neurosteroids (NS) as potential therapeutic candidates. Converging evidence supports a role for 
NS in modulating the DA system and clinical data supports the hypothesis that NS contribute to 
TS pathogenesis and symptom fluctuations. One of the most important clinical observations in 
support of this role is the heightened stress sensitivity observed in these patients, which 
implicates allopregnanolone (AP). We have previously demonstrated that both stress and 
systemic AP administration exacerbate TS like symptoms, including PPI deficits, in animal 
models. In addition, we have also shown that blocking the production of AP with the 5α-
reductase inhibitor finasteride alleviates symptoms in both adult males with TS and ablates PPI 
deficits induced by D1 receptor agonists in mice. However, the contributing molecular 
mechanisms of these findings remain unclear. 
Previous preliminary research from our lab has indicated that the mechanism of AP does not 
directly involve the GABAA receptor so we have expanded our studies to other potential 
receptors. Recent data has demonstrated that AP can bind to the pregnane X receptor (PXR) and 
has highlighted a function for this receptor in DA-AP interactions within the brain. We found 
that mice deficient of PXR are resistant to AP (15mg/kg)-induced PPI deficits. In addition, we 
found that finasteride (50mg/kg) is not effective in these mice to ablate the PPI deficits induced 
by the D1 agonist SKF 82958 (0.3mg/kg). These data suggest that PXR mediates the effects of 
AP in the regulation of sensorimotor gating; however, more research is needed to determine how 
this receptor modulates DA signaling. 
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Abstract: An increasing body of evidence points toward the involvement of suboptimal 
mitochondrial function (SMF) in depression and other mood disorders. Several clinical and 
preclinical studies show that depression is associated with altered mitochondrial structure and 
function. Furthermore, stress, a major risk factor for depression, directly influences 
mitochondrial function. There is a surprising high association between mitochondrial disease and 



depression as well, which is estimated to be around 50%. This is significantly higher than the 
expected 16% depression prevalence in the general population. These findings suggest that SMF 
is causal in depression, however, this notion has not been substantiated yet. In this study, we 
tested the hypothesis that SMF influences the animals’ stress response and impacts various 
biological domains linked to the pathobiology of depression. To test this hypothesis, a new 
genetically engineered mouse model was used. These animals have a deficiency of the NDUFS4 
protein (Ndufs4def mice), a structural protein of complex I (CI), an essential component of the 
electron transport chain and oxidative phosphorylation. This deficiency leads to a 25% reduction 
of CI activity in the brain compared to WT mice. Despite this reduction, Ndufs4def mice 
exhibited no differences in body weight and temperature, physical activity (distanced travelled 
and velocity in the open filed), and motor coordination (Rotarod-test) compared to their WT 
littermates. After exposure to a chronic variable stress protocol, a well-validated animal model 
for depression, Ndufs4def mice showed increased anxiety like behavior (open field) as well as a 
disturbed day-night rhythm compared to WT animals, a symptom that can also be seen in 
individuals with depression. Furthermore, preliminary results suggest an altered glucose 
metabolism and stress response in the Ndufs4def mice. To provide mechanistic insights, we 
assessed the activation of brain nodes implicated in the pathobiology of depression. The 
expression of the protein FOS, a surrogate marker of neuronal activation, revealed distinct 
activation of several brain regions of WT and Ndufs4def mice. These results indicate a 
difference in functional coupling within and an altered balance between major brain networks, a 
well-established phenomenon in individuals with depression. In conclusion, here we report on 
distinct chronic stress-evoked responses in various biological domains in Ndusf4def and WT 
mice, supporting our hypothesis that suboptimal mitochondrial function mediates the impact of 
stress on mental health. 
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Abstract: Stress can disrupt a variety of cognitive processes, including learning and memory. 
Previous studies in rodents have demonstrated that central infusions of the stress-neuropeptide, 
corticotropin releasing factor (CRF), can disrupt mnemonic processes. However, where CRF is 
working within the brain to regulate cognition is largely underexplored. A candidate region for 
direct CRF regulation is the medial septum (MS), because this forebrain cholinergic nucleus is 
critical for spatial learning and CRF receptors are found on cholinergic neurons therein. Here we 
assessed whether administering CRF directly into the MS impaired spatial learning in male and 
female rats. Specifically, we infused different doses of CRF or vehicle into the MS prior to 
testing on an object location task, which tests spatial learning, and a novel object recognition 
task, which does not test spatial learning. On the object location task, we found that CRF in the 
MS reduced time spent exploring the displaced object compared to the familiar object, 
suggesting that this manipulation impairs spatial learning. In addition, males were more sensitive 
to this effect than females, such that a low dose of CRF in the MS that had no effect in females 
disrupted object location learning in males. In the novel object recognition task, CRF in the MS 
did not decrease preference for the novel object in either sex, suggesting that the effects of CRF 
in the MS are specific to spatial learning. Future experiments will examine the influence of 
circulating ovarian hormones in regulating sensitivity of the MS to CRF. Collectively, these 
studies reveal that CRF in the MS selectively impairs spatial learning, especially in males, 
highlighting an unexplored mechanism by which stress can regulate cognition. Clinically, these 
findings suggest that drugs which block the effects of CRF represent a viable therapeutic option 
to treat cognitive deficits that characterize certain stress-related psychiatric disorders. 
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Abstract: Chronic stress can impair attention and exacerbate symptoms in disorders with 
cognitive deficits as a key feature, including schizophrenia, attention deficit hyperactivity 
disorder, and bipolar disease. However, the neurobiological mechanisms by which chronic stress 
disrupts attention remain largely unknown. Using a 6 day chronic variable stress procedure for 
rats, we tested how chronic stress affects attention and neurons critical for attentional processes. 
To test attention, we used a sustained attention task, where rats are trained to distinguish signal 
from non-signal trials. We found that chronic variable stress impaired performance on signal 
trials, especially in male rats when attentional demands were high. It has been previously shown 
that accuracy on signal trials require cholinergic neurons in the nucleus basalis of Meynert 
(NBM) in the basal forebrain. In other brain regions, such as the amygdala and hippocampus, 
chronic stress is thought to affect cognition by altering the morphology of dendrites on neurons 
within these regions. We wanted to determine whether chronic stress alters the morphology of 
dendrites on NMB cholinergic neurons. To address this question, we developed an innovative 
approach to label cholinergic neurons in rats by virally injecting a Cre-dependent fluorescent 
marker into the NBM region of rats genetically modified to express Cre-recombinase under 
control of the choline acetyltransferase promoter. Using this approach, our preliminary data is 
finding that chronic variable stress expands the morphology of NBM cholinergic dendrites, 
particularly at regions distal from the cell body, in male rats. Future studies are planned to test 
for similar morphological changes in female rats. This is the first study, to our knowledge, 
suggesting that chronic stress can induce hypertrophy of cholinergic dendrites. If supported with 
more subjects, this result would suggest that chronic stress impairs attention by affecting inputs 
into the NBM via the regulation of the morphology of cholinergic dendrites. 
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attention in male and female rats 

Authors: *S. ECK, B. WICKS, N. DUNCAN, M. SALVATORE, S. COHEN, J. BERGMANN, 
A. CERETTI, A. HALL, D. BANGASSER 
Temple Univ., Philadelphia, PA 

Abstract: Attention is disrupted in a variety of disorders, including schizophrenia, attention 
deficit hyperactivity disorder, and post-traumatic stress disorder. One characteristic that all of 
these disorders share is their sensitivity to stress. Despite these connections, the neurobiological 
mechanism by which stress modulates attentional processes remains largely underexplored. We 
aim to fill this gap in the literature by studying the effects of corticotropin releasing factor (CRF) 
on performance on a sustained attention task (SAT) in rats. In this task, rats are trained to 
discriminate signal from non-signal trials. Previously, our lab has shown that central 
administration of CRF causes a dose-dependent impairment in performance on SAT in both male 
and female rats. Now, we are trying to determine where exactly in the brain CRF is exerting this 
effect. Previous studies have shown that accurate performance on signal trials depends on 
cholinergic neurons in the nucleus basalis of Meynert (NBM) of the basal forebrain, while 
accurate performance on non-signal trials is linked to GABAergic neurons in the NBM. We have 
shown that CRF receptors are present on both cholinergic and GABAergic neurons in this brain 
area, making the NBM a likely target for CRF’s modulation of sustained attention. To test this 
idea, we infused CRF into the NBM and examined its effect on SAT. We found that intra-NBM 
infusions impaired performance on non-signal trials, but not on signal trials, suggesting that CRF 
in the NBM is altering the function of GABAergic neurons. Interestingly, the effect of CRF in 
the NBM appears to be more pronounced in males, suggesting a sex difference in CRF 
sensitivity in this region. Collectively, these results implicate novel CRF-GABA interactions in 
the NBM, especially in males. Moreover, these data suggest that blocking CRF signaling may be 
a viable therapeutic option for treating the stress-related attention impairments of various 
disorders. 
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Title: Corticotropin releasing factor differentially activates brain networks in males and females 
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Abstract: Women are more likely than men to suffer from psychiatric disorders that have 
hypersecretion of the stress neuropeptide corticotropin releasing factor (CRF) as an etiological 
factor, suggesting sex differences in CRF sensitivity. In rodents, sex differences in sensitivity of 
specific brain regions to CRF have been identified. However, regions do not work in isolation, 
but rather form circuits to coordinate distinct responses to stress. Here we examined whether 
CRF activates different circuits in male and female rats. Following central administration of CRF 
or vehicle, brain tissue was collected and processed to visualize the immediate early gene cFOS 
in stress-related areas known to contain a high density of CRF receptors. Neuronal activation in 
these areas was then assessed by quantifying cFOS positive cells. Functional connectivity was 
gauged by correlating cFOS profiles between regions and then identifying differences in 
correlations for aCSF-treated and CRF-treated groups. This analysis revealed baseline 
differences in connectivity between males and females, where activation was more highly 
correlated between brain regions in females than in males. Additionally, analyses showed that 
CRF altered the functional connectivity of different circuits in males and females. For example, 
CRF altered correlations with the dorsal raphe (DR) in males and correlations with the bed 
nucleus of the stria terminalis (BNST) in females, suggesting sex differences in stress-activated 
circuits controlling mood and anxiety. This study reveals sex differences in the way brain regions 
work together in response to CRF. These differences could drive different stress coping 
strategies in males and females, perhaps contributing to sex biases in psychopathology. 
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Title: Evaluating stressor controllability effects in female rats  

Authors: *I. P. FALLON1, M. V. BARATTA1, N. R. LESLIE1, S. D. DOLZANI1,2, L. E. 
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Abstract: The degree of behavioral control a subject (rat to human) can exert over an adverse 
life event is one of the most potent variables yet discovered that modulates the impact of that 
event. That is when a subject is provided with a controlling response the behavioral and 
neurochemical sequelae are blunted or eliminated. Prior work has established that the protective 
effects of behavioral control are mediated by the prelimbic region (PL) of the medial prefrontal 
cortex which provides top-down inhibitory regulation of stress-responsive structures such as the 
serotonergic dorsal raphe nucleus (DRN). However, virtually all the work has been conducted in 
male subjects. Here we demonstrate that behavioral control in females does not mitigate stress-
induced behavioral outcomes (EXP 1) nor DRN activation (EXP 2). Furthermore, behavioral 
control in females does not engage DRN-projecting PL neurons (EXP 3). Pharmacological 
activation of the PL restored the stress-buffering effects of control (EXP 4). The present findings 
suggest that reduced benefit from coping responses may represent a novel approach for 
understanding differential sex prevalence in stress-related psychiatric disorders. 
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Title: Synthesis of 1-N-substituted analogues of melatonin as potential anxiolytic-like 
compounds 

Authors: J. T. MONTIEL-AVILÉS1, A. ALMARÁZ-SÁNCHEZ1, *A. S. LIRA-ROCHA2, *E.-
B. NARANJO-RODRÍGUEZ1,3 
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Mexico City, Mexico; 3Lab. of Neuropharm., Univ. Nacional Autónoma de México, México 
City, Mexico 

Abstract: Anxiety is a normal or adaptive response, as the fight-flight reaction, which prepares 
the body for an emergency, is presented by different circumstances and clinical manifestations. 
Its important function is related to survival, fear, anger, sadness or happiness, the treatment of 
anxiety is with classic anxiolytics such as benzodiazepines (BZP), which, produce several 
adverse effects. For this reason, new molecules have been synthesized, with lower adverse 
effects than those BZP. Different groups, designed, synthesized and evaluated the anxiolytic 
effects of melatonin analogues (MT), in particular, those with a benzyl or phenyl group in 
position 1 of the indole ring, with good anxiolytic-like effects in rats, these are in function of the 
substituents. The objectives of this work are the synthesis of a new series of 8 MT analogues, 
M3A.3, M7A.2, M7A.3, M8A.2, M8A.3, M8A.4, M3B-3 and M3C.3. Whose evaluation was In 
Vitro, rat isolated tissue and In Vivo, Marble-Buryng Test in mouse. Obtaining then, that the 
conformational analysis and the incorporation of the substituent in position 1 has no influence 
and the electronic density on the ring is not altered. In Vitro, MT analogues, produce tissue 
relaxation. In Vivo, compound M3A.3, shows a good anxiolytic-like effect similar to MT. These 
data lead us to propose that the strategy of finding prototypes by analogy, provides a greater 
probability of obtaining substances with the desired pharmacological activity. 
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Abstract: Many research scenarios require animals to be singly housed for collection of 
individual data. However, rats are naturally social animals and thrive when allowed to engage in 
stimulating species-specific behaviors such as burrowing in bedding, mutual grooming, and 
wrestling. Animal welfare concerns suggest that rats should not be housed individually or 
without bedding due to known behavioral alterations, as well as increased levels of the stress 
hormone corticosterone. To address these concerns, new housing methods are being developed 
that allow for moderate social interaction without compromising the integrity of data collection. 
Specifically, barrier style housing utilizing a perforated cage divider allows rats to be housed in a 
social, but separated, manner. In this form of housing, rats can see, smell, and touch one another, 
but cannot have full body contact. The current study examined how this separated style of 
housing affected behavior and stress physiology in adult, male Long-Evans rats compared with 
three other common styles of housing. These included a social condition where rats were housed 
in pairs with bedding, and two solitary conditions where rats were housed individually either 
with bedding or with a wire floor. Each animal spent four weeks in its respective housing 
condition before behavioral testing in an elevated plus-maze (EPM) and open field (OF) 
apparatus to measure anxiety and locomotor activity. Rats were also tested in the Morris Water 
Maze (see Cain et al.). Initial analysis of data from the EPM suggested no significant differences 
in percent time spent in the open arms of the apparatus, but there was a trend towards increased 
activity in animals in the solitary-wire floor condition. Additionally, initial analysis of data from 
the OF suggested no significant differences in distance traveled or time spent in the center of the 
open field. After behavioral testing, rats were sacrificed and plasma samples, isolated from trunk 
blood, were collected for corticosterone analysis via enzyme-linked immunosorbent assay 
(ELISA). Results from this study should provide new insight into the efficacy of barrier style 
housing as an alternative to previous solitary housing methods. 
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Abstract: Rats are social creatures and emerging evidence suggests that they should not be 
housed individually during research due to elevated stress levels, increased non-stereotypic 
behaviors, lack of stimulation, disturbances in sleep patterns, alterations in feeding habits, 
potential vulnerability to disease, and a risk to overall wellbeing. Despite their social nature, 
research protocols often require single housing of rats, to collect individual data or samples. New 
caging scenarios that allow for more social interaction without compromising data collection 
would therefore be useful. One such scenario utilizes a barrier through which rats can partially 
interact with one another (see, smell, and touch) while remaining physically separated. The 
current study compared this new housing condition to three other commonly used housing 
practices (social, solitary-bedding, and solitary-wire floor) to examine effects on spatial learning 
and hippocampal neurogenesis in adult, male, Long-Evans rats. Importantly, elevated stress 
levels are associated with decreased neurogenesis; the production of new cells in the brain. 
Neurogenesis involves four stages in various regions of the brain: proliferation, differentiation, 
maturation, and integration. In the hippocampus, neurogenesis occurs in the dentate gyrus, a 
region involved in spatial learning and memory. After being in the housing conditions for four 
weeks, animals were tested on a battery of behavioral tests (see Hastings et al.) culminating with 
the Morris Water Maze (MWM) task to assess various domains of spatial ability. There were no 
main effects of housing on latency to platform or percent time spent in thigmotaxis during the 
acquisition phase of the MWM task. Similarly, no differences were found for percent time spent 
in target quadrant during a probe trial of the MWM task. These preliminary findings suggest no 
differences in spatial memory across the housing conditions. After behavioral testing, brain 
tissue was extracted in preparation for sectioning and staining for expression of Ki67, an 
endogenous marker for cell proliferation. It is expected that animals housed in the solitary 
conditions will exhibit lower levels of cell proliferation in the hippocampus than animals in the 
social or separated conditions. Additionally, it is expected that the animals in the new housing 
condition will exhibit similar levels of cell proliferation as animals housed socially. The results 
of this study may be useful for making future animal husbandry decisions in research settings. 
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Title: Sex differences in HPA and metabolic responses to early life stress in rats 
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Abstract: Sex differences exist in the regulation of energy homeostasis and the HPA axis. Stress 
during early life causes dysregulation of the HPA axis and metabolism. We hypothesized that 
chronic stress during adolescence differentially affected energy homeostasis and the stress 
response in male and female rats, which could extend to adulthood. Randomized, daily one-hour 
restraint stress was employed in 12 male and 12 female Sprague Dawley rats, starting on 
postnatal day (PD) 32 and lasting through PD 44. Age and metabolic profile-matched control 
groups (12 males and 12 females) received the same procedures as the stress groups but did not 
undergo restraint stress. Rats were either terminated an hour following stress on PD 44, or 20 
days following stress on PD 64 by decapitation, and trunk blood samples were taken for the 
measurements of plasma estradiol (E2) and testosterone (T). Circulating levels of corticosterone 
(CORT), an indicator of HPA axis activation, was measured using serial blood samples collected 
before, during, and after stress or non-stress conditions. Body weight (BW), food intake (FI), and 
body composition were measured throughout the experiment. Both stress male and female rats 
significantly reduced BW and FI during the stress period. In males the degree of reduced FI was 
equal to and thus accounted for their reduced BW; however, in females the reduced FI did not 
fully account for their reduced BW. Additionally male reduction of BW, fat, and lean mass 
extended to adulthood even after stress was no longer present. On the first day of chronic stress, 
both males and females had increased CORT levels in response to stress. Stress males sustained 
an elevated CORT level throughout stress, whereas stress female CORT level returned to that of 
controls, indicating adaption to the stressor. E2 levels were similar among male groups, but were 
lower in stress females compared to control females during adolescence, and this E2 difference 
extended to adulthood. T levels were similar among female groups, but reduced in stress males 
compared to control males during adolescence; however, such difference did not extend to 
adulthood. These results suggest that when compared to females, male rats exposed to early life 
stress exhibit an increased sensitivity to metabolic disturbances that continue to adulthood, most 
likely due to HPA axis dysregulation. Further insights as to how adolescent females are able to 
protect themselves from stress-induced HPA dysregulation, but not gonadal dysregulation later 
in life, remain to be seen. Our data provides implications as to how sex differences exist in the 
adolescent human stress response, with consequences that impact adulthood. 
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Title: Divergence in cognitive performance under chronic stress is associated with the 
hippocampal whole transcriptomic modification 
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Abstract: Individual susceptibility determines the magnitude of stress effects on cognitive 
function. The hippocampus, a brain region of memory consolidation, is vulnerable to stressful 
environments, and the impact of stress on hippocampus may determine individual variability in 
cognitive performance. Therefore, the purpose of this study was to define the relationship 
between the divergence in spatial memory performance under chronically unpredictable stress 
and an associated transcriptomic alternation in hippocampus, the brain region of spatial memory 
consolidation. Multiple strains of BXD recombinant inbred mice went through a 4-week chronic 
variable stress paradigm followed by the Morris water maze (MWM) test to assess hippocampal-
dependent spatial memory performance and grouped animals into low and high performing 
groups based on the cognitive performance. Using hippocampal whole transcriptome RNA-
sequencing data, differential expression, PANTHER analysis, WGCNA, Ingenuity’s upstream 
regulator analysis in the Ingenuity Pathway Analysis® and phenotype association analysis were 
conducted. Our data identified multiple genes and pathways that were significantly associated 
with chronic stress-associated cognitive modification and the divergence in hippocampal 
dependent memory performance under chronic stress. Biological pathways associated with 
memory performance following chronic stress included metabolism, neurotransmitter & receptor 
regulation, immune response and cellular process. The Ingenuity’s upstream regulator analysis 
identified 247 upstream transcriptional regulators from 16 different molecule types. Transcripts 
predictive of cognitive performance under high stress included genes that are associated with a 
high occurrence of Alzheimer’s and cognitive impairments (e.g., Ncl, Eno1, Scn9a, Slc19a3, 
Ncstn, Fos, Eif4h, Copa, etc.). Our results show that the variable effects of chronic stress on the 
hippocampal transcriptome are related to the ability to complete the MWM task and that the 
modulations of specific pathways are indicative of hippocampal dependent memory 
performance. Thus, the divergence in spatial memory performance following chronic stress is 
related to the unique pattern of gene expression within the hippocampus. 
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Abstract: The degree of behavioral control over some aspect of an adverse life event potently 
modulates the outcome of that event. Prior work has demonstrated that controllable stress 
impacts subsequent fear-related processes. Behavioral control a) blunts later fear expression; b) 
facilitates fear extinction; and c) prevents the spontaneous recovery of fear. The fear-reducing 
effects of behavioral control require activation of the medial prefrontal cortex, specifically the 
infralimbic region (IL), during both the stress experience (Time A) and later fear testing (Time 
B), suggesting that control potentiates the IL response to later fear-related stimuli. Here we use a 
Robust Activity Marking (RAM) system to determine if specific ensembles of neurons within the 
IL are activated during both Time A and Time B. We used an AAV-based RAM system 
containing a synthetic activity-regulated promoter that is strongly induced by neuronal activity, 
and a modified Tet-Off system for temporal control. In EXP1, male rats were injected with 
AAV-RAM-mKate2 into the IL and maintained on doxycycline-treated chow (Dox) until 96 h 
before stress treatment. Subjects received controllable, uncontrollable, or no stress, and the IL 
neuronal ensemble activated by stress exposure was labeled by RAM. Animals were placed back 
on Dox and subjected to auditory tone conditioning 48 h later. Following the tone test subjects 
were sacrificed and brain sections were stained for the immediate early gene Fos in order to label 
IL ensembles triggered by the tone test. Subjects previously exposed to controllable stress 



exhibited reduced fear expression to the conditioned tone compared to uncontrollable stress and 
no stress controls. Correspondingly, co-labeling of RAM (Time A) and Fos (Time B) in the IL 
was increased by prior behavioral control. Surprisingly, when the above experiment was 
conducted in females (EXP 2) we found no effect of controllability on fear expression nor IL 
RAM and Fos co-labeling. These results indicate that, in males, the activation of IL neuron 
populations during controllable stress may potentiate activity of those same cells during later 
fear-related stimuli, effectively reducing expression of the fear response. In females the 
protective effect of behavioral control was absent suggesting that the neural processing of coping 
responses differs between the sexes. 
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Abstract: Trauma may occur as a result of life-threatening events such as combat, terrorist 
attacks, accidents, and natural disasters. Following the stressful event, most survivors of trauma 
naturally resume their normal lives. However, some trauma victims suffer from long-lasting 
stress reactions that may worsen over time, and could develop into post-traumatic stress disorder 
(PTSD). 
Activity-dependent neuroprotective protein (ADNP) discovered and first characterized in our 
laboratory as vital for mammalian brain formation was found to be one of the leading genes 
mutated de novo and causing an autistic syndrome. ADNP is regulated by vasoactive intestinal 
peptide (VIP), as well as by pituitary adenylate cyclase-activating peptide (PACAP), which 
change its content toward neuroprotection. In this respect, PACAP was identified as a known 
master regulator of stress response, and has been tightly associated with PTSD in a sex-
dependent manner. Interestingly, the PACAP-regulated ADNP is also sexually dimorphic. 
Furthermore, children with autism may be at increased risk for both encountering traumatic 
events and developing traumatic sequelae. 



In the current study, the impact of the Adnp genotype and the efficacy of PACAP pre-treatment 
were tested in a unique mouse model of Adnp-haploinsufficiency subjected to stressful 
conditions. Mice were pre-treated twice daily with PACAP for one month, followed by a 48 hour 
period of solitude in a clean cage under constant bright illumination (stressful conditions). 
Anxiety levels were tested using the elevated plus maze, and complemented by cognition and 
social activity tests. Our results revealed that impairments displayed in stress-challenged Adnp+/- 
mice in the novel object recognition and the social memory tests were normalized to the Adnp+/+ 
phenotype by PACAP treatment. Odor discrimination test revealed that the affected olfaction in 
challenged mice was partially restored by PACAP. The assessment of anxiety-related behavior in 
the elevated plus maze showed that challenged mice exhibited altered behavior, also normalized 
by PACAP. Interestingly, significant sex differences were observed with Adnp+/- males more 
susceptible to stress in the object and social recognition tests. 
Our findings suggest a correlation between ADNP levels and PTSD. Thus, low ADNP transcript 
expression level may indicate a worse response to stressful events, which can be successfully 
ameliorated by PACAP treatment. Altogether, this could establish ADNP as a possible 
biomarker, identifying people who are either prone to develop PTSD or already suffering from 
its symptoms. 
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Abstract: Nosema sp. is an internal parasite of the honey bee, Apis mellifera, and one of the 
leading contributors to colony losses worldwide. This parasite is found in the honey bee midgut, 
and has profound consequences on the host’s physiology. Nosema sp. impairs foraging 



performance in honey bees, but whether this is due to effects on the bee’s neurobiology is 
unclear. In these studies, we ask three main questions: (1) Does Nosema sp. affect brain 
physiology, (2) is there a behavioral effect, (3) and if there are neurobiological consequences, 
can they be mitigated through nutrition? To address these questions, we infected newly emerged 
bees with Nosema ceranae spores. At approximate nurse and forager ages, we measured amino 
acid and biogenic amine levels in the brain, and evaluated learning and memory with an odor-
associative conditioning assay using the proboscis extension reflex. We detected significant 
effects of N. ceranae infection on amino acid concentrations, some of which were age-specific; 
as well as altered serotonin, octopamine, dopamine, and L-dopa concentrations. In the behavioral 
assays, nurse-aged bees infected with N. ceranae significantly outperformed controls in odor 
learning and memory—suggestive of precocious foraging; but by forager age, infected bees were 
slower to learn and showed memory impairment. These findings suggest N. ceranae parasitism 
affects the brain of the honey bee and behavioral tasks may be compromised. These results yield 
new insights into the host—parasite dynamic of honey bees and N. ceranae, as well as the 
neurochemistry of odor learning and memory in healthy and parasitized individuals. 
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Abstract: Stress exposure is widely implicated in psychiatric illnesses, although in recent years 
attention has been directed toward the fact that females show a higher incidence of stress-related 
affective disorders than males. Hippocampal and prefrontal dysfunction are widely implicated in 
stress-related disorders, and laboratory rodent models of chronic stress have advanced our 
understanding of the resultant structural and functional impairments in these cortical regions. 
Paradoxically, much of the rodent literature shows intact, and in some cases even enhanced 
cognitive functioning in females following chronic stress. Work and others have previously 



shown that chronic stress in male rats leads to dendritic spine attrition in the medial prefrontal 
cortex (mPFC) and accompanying working memory impairments, however, we have not 
previously critically evaluated these effects in female rats. Here we examine dendritic spine 
morphological alterations in the prelimbic region (PL) of mPFC, and working memory 
functioning, in both female and male rats exposed to 14 days of chronic variable stress (CVS; 
daily exposure to different stressors at unpredictable times over 14 days). In the first experiment, 
cohorts of male and female rats were subjected to CVS or unstressed control conditions, and then 
were perfused for neuronal morphological analyses on day 15. Pyramidal neurons in layers II/III 
of PL were selected for intracellular fluorescent dye-filling, followed by high-resolution 3D 
imaging and analysis of spine density and morphometry. CVS-exposure decreased spine density 
on PL pyramidal neurons in both males and females as compared to respective within-sex control 
treatments (by 16% and 11%, p < 0.05). In the second experiment, cohorts of male and female 
rats were trained on the delayed alternation task using a T-maze to measure spatial working 
memory. After training, a subset of male and female rats was subjected to 14 d CVS, and all rats 
were submitted to behavioral testing on days 15-18. Both groups of CVS-treated male and 
female rats showed impairments in working memory performance and increased corticosterone 
levels as compared with same-sex unstressed controls (p <0.05 for each). These studies extend 
our previous work showing that the adverse effects of chronic stress on prefrontal structural and 
functional plasticity have broad effects that are not well-differentiated between adult male and 
female rats, and suggest that cognitive resilience shown in female rodents following prolonged 
stress exposure does not generalize to the prefrontal endpoints examined here. 
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Abstract: Mitochondrial respiratory disorders are characterized by a chronic energy deficit due 
to mutations in the nuclear or mitochondrial genome affecting the oxidative phosphorylation 
(OXPHOS) responsible for ATP synthesis. Leber’s hereditary optic neuropathy (LHON) is a rare 
and intractable maternally inherited disorder characterized by severe loss of bilateral vision and 
permanent blindness. Most mutations map in mitochondrial-encoded subunits of the rate-limiting 
OXPHOS complex I, leading to impaired ATP production, loss of retinal ganglion cells and 
degeneration of optic nerve axons. Among the three primary mitochondrial mutations associated 
with LHON, the m.11778A>G mutation is the most severe and affects the mitochondrial-
encoded subunit ND4 of complex I. Intriguingly, an association between the m.11778A>G 
mutation in LHON and multiple sclerosis has been predominantly observed in female patients 
and is referred to as LHON-MS. To understand the underlying molecular pathogenesis of 
LHON-MS, we performed a skin biopsy on a 34-years old female patient carrying the 
m.11778A>G mutation. She presented with vision loss at age 27 affecting both near and distant 
vision, which progressed to headaches, VA of 20/280 OD, 20-160 OS, some color desaturation 
on Ishihara plates, and bilateral ceocentral scotoma on visual field testing. At age 31, she 
developed additional symptoms inconsistent with LHON, including urinary retention, bladder 
spams, loss of sensation, otalgia, muscle and joint and radicular symptoms of pain and numbness 
in the arms, which led to the diagnosis of LHON-MS. Our live-cell mitochondrial respiratory 
studies revealed that the proband’s fibroblasts exhibited a substantial bioenergetic deficit with a 
decreased basal consumption oxygen rate and ATP-linked respiration, when compared to age-
matched healthy fibroblasts. Diseased fibroblasts had a severe decrease of spare respiratory 
capacity, which stunted their ability to respond to a surge in ATP demand resulting in an energy 
crisis. We performed a mitochondrial morphometric analysis by transmission electron 
microscopy, which revealed small mitochondria with sparse and short cristae in the proband’s 
fibroblasts. They rarely exhibited a branched mitochondrial configuration, indicative of abnormal 
mitochondrial connectivity and dynamics. Thus, our mitochondrial ultrastructural analyses are 
congruent with our findings from our functional studies on mitochondrial bioenergetics 
parameters, revealing the ATP crisis as one of the mechanisms leading to selective cell death in 
patients affected with LHON-MS. 
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Abstract: A hallmark of brain metabolism is the tight coupling between energy demand and 
supply, which involves a constant regulation of mitochondrial homeostasis and bioenergetics at 
all stages of brain development. The brain, a highly energy-demanding organ, is highly 
dependent on mitochondrial homeostasis for ATP production via oxidative phosphorylation 
(OXPHOS). Thus, the question of how mitochondrial biogenesis is regulated becomes of 
paramount importance in order to maintain a tight coupling between energy demand and supply 
to insure proper neural development and survival. Our previous studies have shown that the 
neurogenic basic Helix-Loop-Helix (bHLH) transcription factor NeuroD6 increases the number 
of bioenergetically competent mitochondria at the onset of neuronal differentiation. The main 
question addressed in this study is the interplay between epigenetics and mitochondrial energy 
metabolism in a neuronal context, which has remained largely unexplored. It is well established 
that pan-HDAC inhibitors induce differentiation of neuronal progenitor cells. We investigated 
whether sodium butyrate (NaBt) could modulate mitochondrial bioenergetics and biogenesis and 
subsequently enhance neuronal differentiation. To address this question, we took advantage of 
our engineered neuroprogenitor-like PC12-NeuroD6 (PC12-ND6) cells and E17.5 hippocampal 
neurons expressing high levels of NeuroD6. Our collective findings show that: 1) NaBt increases 
the mitochondrial biomass by stimulating mitochondrial biogenesis via the TFAM-NRF-1 axis; 
2) NaBt induces a mitochondrial ultrastructural remodeling accompanied with increased cristae, 
consistent with increased bioenergetics parameters; 3) NaBt induces a metabolic shift toward 
OXPHOS for ATP synthesis, resulting in enhanced mitochondrial respiration and spare 
respiratory capacity; 4) modulation of the mitochondrial biomass using gain-and loss-of-
function-like pharmacological assays has exposed mitochondrial biogenesis as a key event to 
enhance the neuronal progenitor competency to differentiate. In conclusion, our study provides 
evidence for a novel developmental epigenetic layer coupling mitochondrial energy metabolism 
to neuronal differentiation. 
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Abstract: The brain has high energy demands which increase during intense neuronal activity. 
There is an established relationship between increased brain activity, blood flow and cognition in 
which energy provision for synaptic transmission is crucial. Presynaptic terminals have 
particularly high metabolic demands causing local activity-dependent metabolic constraints on 
physiological transmission and contributing to pathological injury during stroke, traumatic brain 
injury or neurodegeneration. We have used high frequency stimulation and changes in energy 
substrates to induce metabolic stress at the calyx of Held/MNTB synapse in the auditory 
pathway. Energy depletion was achieved under conditions of saturated oxygen and without 
pharmacological block of respiration, by washout of extracellular metabolic substrates, while 
measuring glutamatergic synaptic transmission. Patch clamp recording from MNTB neurons in 
mouse brainstem slices showed that glucose depletion enhanced EPSC depression during high 
frequency stimulation and slowed recovery of EPSC amplitude. Depletion of presynaptic ATP 
(achieved by patching the presynaptic terminal to allow diffusion with the patch pipette) also 
impaired transmitter release in an analogous manner. Computational modelling of these 
experimental data demonstrated that the impaired transmission was caused by a reduction in the 
number of functional release sites and slowed vesicle pool replenishment, rather than a sustained 
change in release probability. Lactate maintained presynaptic function in the absence of glucose. 
When glucose was perfused in the aCSF as the sole energy substrate, lactate generated from glial 
cells did contribute to the maintenance of synaptic transmission, but that the terminal was also 
using glucose directly. We conclude that lactate contributes to supporting presynaptic function, 
but that glucose is a major presynaptic energy substrate. Presynaptic metabolism is a 
physiological constraint on synaptic transmission; exploring these physiological limits will give 
insights into preserving brain function and cognition following hypoxic insults. 
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Abstract: Proper entry of oxygen from arterial blood into the brain is essential for maintaining 
brain metabolism under normal conditions and during functional neural activation. However, 
little is known about physiological fluctuations in brain oxygen and their underlying 
mechanisms. To address this issue, we employed high-speed amperometry with platinum oxygen 
sensors in freely moving male rats. Recordings were conducted in the nucleus accumbens (NAc), 
a critical structure for sensorimotor integration. Rats were exposed to different arousing stimuli 
(brief auditory tone, a 1-min novel object presentation, a 3-min social interaction with a 
conspecific, and a 3-min tail-pinch). We found that all arousing stimuli increased NAc oxygen 
levels. Increases were rapid (4-10-s onset latencies), modest in magnitude (1-3 μM or 5-15% 
over baseline) and duration (5-20 min), and generally correlated with the arousing potential of 
each stimulus. Two strategies were used to clarify the mechanisms underlying the observed 
increases in NAc oxygen levels. First, we showed that NAc oxygen levels phasically increase 
following intra-NAc microinjections of glutamate that excite accumbal neurons. Therefore, local 
neural activation and subsequent local vasodilation are involved in mediating physiological 
increases in NAc oxygen induced by arousing stimuli. Second, by employing oxygen monitoring 
in the subcutaneous space, a highly-vascularized area with no metabolic activity, we determined 
that physiological increases in NAc oxygen also depend on a rise in blood oxygen levels caused 
by respiratory activation. Due to the co-existence of different mechanisms governing oxygen 
entry into brain tissue, NAc oxygen responses differ from fluctuations in NAc glucose, which, 
within a normal behavioral continuum, are regulated exclusively by neuro-vascular coupling due 
to the highly stable levels of glucose in the blood. Finally, we discuss the relationship between 
physiological fluctuations in NAc oxygen and glucose, and metabolic brain activation assessed 
by intra-brain heat production. 
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Abstract: Changes in bioenergetics are seen in a variety of mental illnesses. While most of the 
work has focused on changes in mitochondrial function, the role of energy buffers such as 
creatine (Cr) have not been thoroughly investigated. Cr is a nitrogenous amino acid that acts as a 
spatial and temporal ATP buffer in cells with a high-energy demand. We have developed Cr 
transporter (Crt) knockout (Slc6a8-/y) mice to better understand how the loss of Cr affects brain 
function. Slc6a8-/y mice have elevated levels of serotonin (5-HT) in the hippocampus and 
prefrontal cortex. Increased 5-HIAA, a metabolite of 5-HT, is found in the hippocampus and 
neostriatum of these mice. Additionally, Slc6a8-/y mice are hypersensitive to para-
chloroamphetamine, a 5-HT mediated stimulant. It is well established that 5-HT activity is a 
crucial factor in affective behaviors, and it is important to note that Cr has been shown to 
influence these types of behaviors as well. An acute dose of Cr produced an equally anti-
depressive effect as fluoxetine in the tail suspension test (TST). Additionally, it was 
demonstrated that Cr supplementation reduced depression-like measures in the forced-swim test 
in females, but exacerbated effects in males. If 5-HT is important for affective behaviors and 
depleting Cr from the brain results in augmentations to 5-HT, will a lack of Cr result in an 
altered affective phenotype? To address this, we tested wild-type and Slc6a8-/y mice in measures 
of anxiety, sociability, and depression. Elevated zero maze revealed a trend toward decreased 
latency to enter the open arms in KO males and heterozygous females (HET), and increased head 
dips in HETs . Social preference revealed an interesting sex dependent result, in which the 
presence of cellular Cr was associated with increased sociability in females, but decreased 
sociability in males. No differences were observed in TST, which reveals a lack of sensorimotor 
deficits in the Slc6a8-/y mice. 
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Abstract: The adipocyte-derived hormone leptin is essential for the regulation of energy 
balance. However, some studies have suggested that in early life leptin functions are associated 
with neuronal development and dependent of a critical neonatal period. 
To determine the effects of the early absence of leptin signaling in adulthood and whether these 
effects can be reversed by reactivation of leptin signaling in adult life or weaning, a LoxP-
flanked transcription-blocking cassette was inserted in the Lepr gene to generate mice null for 
the leptin receptor. They were bred with animals expressing Cre-ERT2 fusion protein under the 
human ubiquitin C promoter sequence. Consequently, tamoxifen injections can induce Cre 
Recombinase activity and restore Lepr gene expression in adult (10 weeks) or young (4 weeks) 
Ubi-LepRNull mice. 
As a validation of the model we assessed the number of leptin-responsive cells in the brain 
through an acute leptin injection. LepRNull mice exhibited no leptin responsive cells and the 
neural projections from the arcuate nucleus (ARH) to the paraventricular nucleus were disrupted, 
and were both restored in Ubi-LepRNull mice, as was their response to leptin. 
Adult LepRNull and Ubi-LepRNull mice were morbidly obese and hyperphagic. Six weeks after 
tamoxifen treatment, adult Ubi-LepRNull mice restored normal food intake but were heavier and 
had larger adiposity, they also displayed lower energy expenditure and locomotor activity than 
Ubi mice. Ubi-LepRNull mice had lower glycaemia as well as higher glucose and pyruvate 
tolerance than Ubi mice, although they remained insulin resistant. Their brain weight was 
partially recovered compared to Ubi mice. 
We next examined the parameters that were not restored after adult LepR reactivation in young 
mice. After tamoxifen injections young Ubi-LepRNull mice recovered normal body weight and 
food intake, together with normal energy expenditure and locomotor activity, as well as their 
glycemic homeostasis by early reactivation of LepR, although their brain mass remained lighter. 



These results suggest that lack of leptin signaling in early life causes long-term changes in 
energy balance and glucose homeostasis regulation, although ARH projections can be 
normalized after Lepr reactivation in adults, and that weaning is a critical period for leptin’s role. 
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Abstract: Modern western diet with excess energy-dense fats disturb metabolic homeostasis 
promoting obesity and type-2 diabetes. Cognitive deficits have been clinically observed in 
humans suffering from obesity and diabetes, and intensely studied in animal models fed high fat 
diets (HFDs) from weaning. However, sex-differences are rarely systematically analyzed and 
compared. Previous studies from our lab with an outbred Long Evans (LE) rat HFD model 
showed impaired spatial memory in both sexes, correlating with significantly reduced intrinsic 
excitability of hippocampal CA1 pyramidal neurons (enhanced post-burst AHPs). Notable sex-
differences in hormone signaling were observed, wherein HFD induced clinically relevant 
symptoms of type 2 diabetes in males (obesity, loss of blood glucose control, elevated insulin), 
but not in females (normal weight and blood glucose control, reduced insulin). Sex-differences 
were also found in insulin-dependent intrinsic excitability of CA1 neurons; HFD male neurons 
lost all insulin sensitivity while HFD female neurons had increased sensitivity. Our objectives 
are to study the effects of HFD in the CA1 region: 1. on proteins involved in Ca2+-dependent 
intrinsic excitabilitySK2 channels and the Ca2+ sensors calmodulin and hippocalcin; and 2. to 
understand the induced sexual dimorphism in insulin sensitivity and on proteins involved in 
insulin signaling pathways. Age-matched HFD or control LE rats were used. Rat brains were 
either flash frozen for western blotting or perfused for IHC/IFC analysis of protein expression in 
CA1. Our results show diet-dependent increases in SK2 channel and hippocalcin protein 



expression, consistent with increases in medium- and slow-AHPs in CA1 neurons of HFD rats 
and with impaired spatial memory our laboratory previously reported. Only HFD females 
showed upregulation in insulin signaling pathways, i.e. increased expression of insulin receptor 
protein and upregulation of Akt protein phosphorylation. HFD sex-dependently alters insulin 
signaling in the hippocampus of females but not males. Considering these profound differences, 
treatment strategies designed to ameliorate cognitive deficits caused by obesity and type-2 
diabetes must be sex specific. 
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Abstract: Astrocytes are the most abundant cells in the central nervous system, yet they have 
often been relegated to a less than prominent role in the control of complex brain functions 
supported by neuronal circuits. The regulation of food intake and energy expenditure is tightly 
linked to the hypothalamic neural circuits. However, the direct contribution of astrocytes in this 
system is ill defined. Nutrients availability in the brain is crucial for neuronal functions in which 
astrocytes have also been deeply implicated. In this study, we identified active roles of 
hypothalamic astrocytes as a sensor of nutrient concentration and a primary modulator to 
maintain the whole body energy metabolism. We found that the impairment of nutrient shuttling 
from the blood vessel to the neurons led to the abnormality of energy intake and glucose 
production utilizing genetic mouse model in which peroxisome proliferator-activated receptor 
gamma (PPAR gamma) genes are time-specifically ablated in astrocytes. In line of these 
findings, we also confirmed the direct involvement of hypothalamic astrocytes in the 
pathogenesis of obesity. Collectively, we argue an important role of hypothalamic astrocytes in 
the regulation of the whole body energy homeostasis. 
1 
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Abstract: Background: Adenosine has been implicated in mediating torpor in small mammals 
during hibernation or fasting. Adenosine has been known to elicit hypothermia for over 80 years. 
One mechanism of adenosine-induced hypothermia is proposed to be via adenosine A1 receptors 
(A1AR) in the nucleus of the solitary tract. In mice, adenosine also acts peripherally on A3 
receptors (A3AR) on mast cells, causing hypothermia from activation of histamine H1 receptors 
during a shock response. However, we observed that adenosine-induced hypothermia still occurs 
in mice lacking both A1AR and A3AR. Therefore, we tested if the other two adenosine receptors, 
A2AAR or A2BAR can mediate hypothermia. A2A agonists cause vasodilation and both A2AAR 
and A2BAR RNA are widely expressed, but there is little information on the possible role of 
A2AAR or A2BAR in regulating body temperature set point or causing hypothermia. 
Methods: Adenosine agonists were administered intraperitoneally (i.p.) or 
intracerebroventricularly (i.c.v.) and core body temperature and physical activity were monitored 
by telemetry in freely active mice. Wild type mice, mice lacking mast cells (KitW-sh/W-sh), and 
mice lacking A2ARAR, A2BAR, or A1AR + A3AR were studied. 
Results: We found that A2AAR agonists CGS-2160 (0.5mg/kg ip) and PBS-0777 (3mg/kg, i.p) 
are cause hypothermia in WT, but not and Adora2a1 -/- , Adora3 -/- mice. A2AAR agonist 
hypothermia was accompanied by severe hypometabolism and hypoactivity, resembling , a 
torpor-like state. CGS-2160 hypothermia is intact in KitW-sh/W-sh mice, demonstrating that mast 
cells are not required. and associated with reduced energy expenditure, reduced activity, and 
behavior in a temperature gradient test. PBS-0777 (0.03mg/kg i.c.v) caused hypothermia in 
Adora1 -/-, Adora3 -/- mice and suggests a centrally mediated mechanism. A2BAR agonist 
BAY60-6583 (1mg/kg ip i.p) causes hypothermia in WT , but not Adora2b-/- miceand Adora1-/-
, Adora3-/- mice via A2BAR. BAY60-6583 hypothermia is intact in KitW-sh/W-sh a mice and 
associated accompanied by with rreduced energy expenditure and , reduced aactivity, and 
behavior in a temperature gradient test. BAY60-6583 (0.004mg/kg icv i.c.v) caused hypothermia 
equivalent to a 250-larger ip dose, in Adora1 -/-, Adora3 -/- mice and suggestsconsistent with a 



centrally mediated mechanism. BAY60-6583 activated neurons in temperature and metabolism 
related regions of the brain as were visualized with c-fos immunohistochemistry. 
Conclusion: Adenosine agonists can cause hypothermia via A2AAR or A2BAR. Thus, agonists for 
each of the four adenosine receptors can independently elicit hypothermia in mice. 
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Abstract: Regular participation in physical activity is associated with a reported decrease in 
central-mediated fatigue, however, the precise mechanisms are not well understood. Adenosine 
is a product of cellular adenosine triphosphate (ATP) consumption and can act as a 
neuromodulator during metabolic demand. Adenosine signaling in the brain is known to play a 
significant role in the modulation of fatigue. Previous work from our group found that 6 weeks 
of wheel running potently reduces the adenosine 1 (AR1) & 2a (AR2A) receptor mRNA throughout 
the rat striatum. The purpose of this study was to determine if wheel running also reduces the 
expression of adenosine receptor protein in the striatum, as well as other brain areas where 
adenosine modulates fatigue behavior including the hippocampus, prefrontal cortex, and 
hypothalamus. Therefore, adult male C57BL/6J mice were individually housed with access to 
running wheels or in standard cages for 3 or 8 weeks. Following 3 and 8 weeks, mice were 
transcardially perfused with saline and paraformaldehyde. Immunohistochemistry was performed 
on thin brain sections to detected AR1 and AR2A. Brain sections will be imaged and densitometry 
will be performed to semi-quantitatively measure the density of adenosine receptors in brain 
regions. Data collection is underway. We hypothesize AR1 and AR2A expression will decrease 
across the all brain regions, as a result of peripheral increases of adenosine entering the brain 
during running. A widespread reduction in brain adenosine receptors may contribute to reduced 
sensations of fatigue in individuals that regularly exercise, and may have implications for the 
pro-cognitive and anti-depressant effects of exercise. 
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Title: Lateral but not medial hypothalamic AMPK activation occurs at the hypoglycemic nadir 
in insulin-injected male rats: Impact of caudal dorsomedial hindbrain catecholamine signaling 

Authors: *H. N. ALHAMAMI, K. P. BRISKI 
Univ. of Louisiana At Monroe, Monroe, LA 

Abstract: The hypothalamic energy sensor adenosine 5’-monophosphate-activated protein 
kinase (AMPK), an important regulator of counter-regulatory responses to hypoglycemia, 
responds to pharmacological manipulation of hindbrain AMPK activity. Dorsomedial hindbrain 
A2 noradrenergic neurons express hypoglycemia-sensitive metabolo-sensory biomarkers, 
including AMPK. Here, adult male rats were pretreated by intra-caudal fourth ventricular 
administration of the selective neurotoxin 6-hydroxydopamine (6-OHDA) to determine if 
catecholamine signaling from the aforesaid site controls hypothalamic AMPK activation during 
insulin-induced hypoglycemia (IIH). Animals were sacrificed at neutral protamine Hagedorn 
insulin-induced hypoglycemic nadir (coincident with A2 AMPK activation and regulation of 
dorsomedial hindbrain noradrenergic input to the hypothalamus) for micro-punch dissection of 
arcuate (ARH), ventromedial (VMH), paraventricular (PVH), dorsomedial (DMH) nuclei and 
lateral hypothalamic area (LHA) for Western blot analysis of AMPK, phospho-AMPK 
(pAMPK), and relevant metabolic neuropeptides. IIH elevated LHA and reduced VMH pAMPK 
protein, profiles that were respectively unchanged or increased by 6-OHDA. PVH and ARH 
pAMPK was resistant to IIH, but augmented in ARH of neurotoxin- plus insulin-treated rats. 
ARH neuropeptide Y (NPY) and pro-opiomelanocortin (POMC) proteins were correspondingly 
increased or refractory to IIH; 6-OHDA pretreatment normalized NPY and increased POMC 
expression after insulin injection. Results demonstrate site-specific (ARH/VMH) inhibition of 
pAMPK by dorsomedial hindbrain catecholamine signaling, causing normalized sensor activity 
in hypoglycemic male rats. It is unclear if these examples of sensor deactivation reflect enhanced 
local energetic stability by this hindbrain-to-hypothalamus communication. Catecholaminergic 
suppression versus stimulation of IIH-associated hypothalamic catabolic (ARH POMC/VMH 



steroidogenic factor-1) or anabolic (ARH NPY) neuropeptide profiles, respectively, may involve 
local AMPK-dependent against -independent mechanisms. 
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Abstract: Glucose counter-regulatory dysfunction correlates with impaired activation of the 
hypothalamic metabolic sensor adenosine 5’-monophosphate-activated protein kinase (AMPK). 
Hypothalamic AMPK is controlled by hindbrain energy status; we examined here whether 
hindbrain AMPK regulates hypothalamic AMPK and metabolic neurotransmitter maladaptation 
to recurring insulin-induced hypoglycemia (RIIH). Brain tissue was harvested after single versus 
serial insulin dosing for Western blot analysis of AMPK, Phospho-AMPK (pAMPK), and 
relevant biosynthetic enzyme/neuropeptide expression in micro-punch dissected arcuate (ARH), 
ventromedial (VMH), dorsomedial (DMH) nuclei and lateral hypothalamic area (LHA) tissue. 
The AMPK inhibitor compound c (Cc) or vehicle was administered to the caudal fourth ventricle 
ahead of antecedent NPH injections. RIIH caused site-specific elevation (ARH, VMH, LHA) or 
reduction (DMH) of total AMPK protein versus acute hypoglycemia; Cc respectively 
exacerbated or attenuated this response in the ARH and VMH. Hindbrain AMPK 
correspondingly inhibited or stimulated LHA and DMH pAMPK expression during RIIH. RIIH 
elicited Cc-reversible augmentation of VMH glutamate decarboxylase profiles, but stimulated 
(ARH pro-opiomelanocortin; LHA orexin-A) or decreased (VMH nitric oxide synthase) other 
metabolic neurotransmitters without hindbrain sensor involvement. Results demonstrate 
acclimated up-regulation of total AMPK protein expression in multiple hypothalamic loci during 
RIIH, and document hindbrain sensor contribution to amplification of this protein profile in the 
VMH. Concurrent lack of net change in ARH and VMH tissue pAMPK implies adaptive 
reductions in local sensor activity, which may/may not reflect positive gain in energy state. It 
remains unclear if ‘glucose-excited’ VMH GABAergic and/or ARH pro-opiomelanocortin 



neurons exhibit AMPK habituation to RIIH, and whether diminished sensor activation in these 
and other mediobasal hypothalamic neurotransmitter populations may contribute to HAAF. 
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Title: Fluoxetine-induced mitochondrial and molecular effects in the hypothalamus of overfed 
rats 
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Abstract: Obesity strongly contributes to the onset of chronic diseases as well as to higher 
morbidity and mortality worldwide. Specially at early ages, obesity have taken epidemic 
proportions. The energy imbalance linked to obesity is particularly mediated by mitochondrial 
dysfunction that represents one of the most inducers of the obesity pathophysiologic process. 
Several central regulators are involved in mitochondrial function like mitochondrial uncoupling 
protein 2 (UCP 2), that plays a key role in the central homeostatic mechanisms and reactive 
species (RS), and AMP-activated kinase (AMPK), that stimulates cellular catabolic pathways 
and mitochondrial biogenesis. Although obesity treatment with antidepressants like fluoxetine 
(also known as Prozac) has becoming clinically relevant, there are no scientific reports related to 
mitochondrial effects. With this our aim was to evaluate the effect of fluoxetine (Fx) treatment 
during 21 days (from 39 to 59 days of age) on mitochondrial and molecular parameters in the 
hypothalamus of overfed rats. To induce neonatal overnutrition, the primary litter size was 
reduced on the third day of life to 3 pups per litter (Small litters group-SL; n =8). In normal 
litters, the size was adjusted to 9 neonates per mother (Normal litters group-NL; n =9). The Fx-
treatment started with 39 days of age, using 10mg/Kg B.W. (i.p. injection) in male Wistar rats of 
both groups. At 60 days of age was evaluated mitochondrial oxygen consumption (MOC) at 
different states (St2-basal respiration; St3-ADP-stimulated respiration; St4-resting respiration; 
Vmax-uncoupled respiration) and the respiratory control ratio (RCR) with complexes I or II 
substrates; RS production with complex II substrates, AMPK and UCP 2 mRNA expression. 
Related to MOC analysis, the neonatal overnutrition induces reduction in St 3 (30%), increase in 
St 4 (44%) and reduction in RCR (59%) with complex I substrates. In addition, overnourished 



rats showed increased St 2 (92%) and St 4 (59), and reduction in St 3 (30%) and in RCR (36%) 
with complex II substrates. Fx-treatment reverted the effects of neonatal overnutrition in MOC 
with complex II substrates: decreased St 2 (32%), increased St 3 (46%), decreased St 4 (20%) 
and increased Vmax (53%); with improvement of RCR (75%) and tendency to reduction in RS 
production. Fx also increased AMPK and UCP 2 expression in overfed rats (170% and 146%, 
respectively). Our results suggest that Fx-treatment improves mitochondrial oxygen consumption 
in obese rats mainly by enhanced phosphorylation capacity and regulation of central energy 
metabolism. The present study received financial support from FACEPE. 
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Title: Non-monotonic effect of temperature on cortical-evoked potentials 
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Abstract: Body temperature interacts with various biological activities and shows fluctuations 
around the normal temperature. Although temperature plays an important role in the brain via 
numerous energy exchanges, few studies have investigated whether and how temperature 
modulates neural information processing. Given that the activity of proteins is monotonically 
(and mostly positively) correlated with temperature, it has been assumed that neuronal activity 
changes monotonically with the temperature. However, the brain is composed of various types of 
neurons (e.g. excitatory and inhibitory neurons) that interact with each other in a complex 
manner. Therefore, determining whether the effect of temperature on neural processing in vivo 
follows the previous assumption is important. 
To answer this question, we performed an in vivo rat experiment to examine how the temperature 
in a local brain area affects local field potentials. We delivered electrical stimulation to the 
ventral tegmental area (VTA) and measured the evoked potentials from the prefrontal cortex 
(PFC) using a silver ball electrode placed on the cortical surface. To control the temperature of 
the PFC, we developed a water heating/cooling system. A coil-shaped stainless steel tube was 



embedded inside the chamber on the PFC, and then temperature-controlled water flowed through 
the stainless pipe, regulating the temperature of the cortical surface via thermal conduction as the 
saline filled the chamber. During the experiments, we measured the temperature using a 
thermocouple thermometer inserted at a depth of 1 mm. The temperature prior to thermal 
regulation was ~27°C (initial temperature). 
In contrast to the previous assumption, temperature affected the amplitude of the evoked 
potentials non-monotonically. The effect on the amplitude was negatively correlated around the 
normal initial temperature (~20-35°C). The amplitude decreased as the temperature increased, 
whereas it increased as the temperature decreased. The amplitude was maximized at a 
temperature ~8°C lower than the initial temperature, and further cooling further decreased the 
amplitude. Administering Gabazine (a GABAA receptor antagonist) into the chamber eliminated 
the non-monotonic correlation effects on the amplitude, revealing the monotonically positive 
correlation. 
Our data suggest that the net amplitude of the evoked potentials decreases at higher temperatures 
because both not only excitatory but also inhibitory neurons are affected in a positively 
correlated manner. These findings suggest that a mediator exists to regulate the brain temperature 
and control neural activity. 
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Abstract: Classic Galactosemia (CG) is a rare genetic disorder affecting about 1 in 60,000 
newborns annually, with no treatment other than immediate removal of dietary galactose. Even 
with dietary restrictions, individuals with the loss of galactose-1-phosphate uridyltransferase 
(GALT) have many associated chronic complications. Chronic complications include cognitive 
disorders, ataxia, and decreased fertility. The current Drosophila melanogaster model of CG 
(GALTAP2) has allowed us to investigate behavioral consequences of the loss of GALT. In an 



attempt to more closely mimic the genetic changes in the human disease, we have generated two 
additional alleles (GALT3 and GALT4) in Drosophila through removal of the catalytic domain of 
GALT using CRISPR/Cas9. To better understand the connection between loss of GALT and 
reduced fertility, we investigated the courtship behavior of GALTAP2 and GALTC2 control flies. 
We continue to investigate GALT3 and GALT4 behavioral changes. We found a decrement in 
copulation latency in GALTAP2 flies. This provides a model for genetic and pharmacological 
intervention strategies in a genetic model of CG. 
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Title: Central role of melatonin on food intake and energy balance 
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Abstract: Feeding behaviour is under the control of several hypothalamic nuclei, many 
hormones and neurotransmitters regulate food intake. Melatonin (Mel), a hormonal mediator of 
photoperiodic information to the central nervous system, promotes energy homeostasis through 
the establishment of a proper energy balance. Its administration reduces food intake, body weight 
and abdominal fat in rodent models. In vitro, rhythmic Mel treatment synchronizes leptin 
secretion by adipocytes. However, the mechanism through which Mel reduces body weight is 
unclear. We aimed to investigate how Mel regulates energy intake and energy expenditure, 
promoting a proper energy balance. 
Male Wistar rats were assigned to Control, Control+Mel, Pinealectomized (PINX) and 
PINX+Mel groups. Mel (1mg/kg) was added to the drinking water exclusively during the dark 
phase for 13 weeks. Rats were subjected to a 24-hour fasting test, an acute leptin responsiveness 
test, cold challenge and circadian euthanasia. Western Blot and qPCR analyses were performed 
in hypothalamus and Brown Adipose Tissue (BAT). 
Mel treatment reduced food intake, body weight and adiposity. Response to fasting was 



unaltered in all groups. In the leptin responsiveness test, PINX rats showed no response on body 
weight, food intake or hypothalamic phosphorylation of STAT3 after acute leptin injection. 
mRNA analysis revealed a reduction of Agrp and Orexin expressions in the PINX+Mel group 
and an increase of Agrp, Npy and Orexin expressions in the PINX group. PINX rats had lower 
UCP1 protein levels in the BAT and lower thermogenic response to cold challenge. 
We showed that melatonin absence led to impaired acute response to leptin, pointing to a 
possible leptin resistance. On the other hand, in addition to reducing energy expenditure in BAT, 
melatonin treatment reduces orexigenic genes expression which leads to reduced food intake, 
body weight gain and adiposity in Mel treated rats, that may be mediated by a sensitization of 
leptin signalling pathway by melatonin. 
Funding: FAPESP 2015/26190-6 
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Abstract: High fat diets (HFDs) produce physiological and cognitive impairments, with 
symptoms including hyperglycemia, hyperinsulinemia and memory deficits. Most studies, 
however, fail to include female subjects, which prevents sexual differences to be characterized. 
Previous research from our lab has shown that unlike males, female rats fed a HFD do not 
develop hyperglycemia, and remain sensitive to exogenous insulin both peripherally and 
centrally (on CA1 pyramidal neurons, critical for memory consolidation). At the same time, 
endogenous concentrations of insulin are lower in HFD females than in controls, higher in HFD 
males than in controls, leading to development of insulin resistance. While CA1 neurons in both 



male and female rats have larger post-burst AHPs (reduced intrinsic excitability), male HFD 
neurons are insulin-insensitive, while female neurons maintain insulin sensitivity. Insulin is 
critical not only for transport of glucose and fatty acids, but insulin-signaling pathways also 
contribute to cognitive functioning and to memory. To assess potential sex-dependent reversal of 
cognitive deficits by intranasal insulin (or saline control), LE rats were fed a HFD chronically for 
10 or 15 wk from weaning, and spatial memory was assessed in an unrewarded spontaneous 
alternation task (SAT) after intranasal treatment. After 10 wk on the HFD, less severe memory 
deficits were observed in both male and female rats than after the longer duration on the diet. At 
10 wk, intranasal insulin treatment reversed these mild cognitive impairments in both male and 
female rats. By 15 wk on the HFD, when significant differences in circulating insulin and in 
insulin sensitivity are shown, intranasal insulin treatment is expected to improve cognitive 
function in females only. Differences in fasted blood glucose and in insulin-tolerance responses 
(time series measures of blood glucose pre- and post-intranasal insulin) are being assessed in 
control and HFD male and female cohorts after 10 or 15 wk on their respective diets, and 
corticosteroid and insulin concentrations in both plasma and cerebrospinal fluid are being 
measured to assess other treatment effects on the rats, on their behavior, and on their response to 
treatment. 

Disclosures:  N. Dos Santos: None. L.T. Thompson: None. 

Poster 

324. Energy Metabolism and Blood Brain Barrier 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 324.18/LL30 

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

Support: NIH grant R01 NS055031 

 NIH grant DP1 EB016985 

 NIH fellowship F32 NS080455 

 NIH fellowship F32 NS093784 

 NIH fellowship F32 NS100331 

Title: Neuronal stimulation triggers neuronal glycolysis and not lactate uptake 
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Abstract: Brain metabolism supports a variety of neuronal activities, ranging from neurons that 
constitutively fire action potentials, to neurons that remain silent most of the time but burst at 
very high frequencies upon stimulation. However, the metabolic pathways allowing neurons to 
cope with these large dynamic variations in energy demand are not fully understood. During 
brain excitation, the increase in cerebral blood flow and glucose consumption is almost ten times 
higher than the increase in oxygen consumption in the activated area. This mismatch indicates 
that the glycolytic conversion of glucose to lactate exceeds the rate of mitochondrial fuel 
oxidation. Although the increased energy demand occurs mainly within neurons, some have 
suggested this glycolysis occurs mainly in astrocytes, which then shuttle lactate to neurons as 
their primary fuel. Using the metabolic biosensor Peredox, expressed in dentate granule neurons 
from acute hippocampal slices, we find that neurons increase the cytosolic NADH/NAD+ ratio in 
response to synaptic or antidromic stimulation. These metabolic responses do not depend on 
astrocytic stimulation by glutamate release, nor do they require neuronal uptake of lactate, as 
revealed by an increased metabolic response in the presence of blockers for monocarboxylate 
transporters or the enzyme lactate dehydrogenase. Inhibition of glycolysis at the level of the 
enzyme GAPDH, significantly decreases the metabolic responses to stimulation. Our results 
suggest that this transient of neuronal glycolysis acts as a metabolic "first responder" to meet the 
increased energy needs of the stimulated neuron. 
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Abstract: The nucleus of the solitary tract (NTS) is a major sensory nucleus in the dorsal 
medulla that receives cardiovascular, visceral, respiratory, gustatory and orotactile information. 
It forms part of the dorsal vagal complex, which mainly regulates autonomic neural circuits. 
Ghrelin is a stomach-derived peptide hormone and its receptor, the growth hormone 



secretagogue receptor (GHSR), is a G protein-coupled receptor highly expressed in the brain. 
The NTS is known to express GHSR, but the identity and the physiological role of GHSR-
expressing neurons of the NTS are uncertain. In this study, we used a transgenic mouse model in 
which the enhanced green fluorescent protein (eGFP) is expressed under the control of the 
GHSR promoter (GHSR-eGFP mice) to perform a neuroanatomical and functional 
characterization of GHSR-expressing neurons of the NTS. We first mapped the neuroanatomical 
distribution of eGFP neurons within the NTS. Then, we explored the phenotype of eGFP neurons 
of the NTS using IHC against specific markers of neuronal populations known to be present in 
this brain area. In order to explore the physiological role of GHSR-expressing neurons of the 
NTS, we exposed GHSR-eGFP animals to different experimental protocols known to activate the 
NTS and to involve ghrelin signaling, and then we examined the pattern of expression of the 
marker of cellular activation c-Fos in eGFP positive cells. Overall, we found that GHSR-
expressing neurons were located throughout the extension of the NTS, but preferentially forming 
two clusters: one rostral, mostly comprising the ventral subnucleus, and one caudal, mostly 
involving the parvicellular subnucleus. We also found that a population of GHSR-expressing 
neurons is GABAergic. Finally, eGFP neurons of the NTS failed to show an increase in c-Fos in 
response to the experimental protocols performed to GHSR-eGFP mice. 
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Abstract: Mitochondria are dynamic organelles that perform several interconnected actions. In 
eukaryotic cells, mitochondria represent the most important ATP producer site and is the major 



source of Reactive Species (RS). In the brain, the high O2 consumption combined to its 
specialized characteristics, such as, prevalence of polyunsaturated fatty acid, amine content, RS 
production by monoamine oxidase and the presence of excitotoxic amino acids, make this tissue 
particularly vulnerable to RS damage. Hefty evidences have demonstrated that mitochondria 
dysfunction is the hub of several neuronal disorders. Studies suggest that mitochondria 
dysfunction in brainstem is involved in cardiovascular diseases (CVDs) due to the dysregulation 
of cardiovascular homeostasis and systemic blood pressure control by modulating the 
sympathetic vasomotor tone. Although equally harmful for both genders, mitochondrial 
dysfunction seem to be less severe on females. Evidence that estrogen plays a crucial role in 
protection is in line with the antioxidant function attributed to sex hormones. Previous study 
from our laboratory have shown that neonatal fluoxetine treatment may improve mitochondrial 
bioenergetics in different areas of the brain; however, until now there is a lack in the literature 
concerned to sex-related differences in mitochondrial bioenergetics and neonatal fluoxetine 
treatment. The treatment was carryout during the lactation time using 10mg/Kg B.W. (i.p 
injection) in female and male Wistar rats. Was evaluated body weight and brainstem 
mitochondrial oxygen consumption with complex I substrates, respiratory control ratio (RCR), 
RS production and Krebs cycle enzyme (i.e citrate synthase-CS activity). Our results showed that 
male has higher basal oxygen consumption, RS production and CS activity, but a tendency to 
show lower RCR. However, neonatal fluoxetine treatment significant increases ADP 
phosphorylation capacity, RCR, CS activity, in addition to a remarkable decrease in RS 
production. Our results suggest that neonatal treatment with fluoxetine positively modulates 
male’s mitochondria, decreasing the main factor responsible to mitochondrion and cellular 
damage, the reactive species in brainstem. The present study receives financial support from 
FACEPE. 
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Abstract: Glucose is the primary energy source for the brain and crucial for normal brain 
function. While in vivo imaging techniques may be used to assess where in the brain glucose is 
delivered, they do not provide information on how that glucose is metabolized. Knowledge of 
how glucose is utilized in specific brain regions is critical for understanding the mechanisms of 
diabetes-associated cognitive dysfunction, which is presumably being driven in part by recurrent 
hyper- and hypoglycemia. To generate a more comprehensive view of regional glucose 
metabolism we applied several molecular biology techniques to dissected brain regions, 
including immunohistochemistry, qPCR, western blotting and enzyme assays. In addition, 
measurement of multiple glucose metabolites across the brain, at a resolution of 100 microns, 
was performed using imaging mass spectrometry (IMS). By combining these techniques, we 
show clear differences in the regional fate of glucose in the brain, which are altered by the fasted 
state. Glucose can be metabolized by the glycolytic or pentose phosphate pathways. We show 
that there are low levels of hexose bisphosphate (a glycolytic intermediate) and high levels of the 
pentose phosphate pathway enzyme glucose-6-phosphate dehydrogenase (G6PD) in myelinated 
structures, such as thalamus. Conversely, the neuron-rich amygdala and cortex have low levels of 
G6PD, and high hexose bisphosphate as evidenced by IMS. The regional differences in 
glycolysis were not evident when comparing expression or activity of phosphofructokinase, the 
glycolytic enzyme responsible for generating hexose bisphosphate. Interestingly, ATP, the 
energy product primarily generated by glycolysis coupled to the TCA-cycle, was highest in 
several myelinated structures including the corpus callosum and internal capsule. Comparison of 
mice in the fed versus fasted state demonstrated similar regional differences in hexose 
bisphosphate and ATP but, a significant increase in lactate production in the cortex and 
amygdala was observed in the fasted state. These data demonstrate the importance of direct 
measurement of multiple metabolic intermediates across brain regions to determine the ultimate 
fate of glucose in health and disease states. IMS provides a powerful new tool for investigating 
the impact of changing glucose levels on brain homeostasis. 
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Abstract: Perinatal administration of high rich sucrose diet (HSD) is associated with obesity, 
dyslipidemia and hippocampal damage in rat offsprings. Oxidative stress has been associated 
with these alterations. Alpha tocopherol is a well known antioxidant. The present project focused 
on the effects of this antioxidant over the high rich sucrose diet exposed infant rats. Two weeks 
pregnant Wistar rats were supplied with plane water (Control) or 20% sucrose solution divided in 
three experimental groups: E1 (born in time) and E2 ( 2 days delayed births). The third group E3 
was supplied with sucrose solution with Alpha tocopherol (400U/100ml). Food, liquid solution 
ingested and body weight of dams and offsprings were determined twice by week. At 25 days of 
life the glucose, triglycerides and cholesterol were measured on blood samples. The controls 
animals drank around 40% liquid and the experimentals around 70%. The weight of the E3 
offsprings was the same than controls and the E1, E2 groups were elevated (P= 0.05). 
Experimental offsprings were hyperglycemic but not to a significant level. The triglycerides 
showed not significant increment in experimental offsprings. The cholesterol was elevated in the 
experimental groups with statistical significance (females P=0.05 and males P= 0.001). These 
results suggest an antioxidant activity of alpha tocopherol blocking obesogenic effect of sucrose 
solution but not dyslipidaemia. We considerate that the differences may be a result of some 
placental, mammary gland or blood brain barrier factors. 
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Abstract: Several lines of evidence implicate PACAP as an important regulator of central and 
peripheral components of the stress axes (Hashimoto et al, 2011). PACAP also acts as an 
important hormonal regulator of lipid and carbohydrate metabolism (Giodanetto et al, 2013; 
Gray et al, 2001; Tomimoto et al, 2004, 2008). PACAP proves to act through a PACAP-specific 
receptor PAC1R and VIP/PACAP shared receptors, VPAC1R and VPAC2R. Unlike VPAC1R 
and PAC1R, VPAC2R is found in adipose tissue (Wei et al, 1996; Delgado et al, 1999). PACAP 
effects, mediated via VPAC2R signaling, produces lipolysis (Akesson et al, 2003) and improves 
glucose-dependent insulin secretion and insulin sensitivity (Ma et al, 2015). However, the results 
of insulin tolerance testing (ITT) in VPAC2R-deficient (VPAC2R KO) mice, which appear 
different in males and females, are inconclusive (Asnicar et al, 2002). Therefore, VPAC2R KO 
and wildtype (WT) female mice were used to further study the role of VPAC2R in glucose and 
fat metabolism in female C57Bl6 mice (Harmar et al, 2002, Tan et al, 2015). Mean basal glucose 
values were significantly greater in VPAC2R KO vs WT after 8 hr ON fast but not after 5 hr 
morning and 11 hr ON fast. Results from GTT (11 hr fast ON; 2.0 g/kg glucose) and weak ITT 
stimulation (5 hr morning fast, 0.75 UI) showed no effect of genotype. However, with stronger 
ITT (8 hr fast, 0.5 UI), VPAC2R KO females showed less insulin sensitivity at 60 min post-
injection. Peak stress-induced hyperglycemia (immobilization, 1.5 hr) was more robust in 
VPAC2R KO mice vs WT: 320.6 and 229.8 mg/dL for KO and WT, respectively (p=0.019). The 
absence of group differences in stress-induced corticosterone levels suggests similar psychogenic 
stimulation however, VPAC2R KO but not WT showed greater stimulated plasma epinephrine 
(p<.05). The results suggest that abnormal VPAC2R gene expression may contribute to a 
diabetic phenotype that may be associated with increased sympathetic activity which has also 
been associated with PACAP signaling via PAC1R. The significance of intestinal permeability 
that may contribute to diabetic profiles was also examined (Turner, 2009). Mice received 60 
mg/kg FITC-dextran. VPAC2R KO and WT mice showed moderate but similar gut integrity. 
Therefore, altered gut function and/or permeability are not likely the cause of abnormal glucose 
metabolism in VPAC2R KO mice. At sacrifice, mean normalized levels of liver lipids were no 
different in VPAC2R KO vs WT but the former showed an apparent reduction in normalized 
brown adipose fat wt (BAT, p=.083). Liver Oil Red O was noticeably less in VPAC2R KO mice. 
These results indicate that VPAC2R activity in female mice may participate in glucose and fat 
metabolism. 
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Abstract: The brains energy demand is high as it accounts for about 20% of the body’s energy 
consumption, however only for about 2% of the total body weight. In humans glucose is the 
brains obligatory energy substrate and is almost fully oxidized. Oxygen and glucose are essential 
for the mitochondrial energy metabolism in order to generate energy in form of adenosine 
triphosphate through the oxidative phosphorylation. 
Cerebral hypoperfusion is characterized by a diminished blood flow through a tissue and 
strongly correlates with accelerated aging and advanced neurodegeneration. One of the most 
prominent features of hypoperfusion is glucose and oxygen reduction. Ischemia, tissue damage 
and poorly vascularized cancer can restrict oxygen supply leading to metabolic stress and 
potentially apoptosis. 
Enhanced autophagic activity buffer metabolic stress and also contribute in maintaining the 
cellular energy balance. Thus, changes in glucose and oxygen availability induce an adaptive 
response that may allow for extended survival. 
In our present study, we aimed to analyze the crosstalk between the energy homeostasis with 
autophagy in primary cortical neuronal culture. In silico pathway analyses revealed that several 
pathways including glycolysis, citric acid cycle, protein biosynthesis and mitochondrial electron 
transport chain are affected, apparent by changes not only in metabolite levels but also connected 
metabolite level ratios. In addition, cortical astrocytes contribute in the cellular adaptation 
towards glucose and oxygen reduction by enhancing glucose transporter protein levels. 
Moreover, the neuroenergetic needs are also counter balanced by significant changes in the 
autophagic degradation activity. 
Taken together, our results implicate that in primary neuronal cultures the neuroenergetic needs 
are compensated by altered major energy metabolism pathways associated with autophagy. 
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Abstract: Changes in local neural activity drive vasodilation and vasoconstriction of the cerebral 
vasculature, and understanding the cellular mechanisms of this control is important for 
interpreting hemodynamic signals. Previous work has suggested that activity of interneurons is 
the primary drivers of arteriole diameter changes (Cauli 2004; Uhlirova et al. 2016). To test the 
role of neural activity in manipulating vascular tone, we virally expressed DREADDs (Designer 
Receptors Exclusively Activated by a Designer Drug) pan-neuronally, or exclusively in 
excitatory neurons in the somatosensory cortex of awake mice, allowing us to bi-directionally 
manipulate neural activity. We assayed resting vascular tone and vascular responses to voluntary 
locomotion (Gao and Drew 2016; Gao, Greene, and Drew 2015) using two-photon microscopy. 
Suppressing the activity of all neurons caused a decrease in the resting diameter and a decreased 
hemodynamic response relative to vehicle injections, while suppressing the activity of only 
excitatory neurons had no effect. This work suggests that interneuron activity controls 
hemodynamic tone and responses during natural behaviors. 
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Abstract: Objective:Optical coherence tomography (OCT) allows label-free capillary imaging 
with high spatio-temporal resolution and can be utilized to understand the details of capillary 
dysfunction and small vessel disease. Capillary stalls were previously shown to occur in 
myeloproliferative disease models with increased circulation of red blood cells. In this work, 
using OCT microangiography, we studied the stall dynamics within cerebral microcirculation in 
awake healthy mice. Methods: C57BL/6 mice (4-6-month-old) with chronic cranial windows 
were trained to stay attached to a cradle. Imaging was done in trained mice without anesthesia 
and during rest. In each mouse, 600x600 μm areas were imaged, using a spectral-domain OCT 
system (Axial and transverse resolution: 3.5 μm, 10x objective). For each area, 60 angiograms 
were acquired with ~9 second interval. Raw data were processed to yield the maximum intensity 
projection images of capillaries. ~200 segments were observed in each region, 150-250 μm 
below the cortical surface. We manually counted stalling segments indicated by abrupt drops in 
intensity to get their prevalence, frequency and duration. Capillary RBC velocities were 
measured using dynamic light scattering OCT in CD1 mice (2-3 month-old) with acute windows, 
under isoflurane anesthesia. Results: In awake mice (n=7), 7.5±2.5% of all capillaries within the 
imaging area were stalling during any given 9 minute imaging period, each stall lasting for 15±5 
seconds. At each time point, 0.5+0.4% segments in a region were stalled. In areas with a higher 
prevalence of stalls, each segment was stalling more frequently and/or for a longer duration 
(R2=0.42). When imaging was extended to 18 min, more stalling segments could be detected, 



with ~70% of all stalling segments detectable within the first 9 min. When imaging was repeated 
after one month, stall incidence in the same cortical area remained constant and 45-50% of 
stalling capillaries were coincident in the repeated sessions. Segments with a higher stall 
frequency in the first session were more likely to be detected to stall during the next session 
(P<0.001). More than 80% of stalling segments were at the venous side of the microcirculation, 
with lower RBC velocities than nonstalling segments in the same cortical region (P<0.001). 
Conclusion: These data suggest that capillary stalls in the brain in awake mice are very frequent 
and consistent observations. These events can be imaged and quantified by OCT angiography in 
an extremely efficient manner. Investigation of the frequency, distribution and duration of 
capillary stalls can be a promising tool for a greater understanding of diseases of 
microcirculation. 
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Abstract: Blast mediated injuries from Improvised Explosive Devices are strongly associated 
with severe ocular morbidity and visual impairment and are the leading cause of combat-related 
injuries in Operation Enduring and Iraqi Freedom. Eye-related injuries cost an estimated $2.2B 
in medical care per year. Residual physical symptoms reported after blast exposure includes 
headache, nausea, light and noise sensitivity and visual disturbances, and visual outcomes from a 
direct closed-globe eye injury, or complications resulting from the Traumatic Brain Injury, are 
understudied. In this study, we documented both in vivo microvascular dysfunction in the retina 
as a function of a blast, but also explored the effects of a therapeutic intervention to halt/reserve 
the degeneration. The objective of this study was to determine if clinically available blood flow 
regulating drugs-currently not used to treat retinal damage-may serve to ameliorate retinal 



degeneration in those who experienced blast-related traumatic injuries. We used 80 mice split 
into three cohorts related to how long after the blast (7 days, one month or four months) they 
were studied and a control group. Our hypothesis is that when arterial flow is pathologically 
reduced, for example by ocular injury, all of the flow in the downstream capillary beds is 
reduced uniformly. We tested this hypothesis with Confocal Laser Endomicroscopy (CLE) in 
vivo imaging to examine the blood flow through the arteriolar vessels and into capillary beds. We 
used the same techniques that we have used before when studying epilepsy models in mice. This 
technique also identifies mural cells such as pericytes, which have the ultimate active control 
point for blood flow and regulate non-uniform blood flow in capillary beds. Dysfunctional mural 
cell-driven non-uniform blood flow can then lead to cell death due to the failure of local 
oxygenation gradients within the capillary bed. Our hypothesis concerning the mechanistic 
pathway of action of nitric oxide precursors (i.e. L-Arginine) is that they improve capillary blood 
flow and prevent ischemia/hypoxia by dilating arterioles and microvessels that would otherwise 
vasospasm or restrict due to TOI. CLE revealed a significantly different vasospasm rate among 
cohorts, which are postulated as deriving from mural cell dysfunction in TOI. 
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Title: Sex differences in changes in the vasculature of the subventricular zone niche with age 
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Abstract: In the adult brain, neurogenesis occurs in the subventricular zone (SVZ) lining the 
lateral ventricles, but declines markedly with aging. Blood vessels within the SVZ play a vital 



role in the neural stem cell niche by promoting proliferation, neurogenesis and guiding the chains 
of migrating neuroblasts. Here we sought to determine how the structure of this vascular stem 
cell niche differs between sexes and how it changes with age. Mouse SVZ wholemounts at 2, 18 
and 22 months were immunostained for laminin to label blood vessels and doublecortin to label 
neuroblasts. Using 3D computer-based image analysis, we assessed changes in vessel diameter, 
vessel tortuosity and organization of the neuroblast chains. In addition, we used uptake of EdU, a 
thymidine analog, to assess progenitor cell proliferation. We found that vessel tortuosity 
increases slightly with age, yet sex differences do not emerge until 22 months of age, when 
males have more torturous vessels than females. Vessel diameter in the SVZ changes with age in 
a sex-dependent manner. Young females have smaller vessel diameters than males, however, 
their vessel diameters increase between 18 and 22 months of age. Conversely, in males, vessel 
diameters steadily decrease with age. Thus, although young males start with larger vessels than 
females, by 18 months the males have smaller vessels, a difference that is exacerbated by 22 
months. With regard to the progenitor cells, the chains of migrating neuroblasts become 
disorganized and less linear at 18 months but surprisingly this organization improves by 22 
months, especially for the females. While both sexes show a decline in proliferation with age, as 
expected, females have significantly less proliferation than males at 18 months. In conclusion, 
we have found complex, sex-dependent changes in the SVZ niche vasculature with age that 
correlate with changes in proliferation of progenitor cells. 
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Title: Optogenetic stimulation of pericytes lacking alpha smooth muscle actin produces a 
decrease in capillary blood flow In vivo 
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Abstract: Vascular mural cells surrounding the cerebrovasculature are responsible for 
modulating blood supply in accordance with the metabolic demands of the brain. It is widely 
accepted that vascular smooth muscle cells on arterioles can regulate blood flow. However, 
whether pericytes can control blood flow at the level of capillaries remains highly debated. To 
test the hypothesis that pericytes throughout the capillary bed have the capacity to influence 
blood flow, we stimulated individual pericytes in vivo using two photon excitation of 
channelrhodopsin (ChR2), as done previously (Hill, et al. Neuron, 87(1):95-110, 2015). 
Although the PDGFRBeta-Cre promoter was used to drive ChR2 expression in both smooth 
muscle cells and pericytes, two photon optogenetics enabled spatially-precise stimulation of 
pericytes on capillaries and not vascular smooth muscle cells of upstream arterioles. 
Simultaneously, with the same two photon laser used for pericyte excitation, we measured 
capillary diameter and red blood cell velocity after labeling the blood plasma with intravenous 
fluorescent dextrans. We found that pericyte excitation for 60 seconds produced, on average, a 
~20% reduction in capillary diameter and blood cell velocity throughout the cortical 
microvasculature (1-9 branch points distal to the penetrating arteriole), which included territories 
that lacked alpha smooth muscle actin, a key component of canonical vascular contractile 
machinery. In addition, we found that blood flow remained halted in a large proportion of vessels 
(~40%) even 1 minute after stimulation. Importantly, identical stimulation parameters did not 
produce hemodynamic changes in control mice expressing cytosolic YFP or membrane-bound 
GFP in pericytes. Further, the observed decrease in vessel diameter and blood cell velocity in 
response to pericyte ChR2 stimulation was inhibited when we applied fasudil, a Rho kinase 
inhibitor and clinically-used vasodilator, to an intact dura. Our results suggest that pericytes, 
even those in territories without alpha smooth muscle actin, have the capacity to modulate blood 
flow. Considering that 20% diameter decreases and sustained stoppages in capillary flow are not 
typically seen with normal brain capillaries in vivo, our findings may provide new insight into 
how pericytes respond during pathologies such as stroke or traumatic brain injury (Yemisci, et al. 
Nat Med 15(9):1031-7, 2009; Hall, et al. Nature 508(7494):55-60, 2014). In these and other 
disease states, excessive depolarization of pericytes throughout the capillary bed may lead to 
poor brain perfusion. 
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Abstract: During the last decade, several sensors based on oxygen-dependent quenching of 
phosphorescence have been developed to measure brain oxygenation. Some of them can be 
combined to 2-photon microscopy to measure partial pressure of oxygen (pO2) at micrometer 
resolution in vivo.We used 2-photon phosphorescence lifetime microscopy (2PLM), in the 
olfactory bulb of anesthetized rodents, to measure vascular pO2 and flow in control conditions 
and during odor stimulation. The high spatial resolution of 2PLM revealed the presence of 
erythrocyte associated transients (EATs) in capillaries (Lecoq et al. 2011, Parpaleix et al. 2013) 
and allowed to determine the physiological values of pO2 in brain vessels and neuropil of awake 
mice (Lyons et al. 2016). All our data were acquired and analyzed with a custom-built software 
named Oxygen Extractor and written in LabVIEW and MATLAB. 
We describe here the experimental paradigms and the algorithms used by Oxygen Extractor to 
acquire data and calculate red blood cell (RBC) flow, hematocrit and pO2 at a chosen set of 
points in the brain. We have developed two data acquisition methods. The first one is a 
sequential method, where the 2-photon beam is parked at one point for a given acquisition time, 
and then moved to another point for the same acquisition time, and so on, until the whole set of 
points has been explored. The second one is a “quasi-synchronous” method that we call the 
“kinetic mode”. In this mode, the beam is moved from one acquisition point to another, every 
250-500 µsec, the whole sequence of points being repeatedly explored during the acquisition 
time. In addition to that, the laser power can be adjusted at each individual point. The analysis 
functions developed allow measuring the mean pO2 as well as pO2 as function of time or of the 



distance to individual RBCs (required to calculate EATs). Experimental data stress the 
importance of using pO2 calibration curves that accurately match the experimental in vivo 
conditions. Oxygen Extractor allows to incorporate such calibration curves, either provided by 
the chemists or built on site, i.e. below the objective. Finally, the Oxygen Extractor software will 
be accessible on our laboratory web site with all the information required to realize accurate pO2 

measurements in the rodent brain. 
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Abstract: The adult hippocampus continuously generates new dentate granule cells in response 
to ongoing neuronal activity within its circuits. A variety of external factors known to enhance 
adult neurogenesis, such as exposure to enriched environments (EEs), are also known to elevate 
the activity of mature dentate granule cells (DGCs). However, how hippocampus-related stimuli 
and behavior impact adult neurogenesis remains largely unknown. Given that the generation and 
integration of new dentate granule cells is metabolically costly, and that local blood flow dictates 
nutrient and oxygen supply, we hypothesized that DGC activity would directly recruit an 
increased local blood supply to support EE-induced enhanced neurogenesis. Here, we used a 
miniature microscope to detect both neuronal activity and local blood flow in micro-vessels 
simultaneously in the dentate gyrus (DG) of freely behaving mice. We discovered that the 
activity of DGCs is coupled to local micro-vessel hemodynamics. Interestingly, we observed a 
temporal delay of blood flow velocity elevation in comparison to the onset of increased neuronal 
firing. Furthermore, we found that the increase in blood flow paralleled the potentiation in 
neuronal activity, albeit with a more prolonged kinetic profile. Importantly, this increase of 
micro-vessel flow velocity was attenuated by both chemogenetic and pharmacological 
approaches, which preliminary evidence suggests may abolish experience-induced enhanced 
neurogenesis. Together, our results reveal a new mechanism whereby the adult hippocampal 



circuit regulates its local metabolic environment in conjunction with its neuronal activity to 
promote neurogenic homeostasis. 
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Abstract: BACKGROUND: The serine protease tissue-plasminogen activator (tPA), classically 
known for its role regulating fibrinolysis, is also expressed on the abluminal side of the 
vasculature in the CNS. Though tPA has been implicated in a variety of neurological processes, 
its intimate association with the vasculature and its activity-dependent release properties were 
shown to be coupled in a study demonstrating tPA-/- mice to have an attenuated functional 
hyperemia response following whisker-barrel stimulation. Recently, however, an analysis of the 
cerebral vasculature in adult tPA-/- mice demonstrated significant reorganization of vessel 
architecture, compared to their C57BL/6J wildtype littermate controls, with tPA-/- mice having a 
reduction in larger smooth-muscle covered vessels and an increase in smaller capillary blood 
vessels. 
OBJECTIVE: Therefore, to determine if the previously reported attenuated neurovascular 
coupling response is an indirect consequence of architecture or a direct consequence of tPA’s 
action, a statistical approach to modeling the cortical capillary morphometry and blood flow in 
wildtype and tPA-/- mice was taken. 
METHODS: To confirm the report of aberrant cerebrovasculature architecture in tPA-/- mice and 



to gather the necessary statistics for blood flow modeling, a more comprehensive vessel analysis 
was done using SeeDeepBrain (SeeDB) clearing technology. 500uM thick slabs of brain tissue 
were cleared from tPA-/- mice and their wildtype counterparts and vessel architecture was 
analyzed after doubly labeling the vasculature with a FITC-gelatin cast and a FITC-tomato lectin 
glycocalyx intercalating dye. 
To model blood flow, instead of using specific measured capillary cortical networks, statistics on 
capillary diameter, length, and blood flow were reproduced by creating an ensemble of 
bifurcating branching networks. 
RESULTS: In a preliminary analysis of vessel architecture, tPA-/- mice were found to have 
significantly more blood vessels than wildtype mice. In addition, baseline cortical blood flow 
measurements using laser speckle revealed tPA-/- mice to have a significantly higher basal rate of 
blood flow than their wildtype controls, which is consistent with the observed differences in 
vascular architecture and suggests that the denser capillary bed in tPA-/- mice results in a 
functionally elevated basal blood flow rate. 
CONCLUSIONS: This data will provide important insights into how the cerebrovasculature 
architecture can affect blood flow regulation, which has implications for the role attributed to 
tPA in neurovascular coupling. 
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Abstract: Major complications of diabetes include peripheral neuropathy and a breakdown in 
cutaneous microvascular circulation particularly affecting distal limbs (i.e. “stocking/glove”) 
resulting in loss of sensation, often accompanied by chronic pain, and in gangrenous 
deterioration requiring amputation. Yet, surprisingly little is known about the normal 
components and distribution of cutaneous microvascular innervation and how it affected during 
the onset and progression of diabetes. Herein, we used large skin specimens from the hands of 
aging Rhesus monkeys to conduct multi-molecular immunofluorescence microscopic profiles of 
the microvasculature and its innervation in normal monkeys and those that naturally developed 
type 2 diabetes. The non-vascular tactile innervation had previously been profiled in the same 
specimens (see Paré et al., J. Comp. Neurol. 2007, 501:543 for methodological details). Having 
profiled neurovascular pathologies in these large specimens, we used the same multi-molecular 
“ChemoMorphometric Analyses” (INTiDYN CMA) to profile the microvasculature and its 
innervation in small 3mm punch biopsies taken without consequence from the lateral margin of 
the foot in cohorts of nondiabetic human volunteers (n=16) and diabetic patients with painful 
(n=29) and non-painful (n=12) diabetic neuropathy (PDN vs NPDN) who had no imminent loss 
of skin integrity. Procedures were approved by the Albany Medical College IRB. Cutaneous 
microvascular arterioles, precapillary aretioles, and even capillaries have a well known extensive 
C-fiber sensory innervation that contains the potent vasodilatory peptides CGRP and Substance P 
whose role has mostly been attributed to normal anti-inflammatory responses. Otherwise, most 
normal vasoregulation has focused on vasoconstrictive action of noradrenergic sympathetic 
innervation, with vasodilatation largely viewed as passive under reduced sympathetic activity. In 
nearly all of the diabetic monkey and humans, nearly all of the CGRP innervation was absent 
first on the AVS and then on the arterioles regardless of the diabetes duration, beginning perhaps 
as early as metabolic syndrome. By contrast, the sympathetic innervation persisted even in long 
term diabetes. Moreover, the CGRP innervation increased among capillaries in the papillary 
dermis while a de novo innervation with cholinergic characteristics gradually appears among the 
precapillary arterioles. These results indicate that there are distinct functional subsets of CGRP 
that are uniquely vulnerable or persistent during the onset and progression of diabetes that could 
be targeted to prevent subsequent loss of skin integrity. 
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Abstract: On the basis of analysis the results of own acute and chronic experiments on rats and 
the published data the issues of adequate local blood flow changes in the brain, caused by 
changes in functional activity - a phenomenon known as coupling function - metabolism - blood 
flow is described. In particular, the issues of regulation of local cerebral blood flow in condition 
of so-called nonworking brain, in cases of sensory stimulation, functional loading, changes in 
emotional tension and motor activity. The correlation of local blood flow and electrical activity 
of the brain is also analyzed. The special attention is paid to the problems of maintenance of a 
homeostatic range of cerebral blood supply and caused by its breach the inversion of mentioned 
coupling and its transformation into a new one - blood flow - metabolism - function with 
possible disturbances in the functioning of the brain. 
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Title: Structural and hemodynamic comparison of synthetic and anatomical cerebral capillary 
networks 
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Abstract: A computational method is presented for generating 3D synthetic, random capillary 
networks which match the topological, geometrical and functional properties of the cerebral 



microcirculation. This enables production of larger capillary networks than can currently be 
extracted using high-resolution imaging modalities. These networks can then be coupled to 
lower-resolution data sets of whole-brain vasculature (capillaries unresolved) to model blood 
flow and mass transport, and to validate equivalent continuum/hybrid models. Another 
motivation is to reveal the dominant structural features of cerebral capillary networks, enabling 
us to tune these features to model different brain regions or pathological states such as 
Alzheimer's disease. Previous works (Linninger et al, Ann Biomed Eng, 2013; Su et al, 
Microcirc, 2012) lacked physiological basis, and although resulting networks conformed to 
expected global morphometric properties, they were not subjected to thorough topological or 
functional analysis. 
In contrast, our approach is based on the physiological assumption that the maximum separation 
of tissue cells from the nearest capillary is limited by the diffusion distance of oxygen (Lorthois 
& Cassot, J Theor Biol, 2010). Previously, synthetic, space-filling 2D networks were constructed 
by placing one point randomly in each cell of an n × n grid; from this set of points, Voronoi 
diagrams were extracted with the edges producing a 2D capillary network with mainly three 
capillaries per vertex, a characteristic feature of cerebral capillary networks. Here, we present a 
3D extension of this approach and compare the resulting structural and hemodynamic properties 
to those of anatomical cerebral capillary networks. 
In 3D, Voronoi diagrams produce polyhedrons with many capillaries at each vertex. To derive a 
network with only bifurcations, clusters of vertices were systematically merged and capillaries 
were then randomly removed. The resulting network structures were compared to capillary 
regions extracted from human and mouse anatomical data sets (Cassot et al, Microcirc, 2006; 
Tsai et al, J NeuroSci, 2009; Blinder et al, Nat Neurosci, 2013), showing excellent agreement. 
Geometrical metrics included the mean/S.D. of capillary lengths and edge/length/vertex 
densities. To measure the interconnected network topology, capillary loops were identified and 
the mean number of edges per loop, loop length, and number of loops per edge were compared. 
The spatial arrangement of capillaries was compared by studying the distribution of 
extravascular distances. Finally, the permeability was computed as a hemodynamic measure of 
blood flow conductivity. 
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Title: How do capillary occlusions impact brain microcirculation in Alzheimer's disease? 
Numerical Simulations and Experimental validation 
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Abstract: The most common form of dementia is Alzheimer's disease, making it a major health 
problem. While studied intensively, no cure or even clear diagnostic procedures have been found 
yet (Nelson JNEEN 2012). A recent study (Iturria-Medina Nat Com 2016) has shown that a 
significant decrease in blood flow arises in the onset of Alzheimer's disease. In vivo two photon 
microscopy of cortical vasculature in APP/PS1 mouse models suggests that the mechanism 
underlying this blood flow reduction is capillary occlusions due to leucocytes adhering to 
inflamed blood vessel walls (Cruz-Hernandez Neuroscience meeting 2016). However, these 
techniques generate massive amounts of anatomical and functional data that are difficult to 
interpret without proper theoretical and numerical frameworks. Here, we develop a model 
describing blood flow in large microvascular networks that accounts for complex blood rheology 
(hematocrit-dependent viscosity and non-linear phase separation at bifurcations, Pries Microvasc 
Res 1989). We validate it by comparison with in vivo measurements in mice and extrapolate the 
model to humans. We then quantify the impact of capillary occlusions on regional perfusion for 
both species. 
The numerical simulations, based on an iterative algorithm derived from Newton's fixed point 
method (Lorthois, Neuroimage 2011) are run in 4 post-mortem mice anatomical networks with 
more than 10,000 vessels each acquired by two-photon imaging (Tsai J Neuroscience 2009). For 
human we use a dataset composed of 300 µm thick slices (over 20,000 vessels per slice) acquired 
by confocal microscopy (Cassot Microcirculation 2006). We correct post-mortem vessel 
variations in both dataset using shape-preserving transformations based on available in vivo 
measurements. 
We validate our model and corrections by direct comparison with in vivo red blood cell velocity 
measurements performed in mice (Santisakultarm AJPHCP 2012, Taylor JCBFM 2016). We 
then investigate, for both humans and mice, the impact of an increasing percentage of capillary 
occlusions on regional perfusion, defined as the sum of flows in all arterioles supply the studied 
domain. We observe a clear linear dependence in both species, with similar slopes and no 
threshold effect. Our results imply that even a small percentage of occluded vessels (2-4%) yield 
a drastic reduction of regional perfusion (5-12 % in mice and humans), which is of the same 
order of magnitude as observed experimentally in APP/PS1 mice. Finally, we show that these 
slopes are controlled by the capillary network connectivity and spatial distribution of occlusions 
across the network, while only slightly affected by uncertainties on vessel diameters. 
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Title: Hypoxia-induced vascular responses in the adult mouse brain 
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Abstract: Mild continuous hypoxia is a phenomenon observed in several central nervous system 
(CNS) conditions including diabetic retinopathy, chronic hypoperfusion, and Alzheimer’s 
disease (AD). Pericytes, mural cells that cover capillaries, become dysfunctional and degenerate 
in ischemic stroke, diabetic retinopathy and AD. Pericytes are vital orchestrators of key 
neurovascular functions including blood-brain barrier (BBB) integrity, cerebral blood flow 
(CBF), and angiogenesis. Increased CBF and angiogenesis are physiological responses in brain 
elicited by a mild hypoxic state. The transcriptional regulation of these structural/functional 
hypoxic responses has never before been investigated in the adult brain, nor has its 
corresponding impact on brain microvascular health. Adult wild-type mice exposed to mild 
continuous hypoxia up to 21 days show a 60% increase in capillary diameter at day 3 and 53% 
increase in red blood cell velocity by day 7 in the somatosensory cortex using longitudinal 
multiphoton imaging. Immunohistochemistry reveals an increased regional rate of microvascular 
density, suggesting that some brain regions are more susceptible to mild hypoxia. Additionally, 
RNA-sequencing analysis of differentially expressed genes from brain microvascular cells after 
mild continuous hypoxia reveals significantly upregulated expression of the Gene Ontology 
categories including cytoskeleton reorganization, cellular response to stress, cell division, etc. 
Furthermore, since pericyte-deficient mice are reported to have disrupted oxygen availability and 



BBB dysfunction, pericyte deficiency is hypothesized to impair the normal physiologic response 
to mild continuous hypoxia in adult brains. Altogether, elucidating the transcriptional, structural 
and functional responses to mild continuous hypoxia in the adult brain is vital to inform 
therapeutic efforts to combat hypoxic insults and/or microvascular dysfunction in numerous CNS 
disorders such as diabetic retinopathy, chronic hypoperfusion, and AD. 
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Title: Perivascular macrophages mediate the cerebrovascular and cognitive dysfunction in 
DOCA-salt hypertension 
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Abstract: Hypertension (HTN) is a leading risk factor for stroke and dementia. About half of 
patients with HTN are salt-sensitive, and a high sodium diet is an additional risk factor for these 
devastating neurovascular diseases. Deoxycorticosterone (DOCA)-salt HTN is a recognized 
model of HTN driven by sodium retention and brain renin-angiotensin system (RAS) activation. 
However, it is unknown whether essential mechanisms regulating the cerebral circulation are 
altered in DOCA-salt mice, and, if so, whether these alterations are associated with cognitive 
impairment. To this end, C57BL/6 mice were implanted with 50mg DOCA pellets SQ and 
received 0.9% NaCl drinking water for 3 weeks. Cerebral blood flow (CBF) was measured in the 
somatosensory cortex by laser-Doppler flowmetry through a cranial window. DOCA-salt 
increased systolic blood pressure (BP; 148±3 vs 112±3 mmHg in controls; p<0.01), and 
attenuated the CBF increase induced by whisker stimulation (WS; 16.0±1.1 vs 22.4±0.6 %; 
p<0.01) or by neocortical application of acetylcholine (ACh; 13.5±0.9 vs 22.8±1.1 %; p<0.01), 
without affecting the response to the smooth muscle relaxant adenosine (p>0.05). This 
cerebrovascular dysfunction was associated with cognitive impairment shown by decreased 



exploration of the novel object (52.7±1.7 vs 71.6±1.2 % total exploration time; p<0.01) and time 
spent in the target quadrant during Barnes Maze (37.8±2.8 vs 49.9±1.6 sec; p<0.01). Perivascular 
macrophages (PVM) express AT1 receptors and Nox2, and, as such, may be a key source of 
radicals mediating the cerebrovascular effects of brain RAS overactivity. To test this hypothesis, 
brain PVMs were depleted by icv administration of clodronate (CLO) liposomes. BP was not 
affected by CLO in either control or DOCA mice (p>0.05). PVM depletion improved both novel 
object exploration time (p<0.01) and time spent in the target quadrant of Barnes Maze (p<0.05), 
while also restoring the CBF responses to both WS (DOCA-CLO 19.6±0.9%; p<0.05) and ACh 
application (DOCA-CLO 20.0±1.7%; p<0.05). Next, we tested whether reactive oxygen species 
(ROS) are involved in the cerebrovascular dysfunction. We observed a 45% upregulation in gp91 
mRNA expression in isolated cerebral vessels from DOCA mice, which was prevented by PVM 
depletion (p<0.05). Furthermore, application of the ROS scavenger MnTBAP rescued CBF 
responses to both WS (20.3±0.9%; p<0.05) and ACh (19.0±0.8%; p<0.05) in DOCA-salt HTN. 
We conclude that PVMs play an important role in the cerebrovascular and cognitive dysfunction 
of DOCA-salt HTN. PVMs may have a unique role in mediating the detrimental effects of HTN 
on the brain, and could therefore become a novel cellular target for therapy. 
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Title: Increased cerebral blood flow response due to specific optgenetic stimulation of 
parvalbumin positive interneurons 
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Abstract: Fast spiking parvalbumin positive (PV+) interneurons spike with a frequency up to 
200 Hz. The gamma activity in the brain (30-90 Hz) is an interaction between PV+ interneurons 



and pyramidal neurons, where synchronization of PV+ interneurons allows the pyramidal cells to 
fire within specific time intervals. Fast spiking is energy consuming and is therefore greatly 
dependent upon energy substrates supplied by the blood. We hypothesise that gamma activity per 
se induces cerebral blood flow (CBF) increases during states of increased neuronal activity and 
energy demand. 
3-5-month-old transgenic mice with channelrhodophsin-2 (ChR2) -expressing PV+ interneurons 
were used. The mice were stimulated in three ways: by whisker pad stimulation (15 s, 2 Hz, 1.5 
mV, 1 ms pulses), optogenetic laser light (473 nm, 15 s, 100 Hz, 2 mW, 7.5 ms pulses), and both 
simultaneously. Tissue partial pressure of oxygen, total extracellular electrical activity and CBF 
responses were monitored. Blockers of neuronal signalling were applied in the following order: 
MK-801 (300 μM) (N-methyl-D-aspartate receptor (NMDAR) blocker) + NBQX (200 μM) (α-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR) blocker); Gabazine 
(20 μM) (synaptic gamma-aminobutyric acid receptor (GABAR) blocker); and lastly, TTX (20 
μM) (tetrodoxin). 
Optogenetic stimulation of PV+ interneurons resulted in a CBF response independent of 
pyramidal neuron activation. MK-801 + NBQX abolished the CBF response to whisker pad 
stimulation as expected, but did not affect the CBF response to light stimulation. It also 
abolished gamma activity during all three stimulation types. Subsequent synaptic GABAR 
blockade augmented the CBF response to light stimulation. CMRO2 (cerebral metabolic rate of 
oxygen) responses to optogenetic stimulation paralleled the CBF responses. All responses were 
abolished when TTX was applied. Light stimulation alone induced much less gamma activity 
than either whisker pad stimulation or simultaneous light + whisker pad stimulation. 
We found that CBF and CMRO2 responses to light stimulation of PV+ interneurons are 
dependent on neuronal events, but are not dependent on NMDAR and AMPAR activation or on 
gamma activity. NMDAR + AMPAR blockade disrupts gamma activity by inhibiting pyramidal 
neuron activity and thereby the interaction with PV+ interneurons. When synaptic GABA was 
blocked, CBF and CMRO2 responses to light and light + whisker pad stimulation increased, 
possibly due to decreased inhibitory tone. We conclude that PV + interneuron activation but not 
gamma activity is necessary and sufficient to induce CBF and CMRO2 responses. 
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Abstract: Improving the cholinergic neurotransmission reduces the symptoms of AD. Thus, 
modulating the cholinergic system through muscarinic receptors could be a viable option for 
developing new treatments for Alzheimer’s disease (AD). Recently published literature suggests 
that positive allosteric modulator of muscarinic M1 receptor causes cholinergic side effects, 
which may limit their clinical use. SUVN-I6107 is one of our lead M1-PAM. It was evaluated 
for its binding potential at the orthosteric and allosteric site of muscarinic receptors and its ability 
to potentiate the effect of acetylcholine in the reporter gene assay. The pharmacokinetics and 
brain penetration was evaluated in rodents. The efficacy of SUVN-I6107 was evaluated in 
animal models of cognition. The effect on the modulation of soluble amyloid precursor protein-α 
(sAPP-α) was studied in rat cortex. Effect on the neuronal oscillations was evaluated in 
combination with donepezil. Cardiovascular safety was assessed using the patch clamp 
technique. The cholinergic side effects were evaluated in mice and dogs (gastro intestinal transit 
and salivation). SUVN-I6107 is a M1-PAM with no agonistic activity. It has good selectivity 
over closely related muscarinic receptor subtypes M2 to M5. It has adequate water solubility, and 
was found to be orally bioavailable (67%) in rats with good brain penetration and free fraction. 
SUVN-I6107 reversed the time as well as scopolamine induced memory deficit in the object 
recognition task. It also potentiated the effects of donepezil and promoted non-amyloidogenic 
APP processing in rats. SUVN-I6107 also enhanced the cerebral blood flow in rats. At the 
therapeutically effective dose, SUVN-I6107 potentiated the effects of donepezil on elicited 
hippocampal theta levels in rats. SUVN-I6107 did not affect the colonic/ gastro-intestinal transit 
in rats or dogs. No notable changes were observed in the salivation. SUVN-I6107 was found to 
be safe when tested in hERG patch clamp assay and in early stage animal toxicity studies. 
SUVN-I6107 demonstrates robust efficacy in animal models without cholinergic side effects 
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Abstract: Dopaminergic neurotransmission modulates sensory process, but the effects of the 
antipsychotics which is known as a dopamine antagonist on the sensory modulation were still 
controversial. Since the fMRI research in schizophrenia field increases rapidly, it is critical to 
examine the effect of commonly-used antipsychotics haloperidol to neurovascular coupling and 
BOLD fMRI. Haloperidol was introduced into rats either acutely (0.2mg/kg, I.V) or chronically 
(consecutive 21 days 0.2mg/kg per day, I.P), and electrical forepaw stimulation (1.0-1.5mA, 
10Hz, 0.1ms, 2-5sec) was performed under isoflurane anesthesia (~1.5%). We measured evoked 
CBF (cerebral blood flow) response using LDF (laser Doppler flowmetry) in the primary 
somatosensory cortex (S1), BOLD fMRI to determine blood oxygen level changes. To eliminate 
the effects of physiological changes due to drug administration, physiological measurements 
including body temperature, blood pressure, and heart rate were observed carefully during entire 
experiments. No significant physiological change was detected. Acute haloperidol administration 
did not change baseline CBF in S1, but increased evoked CBF in S1 to the somatosensory 
stimulation. Interestingly, evoked CBF response in the chronic group was not increased as much 
as that in the acute group. Similar observation was detected in the fMRI BOLD experiment. To 
determine whether the change in vascular responses observed in acute haloperidol administration 
is related to neural activity, we are currently measuring local field potentials in S1. Our initial 
results show that the effect on the sensory modulation of dopamine antagonist haloperidol is 
closely dependent on the frequency of drug usage, as implicated in the previous 



electrophysiology studies. BOLD fMRI in schizophrenia should be carefully interpreted in the 
context of type, dose, and frequency of antipsychotic drugs. 
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Title: Noradrenergic modulation of neurovascular coupling in awake behaving mice 
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Abstract: Hemodynamic signals are widely used to infer neural activity in functional brain 
imaging techniques (e.g., fMRI). Our previous work (Huo et al., 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 mechanistically understand this 
decoupling. We hypothesized that neuromodulatory input, specifically a noradrenergic (NA) 
vasoconstrictory signal, interact with neural activity-driven vasodilation to shape the 
hemodynamic response. Here, we investigated the NA modulation of neurovascular coupling by 
measuring hemodynamic responses (intrinsic optical signal imaging) and neural activity (multi-
laminar linear electrode arrays) to voluntary locomotion in awake, head-fixed mice. 
Noradrenergic tone was decreased or increased by systemic administration of antagonists of α1- 
(prazosin) and α2-adrenoceptors (atipamezole), respectively. Compared to vehicle controls, 
cerebral blood volume changes during locomotion were increased by prazosin in both the frontal 
and somatosensory cortices, while atipamezole decreases the amplitude the locomotion-related 
response in the somatosensory cortex. These results suggest that in addition to local vasodilatory 
signals released from neurons and astrocytes, changes in neuromodulatory tone (especially 
noradrenergic tone) play an important vasoconstrictory role in shaping hemodynamic signals 
during behavior. Furthermore, laminar neural activity distribution in the somatosensory cortex 
shown that increasing NA tone decreased local spiking in layer II/III, while decreasing NA tone 



increased local spiking in layer II/III, both at rest and during locomotion. These results further 
suggest that the NA modulatory effects on hemodynamic signals are due to a cortical layer-
specific modulation of neural activity. 
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Abstract: Early brain injury (EBI) following subarachnoid hemorrhage (SAH), which refers to 
the acute injuries to the whole brain before onset of delayed cerebral ischemia, is the most 
important contributor to poor outcome in patients with SAH. EBI is characterized by a severe 
reduction in cerebral blood flow suggesting alterations on the level of cerebral small vessels. The 
early vascular injury in small vessels after SAH demonstrated a rapid change in structure, 
however, vasoactive dysfunction via potassium channels is unclear. This study was therefore 
conducted to clarify whether SAH induced immediate potassium channels dysfunction in rat 
experimental SAH model. The institutional animal ethics committee in Shinshu University 
School of Medicine approved all experimental protocols for this study. In this study, SAH was 
induced using a blood injection method into the cisterna magna of male rat, and saline injection 
models were also made. Sham surgery rats as control received the same surgical procedures 
except for the injection. Rats were sacrificed at 1 hour after SAH, saline injection and sham 
surgery. The penetrating arterioles from the middle cerebral artery were isolated, cannulated and 
pressurized. Vessel diameters were recorded by computer-aided videomicroscopy. After 
development of vascular tone, to investigate the ATP-dependent potassium channels function, 
the activator pinacidil was applied. The penetrating arterioles from SAH and saline injection 
models developed significantly more tone compared with the arterioles from sham. The ATP-
dependent potassium channels activator significantly dilated the penetrating arterioles from sham 
surgery rats. The vasodilatory responses to the activator were attenuated in SAH rats but not 
saline injection rats. In conclusion, ATP-dependent potassium channels may inactivate 



immediately after SAH, and the dysfunction may be induced by acute increased intracranial 
pressure. These results provide a background to understand the early vascular injury after SAH. 
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Abstract: Intracellular Ca2+ ([Ca2+]i) signaling in cerebral artery endothelial cells coordinates 
smooth muscle cell relaxation facilitating cerebral blood flow. However, studies of endothelial 
function are limited by the presence of confounding factors (e.g., perivascular nerves, blood 
flow, hormones) arising from intact blood vessel applications. Also, isolated cells in culture 
manifest significantly altered morphology and ion channel expression relative to physiological 
conditions. The aim of the current study was to characterize intact vascular endothelium freshly 
isolated (≤1 hr of being within the animal) from middle and posterior cerebral arteries of Young 
(4-7 mo), Middle (13-16 mo), and Old (24-27 mo) male and female C57BL/6 mice (n ≥ 5; 
continuous superfusion of PSS at pH 7.4 & 37°C). Using Fura-2 photometry (~100 cells), we 
tested the hypothesis that aging increases the magnitude of cerebral endothelial [Ca2+]i responses 
in response to a physiological G-protein coupled receptor agonist (ATP) and the oxidizing agent 
H2O2. A cerebral endothelial tube varied in length from 0.5 to 3 mm, whereby diameter was not 
significantly altered with age (Young: 108±12 µm, Middle: 105±7 µm, Old: 120±7 µm; mean ± 
SEM) or gender. With resting [Ca2+]i in the range of 100 nM to 300 nM, increases in [Ca2+]i 
were typically up to ~500 nM during treatment with the purinergic receptor agonist ATP (100 
µM, 5 min) and highest at µM concentrations following H2O2 (200 µM, 15 min). With general 
trends (P>0.05) for greater increases in females vs. males across age groups, ∆[Ca2+]i to ATP and 
H2O2 peaked at middle age (P<0.05; ≈ two-fold vs. Young) and decreased by ≈30% (P>0.05) in 
Old. These data suggest that middle age sets the stage for enhanced [Ca2+]i signaling, thereby 
increasing the Ca2+ homeostasis burden of internal organelles (ER and mitochondria). Further, 
intracellular measurements of Vm during respective treatments demonstrated hyperpolarization of 
membrane potential (Vm) across groups consistent with activation of small- and intermediate- 



Ca2+-activated K+ channels (or SKCa/IKCa) with NS309 (∆Vm of -5 mV to -50 mV from a resting 
Vm of ≈-30 mV to -40 mV). As [Ca2+]i and oxidative signaling modulates SKCa/IKCa activity and 
vasodilation, these findings provide insight into endothelial cell regulation of cerebral blood flow 
with advancing age and the potential development of neurodegenerative disease. This work has 
been supported by NIH grant R00AG047198 (EJB). 
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Title: Uncovering the contribution of cortical interneurons to neurovascular coupling - an 
optogenetic approach 
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Abstract: Neurovascular coupling is a vital brain mechanism ensuring that neuronal energy 
demands are met by dynamic changes in local blood flow. This mechanism underlies functional 
neuroimaging techniques such as BOLD fMRI and may be dysfunctional in neurodegenerative 
diseases. 
Inhibitory interneurons have previously been shown to induce vasodilation and constriction in 
the brain1,2,3, thus making them a potential cellular driver of neurovascular coupling. 
Furthermore, interneuron dysfunction has been implicated in a number of neurodegenerative 
diseases4,5,6. 
We have combined a cell-specific optogenetic approach with 2-dimensional optical imaging 
spectroscopy (2D-OIS) and electrophysiology in anaesthetized mice to investigate how two 
populations of cortical interneurons (those expressing somatostatin or NOS) contribute to 
neurovascular function. Using transgenic mice expressing channelrhodopsin-2 within these 
neuronal subpopulations enables neuronal activation by light with high spatial and temporal 
specificity. Light activation was performed with and without somatosensory stimulation. Evoked 



cortical surface haemodynamic changes were measured concurrently with neural activity as a 
function of cortical depth, allowing us to define the roles of somatostatin-expressing and NOS-
expressing interneurons in neurovascular coupling in the healthy brain. 
By understanding the influence of these cells on normal network physiology and haemodynamic 
correlates we can not only begin to decipher how interneurons may contribute to disease 
processes but also improve our ability to interpret perfusion-based neuroimaging signals. 
References: 
1. Cauli B., et al. (2004) J. Neurosci. 24: 8940-9 
2. Cauli B. & Hamel E. (2010) Front. Neuroenergetics 2: 9 
3. Uhlirova H., et al. (2016) Elife 5: e14315 
4. Schmid LC., et al. (2016) Neuron 92: 114-125 
5. Shetty AK & Bates A (2016) Brain Res. 1638: 74-87 
6. Zhang W., et al. (2016) Nat. Neurosci. 19: 557-9 
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Abstract: Active manipulation of brain temperature is routinely used for cerebral protection 
during brain surgery and is being investigated as a therapeutic intervention for various 
pathologies, such as to reduce the effects of seizures in drug-resistant epilepsy or for the 
prevention of seizures following traumatic brain injury. However little is known of the effects of 
temperature changes on brain physiology, especially perfusion-related mechanisms which are 
often disrupted in neuropathological conditions. To address this research gap, we used a multi-



modal neuroimaging approach to investigate neurovascular coupling in the brain of the urethane-
anesthetized rat under normothermia and hypothermia. Intrinsic cortical temperature changes 
were assessed initially during normothermia, with neural and hemodynamic changes evoked 
through sensory stimulation (16s, 5Hz, 1.2mA), graded hypercapnia (5 and 10%) and recurrent 
acute focal neocortical seizures induced by infusion of 4-aminopyridine (4-AP, 15mM, 1μl). 
Concurrent neural activity was recorded alongside cortical temperature, tissue oxygenation, 
blood flow and hemoglobin concentration. Cortical temperature was found to increase 
significantly (p < 0.01) during sensory stimulation (0.19±0.02ᵒC), 5% hypercapnia 
(0.89±0.11ᵒC), 10% hypercapnia (1.46±0.19ᵒC), and recurrent seizures (1.78±0.08ᵒC). A novel 
system was developed to accurately manipulate the temperature of the cortical surface via 
superfusion of fluid across a thinned cranial window overlying the somatosensory cortex. 
Temperatures were maintained above and below normal physiological levels (6 to 40ᵒC), while 
simultaneously recording neural and hemodynamic changes. Early findings suggest a complex 
interplay in stimulus evoked neuro-vascular coupling responses across different temperatures. A 
slowing of the onset of stimulus evoked functional hyperaemia was observed for smaller 
reductions in cortical temperature (~20ᵒC), with attenuation of neural and hemodynamic 
responses observed during greater levels of cooling (~10ᵒC). Ongoing work will involve the 
induction of seizures by infusion of 4-AP, followed by cortical hypothermia at a range of 
temperatures. These findings uncover both the temperature shifts occurring in response to 
neurovascular changes and the neurovascular alterations which occur during active temperature 
manipulation. This offers insight into the route of function of various hypothermic therapies and 
will be relevant to the interpretation of pre-clinical functional neuroimaging data in health and 
disease. 
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Abstract: The pituitary gland (PG) plays the central role in the endocrinological function of the 
central nervous system. The hormones secreted by the PG include somatotrophin (HGH) and 
oxytocin, which are associated with growth and body weight. However, the relation between 



body weight and PG-brain interaction remains unclear. Here, we aimed to isolate the functional 
connectivities of the PG that are associated with body weight, using resting state functional 
magnetic imaging (rsfMRI) data. Using enhanced Nathan Kline Institute-Rockland Sample, 
rsfMRI data from 495 individuals were analyzed to assess functional connectivity of the PG in 
voxel-wise fashion. The pituitary gland ROI was manually defined in the MNI 2mm space 
centered approximately at [MNI: 0, 2, -32] (Figure 1: Red). A negative correlation was found 
between pituitary gland functional connectivity and BMI in eleven different brain regions 
including posterior thalamus, lingual gyrus, precuneus, right superior temporal gyrus, right 
middle temporal gyrus, right pallidum, hippocampus, pons, orbitofrontal cortex, left temporal 
pole, and left inferior frontal gyrus (Figure 1: Blue). Our results show that disconnectivity to 
these regions is associated with higher BMI, implicating that the connectivity between these 
regions and PG may regulate body weight maintenance, including feeding behavior and growth, 
and may contribute to obesity. 
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Abstract: Great efforts are being made to understand the causal mechanisms of and treatments 
for obesity. Bombesin-like receptor 3 (BRS3) is an orphan G protein-coupled receptor expressed 
in multiple hypothalamic regions and a few other sites in the brain and in the periphery. The 
global Brs3 knockout mouse is obese, with increased food intake and reduced resting metabolic 
rate, body temperature, and heart rate. To dissect the functions of Brs3, we developed two 
conditional mouse models, floxed Brs3 and loxTB-Brs3, which allow selective deletion or 
restoration of Brs3, respectively. These mice were bred with existing mouse lines to investigate 
the necessity and sufficiency of Brs3 in glutamatergic (Vglut2-Cre expressing) and GABAergic 
(Vgat-Cre expressing) neurons for regulation of energy homeostasis. Mice with Brs3 ablation in 
Vglut2, but not Vgat, neurons became obese on high fat diet (HFD), and showed reduced effect 
of the BRS3 agonist MK-5046 to inhibit food intake and increase metabolic rate. Conversely, 
mice with selective restoration of Brs3 in Vglut2 neurons had normalized food intake and wild-
type levels body weight on the HFD. Restoration of Brs3 in Vgat neurons did not alter the obese 
phenotype, resembling that of the global knockout. Similarly, restoration of Brs3 in Vglut2, but 
not Vgat, neurons, recovered the ability of MK-5046 to inhibit food intake and increase resting 
metabolic rate. The effects of Brs3 deletion and restoration in chow-fed mice were generally 
consistent with, but milder than those observed in HFD-fed mice. The mice with increased 
adiposity typically had worse glucose tolerance and insulin resistance, consistent with an effect 
of the increased fat mass. These data demonstrate that the Brs3 located in Vglut2 neurons is both 
necessary and sufficient to maintain normal food intake, body weight and adiposity, metabolic 
rate and insulin sensitivity. In contrast, Brs3 in Vgat neurons (and other places) appears to be 
neither necessary nor sufficient for regulation of these aspects of energy homeostasis. 
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Abstract: Free-ranging populations of non-human primates (NHPs), like humans, live in 
dynamic social environments where managing both resources and relationships is crucial for 
survival. Because such environments are difficult to reproduce in a laboratory setting, free-
ranging NHP populations provide a potentially powerful model for understanding how genetic 
and environmental factors shape complex phenotypes. However, genetic variation in many 
complex phenotypes is driven by small contributions across many genetic variants, which require 
large sample sizes to estimate reliably. Free-ranging NHP populations for which genetic 
information is available may be too small to identify the effects of individual genetic variants 
using traditional approaches. This poses an obstacle for identifying specific neurobiological 
genetic pathways that contribute to a particular phenotype. Here we take an alternative approach 
by using recently developed computational methods that increase statistical power by 
aggregating effects across large numbers of genetic variants within pathways or gene sets of 
interest. These methods are sometimes known as “realized relatedness” analyses, as they use 
genomic data to examine overall genetic similarity between individuals and compare it to 
phenotypic similarity. By allowing genetic similarity in different regions of the genome to 
contribute differentially to a phenotype, it is possible to identify specific gene sets or pathways 
that contribute to the phenotype. 
We investigated whether this approach could be used to uncover neurogenetic pathways that 
contribute to complex phenotypes in a large, free-ranging population of rhesus macaques 
(Macaca mulatta) on Cayo Santiago Island, for which large amounts of genetic, behavioral, and 
morphological data are readily available. We focused on obesity-related morphological 
phenotypes, including height, weight, and abdominal and subscapular skinfold thickness, as 
obesity is a pathology with neurological influences that is highly heritable in humans. In order to 
measure genome-wide and pathway-specific genetic similarity, we generated whole genome 
sequences for 217 individuals and identified over 19 million single-nucleotide variants. We 
assessed overall heritability of these morphological phenotypes as well as the specific 
contributions of neurobiological gene sets that have been implicated in obesity in humans, 
namely gene sets involving neurotrophin, hedgehog, and glutamate signaling (Locke et al, 2015). 
These methods may provide a path towards using free-ranging NHP populations to study the 
neurobiological basis of complex behaviors such as sociality. 
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Abstract: Nicotine, the primary psychoactive component of tobacco smoke, has been well 
documented to have weight-reducing properties in rats and mice, and similar effects are seen 
with other drugs that target the nicotinic acetylcholine receptor (nAChR). Moreover, we recently 
reported that drugs that selectively desensitize the nAChR containing the ß2 subunit, such as 
Sazetidine-A (SAZ-A) exert robust weight reducing effects in rats and mice (Hussmann et al., 
2014; Dezfuli et al., 2016). One purpose of the present study was to further test the involvement 
of ß2-containing nAChRs as a major receptor-mediated mechanism by which nicotine lowers 
body weight and suppresses feeding. To this end, we investigated whether or not chronic nAChR 
blockade (functionally akin to chronic receptor desensitization) via the use of the selective α4β2 
nAChR competitive antagonist dihydro-beta-erythroidine (DHßE) produces weight-reducing 
effects similar to SAZ-A. An additional goal of the present study was to test the hypothesis that 
endogenous tonic activity of nAChRs containing the ß2 subunit drives a state of positive energy 
balance characterized by weight gain. To test this hypothesis, we characterized the body weight 
phenotype of 8-week old male mice with conventional knockout of the ß2 subunit (ß2-/-) in 
comparison to littermate controls (ß2+/+) over a 7-week monitoring period. Results from the 
present studies demonstrate: (a) DHßE robustly suppresses weight gain in C57BL6/J mice fed a 
high fat diet, in comparison to saline treated controls [F (10,150) = 2.26, p<0.05] without any 
concomitant change in dark-cycle locomotor activity, and (b) 8 week-old male ß2-/- mice have 
significantly reduced weight gain in early adulthood compared to littermate controls [F (2,115) = 
6.47, p<0.01]. Together, these findings indicate a potentially prominent role for nAChRs 
containing the ß2 subunit as intrinsically active regulators of body weight. Furthermore, these 
studies highlight the nAChR containing the ß2 subunit as a potential new drug target site for 
obesity pharmacotherapy. 
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Abstract: Abnormal dopaminergic signaling in the striatum has been repeatedly associated with 
obesity. Clinical investigations have outlined changes in dopamine 2 receptor (D2R) availability 
within the striatum in obese individuals, although the direction of such changes remains 
controversial and may depend on the severity of the obesity phenotype. In addition, numerous 
animal investigations have shown that obesity and/or high-fat diet (HFD) feeding can cause a 
reduction in striatal D2R binding and expression. Yet it remains unclear whether preexisting 
changes in striatal D2R levels can per se promote the development of obesity. Recent work has 
shown that D2R knock-out in indirect-pathway medium spiny neurons (MSNs) reduces 
locomotion but does not lead to obesity, nor does it affect food intake or energy expenditure in 
mice, even when fed HFD. In our study, we made the opposite hypothesis, postulating that an 
upregulation of D2R in MSNs may increase vulnerability to obesity. This was based on recent 
clinical work suggesting that genetic propensity for greater dopamine signaling may predict 
future weight gain in lean or modestly obese individuals. We used a transgenic mouse model 
where D2R levels were specifically upregulated within the striatum; in all MSNs, but not in 
cholinergic neurons or interneurons. We showed that D2R-overexpression (D2R-OE) robustly 
increased body weight gain and body fat when fed high fat diets as compared to control mice. 
We also identified multiple metabolic impairments in D2R-OE mice in the form of glycemic 
intolerance, hyperlipidemia and hyperinsulinemia. Because striatal D2Rs have been implicated in 
abnormal reward behavior and eating, we speculated that obesity vulnerability in D2R-OE mice 
may be due to increased food intake. Surprisingly, D2R-OE mice were hypophagic. They did, 
however, demonstrate early reductions in energy expenditure following HFD feeding, which 
were followed by later decreases in daily locomotor activity, supporting the idea that energy 



output, rather than input, was causing obesity. We then wondered whether increased obesity in 
D2R-OE mice was due to ongoing elevated activity of striatal D2Rs in adulthood or whether it 
may emerge as a result of developmental overexpression of D2Rs. We therefore restricted 
overexpression of striatal D2Rs to development, and showed that this manipulation was in fact 
sufficient to promote obesity. Overall, these findings indicate that striatal D2R upregulation may 
be causally implicated in the development of obesity, and may do so through developmental 
mechanisms. This work should provide a better understanding of the clinical observations 
linking striatal D2Rs and obesity. 
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Abstract: Ghrelin is a gut peptide hormone that increases food intake and adiposity. The 
orexigenic effects of ghrelin depend on binding to its endogenous receptor, the growth hormone 
secretagogue receptor (GHSR). The GHSR is highly expressed throughout the peripheral and 
central nervous system, and in particular within the hypothalamus, a region of the brain 
important in homeostatic processes. Two regions within the hypothalamus, the dorsomedial 
hypothalamus (DMH) and ventral premammilary nucleus (PMV), show GHSR expression, yet 
the effects of ghrelin on these regions remains to be elucidated. The DMH is important for many 
energy balance processes, such as regulating brown fat thermogenesis, food intake, circadian 
rhythms, and the generation of the stress response, while the PMV is thought to be an integrative 
centre, owing to its responsiveness to reproductive, metabolic, and social signals. The current 
experiments aim to identify how altering GHSR signaling in the DMH, or the PMV, alters 
metabolic processes in mice. In experiment 1, male C57BL6J mice were equipped with a 
minipump filled with either saline, the GHSR antagonist JMV 2959 (2 μg/day/28days) or ghrelin 
(10 μg/day/28days) attached to a cannula aimed at the DMH (AP 1.55mm, ML 0.25mm, and DV 
5.25 mm). Following surgery, food intake and body weight was monitored for a week before 
animals were housed in metabolic chambers for 48 hours to determine differences in metabolism 



using indirect calorimetry. They were then allowed a recovery period before being tested for 
glucose clearance using the glucose tolerance test (GTT). The same design was used in 
Experiment 2, but this time, cannulae were aimed at the PMV (AP 2.45mm, ML 0.3mm, and DV 
5.4mm). Our results show that infusions of ghrelin into the PMV but not the DMH affects fuel 
utilization, while infusions of ghrelin into the DMH but not the PMV affects body weight and fat 
accumulation. Overall, these results suggest that while GHSR signaling is important for energy 
homeostasis in both the DMH and PMV, specific metabolic effects are selectively mediated in a 
region-specific manner. 
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Abstract: Obesity levels present an urgent public health challenge. The extensive sympathetic 
innervation of adipose tissue provides a target for treatment. This innervation regulates energy 
liberation from adipocytes. We have identified a putative protein, integral in the regulation of 
lipolytic events, the p75 neurotrophin receptor (p75NTR). This protein is expressed in several 
tissue types and binds a wide variety of neurotrophins. A lack of p75NTR was previously shown 
to reduce weight gain in response to a high fat diet by increasing the rate of energy liberation 
from fat stores. Here, we show that mice deficient in p75NTR lose less weight due to restricted 
caloric intake. This data suggests p75NTR modulates energy homeostasis and does not solely 
upregulate lipolysis. We aim to understand the mechanism by which p75NTR maintains energetic 
homeostasis. To elucidate the cell-specific function of p75NTR, we subjected conditional 
knockouts of p75NTR, in sympathetic neurons and adipocytes, to caloric restriction and analyzed 
their weight loss. Additionally, the rate of norepinephrine turnover was shown to differ in mice 
deficient in p75NTR; this begins to elucidate the mechanistic role of p75NTR in our weight-loss 
resistant phenotype. The understanding of neural mechanisms underlying energetic homeostasis 
in adipose tissue suggests the possibility for neuromodulation as an avenue for weight control via 
alteration to energetic homeostasis. 
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Abstract: Acute glucose deficit is a potentially lethal condition. Hindbrain catecholamine (CA) 
neurons are required for elicitation of protective responses to acute glucose deficit, as shown by 
selective immunotoxin lesions, localized gene silencing and localized nanoliter injections of the 
glucoprivic agent, 5-thioglucose. However, whether selective activation of CA neurons is 
sufficient to elicit these responses is not known. In addition, questions remain regarding the 
regional distribution of neurons that mediate specific glucoregulatory responses. To address 
these questions, we virally transfected a Cre-dependent designer receptor exclusively activated 
by a designer drug (DREADD) construct, AAV2-DIO-hSyn-hM3D(Gq)-mCherry, at one of 4 
rostrocaudal levels of the VLM in Th-Cre transgenic rats: rostral C1 (C1r), middle C1 (C1m), the 
area of A1 and C1 overlap (A1/C1) and A1. Transfection was highly selective for CA neurons at 
each injection site. We measured feeding, blood glucose, glucagon and corticosterone (Cort) 
responses to activation of transfected CA neurons following systemic injection of the DREADD 
receptor agonist, clozapine-N-oxide (CNO). Glucagon was not significantly elevated by CNO in 
any transfected rat. Feeding was increased in rats transfected at C1r, C1m or A1/C1 sites. Cort 
secretion was elicited most effectively in rats transfected at A1/C1 or C1m. Neither feeding nor 
Cort responses were elicited from A1 transfected rats. Blood glucose was not increased in any of 
these single-site transfected rats, but was increased in rats transfected simultaneously at two 
adjacent sites (C1m and C1r). Consistent with the blood glucose results, CNO increased c-Fos 
expression in the spinal intermediolateral column and adrenal medulla only in rats transfected at 
both C1m and C1r. These results reveal for the first time that selective activation of C1 CA 
neurons is sufficient to increase feeding, blood glucose and Cort secretion, even in the absence of 
glucoprivation. The results also suggest that CA neurons mediating blood glucose responses are 



sparsely but widely distributed in rostral half of C1, while those mediating feeding and Cort 
secretion are continuously distributed along C1, but are concentrated in the caudal and middle 
C1. 
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Title: The glucose sensitivity of mesencephalic cells: Effect on tyrosine hydroxylase regulation 
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Abstract: Different lines show that the expression of preferences for highly palatable foods 
depends on the gastrointestinal and/or metabolic effects produced by caloric foods. It remains to 
be determined how the central nervous system converts the sensing of metabolic signals into 
behavioral preferences. Previous studies show that the midbrain dopaminergic system is a central 
mediator of food preference formation, given its critical role in the expression of normal feeding 
behaviors. It is thus of great interest the identification of the physiological pathways allowing the 
midbrain dopaminergic system to sense metabolic post-ingestive effects. Our results show that 
cultured dopaminergic neurons are highly sensitive to glucose levels. Exposing cultured murine 
mesencephalic neurons to hypoglycemic media, or to the glucose anti-metabolite 2-DG, 
suppressed dopamine levels. Moreover, we show in adult mice that intraperitoneal injections of 
glucose, but not of 2-DG, 30 minutes after were sufficient to increase the phosphorylation of 
tyrosine hydroxylase residues Ser40 (2.4-fold) and Ser31 (1.5-fold), molecular events critical for 
dopamine synthesis. Finally, increases in Ser40 phosphorylation levels were closely associated 
with increases in blood glucose levels induced by the intraperitoneal injections. Our results 
suggest that midbrain dopaminergic regions may be activated by metabolic stimuli such as 
increased glycemic levels. 



Disclosures:  Y. Paes Colli: None. D. Beckman: None. L.E. Santos: None. S.T. Ferreira: 
None. F. de Mello: None. I.E. De Araujo: None. R.D. Reis: None. 

Poster 

326. Metabolism Control and Obesity 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 326.10/NN13 

Topic: F.10. Food Intake and Energy Balance 

Support: NIH R01DK102918 

 Brazilian National Council of Technological and Scientific Development-CNPq 

Title: Long-term sucrose consumption increases excitability of NPY neurons in the arcuate 
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Abstract: Obesity has been a major world-wide public health problem for the past 40 years 
associated with co-morbidities such as hypertension, type 2 diabetes, dyslipidemia, heart disease 
and stroke. Although caused by excessive food intake, obesity is associated with dysfunction of 
appetite circuits in the brain, especially in the arcuate nucleus of hypothalamus (ARH), that 
regulate energy balance. We previously demonstrated that high fat diet (HFD) is associated with 
increased spontaneous firing in ARH NPY neurons, independent of weight gain. High sugar 
intake is also associated with obesity and diabetes. This study investigated the effect of high 
sugar intake on both mouse metabolic parameters and the excitability of ARH NPY neurons in 
acute brain slices using whole cell current clamp. Male hrGFP-NPY mice were maintained on 
control chow diet, and given either regular drinking water or water containing 10% sucrose (w/v) 
starting at 6 weeks of age and continuing for 12 weeks (long term) or 2 days (short term). 
Analysis of food and water intake in the 12 week sucrose cohort revealed that although these 
mice drank significantly more water, there was no difference in food intake, resulting in an 
overall increased calorie intake, although this was not associated with a significant increase in 
body weight. In both the glucose and insulin tolerance tests, the sucrose group had elevated 
blood glucose compared to controls, consistent with a pre-diabetic state. To determine the impact 
of increased sucrose consumption on neuronal excitability, we used whole-cell current clamp to 
assess the electrical properties of ARH NPY neurons. We found that 12 weeks of sucrose water 
was associated with depolarization of the membrane from -65.82 ± 7.31 mV (control) to -55.94 ± 
1.44 mV (sucrose) with no change in input resistance (995.1 ± 109.5 MΩ (control) to 917 ± 157 



MΩ (sucrose)). Sucrose intake was also associated with an increase in the spontaneous firing 
frequency from 0.1972 ± 0.1929 Hz (control) to 1.128 ± 0.2089 Hz (sucrose), with a 
corresponding decrease in interspike interval following long term exposure. Unlike HFD, we 
found that 2d of sucrose water had no impact on resting membrane potential, input resistance, or 
spontaneous firing rate. Taken together, these data suggest that long term high sugar intake leads 
to a pre-diabetic state and to a significant increase in spontaneous firing in NPY neurons without 
obesity. 
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Abstract: Estrogens act in brain and the periphery to mediate a variety of functions, including 
energy metabolism and reproduction. For example, lower levels of circulating estrogens in 
postmenopausal women are associated with increased fat weight and risk for developing heart 
disease and type II diabetes. These anorectic effects of estrogens have also been shown in 
rodents by our lab and others. Ovariectomized mice become obese when fed a high-fat diet 
(HFD), while treatment with 17β-Estradiol (E2) prevents this HFD-induced obesity. Leptin, a 
peptide hormone encoded by the ob gene, is released from adipocytes and acts as a satiety signal 
in the hypothalamus. Mice with a mutation of the ob gene (ob/ob) do not produce leptin and 
develop metabolic disorders such as obesity and diabetes. The gut microbiome, which consists of 
bacteria in the intestines that aid in digestion, has been implicated in obesity and disorders 
related to the gut-brain axis such as anxiety and depression. The present study tested the 
hypothesis that E2 and leptin modulate the gut microbiome of female ob/ob mice fed a HFD. 
ob/ob (obese) mice and heterozygote controls (Het; lean) were ovariectomized and implanted 
with capsules containing E2 (50 μg) or oil (Veh control) to form four groups: 1) ob/ob E2, 2) 
ob/ob Veh, 3) Het E2, and 4) Het Veh. After four days on a standard diet, the mice were 
switched to a HFD for 31 days. Throughout the study, food intake and weights were measured 



and fecal samples were collected. Over the course of the experiment, E2 treated mice weighed 
less and consumed less food than their Veh counterparts. Additionally, ob/ob mice had a lower 
percent weight gain than Het mice, despite a greater food intake than Het mice. To explore the 
association between the differences in weight gain and food intake to changes in the gut 
microbial composition between the groups, fecal samples were sequenced for the 16S rRNA 
gene. We found that E2 treatment was associated with lower species evenness compared to Veh 
mice, while the ob/ob genotype was associated with lower species richness compared to Het 
mice. Phylum level analysis showed that Bacteroidetes was more abundant in E2-treated mice 
than Veh mice whereas Firmicutes was more abundant in Veh mice compared to E2-treated 
mice. Genotype also affected relative abundance such that the phylum Actinobacteria and the 
class Clostridia (phylum Firmicutes) were less abundant in ob/ob mice than Het mice. Our 
results reveal that both E2 treatment and the ob/ob genotype influence the gut microbial 
composition of female mice fed a HFD. Understanding the role of E2 and leptin in modulating 
the gut microbiota will aid in developing treatments for metabolic disorders including obesity. 
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Abstract: Epidemiological studies estimate that greater than 60% of the adult US population 
may be categorized as either overweight or obese. There is a growing appreciation that the 
complications of obesity extend to the central nervous system (CNS) and result in increased risk 
for neurological co-morbidities like depressive illness. Given the hypothesized role of serotonin 
(5-HT) in the pathogenesis of depression, it is possible that decreases in brain 5-HT efflux are a 
mechanistic mediator of depressive illness in obese patients. We previously demonstrated that 
rodents with a phenotype that is consistent with features of the metabolic syndrome (MetS) 
exhibit depressive-like behaviors. To determine whether alteration in 5-HT neurochemistry may 
provide a potential underlying neurochemical basis for these behavioral changes, we combined 
two complimentary approaches, namely in vivo microdialysis and in vivo fast-scan cyclic 
voltammetry, to measure basal levels of 5-HT, increases in hippocampal 5-HT following 
administration of the selective serotonin reuptake inhibitor (SSRI) fluoxetine and hippocampal 
serotonin reuptake kinetics in control and obese rats. Neurochemical analyses determined that 
obese rats exhibited decreased basal 5-HT levels and diminished hippocampal 5-HT efflux 
following fluoxetine SSRI administration in the hippocampus when compared to control rats. 
Collectively, these data support the hypothesis that deficits in hippocampal 5-HT neurochemistry 
are a shared feature between depressive illness and metabolic disorders. Additionally, results 
identify pharmacological differences that provide a mechanistic basis for the decreased efficacy 
of SSRIs in the treatment of depressive illness in obese individuals. 
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Title: Alternate-day fasting compared to calorie restriction in lean and obesity-prone rats 
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Abstract: Obesity, characterized by an excessive amount of body fat, is steadily increasing 
despite the many diet and exercise programs available today. This is problematic as obesity 
increases the risk of developing many diseases such as cardiovascular disease, cancer, and 
diabetes. Here, weight loss was investigated using a contrasting rat model of obesity and 
leanness: obesity-prone rats (low-capacity runners, LCR) and the more physically active lean rats 
(high-capacity runners, HCR). Our past studies found that during 50% caloric restriction, lean 
rats lost proportionally more fat than the obesity-prone rats. An alternative diet strategy was then 
investigated where 16 male rats (n=8/group) underwent 7 weeks of intermittent fasting (IF), with 
food being removed every-other day, and an ad libitum diet provided on non-fasting days. Body 
composition was measured weekly, and body weight and food intake were measured daily with 
minimal disruption of daily sleep/activity cycle. The goal of intermittent fasting was to induce 
loss of fat in the obesity-prone rats. With IF, the obesity-prone rats lost twice as much fat and 
body weight compared to the lean rats, with relatively little reduction in lean mass. Results were 
consistent with previous data from female rats, but contrasted with prior findings where weight 
loss was induced using 50% calorie restriction. Compared to calorie restriction, IF conserved 
lean mass while enhancing fat loss. These results suggest that IF may be a potential strategy for 
reducing weight in the obese and obesity-prone. 
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Abstract: Introduction: Obesity and excessive amounts of fat in the liver have been associated 
with poorer learning, memory and executive functions. The mechanisms by which this effect 
happens, are not well elucidated. We want to address this problem in young children. This 
interest lays behind the fact that disorders in initial stages of life affect adulthood. The specific 
objective of the work presented here was to identify changes in cognitive neuroimaging data 
obtained with magnetic resonance techniques (resting states and diffusion imaging) and correlate 
them with blood and urine chemistry as well as psychological testing and fatty liver anatomical 
measurements. This way the bigger question of the mechanisms underlying poor memory and 
learning in obese people, might be partially addressed. Materials & Methods: The brain of 160 
children (ages from 7 to 9 years old) divided in three groups (normal, over weighted and obese) 
were studied with MRI. Two neuroimaging techniques were applied (resting states and diffusion 
weighted imaging). Also, fat measurements of pancreas and liver were added, in which position 
and amounts of ectopic fat were measured. These measurements were complemented with 
cognitive testing of each subject (depression, WISC-IV, WCST, Rey-Osterreith and auditory, 
verbal memory:word from ENI). To all these measurements we addedd blood tests in which 
standard measurements (cholesterol, glucose, red and white cell counts, etc.) as well as more 
specific inflammatory particles (cytosines) were obtained. Results & Discussion: Preliminary 
findings showed there were differences in-between children groups for the resting state networks 
related to reward, as well as the default mode network and the sensorimotor network. Diffusion 
measurements showed differences in white matter microstructure as shown by changes in 
fractional anisotropy measurements. As mentioned before, these are preliminary findings. When 
cognitive as well as blood test data are included we hope to have a broader and more complete 
description of the mechanisms underlaying poorer learning and memory. 

Disclosures:  B. De Celis Alonso: None. S.S. Hidalgo Tobón: None. P. Dies Suárez: 
None. J.M. Hernández López: None. E. Moreno Barbosa: None. P. So: None. J. Bell: None. 

Poster 

326. Metabolism Control and Obesity 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 326.15/NN18 

Topic: F.10. Food Intake and Energy Balance 

Support: UIUC Psychology Department 
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Neurosci. & Psychology, Univ. of Illinois At Urbana-Champaign, Champaign, IL 

Abstract: Obesity poses a great world-wide health care burden due to its associated comorbid 
health conditions. Health programs aimed to alleviate the menace of obesity tend to promote 
lifestyle changes that include the adoption of rigorous aerobic exercise regimen, and reduced 
intake of fatty/sugary foods. Unfortunately, not enough attention has been directed at the 
contribution of alcoholic beverage to the metabolic syndrome. This stems in part from the 
conflicting reports in the literature of how alcohol affects appetite, weight maintenance, and 
diabetes care. We previously reported that dose, administration route, and time course of blood 
ethanol concentration (BEC) dictate how alcohol affects appetite and body weight in rats. Here, 
we further probed the link between chronic moderate ethanol consumption, emotional-like and 
cognitive behaviors, and glucose metabolism in rats. We hypothesized that chronic moderate 
alcohol consumption will (1) be associated with depression- and anxiety-like behaviors and 
cognitive deficits during abstinence; and (2) impair glucose metabolism during an oral glucose 
tolerance test (OGTT). We exposed adolescent male and female rats to 7.5h/day (Mon – Fri) 
access to saccharin-sweetened 10% ethanol for 8 weeks, followed by intermittent (Mon, Wed, 
Fri) access to 20% unsweetened ethanol in a 2-bottle choice drinking paradigm for 6 weeks 
(EtOH). A free-feeding control group received water (CTL). The average body weight of a 
second control group that received water was matched to that of the EtOH group via mild food 
restriction (BW_Match). During abstinence, all rats were submitted to sucrose preference, 
elevated plus maze (EPM) and novel object recognition (NOR) tests. BECs were measured from 
tail blood collected after 1 and 3 h access periods in a separate group of male and female rats 
given sweetened 10% ethanol. The ethanol intake dose correlated significantly with BEC. Rats 
attained BEC of ~ 50 mg/dL after 1h ethanol access, and the BEC was maintained around this 
level at the 3h sampling time point. Furthermore, EtOH rats compensated for calories from 
ethanol (7 kcal/g) and reduced their chow intake, and their resulting body weight did not differ 
from that of their respective CTL group. Performance in sucrose preference, EPM and NOR tests 
did not differ between the EtOH and control groups. Results of the OGTT revealed that EtOH 
male rats required more insulin to clear blood glucose - a sign of insulin insensitivity. Such effect 
was not observed in females. This landmark study showed that chronic moderate alcohol 
consumption can have negative metabolic consequences in the absence of overt behavioral 
deficits. 
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Abstract: Several studies have reported that menopause causes a greater perception to painful 
stimuli and an increase in adipose tissue, which promotes a greater body weight gain compared 
to men. Additionally, it is known that weight gain is related to changes in the perception of pain; 
however, its mechanism is not clear. Objective. The aims of this study were to analyze the 
behavioral responses of hypoestrogenic overweight Wistar rats to thermal stimuli and to analyze 
the leptin and interleukin-1β levels in this population. Methods. Animals with hypoestrogenism 
induced by bilateral ovariectomy were used. Animals received either a hypercaloric diet (30% 
sucrose) or regular water with standard laboratory food ad libitum for 4 weeks; the thermal 
nociception and body weight were measured during this period. Four weeks after treatment, the 
interleukin-1β and leptin levels and the abdominal fat weight were measured in both groups. 
Nociception was assessed using the “Plantar test”. Results. Overweight ovariectomized Wistar 
rats displayed significantly higher body weight and abdominal fat weight than did the control 
group. A hyperalgesic response was observed in animals fed sucrose. Thermal latency was also 
significantly decreased during the 4th week in these animals compared to that of controls. There 
were no differences in leptin levels, but the interleukin-1β levels were altered between groups. 
Conclusions. Our data indicate that increased body weight, abdominal fat and increases in 
interleukin-1β are associated with the hyperalgesic responses observed in ovariectomized 
overweight female rats. 
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Title: Characterizing glucose-sensing neurons in the amygdala 

Authors: *K. DEVARAKONDA1, S. STANLEY2 
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Abstract: Dysfunction of blood glucose produces health problems with profound consequences. 
In humans, the CNS plays a vital role in glucose metabolism. The medial and basomedial 
amygdalar nuclei contain neurons that alter their firing in response to physiological changes in 
glucose concentrations and express glucokinase, an enzyme thought to act as a glucose sensor in 
the CNS. However, little is known about the anatomy and function of these neurons. To better 
understand how glucose-sensing neurons in the CNS may contribute to the regulation of 
metabolic function, we have identified neurochemical markers for amygdala GK neurons, 
characterized their response to altered glucose, and mapped their circuitry. 

Disclosures:  K. Devarakonda: None. S. Stanley: None. 

Poster 

326. Metabolism Control and Obesity 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 326.18/NN21 

Topic: F.10. Food Intake and Energy Balance 



Support: Swedish Society for Medical Research (SSMF) scholarship for postdoctoral training 

 NIH grant U01 MH105941 

 ADA grant 1-17-ACE-31 

 Einstein-Mt. Sinai Diabetes Research Center Pilot and Feasibility award 

 Alexander and Alexandrine Sinsheimer Scholar Award 

Title: Pancreatic projections of glucose sensing CNS neurons 

Authors: *A. ALVARSSON, M. BAYNE, S. STANLEY 
Diabetes, Obesity and Metabolism Inst., Icahn Sch. of Med. At Mount Sinai, New York, NY 

Abstract: The central nervous system (CNS) plays a complex role in the control of metabolic 
functions. CNS glucose-sensing neurons respond to blood glucose levels and orchestrate 
counterregulatory responses to hypoglycemia. Although several brain regions are known to form 
synaptic connections with metabolic organs, the specific roles of glucose-sensing neurons in 
such projections have not yet been established. Glucose-sensing CNS neurons appear to 
constitute distinct neuronal populations that mediate different physiological functions, but 
previous studies have been hampered by low expression levels of the glucose sensor glucokinase 
(GK). However, a recently generated transgenic mouse with cre-recombinase expression in GK-
expressing neurons (GK-cre/Rosa-tdTomato mice) allows mapping of GK expression. Here we 
performed retrograde tracing studies to identify neural pathways involving GK-expressing 
neurons innervating the pancreas using GK-cre/Rosa-tdTomato mice. A pseudorabies virus 
(PRV) expressing green fluorescent protein (GFP) was injected (5x100 nl) into the pancreas of 
GK-cre/Rosa-tdTomato mice via a Hamilton syringe. Four to eight days after PRV-GFP 
injections the mice were perfused and the brains dissected and sectioned. Immunohistochemistry 
was performed to amplify the GFP signal of neurons infected by the PRV. Stained brain sections 
were mounted for quantification using an optical microscope. The numbers of PRV-GFP 
infected neurons and neurons with overlapping GK and GFP labelling were quantified. GFP 
labelling was found throughout the hypothalamus, midbrain, hindbrain and cortex. Overlapping 
labelling between GK-expressing and GFP-expressing neurons identified at different time points 
revealed that subsets of hypothalamic glucose-sensing neurons, particularly in the lateral 
hypothalamus and paraventricular nucleus of the hypothalamus, form circuits with synaptic 
connections that project to the pancreas. These findings suggest that several brain regions, most 
notably in the hypothalamus, harbor glucose-sensing neurons that are potentially playing roles in 
the control of pancreatic functions. 
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Title: The estructure of GLUT2- and GLUT6-positive tanycytes is altered by acute 
hyperglycemia 

Authors: *F. A. MARTINEZ ACUÑA1, M. CIFUENTES3, K. A. SALAZAR4, N. A. JARA5, 
L. TRIGUEROS2, F. J. NUALART6 
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Concepcion, Concepcion, Chile; 6Univ. de Concepción, Concepción, Chile 

Abstract: The median eminence (ME) is a brain structure located at the base of the 
hypothalamus that is involved in integrating metabolic signals, such as glucose. To perform these 
functions, the ME cytoarchitecture is modulated and the low affinity glucose transporters, 
GLUT2 and GLUT6, are expressed. However, no study has addressed the alterations of GLUT 
expression in the ME caused by aging or acute blood glucose changes. We used confocal 
microscopy in the spectral 3D rendering mode and laser microdissection combined with qRT-
PCR to characterize the cellular distribution of GLUTs in the ME. Ultrastructural modification of 
the ME in rats subjected to normoglycemic conditions or hyperglycemia was evaluated using 
transmission electron microscopy (TEM). GLUT2 and GLUT6 were both localized to β2 
tanycytes, the main glial cells in the ME. At the ultrastructural level, hyperglycemia increased 
the arborization of β2 tanycyte processes. An increase in vascular projections from sub-
ventricular area and the outermost region of the ME, with an increase of vacuolization and 
formation of blebs was also observed. Furthermore, aging had no effect GLUT2 mRNA 
expression, but decreased GLUT6 mRNA expression. Taken together, GLUT2 and GLUT6 
expression and the structural alterations induced by hyperglycemia and aging in β2 tanycytes is 
suggestive of their participation in glucose transference from the blood to the cerebrospinal fluid 
(CSF). 

Disclosures:  F.A. Martinez Acuña: None. M. Cifuentes: None. K.A. Salazar: None. N.A. 
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Title: Obese mice exhibit increased motivation towards palatable food and physiological 
abnormalities in the ventral pallidum 
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Dept. of Med. Neurobio., The Hebrew Univ., Jerusalem, Israel 

Abstract: Obesity is a major health challenge in the modern world as obesity levels increase in 
an alarming rate. Obesity is mostly attributed to the lack of energy balance in the sedentary 
modern lifestyle but other factors, primarily the irresistible urge to eat highly-palatable energy-
dense food, need to be taken into account. Our and others’ few previous studies show that 
obesity entails abnormalities in the striatum, a part of the reward system, indicating a potential 
role for pathology in the reward system in obesity. However, it is yet to be found whether other 
parts of the reward system exhibit abnormalities in obesity as well. Here we used the diet-
induced obesity model to induce obesity in C57 male wild-type mice. After 10 weeks of high-fat-
high-sugar diet, we compared the motivation to obtain palatable food and the physiology of 
ventral pallidum neurons between the top third (obesity-prone) and bottom third (obesity-
resistant) weight gainers. We found that obesity-prone mice consistently consumed more calories 
compared to obesity-resistant mice. Moreover, after an overnight abstinence from the high-fat-
high-sugar diet obesity-prone mice exhibited higher performance in a progressive ratio task to 
obtain high-fat-high-sugar precision pellets compared to obesity-resistant mice. Lastly, using 
whole-cell patch clamp electrophysiology we found that ventral pallidum neurons of obesity-
prone mice are less excitable and receive stronger inhibitory input compared with obesity-
resistant mice. Overall, our data indicates that the pathology in the reward system of obese mice 
is more widespread than previously thought and includes also the ventral pallidum. This calls for 
more reward-system-oriented research in trying to understand the underpinnings of obesity in 
modern society. 

Disclosures:  Y.M. Kupchik: None. D. Inbar: None. K. Inbar: None. L. Levy: None. N. 
Bernat: None. S. Menahem: None. 



Poster 

326. Metabolism Control and Obesity 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 326.21/NN24 

Topic: F.10. Food Intake and Energy Balance 

Support: Hartwick Faculty Research Grant 

 Freedman Prize 

Title: Effects of high fat diet on anxiety-like behaviors and hippocampal-dependent learning: 
Roles of body weight and sex differences 

Authors: *K. CHAN, A. BURDICK, K. RASEFSKE, J. MCGOVERN 
Hartwick Col., Oneonta, NY 

Abstract: Past studies have shown that high fat diets impair hippocampal-dependent learning 
and reduce anxiety-like behaviors in rats. This experiment extended these findings by testing the 
effects of high fat diet (20% lard) while controlling for body weight differences across groups. 
Male and female Sprague-Dawley rats received either a high fat diet or regular chow for ten 
weeks prior to behavioral tests. Groups were weight matched prior to the experiment and 
weighed and fed daily throughout the experiment to maintain similar weight gains. Half of the 
rats were tested in an elevated plus maze for anxiety-like behaviors and the other half received 
training in a spatial water maze. Subjects on the high fat diet spent a significantly longer amount 
of time (F(1, 16) = 7.691, p = .014) and made marginally more entries into the open arms (F(1, 
16) = 3.932, p = .065) of the elevated plus maze, regardless of sex. On the other hand, a probe 
test conducted after the water maze training showed a significant Diet x Sex interaction on 
latency to target (F(1,22)=4.458, p=.046). These results are consistent with the interpretation that 
effects of high fat diet on anxiety-like behaviors are independent of body weight changes. On the 
contrary, the impairment in hippocampal-dependent learning might be related to both sex 
differences and body weight changes associated with the diet. 
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Abstract: Mice are widely used for the study of obesity and cardiometabolic comorbidities. In 
general, rodent obesity models rely on elevated baseline activity of the hypothalamo-pituitary 
adrenal axis and feeding of a western style diet. This condition has been mentioned to be 
anxiogenic and could underlie anhedonia and depression. 
We aimed at investigating the role of rearing condition in these effects by subjecting C57Bl/6J 
mice after weaning to individual (IND) or social (SOC, n=2 siblings/cage) housing while being 
kept on a low fat (AIN93G based, 20En% as fat) diet. At postnatal day (P)43, one third of the 
mice from the IND and SOC groups were sacrificed and the remaining groups were split and 
exposed to a moderate western-style diet (WSD, 40En% as fat) or kept on low fat control diet 
until P126. Bodyweight was monitored and energy intake and expenditure were determined 
using indirect calorimetry during adolescence (P40-42) and adulthood (P105-107). In addition, 
mice were subjected to a sucrose preference test to assess food reward mechanisms during 
adulthood (P74-79) and to an elevated plus maze test (EPM) to assess baseline levels of anxiety 
during adolescence (P39) and adulthood (P92). After dissection plasma adipokines and 
corticosterone were measured and body composition was determined by carcass analysis. 
IND mice showed lower body weight gain during adolescence than SOC mice, while energy 
intake and energy expenditure were increased. At P43 IND mice had reduced lean body mass, 
but significantly higher white adipose tissue mass compared to SOC mice. In adulthood, 
bodyweight gain of IND animals exceeded that of SOC mice, with elevations in both energy 
intake and expenditure. At P126, IND mice showed higher adiposity and a lower plasma 
adiponectin/leptin ratio. WSD exposure amplified these changes and reduced plasma levels of 
corticosterone. IND mice exposed to WSD showed the lowest sucrose preference index, 
indicating that food reward mechanisms were most blunted in this group. Baseline anxiety levels 
were surprisingly reduced by IND housing and by WSD exposure. 
We conclude that individual rearing of male mice results in impaired adolescent lean mass 
development and an obese phenotype in adulthood. The latter effects are exacerbated by adult 
exposure to an obesogenic diet. These effects are associated with mild alterations in reward 
sensitivity and reduced baseline levels of anxiety, without elevated levels of glucocorticoids. 
These results suggest that individual rearing of mice can be regarded as a model for programmed 
adult obesity without elevated anxiety and hypercorticoidism. 

Disclosures:  L. Schipper: None. S. van Heijningen: None. E.M. Van Der Beek: None. G. 
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Title: Effects of a GLP-1 agonist on hippocampal functioning underlying the learning 
mechanisms associated with energy regulation 
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Abstract: The hippocampus is thought to play an important role in the learned control of energy 
and body regulation by gating inhibitory associations between environmental food cues and post-
ingestive consequences. The hippocampus is able to regulate intake using similar mechanisms to 
those underlying negative feature cues in a typical serial feature negative discrimination 
problem. In this problem, a target cue is followed by food reward unless it is preceded by a 
negative feature cue. In other words, the negative feature cue signals that the target cue will not 
be rewarded. Previous studies with rats have shown that manipulations which interfere with 
hippocampal functioning also disrupt serial feature negative discrimination performance. 
Exposure to Western diets (WD), high in saturated fat and sugar, for as few as 12 days disrupts 
this discrimination and gives rise to signs of hippocampal pathophysiology (inflammation, 
reduced glucose transport). In the current study, we assessed the effects of administering the 
glucagon-like peptide-1 (GLP-1) agonist, Liraglutide, on serial feature negative discrimination 
performance in male and female rats. Following the achievement of asymptotic discrimination 
performance, the rats were divided into two dietary conditions: WD- or chow-fed, which were 
further subdivided into two drug conditions: 10 μg/kg Liraglutide or vehicle control. The ability 
to maintain discriminative responding by utilizing the negative feature cue was tested in all 
groups after 4d and 12d of ad lib access to diet and daily intraperitoneal injections of Liraglutide 
or vehicle. After 12d of diet and drug exposure, Liraglutide significantly enhanced 
discrimination performance compared to vehicle. This enhancement was the result of increased 
inhibitory control by the negative feature stimulus. This effect could not be accounted for by any 
nonspecific inhibitory effect of Liraglutide on performance because responding on trials with the 
target cue alone did not differ dependent on drug treatment. The effects of Liraglutide did not 
vary as a function of sex or diet. Furthermore, Liraglutide had no significant effects on body 
weight. Recent reports indicate that inhibition of feeding and perhaps other behaviors depends on 
activation of an excitatory pathway originating in the hippocampus (Sweeney and Yang, 2015) 
and that activation of this pathway depends on GLP-1 signaling (Hsu et al, 2017). The present 



findings indicate that administration of a GLP-1 agonist specifically promotes a form of 
hippocampal-dependent appetitive response inhibition, perhaps by operating on the same 
circuits. 
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Title: Psychological symptoms is a determinant of body mass index among patients with 
musculoskeletal pain: A link to vitamin D and calcium 
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Abstract: A high prevalence of psychological symptoms and vitamin D among patients with 
musculoskeletal pain (MSP) and obesity has been observed. People complaining of anxiety and 
depression are having frequent weight change compared with those without such symptoms. To 
date, most of the published studies, examined the co-prevalence of chronic pain, psychological 
symptoms and weight gain, although the loss of appetite also can occur when anxiety is high. 
The aim of the current study was to investigate the association between body mass index and 
psychological symptoms among patients with MSP in relation to vitamin D and calcium. 
A total of 207 participants with MSP were involved. The Hospital Anxiety and Depression Scale 
(HADS) were used to assess psychological symptoms. Participants’ dietary habits and vitamin D 
were measured. The relation between their food appetite and anxiety level were recorded. 
Participants with MSP had a high prevalence of vitamin D deficiency (85.5%), anxiety (52.7%), 
and depression (39.1%) markedly. There was a significant relation between the pattern of 
appetite and anxiety (p=0.024), which reflected by significant changes in BMI (p=0.013).BMI 
tend to fluctuate (increase or decrease) depending on the influence of anxiety on appetite. 
Spearman correlation analyses show that anxiety is negatively associated with daily calcium 
intake and age (r2= -0.124, p=0.038, r2= -0.227, p=0.001, respectively), and positively associated 
with depression (r2= -.613, p=<0.001). 
The result of the current study showed that anxiety which negatively correlated daily calcium 
intake is a determinant of BMI among patients with Musculoskeletal Pain through its influence 



on appetite. 
1 
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Abstract: Recent evidence supports the emerging hypothesis that brainstem autonomic neurons 
are affected by and contribute to systemic glucose regulation, particularly after bariatric surgery. 
Vertical sleeve gastrectomy (VSG) can result in resolution of type 2 diabetes in humans and 
animal models, but information about effects of VSG on type 1 diabetes is scarce. Extant data 
does not extend beyond 14 days post-surgery, nor does it directly investigate the contribution of 
parasympathetic regulation in diabetic remission after VSG. Here, we used the streptozotocin 
(STZ)-treated mouse model of type 1 diabetes to determine effects of VSG on uncontrolled 
hyperglycemia, weight, caloric intake, and markers of brainstem and peripheral glucose 
metabolism to test the general hypothesis that a brain-centered glucose regulatory system 
contributes to systemic glucose regulation after bariatric surgery. We also tested whether the 
contribution of autonomic regulatory systems changes at 14, 30, or 60 days after surgery. 
Uncontrolled hyperglycemia (>300 mg/dl) was maintained for 2 days in STZ-treated mice, at 
which time VSG or sham surgery was performed. After VSG, blood [glucose] was normalized 
shortly after surgery (<24 hrs) and could persist for 2 months; elevated blood glucose persisted in 
sham-operated, STZ-treated mice. Normalization of blood [glucose] in the STZ-treated VSG 
mice was accompanied by a normalization of food intake, similar to age-matched vehicle-VSG 
controls. Metabolic testing indicated that glucose tolerance was similar between STZ-treated 
VSG and vehicle-VSG groups 14 days after surgery. Although the glucose tolerance of the STZ-
VSG group was improved compared to the STZ-naïve group, the STZ-VSG groups was less 



tolerant of glucose at 2 months compared to vehicle-VSG. Examination of glucose tolerance in 
the presence of a parasympathetic blocker, methylscopolamine, indicated that parasympathetic 
output contributes to the early resolution of glucose metabolism (14 days post-VSG), but has less 
influence at later times (2 months). Interestingly, plasma insulin levels were unaffected by VSG 
surgery. Correspondingly, we examined molecular and electrophysiological markers of glucose 
metabolism in the dorsal vagal complex. Short (3.5 hr) exposure to elevated [glucose] in vitro 
resulted in elevated GLUT4, but not glucokinase (GCK), mRNA expression. After STZ-induced 
chronic hyperglycemia, glucose-sensitivity was significantly reduced in NTS GABA neurons, 
and VSG restored glucose responsiveness. These results are consistent with a role for vagal 
complex control of systemic glucoregulation involving a vagally-mediated gut-brain-axis. 
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Abstract: Cilia are rigid, centriole-derived, microtubule-based organelles present in a majority 
of vertebrate cells including neurons. They are considered the cellular "antennae" attuned for 
detecting a range of extracellular signals including photons, odorants, morphogens, hormones 
and mechanical forces. The ciliary microenvironment is distinct from most actin-based 
subcellular structures such as microvilli or synapses. Numerous G protein-coupled receptors 
(GPCRs) including odorant receptors, rhodopsin, Smoothened, and type 6 serotonin receptor are 
found in cilia, suggesting that these tiny processes largely depend on metabotropic receptors and 
their tuned signals to impact neuronal functions. The type 3 adenylyl cyclase (AC3), widely 
known as a cilia marker, is highly and predominantly expressed in olfactory sensory cilia and 
primary cilia throughout the brain. We discovered that ablation of AC3 in mice leads to 
pleiotropic phenotypes including anosmia, failure to detect mechanical stimulation of airflow, 
cognitive deficit, obesity, and depression-like behaviors. Multiple lines of human genetic 
evidence also demonstrate that AC3 is associated with obesity, major depressive disorder 
(MDD), sarcoidosis, and infertility. Here we present our recent research progress on AC3. 
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Abstract: Erythropoietin (EPO) is a glycoprotein that is released by the kidneys and liver to 
facilitate red blood cell production, and therefore, EPO expression is increased in response to 
hypoxia or blood loss. Recent studies have indicated that EPO administration can reduce or 
prevent some of the pathological mechanisms of secondary brain injury due to excessive 
inflammatory responses and oxidative damage. EPO also enhances angiogenesis. In one recent 
study it has been shown that acetylation of the transcription factor HIF-2α regulates EPO 
production during pathophysiological stress induced by hypoxia. Acetylation is necessary to 
recruit this transcription factor to the erythropoietin gene enhancer and increase erythropoietin 
gene transcription. In earlier studies we have used acetate supplementation with glyceryl 
triacetate (GTA), which generates acetate and glycerol on hydrolysis in vivo, to improve 
outcomes after traumatic brain injury (TBI). Oral GTA has been repeatedly proven to increase 
acetate levels in all tissues. The intracellular acetate becomes available for various metabolic and 
regulatory reactions through the portal of acyl-CoA short chain synthetase 2 (Acss2), the only 
known enzyme in the cytoplasm and nucleus of cells that can convert free acetate to acetyl-CoA. 
Acetate supplementation using GTA decreases expression of anti-inflammatory cytokines such 
as interleukin-1β (IL-1β) via regulating histone acetylation. Based on these earlier findings, we 
proposed to develop oral acetate supplementation using GTA as a way to augment acetylation-
based genetic regulatory mechanisms involved in the response to and recovery from brain injury 
hemorrhage and hypoxia. We used gene array to begin screening for potential functional 
associations with Acss2 in the brain by comparing gene expression between Acss2 gene 
knockout mice and wild type mice. Six groups were compared using Acss2 -/- and wild type 
mice; normally fed, 48 hr fasted and GTA fed. The greatest number of gene expression changes 
was observed between 48 hr fasted wild type and Acss2 -/- mice (1579 lower expression, 1320 



higher expression). In contrast, very few expression changes were observed between GTA fed 
wild type and Acss2 -/- mice (88 lower expression, 87 higher expression). Gene expression 
changes in the brain among the different groups linked Acss2 with a wide network of cellular 
regulatory processes ranging from signal transduction to regulation of gene expression and 
immune system function. These findings expand the regulatory functions of Acss2 well beyond 
its classical role in lipid synthesis. 
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Abstract: An acute traumatic event can lead to life-long changes in stress susceptibility and 
result in psychiatric disease, such as Post-Traumatic Stress Disorder (PTSD). We have 
previously shown that access to a concentrated glucose solution for 24 hours beginning 
immediately after trauma decreased stress-related pathology in the learned helplessness model of 
PTSD and comorbid major depression. Our recent parametric studies show consistent results 
with previous research, suggesting a critical window of approximately three hours following 
trauma in which intervention may be effective in modifying stress-related behaviors. To gain 
further insight into the mechanism of glucose treatment in mediating stress susceptibility 
following trauma, we assessed the effects of post-stress glucose administration on blood 
glucocorticoid response and glucose levels at various timepoints including 24 hours following 
trauma, and before, during, and after the proposed intervention critical window. We exposed 64 
male Sprague-Dawley rats to 100 inescapable tail shocks or simple restraint in the learned 
helplessness procedure. Rats in each stress condition had access to a 40% glucose solution or 
water. Animals were tested for freezing and shuttle-escape behavior 24 hours after the acute 
stress session. In the first experiment, we measured liver glycogen concentrations, as well as 



plasma concentrations of glucose, corticosteroid-binding globulin (CBG), free corticosterone and 
total corticosterone, after exposure to 5 FR-1 shuttle-escape trials. We found no differences in 
any measure between animals that received glucose or water in the simple restraint condition. 
However, animals that were given access to glucose after exposure to inescapable shock 
exhibited decreased free corticosterone, increased CBG, and increased liver glycogen 
concentrations when compared to their water-drinking counterparts. In the second experiment, 
we measured plasma concentrations of glucose, CBG, free corticosterone and total corticosterone 
at four time points: pre-stress, immediately post-stress, three hours post-stress, and six hours 
post-stress. We hypothesized that there would be a reduction of free corticosterone beginning at 
three hours post-stress that would persist through six hours post-stress. We expected to see this 
reduction in free corticosterone correlate to increased CBG and glucose concentrations. These 
results imply that post-stress glucose consumption reestablishes blood glucose homeostasis, 
thereby upregulating CBG binding of corticosterone. This data suggest the upregulation of CBG 
is a mechanism by which glucose exerts its prophylactic effects. 
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Abstract: Recent evidence suggests that the gut microbiota play a role in energy harvest, 
storage, and expenditure and its composition was shown to differ in lean and obese humans and 
animals and to change rapidly in response to dietary factors. Recently we demonstrated that the 
fat-derived satiety factor oleoylethanolamide (OEA) requires the integrity of the central 
histaminergic system to fully exert its hypophagic action. Here we evaluate the effects of OEA 
sub-chronic treatment on food intake, body weight, gut microbiota composition, plasma 



tryptophan metabolites and cytokines expression in histidine decarboxylase knock out (HDC-
KO) mice and wild type (WT) littermates. Male mice received daily i.p. injections of OEA (10 
mg/kg) or vehicle (PEG:Tween80:saline 5/5/90) for 11 days, 1 hr before dark onset. A 
significant reduction in cumulative food consumption as well as in body weight was observed in 
OEA-treated WT mice with respect to vehicle-treated animals. Both effects were attenuated in 
HDC-KO mice. Amplicons containing the V3-V5 region of the bacterial 16S rRNA gene were 
obtained from DNAs extracted from faecal samples, sequenced on a Roche 454 GS FLX+ 
platform and then analyzed using bioinformatic tools. In keeping with the decrease of weight, an 
enrichment of the phylum Bacteroidetes and a reduction of Firmicutes emerged in the group of 
OEA-treated WT mice. This trend in terms of phyla, is associable to the appearance of a "lean" 
microbiota instead of an “obese”, where the trends of the two phyla are reversed. Moreover, 
PICRUSt analysis revealed and enrichment of sequences associated with aminoacids 
metabolism. Consistently, we observed a tendency in increase of tryptophan and kynurenic acid 
and reduction of kynurenine plasma levels in WT but not in HDC-KO mice. OEA sub-chronic 
treatment also modulated the expression of cytokines from the Peyer’s Patches obtained from 
WT animals and stimulated with faseolamine: OEA decreased the production of the 
inflammatory cytokines IFNγ, IL-17 and IL-4, IL-6 as well CXCL-1 and CXCL-2, whereas it 
increases IL-10 production and Bcell activating factor (BAFF). In summary, we observed that 
OEA repeated administrations reduced food intake and body weight, altered the gut microbiota 
towards a lean phenotype and modulated the expression of pro-inflammatory cytokines. All these 
effects seem to require the histaminergic system. We acknowledge the Joint Programming 
Initiative - A Healthy Diet for a Healthy Life for support of AMBROSIAC project. 
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Abstract: Muscarinic acetylcholine receptors (mAChRs) facilitate dopamine (DA) transmission 
within the mesolimbic reward system. Our laboratory uses a Pavlovian conditioned approach 
(PCA) paradigm to investigate this system and addiction vulnerability in rats. Briefly, rats are 
repeatedly presented with a conditioned stimulus (CS; a lever) followed by the response-
independent presentation of an unconditioned stimulus (US; a food pellet). Over multiple 
training sessions, two phenotypes can develop: sign-tracking (CS-directed behavior) and goal-
tracking (US-directed behavior). Sign-trackers (STs) attribute incentive-motivational value to 
reward-related cues and are more vulnerable to addiction-like behaviors, such as cue-induced 
reinstatement of drug-seeking. In addition, sign-tracking behavior requires DA transmission 
within the mesolimbic reward system. Therefore, we hypothesized that mAChR antagonism 
would attenuate the acquisition and expression of sign-tracking behavior. In agreement with our 
hypothesis, scopolamine (0.3-3 mg/kg; i.p.), a nonselective mAChR antagonist, decreased the 
acquisition of sign-tracking behavior (and increased goal-tracking behavior) during nine daily 
PCA training sessions. Next, during an additional PCA training session, previously vehicle-
treated rats received scopolamine (3 mg/kg), which reduced the expression of previously learned 
sign-tracking behavior in rats. Taken together, these results demonstrate that mAChRs modulate 
sign-tracking behavior and suggest that mAChR antagonism might be a useful component of 
new treatment strategies for addiction. 
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Abstract: Animals can use information from their environment to guide their choices between 
actions. This ability can be studied through outcome-specific Pavlovian-instrumental transfer 
(PIT), in which a cue associated with a particular outcome biases choice between actions towards 
the response that earned that same outcome. The nucleus accumbens shell (NAc-S) is a neural 
substrate of particular interest, as it is recruited at the point of transfer, and not in encoding either 
Pavlovian or instrumental contingencies. Delta-opioid receptor (DOR) signaling within the NAc-
S is crucial for specific PIT expression, and a plastic change in DOR expression within the NAc-
S occurs during Pavlovian learning that appears to be later recruited for specific PIT. During 
contingent Pavlovian learning, DOR accumulates at the membrane of NAc-S cholinergic 
interneurons (CINs), and this accumulation is positively correlated with the magnitude of 
specific PIT expression. 
Here we investigated the respective roles of CINs, and of DOR accumulation, within the NAc-S 
in specific PIT expression. In our first experiment, we selectively ablated NAc-S CINs using 
targeted caspase activation in ChAT-cre rats, and found that CIN ablation impaired specific PIT 
expression. However, incomplete ablation preserved some specific transfer. In our second and 
third experiments, we investigated the effect of transient reduction of membrane DOR 
expression in DOR-eGFP mice, and in the NAc-S in rats. SNC80 is a selective DOR agonist that 
triggers profound DOR internalization, and we have found that this internalization is transient in 
the NAc-S of trained DOR-eGFP mice. 24 hours after SNC80 exposure, membrane DOR 
expression was reduced, but not eliminated, on NAc-S CINs. However, 48 hours after SNC80 
exposure, DOR expression returned to an accumulated state, indicating that CINs have ‘memory’ 
for this plastic change that occurs in Pavlovian learning. We therefore exploited SNC80 to 
investigate specific PIT expression when DOR expression was reduced, and when recovered to 
an accumulated state. 
When SNC80 was administered systemically in DOR-eGFP mice, or infused directly into the 
NAc-S in rats, specific PIT expression was impaired at 24 hours, when DOR expression was 
reduced. Specific transfer recovered at 48 hours, when DOR had recovered to an accumulated 
state. These experiments, considered together, suggest that DOR accumulation at the membrane 
of CINs in the NAc-S is critically involved in the ability of reward-predictive cues to bias choice 
between actions. 
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Title: Optogenetic probing of ventral pallidal neurons in motivated behaviors 
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Abstract: Recently, there have been significant advances in the characterization of neuronal 
circuits that influence motivated behaviors, including aversion and reward-related behaviors. The 
ventral pallidum (VP) is a corticolimbic-motor interface that has been previously linked to 
conditioned aversion (Itoga et al 2015) and reward-seeking (Tachibana and Hikosaka 2012). 
Whereas most neurons in VP are GABAergic, a subpopulation of VP projection neurons is 
glutamatergic (Root et al 2015). VP neurons project to the lateral habenula (LHb), a key 
structure mediating reward and aversion encoding and, therefore, these projections likely gate 
aversion and reward encoding. Here, we aim to characterize whether VP neurons mediate 
motivation related to reward approach and aversion avoidance. First, we tested whether 
optogenetic activation or silencing of VP somata or projections to LHb generate real-time place 
preference in a two-chamber box. Optogenetic activation of VP GABAergic somata or their 
projections to LHb induced strong place preference for the chamber paired with laser stimulation 
(p < 0.001). Conversely, optogenetic activation of VP glutamatergic somata or their projections 
to LHb induced strong place aversion for the chamber paired with laser stimulation (p < 0.001). 
Silencing VP GABAergic or glutamatergic somata, or their projections to LHb, had no effect on 
real-time place preference (p > 0.1). We next tested whether VP neurons are necessary for 
reward approach. We developed a task in which five auditory tones predict different levels of 
reward (water) in head-fixed, water-deprived mice. To obtain the water reward, mice needed to 
lick the water spout within a time limit after the cue presentation. We found that silencing of VP 
GABAergic, but not glutamatergic (p > 0.1), somata or projections to LHb reduced reward 
attainment by diminishing licking responses (p < 0.05). Conversely, activation of VP 
GABAergic somata or projections to LHb increased licking responses (p < 0.05). Activation of 
VP glutamatergic somata decreased licking responses (p < 0.05). Together, these results suggest 
that VP GABAergic neurons are sufficient and necessary for reward approach, whereas VP 
glutamatergic neurons antagonize reward approach and generate aversion. Characterization of 
this VP circuit will broaden our understanding of how motivation is encoded in the basal ganglia. 
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Abstract: Neurons of the rat medial prefrontal cortex (mPFC), specifically those in prelimbic 
(PL) cortex, are modulated by positive and negative cues and outcomes. Neurons in the 
infralimbic (IL) mPFC are modulated by previously-informative cues that no longer predict an 
outcome (i.e., after extinction learning). These dichotomous roles are not observed in all cases of 
conditioning, indicating that more work is required to understand PL vs. IL function during 
learning. To address this issue, we recorded from PL and IL during learning and extinction of 
Pavlovian cue and outcome pairings in both appetitive and aversive conditions.Female and male 
Wistar rats were surgically implanted with intraoral catheters which allowed a brief delivery of 
either an aversive or appetitive stimulus (quinine or sucrose). Electromyography wires were 
implanted into the anterior digastric which allowed the measurement of taste reactivity to the 
stimulus based on hedonic reaction (licks for appetitive stimuli and gapes for aversive). Drivable 
tetrode arrays were implanted with 4 tetrodes implanted in PL and 4 tetrodes implanted in IL, 
allowing simultaneous neuronal recordings. Electrodes were driven down ~500um to access a 
different population of neurons after every session for a total of 5 sessions. Each recording 
session consisted of 2 days, and the first day was split into 3 sections. During the first section, 3 
auditory stimuli were presented in a random order (habituation). During the second section, each 
tone presentation was followed by sucrose, quinine, or no liquid delivery (conditioning). During 
the third section, no outcome was delivered after tone presentation (extinction). On the second 
day of recording the three tones were played with no outcome following them (extinction recall). 
Currently we have recorded from 2 rats with two sessions each, totaling 54 neurons. Of these, 32 
neurons were located in PL and 22 in IL. In the subset of significantly event-modulated neurons 
(15 PL and 6 IL), there was no consistent pattern of neuronal activation or inhibition to cue or 
stimulus deliveries during habituation, conditioning, extinction, and extinction recall. These 
preliminary results suggest a highly heterogeneous coding structure by mPFC neurons during 
Pavlovian conditioning and extinction. More recordings and analysis, currently underway, will 
augment these preliminary data and better define the parameters of mPFC neuronal encoding of 
learning. 
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Abstract: Standard reinforcement learning (RL) algorithms enable an agent to optimize a single 
cost function such as reward, but it remains poorly understood how an animal might pursue 
multiple objectives at once. Multi-objective RL can be implemented in machines by endowing a 
single agent with multiple sub-agents each tasked with optimizing objective-specific 
reinforcement. Here we use songbirds to test if two behaviors with distinct objectives - 
vocalization and navigation - are shaped by objective-specific reinforcers. We demonstrate that 
strobe light reinforces place preference but not song syllables. Playback of song-like sound 
reinforces song syllables but not place preference. This double dissociation demonstrates that a 
single animal can possess distinct action-generating systems shaped by correspondingly distinct 
cost functions. 
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Title: Adaptive thermogenesis is increased by long term co-adimistration of central GLP-1 and 
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Abstract: The brain network that regulates adaptive thermogenesis receives inputs from 
temperature- and energy-sensing neurons through hypothalamic and brain stem areas. Glucagon-
like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) are both well-
known gut hormones that acts on brain to regulate body weight and food intake. In this study, we 
investigated the effect of long term co-administration of central GLP-1 and GIP on energy 
expenditure. We co-administered GLP-1 and/or GIP intracerebroventricularly (ICV) in mice 
with osmotic mini pumps for 17 days. GLP-1 (3nmol/day), GIP (6nmol/day) or both GLP-1 and 
GIP were continuously administered during 17 days. Comprehensive Laboratory Animal 
Monitoring System was used to measure O2 consumption, CO2 production, RER, locomotion and 
energy expenditure. Thermogenic marker, UCP-1 was measured in white adipose tissue and 
brown adipose tissue. Body weight and food intake were significantly decreased by co-
administration of GLP-1 and GIP during the first week. After two weeks, co-administration of 
GLP-1 and GIP significantly increased energy expenditure without changing locomotion. GLP-1 
and GIP co-administrated mice showed significantly higher expression of UCP-1 in white 
adipose tissue and brown adipose tissue. Therefore, the present results suggest that co-
administration of GLP-1 and GIP increases thermogenesis via direct modulation of adipocyte 
metabolism. Our findings suggest that co-administration of GLP-1 and GIP may have synergistic 
anti-obesity effect on both food intake and energy expenditure. 
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Abstract: Motivated behaviours can be driven by two opposing processes, the desire to obtain a 
reward or the drive to escape a punishment. The ventral pallidum is critical for attributing 
motivation salience to cues that predict reward and for invigorating reward seeking behaviour. 
However, sparse evidence suggests that it may also play a role in motivating avoidance behavior. 
Here we show that two genetically distinct ventral pallidal populations encode the motivation to 
approach or avoid. Single-unit recording in the ventral pallidum of mice undergoing conditioned 
reward and punishment tasks revealed three functional distinct clusters, which encoded 1) 
incentive salience, 2) aversive salience and 3) general vigor. Optogenetic inhibitory tagging 
demonstrated that neurons that encoded incentive salience were GABAergic, as were the neurons 
that encoded general vigor. In a Pavlovian reward task, these incentive salience neurons encode 
the expected reward value through a phasic increase in neuronal firing. As with dopamine 
neurons, the response to expected reward diminishes with training; but unlike dopamine neurons, 
the response to reward cues inverts and is signaled with a decrease in neuronal firing when mice 
are sated. This suggests that GABAergic ventral pallidal neurons encode a state dependent 
prediction error signal. These neurons also signal state value on a longer timescale as their 
baseline firing was modulated by the state depending on block type (reward vs punishment). 
Taken together GABAergic VP neurons signal the positive motivational state and incentive value 
to invigorate reward seeking on a short and long timescale. In contrast the Glutamatergic ventral 
pallidal neurons were phasically excited by the expectation or delivery of punishment. As with 
GABAergic neurons, the baseline firing was modulated depending on the block condition, 
indicating that these neurons encode aversive salience on both long and short time scales. 
Together our data demonstrates that there are two genetically distinct types of ventral pallidal 
neurons that encode either incentive or aversive salience and are critical for driving reward 
approach or punishment avoidance. 
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Abstract: Paternal and maternal diet-induced obesity strongly impact subsequent generations. 
The endocannabinoid system (ECS) is responsible for appetite, and modulating reward 
processing and includes cannabinoid receptor type-1 (CB1-R). CB1-R expression is altered due 
to overeating. Previous studies have focused on the direct effect of CB1-R in mice eating high fat 
diet (HFD) and not their offspring. Our team studied the effect of paternal obesity on offspring 
and demonstrated that voluntary physical activity occurred more in male offspring of HFD-fed 
fathers (Gr 2) at 1.5 months of age than offspring of low fat diet (LFD)-fed fathers (Gr 1). 
Female offspring ran more than males in three groups: HFD-fed father offspring at 6 and 12 
months, and LFD-fed father offspring at 1.5 months. Female offspring from Gr2 showed higher 
food consumption at 1.5 months than Gr1 females. We hypothesized that alterations within the 
CNS reward circuitry are related to different levels of physical activity and food preference in 
offspring of obese HFD-fed fathers versus non-obese LFD-fed fathers. Brain samples from 
offspring at 1.5, 6, and 12 months of age were used for immunohistochemistry. Sections were 
incubated in primary polyclonal rabbit anti-CB1-R antibody against the C-terminus of the 
receptor, and secondary conjugated Horseradish Peroxidase (HRP) goat anti-rabbit secondary 
antibody. CB1-R were detected using DAB substrate HRP, which generates a brown to black 
product when cleaved by DAB and quantified using ImagePro. Our results demonstrate the 
effects of paternal obesity on the CNS reward circuitry in offspring mice. We will discuss the 
expression of CB1-R depending on age, sex, and paternal diet. This study further clarifies the 
relationship between paternal obesity, voluntary exercise and food intake and CB1-R expression 
alterations in the brain and may lead to discovery of new agents for prevention of obesity in 
offspring of obese parents. 
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2Psychological Sci., 1Kansas State Univ., Manhattan, KS 

Abstract: Previous research from our laboratory has found that 6 weeks of chronic intermittent 
access of alcohol during adolescence and early adulthood (PND 26-66) in male rats leads to 
long-term behavioral changes that include faster omission contingency learning in a lever-based 
autoshaping task. Subsequent examinations did not find this pattern if the chronic intermittent 
access occurred in adult males or adolescent females. However, as the adolescent males 
consumed more alcohol than the adult males or adolescent females, it is unclear whether this 
differential effect is due to a heightened sensitivity to the effects of alcohol in adolescent males 
or merely related to the higher level of alcohol consumed in this group. In order to examine this, 
we gave adolescent male, adolescent female or adult male rats injections with fixed doses of 
saline or alcohol to ensure that all rats received the same dose of alcohol. Rats received 0, 0.875 
or 1.75 g/kg alcohol injections twice per day on Monday, Wednesday and Friday for 6 weeks. 
Thus, rats received 0, 1.75, or 3.5 g/kg of alcohol during each injection day. Rats began 
behavioral training 18 days later. During autoshaping training, extension of two levers signaled 
food delivery regardless of responding. In the subsequent omission contingency phase, 
presentation of one lever signaled food delivery regardless of responding and presentation of the 
other lever predicted reward if the rat did not press the lever, but pressing this lever canceled the 
reward delivery. When compared with saline treatment, alcohol injections had no effect on 
behavior during the autoshaping phase. However, when we examined terminal levels of sign-
tracking and goal-tracking behaviors (responses/trial) in the autoshaping phase, we found that 
rats in the adult male groups made significantly more sign-tracking responses than the adolescent 
female groups (but not the adolescent male groups), but there were no differences between the 
groups in goal-tracking behaviors. We will also present our research on the effects of alcohol on 
behavior in the omission contingency task. 
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Title: Studying temporal decision making in a free-operant foraging paradigm 

Authors: *C. CROUSE, S. NICOLA 
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Abstract: The delay-discounting paradigm is used to study how animals make decisions about 
how long to wait to receive reward and analyze the brain areas involved. However, results from 
this paradigm conflict with ecological observations about animal foraging where food is 
distributed in discrete patches, bringing these conclusions into doubt. We are developing an 
operant-conditioning paradigm modeled on animal choice in the wild to study foraging behavior. 
Food-restricted rats are trained to press a lever to receive sugar, but each press increases the wait 
time before the next lever presentation. Pressing a second lever returns the wait time to its 
original value after a reset period, modeling the time to travel between patches of food. We have 
found that increases in the reset time causes animals to wait longer for rewards, suggesting that 
rats are responsive to the task parameters and validating predictions from foraging theory. Future 
experiments will create a model of optimal choice and test the role of nucleus accumbens 
dopamine in this task. 
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Title: Bariatric surgery reduces effort to obtain a sweet drink 

Authors: *H. R. KISSILEFF1, G. M. PAYNE2, J. D. HAMM2, M. HERZOG3, J. JANG3, A. 
SHECHTER3, B. LAFERRERE3, F. X. PI-SUNYER3, J. ALBU4 
1New York Obesity Nutr. Res. Ctr. - Med., 3Med. - Obesity Res., 2Columbia Univ. Med. Ctr., 
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Abstract: Mechanisms for reduction of food intake after bariatric surgery are not thoroughly 
understood. Bariatric surgery induces unpleasant after-effects of eating such as plugging and 
dumping syndromes, which may lead to the commonly reported avoidance of sweets by food-
avoidance conditioning. The mechanism underlying the avoidance of sweets is one that requires 
more attention. Post-surgical patients worked less for a sweet tasting solid snack food (M&Ms) 



than before surgery (Am J Clin Nutr 2012;96:467–73.). To determine whether reduction of work 
for a sweet tasting snack extends to beverages, gastric-bypass and gastric-sleeve bariatric surgery 
candidates (N = 30, mean BMI = 45 kg/m2) used a sipometer (Physiol. Behav. 2017: 171, 216–
227), that requires oral sipping pressure, to sham-sip (sip and spit out) non-caloric cherry 
flavored Kool Aid. The beverages were presented either sweetened with 10% sucrose-equivalent 
aspartame, or unsweetened, in separate counterbalanced sessions on the same trial day, on both 
continuous and 3-sec time increment progressive ratio reinforcement schedules. Tests were 
conducted within 2 to 4 weeks before surgery and again at 3 mo after surgery. Before surgery, 
cumulative pressure difference exerted between sweetened and unsweetened beverages during 
trials on the progressive ratio schedule increased significantly with differences in patients’ 
beverage ratings of “liking”, “enjoyment” sweetness intensity and “wanting” of the beverage, (all 
p’s <.05). After surgery there were no significant correlations between any of the pressure-rating 
relationships. Pressure exerted in relation to valuation provides a novel measure of effort and 
propensity to consume. Reduced propensity to consume sweet beverages could be a contributor 
to reduced intake and, therefore, to weight loss after bariatric surgery. Further study of neural 
and hormonal mechanisms for reduction in effort to consume sweets could be used to develop 
non-surgical treatments for obesity. 
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Authors: *K. MIN SUN1,2, H. SONG1, C. NAMKOONG1,3, Y. LEE1,2, J. OH1, Y. CHUNG1, H. 
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Abstract: Neuropeptide Y (NPY) / Agouti-related peptide (AgRP) and Pro-opiomelanocortin 
(POMC) neurons are the major regulators of feeding behavior and body weight. Both 
populations have different roles on appetite. In a previous study with mouse hypothalamus, 
AgRP/NPY neurons are located in the medial side of ARC while POMC neurons are located in 



the lateral side of ARC. However, only few studies investigated the distribution of AgRP/NPY 
and POMC neurons in human hypothalamus. We investigated the distribution of AgRP/NPY and 
POMC neurons throughout the mouse brain and human hypothalamus by immunohistochemistry 
(IHC) and tissue clearing technique. Tissue clearing technique is a novel technique which 
enables three-dimensional visualization of immunostained tissue. We found that AgRP/NPY and 
POMC neurons were distributed in a specific locations as previously reported. We were able to 
document three-dimensional distribution of POMC neurons using tissue clearing technique. Also 
in human hypothalamus, AgRP/NPY and POMC neurons were localized in a specific locations 
throughout the ARC. To elucidate the functional aspects of each neuron, co-localization of GLP-
1R (which is the target of anti-obesity drug, GLP-1) was investigated. In mouse brain ARC, 
GLP-1R was not expressed in NPY neurons. However, about half of POMC neurons expressed 
GLP-1R (45.9%). The distribution of AgRP/NPY and POMC neurons in human and mouse brain 
ARC, may facilitate obesity research and anti-obesity drug development. 
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Title: A novel role for acid sensing ion channels in pavlovian conditioning 
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J. A. WEMMIE3 
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Abstract: Pavlovian conditioning is a fundamental form of learning and memory implicated in a 
variety of behaviors. Pavlovian conditioning involves learning the association between a neutral, 
conditional stimulus (CS) paired withand an unconditional stimulus (US), which can be either 
intrinsically aversive (e.g. foot shock) or rewarding (e.g. food). Our previous studies suggest that 
Pavlovian conditioning to an aversive US depends on synaptic plasticity in the amygdala via 
Acid Sensing Ion Channelsls (ASICs). Here, we asked whether ASIC1A, a critical ASIC subunit, 



is also required for Pavlovian conditioning to a rewarding US. We tested mice expressing 
ASIC1A versus mice lacking ASIC1A using automated chambers to quantify behavioral 
responses to 20 pairings per day over multiple days of a CS (tone + light) with a rewarding US 
(Ensure). Three experiments were performed testing three different CS-US pairing strategies: 1) 
CS immediately preceded US, 2) CS and co-initiated with US co-initiated simultaneously, and 3) 
CS explicitly unpaired fromand US explicitly unpaired. In these experiments, multiple ASIC1A-
dependent effects were observed. Surprisingly,Together, the results suggest that rather than 
causing impairment, loss of ASIC1A unexpectedly improved Pavlovian reward conditioning by 
increasing learning precision and efficiencyenhancing learning and memory. 
NonethelessTogether, these results suggest a fundamental difference in the effects of ASICs in 
two opposingtwo forms of Pavlovian learning and memory. They also offer a potential target for 
differentially manipulating reward and aversion in the context of mental illnesses such as drug 
addiction and depression. 
More work is needed to better understand this unexpected improvement in reward conditioning. 
Nonetheless, these results suggest a fundamental difference in the effects of ASICs in two forms 
of Pavlovian learning and memory. They also offer a potential target for differentially 
manipulating reward and aversion in the context of mental illnesses such as drug addiction and 
depression. 
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Abstract: Obesity is a major public health problem in the United States, with more than two out 
of three of adults categorized as overweight or obese (NIDDK, 2016). In response, public health 
departments have moved to mandate that restaurants publish caloric data at the point of purchase, 
with the hope of biasing consumer purchasing decisions toward lower calorie options (Berman, 
2008; Roberto, 2010). However, the efficacy of this approach has not been well understood at the 
level of value processing and decision-making. The present study sought to interrogate the 
influence of calorie information on brain responses to food cues. Specifically, we hypothesized 



that activation in reward regions—including the nucleus accumbens (NAcc) and orbital frontal 
cortex (OFC)—would be reduced in the presence of calorie information, but that activation in 
control regions—including the frontoparietal control network—would increase in the presence of 
calories. Moreover, because dieters are known to consider calorie content when making food 
choices, we evaluated dieting status as a moderator of these effects. During an fMRI scan, 
participants (N= 50) viewed pictures of food in which caloric information was either absent or 
present in a within-subject design. In the presence of calorie information, reward activation 
decreased whereas frontoparietal control activation increased. Further, reward activation was 
sensitive to both caloric information and the dieting status of the participant. A whole-brain 
searchlight multivariate pattern analysis (MVPA) was performed to identify regions of the brain 
whose activation patterns were most similar across conditions (calories VS. no calories). A group 
t-test comparing dieters to non-dieters revealed that dieters produced more similar activation 
patterns in the OFC for food images presented with calories and food images presented without 
calories—suggesting that dieters may spontaneously consider caloric information when viewing 
food cues. Taken together, these findings suggest that calorie information alters brain responses 
to food cues by simultaneously increasing control system activity and reducing reward system 
activity. 
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Abstract: Despite the decrease in tobacco use in the United States since 1973, nicotine continues 
to be one of the most widely used psychoactive drugs in our society. Although the negative 
consequences associated with nicotine use via smoking cigarettes are well known, people find it 
very difficult to successfully quit. In fact, current smoking cessation pharmacotherapies only 
result in long-term abstinence in about 20% of quit attempts. Thus, there is a need to identify 



novel, effective treatments for combating nicotine addiction. The purpose of this study was to 
examine the appetitive properties of nicotine in an invertebrate model of drug preference. Our 
laboratory has previously shown that the nematode Caenorhabditis elegans (C. elegans) 
demonstrates movement toward and self-exposure to various psychoactive drugs (i.e. cocaine, 
methamphetamine, morphine, ethanol and caffeine). The eventual goal is to use this invertebrate 
model to identify potential novel cessation aids at a fraction of the time and cost of many other 
animal models. Preference tests were performed in 6-well test plates spotted with nicotine (5, 50, 
100 or 500 mM) and vehicle (water) in the opposing target zones of each well. Adult, age-
synchronized worms (N2 Bristol wild-type) were placed in the center of each well and the 
number of worms in each target zone was counted 30 min later. Untreated worms showed a 
concentration-dependent preference for nicotine that was significantly enhanced when the 
nicotine solutions were titrated to a pH of 7. The worms were not immobilized by self-exposure 
to nicotine as they were able to move away when the aversive compound nonanone was 
subsequently added to the target zone. Preference for nicotine was significantly decreased by 
pretreatment with the opioid receptor antagonist naltrexone. In contrast, pretreatment with 
naltrexone did not alter preference for food or the known attractant benzaldehyde, suggestive of 
a specific effect on nicotine preference. Overall, these data suggest that the rewarding properties 
of nicotine can be studied in this invertebrate model. Furthermore, the ability of naltrexone 
pretreatment to alter the preference for nicotine lends support for the use of this model to test 
potential pharmacotherapies for nicotine addiction. 
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Title: Disinhibitory amygdala microcircuits for aversive learning 
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Abstract: The basolateral amygdala (BLA) is a cortical-like structure known to be involved in 
simple forms of emotional learning such as fear conditioning. It is the main entry site for sensory 
information to the amygdaloid complex and local plasticity in the BLA is crucial for fear 
memory formation. BLA principal neurons (PN) excitability is under tight control of different 
subclasses of inhibitory interneurons (IN). However, the contribution of each subtype of IN to 
sensory processing and fear learning is still poorly understood. 
Using a deep brain calcium imaging approach in freely behaving mice, we aim to understand 
how different IN subtypes control fear learning. We further apply novel intersectional viral tools 
and optogenetic approaches, together with rabies-based retrograde trans-synaptic tracing to 
analyse how different IN subgroups interact with each other, and how this disinhibitory interplay 
could affect plastic changes of BLA PNs and thus gate memory formation. 
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Abstract: Noradrenergic neurons in the locus coeruleus play an important role in mood, 
attention, cognitive processes and learning through their diverse projections throughout the brain. 
Previously, we showed that noradrenaline in the lateral amygdala (LA) modulates Hebbian 



plasticity mechanisms via beta-adrenergic receptors (β-ARs) to facilitate the formation of 
auditory fear memories, possibly via downstream signaling events that regulate long term 
memory formation. But it is unclear if locus-coeruleus-noradrenaline (LC-NA) projections to the 
LA modulate learning, and the intracellular changes that are triggered by NA release and β-AR 
activation in the LA to facilitate this learning. To understand these questions, we used 
optogenetic and viral approaches in rats to dissect the functional role of LC-NA projections to 
the LA during fear learning, and the underlying molecular mechanisms through which these 
neuromodulatory signals regulate long term memory formation. We injected retrograde canine 
adenovirus expressing Cre recombinase (CAV2-Cre-GFP) into the LA and adeno-associated 
virus expressing Cre-dependent ArchaerhodospinT (ArchT-tdtomato) into the LC. This produced 
expression of ArchT in the cell bodies and nerve terminals of the noradrenergic neurons, making 
it possible to optogenetically inhibit the LC-NA projections in the LA during auditory fear 
conditioning. We found that inhibition of LC-NA projections in the LA, specifically during the 
aversive shock period of fear conditioning, significantly reduced fear memory formation. CREB-
regulated transcription coactivator-1 (CRTC1) integrates calcium and cAMP signaling pathways 
synergistically to regulate transcriptional processes and neural plasticity through its nuclear 
translocation. We next examined the role of CRTC1 activity in the LA neurons during fear 
conditioning and found that fear learning produced a significant increase in CRTC1 nuclear 
accumulation in the LA neurons. To examine the function of this CRTC1 nuclear translocation, 
we virally expressed a dominant-negative CRTC1 (DNCRTC1) or shRNA targeting CRTC1 to 
reduce CRTC1 activity or expression respectively. Both manipulations reduced long term fear 
memory formation. These results demonstrate a temporally precise role for the activity of LC-
NA projections in the LA during fear memory formation, and implicate CRTC1 as a potential 
mechanism for transducing noradrenergic signaling in the LA neurons into long term fear 
memories. 
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Abstract: Noradrenaline neurons in the locus coeruleus (LC) play a critical role in many 
functions including emotional learning and behavioral flexibility. This relatively small 
population of neurons is traditionally believed to be anatomically and functionally homogeneous 
with all neurons projecting widely throughout the brain and responding similarly to salient 
stimuli. However, noradrenaline is important for opposing functions such as fear or extinction 
learning in different brain regions and some studies have reported specificity in the efferent 
connectivity of specific LC cell populations. Thus, one mechanism for noradrenergic modulation 
of opposing behavioral learning states is through distinct LC subcircuits that regulate specific 
aspects of behavior. We found that LC neurons displayed context-dependent interrelationships, 
with moderate, discrete activation of distinct cell populations by fear/safety cues and robust, 
global recruitment of most cells by strong aversive stimuli. Retrograde tracing studies 
demonstrated that distinct subpopulations of LC-noradrenergic neurons project to amygdala- and 
medial prefrontal cortex (mPFC) and brain-wide efferent mapping revealed that each neuronal 
subpopulation maintained specific connectivity with amygdala or mPFC. In a series of 
optogenetics experiments, we discovered that the amygdala-projecting ensemble promoted fear 
learning, while the mPFC-projecting cells extinguished aversive responses to enable flexible 
behavior. Importantly, amygdala projecting cells were more activated during high fear states, 
while mPFC projecting cells were more engaged during extinction. These results revealed a 
modular organization of the LC-noradrenaline system assembled from a mosaic of projection- 
and behavior-specific modules coupled with combinatorial activation modes which enables the 
adaptive tuning of emotional responding and behavioral flexibility. 
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Abstract: The bed nucleus of the stria terminalis (BNST) is thought to mediate conditioned fear 
responses to sustained contextual stimuli but not phasic cues. However, contexts differ from 
discrete cues not only in terms of their duration, but also in the degree to which they temporally 
predict the occurrence of aversive outcomes. The current experiments sought to determine 
whether the temporal predictability of a CS (whether a cue or context), rather than CS duration, 
is a factor in the recruitment of the BNST. To test this hypothesis, adult male Long-Evans rats 
were implanted with guide cannulae aimed at the BNST. After a week of recovery, rats were 
conditioned in a single context with an unsignaled footshock (2 sec, 1 mA) that occurred either 1 
min (short-delay; “temporally predictable”) or 9 min (long-delay; “temporally unpredictable”) 
after the animal was placed in the context. Each animal received 4 trials over 2 days (2 trials per 
day) and total exposure to the context was equated for all groups (i.e., all rats remained in the 
context for 10 min independent of when the shock was delivered); freezing behavior served as 
the measure of fear expression. After training, the BNST was reversibly inactivated using 
muscimol (a GABA receptor agonist) or NBQX (an AMPA receptor antagonist) immediately 
prior to a retrieval session in the conditioned context in the absence of shock. Interestingly, 
BNST inactivation only disrupted contextual freezing in rats in the long-delay condition, despite 
the fact that total shock and context exposure was equated among the groups. This reveals that 
BNST mediates fear expression in unpredictable, but not predictable contexts. Next, we 
examined whether the BNST mediates fear to discrete CSs that are poor predictors of US onset. 
We used forward (i.e., CS-then-US) and backward (i.e., US-then-CS) fear conditioning 
procedures to establish CSs that were either good or poor predictors, respectively, of US onset. 
Twenty-four hours after conditioning in context A, rats were infused with drug or vehicle into 
the BNST and tested for fear to the CS alone in context B. Similar to the previous experiment, 
BNST inactivation attenuated fear to the backward CS, without affecting freezing to the forward-
trained CS. Additional experiments demonstrated increases in Fos-positive neurons in the 
anteroventral BNST following exposure to a backward CS, but not to a forward CS. Collectively, 
these results suggest that fear evoked by temporally unpredictable CSs, whether contexts or cues, 
are mediated by the BNST. 
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Abstract: After a traumatic incident individuals often undergo exposure therapy or 
psychological debriefing in an attempt to prevent the development of stress- and trauma-related 
disorders (e.g., posttraumatic stress disorder, PTSD). These “extinction-like” therapies aimed to 
reduce fear-related behaviors are context dependent. That is, fear tends to relapse in other 
settings, which limits the efficacy of such therapies. Past work has demonstrated that the stress 
hormone norepinephrine (NE), produced by and released from the locus coeruleus (LC), is 
elevated in individuals with PTSD. Extinction learning and fear relapse can be modeled in the 
laboratory using Pavlovian fear conditioning procedures in rodents. Here, we used LC-specific 
DREADDs (Designer Receptors Exclusively Activated by Designer Drugs) to examine how LC-
NE contributes to both extinction retrieval (low fear) and fear renewal (high fear). Male rats first 
received bilateral infusions of either AAV9-PRSx8-hM3Dq-HA or AAV9-PRSx8-hM4Di-HA 
into the LC. Two weeks after surgery, rats underwent standard auditory fear conditioning and 
extinction procedures. After extinction learning, rats underwent two dual retrieval-renewal 
sessions (i.e., each session consisted of consecutive retrieval and renewal procedures using a 
within-subjects design). Thirty minutes prior to each test session, rats received either vehicle or 
clozapine N-oxide (CNO; 3 mg/kg, i.p.) injections in a counterbalanced fashion; under these 
conditions, CNO reliably increased (hM3Dq) or decreased (hM4Di) LC firing rates. In animals 
expressing the excitatory DREADD, CNO greatly increased freezing to the extinguished CS and 
strongly attenuated extinction retrieval. In contrast, CNO reduced freezing to the extinguished 
CS in animals expressing the inhibitory DREADD in the extinction context, but paradoxically 
increased fear renewal outside the extinction context. This suggests that elevated fear can result 
from either increases or decreases in LC firing, and presumably NE release in forebrain targets 
such as the amygdala and prefrontal cortex. Further work is required to understand how 
bidirectional changes in LC firing differentially regulate the context-dependent expression of 
extinction. 
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Abstract: Fear extinction is a critical component of behavioral therapies for anxiety- and stress- 
related disorders. Considerable work has shown that the amygdala and medial prefrontal cortex 
(mPFC) are crucial for learning fear extinction, whereas the hippocampus (HPC) regulates the 
context-dependent expression of fear after extinction. Recent work indicates that interactions 
between the mPFC and HPC mediate the context-dependent expression of extinction memory. 
Although direct projections from the HPC to the mPFC have been implicated in fear renewal, it 
is not known whether indirect projections from the mPFC to the HPC via the thalamic nucleus 
reuniens (RE) are involved in this process. In the present experiments, we explored the role of 
the RE and mPFC-RE-HPC circuits in the context-dependent expression of extinction. Male rats 
underwent standard auditory fear conditioning and extinction procedures followed by retrieval 
tests in either the extinction context or in an alternate context. Pre-testing pharmacological 
inactivation of the RE using the GABAA receptor agonist muscimol attenuated extinction 
retrieval, without affecting fear renewal. Consistent with this, RE inactivation was found to 
reduce the numbers of Fos-positive neurons in the mPFC and HPC after extinction retrieval 
testing. Lastly, silencing mPFC neurons projecting to RE produced deficits in extinction retrieval 
similar to those produced by RE muscimol; ongoing studies are exploring the role of RE 
projections to the HPC in these effects. Overall, our results indicate that the RE may be a novel 
hub gating information flow between the mPFC and HPC that is critical for the inhibition of 
extinguished fear. 
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Abstract: The hippocampus (HPC) and medial prefrontal cortex (mPFC) are two brain areas that 
have an important role in the extinction of fear memories. Inactivation of the dorsal (Corcoran et 
al., 2005) or ventral (Sierra-Mercado et al., 2011) hippocampus or the infralimbic cortex (Sierra-
Mercado et al., 2011) impairs the acquisition of fear extinction. The anatomy of this circuit 
suggests that unidirectional, monosynaptic projections from the HPC to the mPFC supports 
extinction learning. However, the mPFC is positioned to influence information processing in the 
HPC via indirect projections through the thalamic nucleus reuniens (RE); it is not known how 
the RE or mPFC->RE->HPC projections contribute to extinction learning. To address these 
questions, we first examined whether muscimol inactivation of RE would affect extinction 
learning. Animals were implanted with a single cannula targeting RE. After recover from 
surgery, rats were subjected to 5 CS (tone) -US (footshock) pairings in context A. Twenty-four 
hours later, they were infused with either muscimol (GABAA agonist) or saline in RE 10 mins 
before they received an extinction session wherein they received CS-alone trials in context B. 
This was then followed a day later by retrieval tests in the extinction context (B) and the 
conditioning context (A). RE inactivation attenuated both within-session extinction, as well as 
fear suppression in the extinction context the following day; the renewal of fear in the 
conditioning context was not affected by RE inactivation. To determine if extinction deficits 
subsequent to RE inactivation were due to blocking PFC input to the RE (and presumably to the 
HPC), we performed circuit manipulations using Cre-dependent DREADD’s (designer receptor 
exclusively activated by designer drugs) to silence mPFC->RE and RE->HPC projections. Four 
weeks after surgery, the rats received the same behavioral protocol described above. We found 
that silencing RE projectors in the mPFC reproduced the extinction deficits we observed after 
muscimol inactivation of RE; studies exploring RE projections to the HPC are ongoing. Overall, 
these results indicate that the RE may be critical for gating information flow between the mPFC 
and HPC during the acquisition of extinction learning. 
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Title: Avoidance over-conditioning impairs extinction of fear, induces persistent avoidance, and 
increases use of safety cues: Implications for OCD 
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Abstract: Obsessive-compulsive disorder (OCD) is characterized by compulsive urges that can 
resemble avoidance of perceived danger. It is treated with exposure-with-response-prevention 
(ERP) therapy, in which patients are prevented from carrying out compulsions in response to 
triggers. Due to their repetitive nature, OCD compulsions are thought to resemble habit 
formation (Gillan et al., 2015), but little is known about the effects of repetitive avoidance on 
subsequent extinction. Using a platform-mediated avoidance task (Bravo-Rivera et al., 2014), we 
recently reported that a minority of rats persist in their avoidance following several days of 
extinction with a barrier that prevents access to the platform (extinction with response 
prevention, Ext-RP) (Rodríguez-Romaguera et al., 2016). A possible factor contributing to 
persistent avoidance after extinction is the development of habits over extended periods of 
training. Therefore, we trained two groups of rats with either 8 days (8d) or 20 days (20d) of 
avoidance conditioning, followed by 4 days of Ext-RP and a subsequent test with the barrier 
removed. Both groups showed similar avoidance conditioning. During Ext-RP, however, the 20d 
group showed impaired extinction of freezing (RM-ANOVA; F (1, 28) = 57.37, p<0.001), ending 
with elevated freezing levels. The following day, 20d rats showed increased avoidance at test 
compared to the 8d group (t-test; t 76 = 4.03, p<0.001), but did not display differences in freezing. 
Thus, the ability to re-access the platform eliminated the excessive fear in this group. To assess 
whether 20d group interpreted the barrier as a safety signal, an additional test session was run 
with the barrier placed opposite to the platform. Under these conditions, avoidance was reduced 
in the 20d group (t-test; t 29 = 4.05, p<0.001), suggesting the barrier signaled safety to these rats. 
We are currently using cFos to compare activity in prefrontal-striatal-amygdala circuits in the 8d 
and 20d groups. Our results suggest that repeated expression of avoidance-like compulsions may 
reduce the effectiveness of extinction-based therapies, and increase subjects’ reliance on 
apparent safety cues. 
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Abstract: Memories are not static in the brain, but shift with the passage of time (Frankland and 
Bontempi 2005). Previously, we showed that the prelimbic - amygdalar projection (PL-BLA) is 
necessary to retrieve a 6-hour fear memory, whereas the prelimbic - thalamic projection (PL-
PVT) is necessary to retrieve a 7-day fear memory (Do-Monte, et al., 2015). The somas of PL-
BLA and PL-PVT neurons are in different layers of PL. What characterizes the activity of both 
neuronal populations in early vs. late fear retrieval? To address this, we infused separate 
retrograde tracers into BLA and PVT, exposed rats to auditory fear conditioning, and then 
assessed early (2 h) fear retrieval. One hour after test, rats were sacrificed and brains were 
processed for fluorescent labeling of the retrograde tracers, as well as the activity marker c-Fos. 
Compared to unconditioned controls, early fear retrieval increased activity in PL-BLA neurons 
(21% vs 5% of PL-BLA neurons expressing c-Fos, p=0.03) but not in PL-PVT neurons (4% vs 
5% of PL-PVT neurons expressing c-Fos, p=0.47). To characterize the timing of PL neuronal 
responses during early and late timepoint, we recorded from 216 individual neurons in different 
PL layers, using 32 channel silicon probes (NeuroNexus). Neurons in layers 2-5 of PL, which 
project to BLA but not to PVT, showed conditioned excitatory tone responses during early 
retrieval (2, 24 h), but not during late retrieval (4 d). In contrast, neurons in layer 6, which 
project to PVT but not to BLA, showed no excitatory conditioned responses in early or late 
retrieval, but showed pronounced and long-lasting inhibitory responses during late retrieval. Our 
findings suggest that, following fear conditioning, the conditioned output of PL shifts with time 
from increased activity in projections to BLA to decreased activity in projections to PVT. We 
previously showed that PVT neurons develop excitatory tone responses with the passage of time 
after conditioning, and optogenetic silencing of PL-PVT fibers induces both excitation and 
inhibition of PVT neurons (Do-Monte et al., 2015). Thus, PL-PVT inhibition could indirectly 
increase PVT activity, through disinhibitory circuits. 
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Abstract: The infralimbic prefrontal cortex (IL) is necessary for both extinction of conditioned 
fear (Do-Monte et al., 2015) and extinction of platform-mediated active avoidance (Bravo-
Rivera et al., 2014). Brain-derived neurotrophic factor (BDNF) is critical for learning and 
memory processes. Blocking extracellular BDNF in IL, but not PL, during extinction of 
conditioned fear impairs its acquisition and recall (Rosas-Vidal et al., 2014). Here we examined 
the role of BDNF in extinction of active avoidance. We found that blocking extracellular BDNF 
in either IL (p< 0.05) or PL (p<0.01) during extinction of avoidance impaired its recall but not its 
acquisition. To determine the possible source of extinction-related BDNF, we combined 
retrograde tracers in IL or PL with immunohistochemistry. Interestingly, we found that 
extinction of avoidance increased BDNF expression in ventral-hippocampal (vHPC) neurons 
projecting to IL or PL (p=0.004 and p=0.010 respectively), but not amygdala or mediodorsal 
thalamic neurons projecting to IL or PL. To determine whether BDNF produced in vHPC is 
necessary for extinction of avoidance, we injected lentiviri expressing the CRISPR/Cas9 system 
targeting the bdnf gene. CRISPR-Cas9 was sufficient to impair BDNF expression in vHPC (p= 
0.014). Furthermore, BDNF knock-down in vHPC neurons impaired recall of extinction of 
avoidance (p=0.047 and p=0.019 respectively). Post-traumatic stress disorder is associated with 
reduced hippocampal volumes (Bremner et al., 2002, Bremner et al., 1995, Chao et al., 2013) 
and with decreased hippocampal-prefrontal connectivity Admon et al., 2012). Our results suggest 
that reduced BDNF release by an impaired hippocampal-prefrontal pathway may be associated 
with increased avoidance behaviors seen in post-traumatic stress disorder. 
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Abstract: Numerous psychiatric disorders, including post-traumatic stress disorder (PTSD), are 
associated with a deficit in the ability to successfully discriminate between conditions of fear and 
safety. Chronic exposure to adverse stressful experiences may confer susceptibility to PTSD by 
altering the brain’s fear memory system in a way that increases generalization of responses 
usually reserved for threat to innocuous stimuli that are unrelated to the trauma. To test this 
hypothesis, we exposed 129Sv/Ev mice (N=10) to social defeat stress or to no stress (N=10) for 
10 days and then tested their ability to discriminate threat from safety using a threat 
discrimination learning paradigm. During discrimination learning, mice were exposed to two 
different auditory stimuli: one stimulus (CS+) was paired with a mild foot shock (0.5 mA), and 
the other (CS-) was never paired with a foot shock. Training involved exposing mice to 6 
presentations of each CS a day for 3 consecutive days (Likhtik et al., 2014). We then placed the 
mice in a testing chamber that was distinct from the training context and tested them to both 
tones in the absence of foot shock. During the test session, we found that the non-stressed control 
group froze significantly more to the CS+ than the CS-, while our socially defeated group 
exhibited similar freezing behavior to both tones. We categorized mice as ‘generalizers’ if they 
froze similarly to both tones (<10% difference in freezing to CS+ vs. CS-) and ‘discriminators’ if 
they showed greater freezing to the CS+ than the CS-. We found that a greater proportion of 
mice exposed to chronic social defeat stress fit the criteria for generalizers (50%) than those in 
our non-stressed control group (20%). Our data suggest that chronic stress may increase 
susceptibility to PTSD by impairing the ability to discriminate threat from safety. 
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Abstract: The basolateral amygdala (BLA) is an integral structure for rapid signaling about 
potential threats. Cholinergic afferents from the basal forebrain (BF) to the BLA make an 
important contribution to its role as a threat detector by potentiating cortical input onto BLA 
principal neurons and increasing the signal to noise ratio of BLA firing (Jiang et al., 2016; Unal 
et. al., 2014). Less is known, however, about the role of GABAergic projections from the BF to 
the BLA, which may serve to inhibit the acetylcholine-mediated signal amplification of threat- 
related learning in the amygdala. To investigate this question, we trained mice to either associate 
a conditioned stimulus (CS+, 2 kHz tone) with a shock US (0.5mA) or with a period of safety via 
explicitly unpairing the US and CS. Neural activity in the BF was analyzed via expression of the 
immediate early gene cfos in parvalbumin expressing GABAergic cells (PV+) and cholinergic 
cells expressing choline acetyltransferase (ChAT+). As suggested by previous work, paired 
threat conditioning led to higher cfos activation of cholinergic cells than unpaired conditioning 
(cfos:ChAT+ paired 23% vs unpaired 6%, p=0.014 in the substantia innominata (SI), and in the 



horizontal limb of the diagonal band (HDB cfos:ChAT+ paired 21% vs unpaired 3%, p=0.0023). 
However, unpaired safety training led to increased cfos activation in PV+ cells of the HDB 
relative to the paired conditioning (cfos:PV+ paired, 15% vs. cfos:PV+ unpaired, 41% in 
p=0.015), as well as suppression of ChAT+ cellular activity across all sampled regions of the BF 
(ventral pallidum [VP], SI, HDB). In light of these findings, we are currently investigating how 
PV+ GABAergic inputs from the BF to the BLA impact threat and safety learning. These 
findings indicate that the BF may constitute an important gate for amygdala output at the time of 
predictive threat and safety. 
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Abstract: The medial prefrontal cortex (mPFC) and its projection targets play an important role 
in learning to discriminate threat from safety. Previous studies have shown that the prelimbic 
(PL) and infralimbic (IL) sub-regions of the mPFC are critically involved in fear expression and 
fear suppression, respectively. Investigation into how these two contiguous areas govern 
opposing behavioral responses has focused on their direct, reciprocal connectivity with the 



basolateral amygdala (BLA). This work has shown that the mPFC drives both excitation and 
inhibition in the BLA, with a prevalence toward inhibition after safety or extinction training. 
However, the mechanism of mPFC-mediated inhibition in the BLA is not well understood. To 
address this question, we are investigating indirect connectivity between the mPFC and BLA via 
the basal forebrain (BF). Collectively, the BF (substantia innominata - SI, ventral pallidum - VP, 
horizontal limb of the diagonal band - HDB) send GABAergic and cholinergic inputs to the 
BLA, which are thought to increase the signal to noise strength of BLA firing and enhance fear 
expression. Thus, we reasoned that mPFC inputs to BLA-projecting cell groups in the BF could 
provide an indirect mechanism for control over BLA activity and fear expression. To investigate 
this possibility, we injected retrograde fluorescent beads (RB) in the BLA and an anterograde 
tracer (AAV8.2-hEF1a-DIO-synaptophysin-mCherry with AAVa - hSyn-Cre-WPRE-hGH) in 
either the IL (N=4) or PL (N=4) of C57BL6J mice. After a 3 week period for viral and RB 
expression, the BF region was stained for parvalbumin (PV+) and choline acetyltransferase 
(ChAT+) to identify GABAergic PV+ and cholinergic cell groups, respectively. Analyses show 
that the majority of projections from the VP region of the BF (VP-to-BLA) are ChAT+ 
(13.47%), whereas the majority of projections from the HDB are PV+ (5.72%). Surprisingly, 
despite the comparatively smaller overall number of PV+ cells in the BF overall, they were the 
principal target of IL synaptic vesicles in all three examined BF regions. We are investigating 
whether the PL-BF-BLA network shows similar connectivity patterns and the functional 
significance of this circuit for BLA activity and fear expression. 
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Abstract: Pavlovian fear conditioning provides a way to investigate memory formation and 
retrieval. During fear conditioning, a conditional stimulus (CS) is paired with an aversive 
outcome and the CS acquires aversive value over several pairings. The CS may then be presented 
during a retrieval session where fear responding is measured as an indicator of memory strength. 



Retrieval sessions allow for the incorporation of new information into the original memory trace 
by destabilizing amygdala synapses, which is accompanied by changes in synaptic expression of 
AMPA receptors. Inhibition of protein synthesis-dependent plasticity in the amygdala 
immediately following a retrieval experience impairs long-term memory retention and disrupts 
AMPA receptor synaptic expression. Previous work shows that terminals of auditory thalamic 
(MgN) neurons onto cells in the lateral amygdala are immediately presynaptic to AMPA receptor 
subunits, suggesting that MgN input may play a role in amygdala-dependent memory through 
regulation of AMPA receptor dynamics. However, very little is known about the sensory inputs 
to the amygdala that regulate fear memory at retrieval. Local inhibition of the MgN activity 
using pharmacological agents prior to fear conditioning, but not prior to retrieval, can disrupt 
memory, but pathway specific optogenetic manipulation provides more precise tool that 
potentially allows for isolation of MgN-LA connections. Recent work has shown that 
optogenetic terminal stimulation of thalamic and cortical inputs onto the amygdala during 
conditioning can serve as a CS to simulate auditory fear conditioning when paired with a UCS 
and that this is dependent on glutamatergic synaptic transmission. Importantly, groups 
conditioned with optogenetic stimulation as a CS show that terminal stimulation closely 
resembles auditory fear memory retrieval, suggesting a role for thalamic and cortical terminals in 
the amygdala during fear memory reactivation. Here groups undergo auditory fear conditioning 
followed by a brief retrieval session to characterize the role of MgN terminals in the amygdala 
during recall. We found that silencing MgN terminal activity during CS presentations at retrieval 
impaired fear responding, suggesting that MgN inputs to the amygdala are necessary for the 
retrieval of an auditory fear memory. Other experiments address if MgN terminal silencing alters 
anisomycin-induced amnesia following memory retrieval and synaptic destabilization evidenced 
by changes in AMPA receptor trafficking in the amygdala. 
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Abstract: Both humans and rats experience an age-related decline in episodic/explicit memory. 
Along with protein synthesis, protein degradation mediated by the ubiquitin proteasome system 
is critical for the synaptic plasticity underlying memory formation and retrieval. While a 
decrease in basal proteasome activity with increasing age is evident across various species, age-
related changes in plasticity dependent proteolysis have not been explored and may underlie the 
age-related deficit in trace fear conditioning (TFC) previously documented in aged rats. Using 
TFC to model episodic memory in rats, we attempted to rescue age-related memory decline by 
upregulating proteasome activity via dietary administration of the compound methylene blue 
(methylthioninium chloride, MB), since prior work showed that MB increases chymotrypsin-and 
trypsin-like proteasome activity in 3xTg-AD mice. Two experiments tested the effects of MB on 
TFC and proteolytic activity in male F344 young (3 months) and aged (18 months) rats. In 
Experiment 1, 3-month-old rats were administered 50mg of MB per 100g of powdered food for 4 
months. While this treatment did not significantly enhance memory, it significantly increased 
proteasome activity in the retrosplenial cortex (RSC). Since MB treatment is dose dependent, we 
lowered the dose in Experiment 2, and 3 month and 18-month-old F344 rats were administered 
25mg of MB per 100g of powdered food. MB treatment enhanced TFC in young rats, while not 
affecting TFC in aged rats. However, there was a significant increase in proteasome activity in 
the RSC for both young and aged rats, as well as a significant increase in proteasome activity in 
the dorsal hippocampus for young rats. These results suggest a lower dose of MB significantly 
enhances TFC in young but not aged rats. Therefore, additional research is needed to determine 
the optimal dose at which MB rescues TFC in aged rats.  
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Abstract: The ability to form memories for aversive events, as well as for where those events 
occur, is critical to survival. Recent research suggests a critical role for the retrosplenial cortex 
(RSC) in the encoding and storage of events and their associated contexts. However, the nature 
of information processing in the RSC during learning remains unclear due to previous 
manipulations of the RSC lacking spatial and temporal precision. Our initial 
immunohistochemical analysis of the RSC following auditory trace fear conditioning, a 
paradigm used to model declarative memory in rodents, showed increased neuronal activity 
throughout its longitudinal extent. While these results suggest that the RSC may be functionally 
homogeneous throughout its rostral-to-caudal expanse, previous lesion and 
immunohistochemical work implicates differential function between the anterior and posterior 
segments. We then used optogenetics to examine specific functions of RSC segments during 
trace fear conditioning. Rats were transfected with ArchT, under control of the neuron-specific 
promoter CAG, while control rats received a similar viral cassette that lacked the light-sensitive 
pump. By injecting these viruses into the anterior RSC (aRSC) or the posterior RSC (pRSC), and 
then mounting LEDs over a thinned skull window immediately above the site of transfection, we 
can achieve spatially and temporally precise reductions in neuronal excitability. All rats received 
light delivery during each learning trial of conditioning. The following days, rats were tested for 
memory to the tone and to the training context. Silencing of aRSC during each tone-shock 
pairing impairs memory formation for the training tone, whereas pRSC silencing selectively 
impairs contextual memory formation. These results suggest that the two poles of the RSC may 
differentially contribute to event-related and contextual memory formation, and that the RSC 
may normally aid in the final association of these two distinct aspects of the fear memory. 
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Abstract: Decades of research on defensive behaviors supports a model in which the amygdala 
initially processes emotional responses to threat and coordinates defensive responses via 
“downstream” structures including the midbrain periaqueductal gray (PAG). While the PAG was 
initially thought to be the final common pathway for fear expression, recent evidence suggests 
that the PAG plays a much more integrated role in coordinating defensive responding. 
Inactivation of the ventrolateral PAG (vlPAG) during fear conditioning or extinction training 
impairs neural plasticity in both the amygdala and medial prefrontal cortex (mPFC), suggesting 
that the PAG modulates plasticity in these structures. However, our present understanding of 
PAG function comes primarily from pharmacological manipulations or lesions that impair PAG 
activity for an imprecise amount of time following drug administration. To gain a better 
understanding of the role of the PAG in modulating network activity within the fear/extinction 
circuit, activity within the vlPAG 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 either a single 30-second white noise CS/laser presentation and 
were sacrificed 5-minutes later for Arc fluorescent in situ hybridization, or five 30-sec CS/laser 
presentations followed by two subsequent CS tests in either the same or shifted context. We 
found that 1) inactivation of vlPAG during one CS presentation significantly reduced retrieval-
related Arc expression in the amygdala and prelimbic (PL) region of the mPFC; 2) inactivation 
of vlPAG during 5 CS presentations reduced CS freezing during the retrieval session; 3) the 
reduction in CS freezing persisted during a laser-free test 24-hours following vlPAG inhibition 
and was renewed in a shifted context. These results indicate that the PAG modulates fear 
network activity during fear expression. Furthermore, inhibiting vlPAG activity during CS 
presentations resulted in a stable reduction in fear responding in the absence of optogenetic 
inhibition and the renewal of fear suggests that inhibiting vlPAG activity during fear expression 
may have triggered extinction learning. The current study provides new insight into the role of 
vlPAG during fear memory retrieval/expression and suggests that the vlPAG may participate in a 
feedback mechanism to modulate network activity, potentially to signal extinction learning. 
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Title: BAF53b, a neuron-specific nucleosome remodeling factor, is induced after learning and 
facilitates long-term memory consolidation 
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Abstract: Although epigenetic mechanisms of gene expression regulation have recently been 
implicated in memory consolidation and persistence, the role of nucleosome-remodeling is 
largely unexplored. Recent studies show that the functional loss of BAF53b, a postmitotic 
neuron-specific subunit of the BAF nucleosome-remodeling complex, results in the deficit of 
consolidation of hippocampus-dependent memory and cocaine-associated memory in the rodent 
brain. However, it is unclear whether BAF53b expression is regulated during memory formation 
and how BAF53b regulates fear memory in the amygdala, a key brain site for fear memory 
encoding and storage. To address these questions, we used viral vector approaches to either 
decrease or increase BAF53b function specifically in the lateral amygdala of adult mice in 
auditory fear conditioning paradigm. Knockdown of Baf53b before training disrupted long-term 
memory formation with no effect on short-term memory, basal synaptic transmission, and spine 
structures. We observed in our qPCR analysis that BAF53b was induced in the lateral amygdala 
neurons at the late consolidation phase after fear conditioning. Moreover, transient BAF53b 
overexpression led to persistently enhanced memory formation, which was accompanied by 
increase in thin-type spine density. Together, our results provide the evidence that BAF53b is 
induced after learning, and show that such increase of BAF53b level facilitates memory 
consolidation likely by regulating learning-related spine structural plasticity. 
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Abstract: The ventrolateral periaqueductal gray (vlPAG) has long been implicated in Pavlovian 
fear conditioning. The canonical view is that the vlPAG is critical to fear expression. However, 
recent studies have failed to find adequate neural correlates in this region linked to fear 
expression. Using a combination of Pavlovian fear conditioning and single-unit recording, we 
tested the hypothesis that vlPAG neurons signal threat probability, a signal more consistent with 
threat prediction, than fear expression. Six, Adult Male Long Evans rats, were presented with 
three auditory cues, each associated with a different probability of foot shock: Safety, p = 0.00; 
Uncertainty, p = 0.38; and Danger, p = 1.00. Rats received eight discrimination sessions, then 
were implanted with drivable, microelectrode bundles aimed at the caudal vlPAG. Following 
recovery, discrimination sessions resumed with single-unit recording. Across all sessions, rats 
demonstrated excellent fear discrimination, achieving high fear to the Danger cue, low fear to the 
Safety cue, and intermediate fear to the Uncertainty cue. Our analysis of vlPAG activity during 
discrimination revealed a population (29/267) of neurons that showed rapid, phasic increases in 
firing at cue onset. Interestingly, this population showed graded firing to the three cues which 
appeared to follow a pattern similar to fear expression: high firing to the Danger cue, low firing 
to the Safety cue, and intermediate firing to the Uncertainty cue. However, using either 
population or single-unit analyses, we found that differential firing to each of the three cues was 
best explained by the probability of foot shock associated with a given cue, not the level of fear 
expressed. Our analyses also found a similar, but largely separate population of neurons (30/267) 
that showed a ramping of activity from cue onset to offset. This ramping also scaled with the 
probability of foot shock: Danger > Uncertainty > Safety. Together, these results suggest that 
vlPAG neurons signal threat probability, or threat prediction, and generate signals which may be 
critical to organizing an appropriate fear response that are independent of the response itself. 
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Abstract: In rodent studies, it has been shown that memory retrieval circuit changes as memory 
is consolidated over time, suggesting dynamic regulation of memory engram organization during 
systems level consolidation. However, how memory is organized within neural circuits over time 
is poorly understood. Previously, we showed optogenetic stimulation of presynaptic auditory 
input in lateral amygdala (LA) can serve as a conditioned stimulus (CS) to form associative fear 
memory. In this study, we observed that the retrieval of such memory, driven by optogenetic CS 
input activation in the LA, was gradually decreased over time after learning. However, when the 
CS input was reactivated by optogenetic stimulation 1 day after learning, the memory retrieval 
through this CS input pathway was maintained. Importantly, the reactivation effect was highly 
specific such that reactivation of auditory input that was not activated during learning had no 
effect. Consistent with behavior results, we also found that LTP at CS input and c-Fos induction 
in the LA neurons during memory retrieval was maintained with the reactivation manipulation. 
Furthermore, in natural auditory fear memory, we found that prolonged inhibition of auditory 
brain regions activity for one week, starting from a day after conditioning, impaired memory 
retrieval at remote time, suggesting the possibility of reactivation-mediated maintenance of CS 
input as a critical part of retrieval circuit for associative memory. 
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Abstract: Classical auditory fear conditioning is a powerful model to elucidate many key 
features of adaptive and maladaptive forms of plasticity underlying learning and memory. In 
particular, a large body of work demonstrated that neurons in the lateral amygdala (LA) that 
receive thalamic and cortical afferents conveying auditory and foot-shock information undergo 
plasticity during learning. The LA has therefore been regarded as the primary site of stimulus 
convergence and fear memory formation. More recent evidence indicates, however, that auditory 
cortex (ACx) also exhibits foot-shock-evoked activity, and undergoes plasticity as a result of fear 
conditioning. How the parallel processing of auditory and foot-shock information via the 
thalamo-amygdala and thalamo-cortico-amygdala circuits interacts to enable memory formation 
and expression is therefore a key open question. Furthermore, the role of ACx as a whole has 
been controversial, with lesion experiments providing evidence both for and against a critical 
involvement in fear memory acquisition and retrieval. Here, we use acute optogenetic silencing 
of pyramidal neurons with ArchT in freely-behaving mice during different forms of auditory fear 
conditioning to determine the conditions under which the ACx (areas A1 and AuV) is strongly 
required for both fear memory acquisition and expression. We find that optogenetically 
inhibiting ACx during conditioning leads to a robust reduction in fear responses (freezing) in the 
subsequent recall session. Similarly, our data indicate a strong and reversible reduction in 
freezing responses when ACx is inhibited during recall of both recent and remote memory. 
Control experiments demonstrate that the decrease in auditory stimulus-evoked freezing is not 
caused by potential off-target effects of ACx inhibition or other side effects of light stimulation. 
As a next step we are investigating how cortical afferents to the LA influence memory formation 
and expression, and the extent to which tone-evoked activity in the LA depends upon cortical 
processing. Together, these experiments enhance our understanding of the brain-wide 
interactions of distinct areas that enable behavioral functions such as learning and memory. 
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Abstract: Fear is adaptive when confined to situations of danger, but is maladaptive when the 
level of fear expressed is inconsistent with a present threat. Generating appropriate fear in 
situations that threaten harm with uncertainty is particularly challenging. Prediction errors (PEs), 
discrepancies between predicted and actual outcomes, provide an updating mechanism by which 
appropriate fear in uncertainty may be achieved. Disrupting ventrolateral periaqueductal gray 
(vlPAG) activity can alter PE-dependent fear learning, and neural signatures consistent with PEs 
have been identified in rats (single-unit recording) and humans (fMRI). However, strong 
evidence for vlPAG single-unit activity as a de novo source of PEs is lacking. We implanted six 
male Long Evans rats with drivable microelectrode bundles aimed at the caudal vlPAG. 
Following recovery, single-unit activity was recorded during Pavlovian fear discrimination in 
which three auditory cues predicted different probabilities of foot shock: Danger (p = 1.00), 
Uncertainty (p = 0.38), or Safety (p = 0.00). Theoretically, positive PEs (+PEs) would be weak 
or absent to ‘predicted’ foot shock, on Danger trials, when prediction (1.00) is consistent with 
actuality (1.00). In contrast, +PEs would be generated to ‘surprising’ shock delivery on 
Uncertainty trials, due to the discrepancy between the predicted (0.38) and the actual shock 
(1.00). Across all trials, rats expressed high fear to Danger and low fear to Safety. Critically, rats 
expressed intermediate fear to Uncertainty, indicative of appropriate prediction error signaling. 
We identified a population of shock-responsive neurons (30/267) with phasic increases in firing 
to surprising and/or predicted foot shock. Despite not selecting for this criterion, population and 
single-unit activity was biased towards greater firing to the surprising foot shock - consistent 
with positive +PE signaling. In support of a mechanism for updating fear, single trials in which 
robust +PE responses were observed, resulted in increased fear to the Uncertainty cue on 
subsequent trials. In contrast, single trials with weak or anti-PE signaling resulted in decreased 
fear to the Uncertainty cue on subsequent trials. Combined with optogenetic findings from our 
lab, the present results suggest that +PE signaling is an intrinsic function of vlPAG neurons, and 
perhaps a neural source of dysfunction in disorders characterized by excessive fear. 
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Abstract: Prediction-error, the discrepancy between real and expected outcomes, drives 
associative learning as exemplified in the blocking paradigm. In blocking, a cue established as a 
good predictor of an outcome generates a small error in prediction. Therefore little is learned 
about the relationship between another, novel cue (e.g., a tone) and the same outcome in the 
presence of the good predictor. When prediction error is large, however, as in the case when the 
novel cue is trained in the presence of a poor predictor of the outcome, learning proceeds 
normally. Dopamine in the ventral tegmental area (VTA) has been implicated 
in reward prediction-error. Whether a similar role can be attributed to VTA dopamine in learning 
about fear remains unknown. We used the fear blocking paradigm to show that optogenetic 
activation of tyrosine hydroxylase positive neurons in the VTA at time of expected 
footshock further hinder learning about the blocked cue, therefore, augmenting the blocking 
effect in the aversive setting. Our results also indicate that optogenetic activation of dopamine 
does not modulate learning in a series of behavioural and neural control conditions. Overall, our 
findings suggest that dopamine transients in the ventral tegmental area reduce prediction error 
about aversive outcomes and thus modulate associative learning via a valance-specific 
prediction-error mechanism. 
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Abstract: Affective memory formation is determined by arousal level as well as by the sensory 
information flow related to a certain memorable experience. Although the amygdala is 
considered the main scene for integrating these kinds of information, the cell-type-specific 
subcortical origins of these inputs are yet to be elucidated. 
Hereby we study the calretinin(CR)-positive cell aggregates of the thalamus: the midline and the 
posterior intralaminar/suprageniculate (PIL/SG) nuclei which have been shown to project to the 
amygdala nuclei. The question thus arises about their specific role in affective learning. 
We investigate the temporal dynamics of CR+ neuronal firing in innate and learned behaviour of 
CR-Cre mice applying optogenetic techniques along with chronic multichannel electrode 
recording. Spontaneous and stimulus-evoked electrophysiological characteristics of CR+ cells 
along the thalamo-amygdala pathways are presented. 
Frequency-dependent optogenetic excitation of midline thalamic cells in CR-Cre mice leads to a 
heightened level of arousal and waking with short latency (see also poster of Komlósi et al.). 
Concerning the PIL/SG CR+ neurons, bidirectional optogenetic manipulation of their axon 
terminals in the amygdala shows that they contribute to the transmission of both cue- and 
context-dependent information in auditory fear learning. Optogenetically tagged single units 
exhibit diverse and plastic response patterns along the stages of threat conditioning, which are 
supposed to be shaped by distinctive brainstem input characteristics depicted here. 
Our results suggest that CR+ thalamic cells are good candidates to provide the amygdala with 
arousal- and sensory-related information in affective learning. 
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Abstract: Panic disorder is characterized by recurrent and unexpected panic attacks involving a 
surge of catastrophic fear accompanied by marked cardiorespiratory responses and is often 
associated with phobias. Disinhibition of the perifornical hypothalamic region (PeF), a panic 
generating site, by GABA antagonism produces panic associated responses including escape and 
anxiety-like behavior and enhancement of fear memory in rat models. Chronic infusion of 
glutamic acid decarboxylase inhibitor L-Allylglycine (L-AG), to inhibit GABA synthesis, 
generates rats that are vulnerable to interoceptive stimuli, like sodium lactate. Our laboratory has 
previously shown that L-AG, panic vulnerable, rats can be protected against panic responses by 
metabotropic glutamate receptor II agonism that reduces glutamate-mediated excitation. 
Furthermore, pyramidal neurons in the basolateral amygdala (BLA) of panic vulnerable rats 
undergo a shift in their membrane properties towards increased excitation. As a key region for 
fear and anxiety behaviors, the BLA may be a major glutamatergic target for the PeF in fear 
learning during panic; however, the excitatory PeF-BLA circuit has not been selectively 
activated to determine its role in panic or fear models. Here, we investigate circuit functions by 
utilizing Sprague-Dawley male rats and adeno-associated virus to express EYFP or EYFP and 
channelrhodopsin (ChR2) under calmodulin-kinase II promoter within the PeF. BLA-projecting 
glutamatergic PeF neurons were activated by optogenetic stimulation of fibers within the BLA 
region in behavioral and brain slice electrophysiology experiments. Blue light stimulation at 
10Hz was bilaterally targeted to the BLA of freely moving animals to excite the PeF-BLA circuit 
during each of the five minutes preceding acquisition, consolidation, and extinction phases of 
conditioned fear behavior testing. ChR2 expressing animals exhibited enhanced freezing during 
acquisition as well as delayed extinction suggesting glutamatergic PeF-BLA circuit modulation 
of fear learning. Three weeks after stimulation, ChR2 expressing animals exhibited increased 
spontaneous recovery of fear memory and delayed extinction during reinstatement of fear 



conditioning. Whole-cell recordings of BLA neurons were utilized to confirm that blue-light 
evoked excitatory responses were glutamatergic and inhibited by AMPA/NMDA receptor 
antagonists. Together, our data suggest that enhanced glutamate release from BLA-projecting 
PeF neurons is important in phobia development. 
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Abstract: Information storage within the brain is thought to be facilitated by changes in the 
number and relative strength of synaptic connections between neurons. Visualizing these 
changes over time in vivo would help reveal the rules that govern this process. However, long-
term, synapse-scale optical imaging in vivo - especially in structures that are found deep in the 
mammalian brain - continues to be a significant challenge. To circumvent this problem, we have 
used larval zebrafish, whose essentially transparent brains are organized such that virtually all 
areas are located close to the surface, within reach of in vivo imaging techniques. We have 
established an extensive labeling, behavioral training, imaging, and synapse analysis paradigm to 
track synaptic changes over time in living zebrafish larvae. FingRs (Fibronectin Intrabodies 
Generated with mRNA display) fused to fluorescent reporters label either PSD95 or Gephyrin in 
a mosaic subset of neurons within living fish. Before and after rounds of fear conditioning, we 
visualize labeled synapses at sub-micron resolution (~0.3x0.3x1.0µm voxel size) using selective 
plane illumination microscopy (SPIM). We focus mainly on the habenulae and pallia regions of 
the zebrafish brain, which have been suggested to be integral to fear memory formation. 
Synapses are classified using a custom analytical software package which allows a 3-
dimensional map of their positions and strengths to be produced. By comparing the differences 
between synapse maps obtained from the same fish before and after learning, we can map the 



changes that occur in distributions of synapses. We have found that dramatic synaptic 
rearrangements occur in the brains of fish that have learned, but not in those that have not, 
suggesting that these rearrangements correlate specifically with learning. 
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Abstract: Dysregulation of motivational systems has been implicated in several disorders, 
including addiction to natural and stimulant rewards (for reviews see DiLeone, Taylor, & 
Picciotto, 2012; Kalivas & Volkow, 2005). Salient cues are thought to increase the likelihood of 
the development of addiction and reinstatement after extinction (Flagel, Akil, & Robinson, 
2009). In order to better understand the contribution of cue saliency in motivational behavior, 
individual differences in rats have been characterized using operant procedures (for review, see 
Flagel & Robinson, 2017). Rats can be categorized as those that exhibit salience toward the 
reward dispenser (“goal-trackers”), the cue (lever) for reward (“sign-trackers”), or both the 
reward dispenser and cue equally (“intermediates”; Yagers & Robinson, 2013). These 
categorizations have been assessed using an autoshaping procedure in rats participating in 
laboratory experiments to examine individual variance in motivational responding for a sucrose 
reward and stress-induced reinstatement of responding. A total of 211 adult Sprague-Dawley 
rats, 101 males and 110 females, were exposed to 25 sucrose pellets in their home cages for one 
day, received one day of pretraining in the operant box in which 25 sucrose pellets were 
administered on a variable interval schedule, and then received five days of the autoshaping 
procedure. During autoshaping, the lever extends into the operant box for 8 seconds, retracts, and 
the reward is immediately dispensed into the magazine, irrespective of responding. The 
autoshaping paradigm tracks several behaviors during the session, including lever presses and 
magazine entries while the lever is either in or out; therefore, assessing each rat’s individual 
tendency to approach either the conditioned stimulus (lever) or the reward dispenser. Across 3 
laboratory studies, more subjects attributed salience toward the cue for reward and were 
therefore categorized as sign-trackers (approximately 77%) than either other category (χ2 (2) = 



191.2, p < .01). However, the distribution of goal, intermediate, and sign-trackers was similar 
between males and females (χ2 (2) = .71, p = .70) and between studies (χ2 (4) = 8.73, p = .07). 
Further analyses will investigate individual differences in approach behaviors within each 
category (e.g. does one sign tracker differ from another?) that may contribute to results found in 
measures of motivation and reinstatement behaviors for sucrose rewards. 
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Abstract: Methylphenidate (MPH) is a commonly prescribed psychostimulant for attention 
disorders, particularly in children. There is concern that MPH increases the potential for 
developing other addictions in adulthood because MPH enhances motivation (Chelonis et al., 
2011; Crawford et al., 2007). Importantly, motivation can also be influenced by several 
individual characteristics, such as sex and the salience toward reward-associated cues. A greater 
degree of salience toward cues may contribute to drug addiction (Christiansen et al., 2012) and 
can be quantified in rats using the Pavlovian Conditioned Approach (PCA) Index (Meyer et al., 
2012). Although research has investigated the role of juvenile MPH treatment on the rewarding 
value of substances in rats (Andersen et al., 2002; Carlezon, Mague, & Andersen, 2003; 
Crawford et al., 2011), the influence of juvenile MPH on reward-associated cues in operant 
conditioning has not been assessed. The objective of the current study was to investigate whether 
juvenile MPH exposure altered the salience of reward cues and motivation in adulthood, 
comparing male and females. Therefore, the current study exposed 40 male and female rats to 0 
or 2.0 mg/kg MPH on a cookie from postnatal day (PD) 21-35. At ~ PD 80, rats began the 
following training and testing procedures in operant chambers: pretraining, 5 days of 
autoshaping, 5 days of increasing fixed ratio, progressive ratio (PR), 10 days of fixed ratio 1 
(lever with light cue), extinction (lever with no light cue), and 1 day of cue-induced 
reinstatement (lever with light cue). Sex and drug condition did not influence PCA index, 
although 70% of these animals had heightened salience toward the cue as measured by a high 
PCA index. During the PR assessment of motivation, there was an interaction between sex and 
drug condition on active lever pressing [F(1,36)=5.22, p=.03]. Juvenile MPH exposure, 



compared to vehicle, increased females’ motivation, but decreased males’ motivation for 
sucrose. Males tended to have more inactive lever presses than females overall [F(1,36)=4.02, 
p=.05]. Surprisingly, active lever pressing in PR did not vary by PCA index (p>.05). Preliminary 
findings suggest that although all rats exhibited cue-induced reinstatement, the number of active 
level presses were similar across males and females and drug conditions. Overall, early exposure 
to MPH appears to differentially affect motivation in adulthood for a sucrose reward in males 
and female rats, which may have clinical implications for sex differences in motivational 
disorders (drug/food addiction), regardless of inherent individual differences in the salience of 
reward-associated cues. 
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Title: Reward under stress: Striatum involvement in reward processing from early detection to 
reward delivery 
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Abstract: Introduction: Stress and reward are two important determinants of motivated 
behavior (Haber & Knutson, 2009; Ossewaarde et al., 2011). Experimentally induced acute stress 
affects reward-related neural responses to monetary reward, especially in the dorsal striatum 
(Porcelli et al., 2012). Striatal regions play a crucial role in reward processing (Hare et al., 2008). 
However, it remains unclear how the striatum is involved in the different phases of reward 
processing. Here, we aimed to investigate (1) the effect of acute stress on neural activation 
elicited by monetary reward and (2) what role striatal regions play regarding early reward 
detection to reward delivery. 
Method: We recorded changes in BOLD signal using a 3 Tesla MRI scanner (EPI pulse 
sequence, TE: 30ms, TR: 2s, slice thickness: 3 mm) in 23 healthy subjects (age: 23.5 ± 4.3 years; 



13 women), while they performed a spatial working memory reward task with two difficulty 
levels (low and high) and two reinforcement conditions (non-reinforced and reinforced). All 
functional images were acquired within two scanning sessions, one without stress induction and 
one with stress induction through the administration of unpredictable mild electric shocks. Data 
were analyzed using the general linear model for event-related designs in SPM12. Statistical 
parametric maps of voxel t-values were assessed for the comparison between reinforced and non-
reinforced trials during the different phases of reward processing (trial cue, stimulus 
presentation, decision making, reward expectation, reward delivery). 
Results: Results revealed significant activation in two striatal regions, the putamen and the 
caudate nucleus when comparing reinforced and non-reinforced trials in the absence of stress 
induction (p<0.05, FDR-corrected). These regions were activated exclusively in the condition 
without experimental stress induction. The putamen showed a specific reward reactivity during 
trial cue, whereas caudate nucleus was involved later in reward processing starting at stimulus 
presentation to reward delivery. 
Conclusion: These findings indicate a stress-induced reduction in striatal reactivity to monetary 
reward and differential reward reactivity in dorsal striatum throughout the different phases of 
reward processing in healthy subjects. Thus, putamen is important at early detection of reward, 
whereas caudate nucleus is implicated in later phases of reward processing. 
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Abstract: Drug addiction involves compulsive pursuit of a reward that persists even in the face 
of adverse consequences. The DSM-V draws a distinction between external and internal adverse 
consequences in its criteria for Substance Use Disorder, where external adverse consequences 
consist of legal or social problems. In contrast, internal adverse consequences consist of 
continued drug-seeking and drug consumption despite health problems, aversive drug effects, 
and unpleasant side effects of withdrawal. Previous research has established that optogenetic 



stimulation of the central amygdala (CeA) generates an addiction-like preference for laser-paired 
reward that persists in the face of external punishment. The present study however aims to 
examine whether CeA stimulation-induced reward preference is maintained despite internal 
physiological consequences using sodium depletion and conditioned taste aversion (CTA). To 
this end, rats infused with light-activated Channelrhodopsin (ChR2) or control virus (EYFP) 
were trained to press levers for either a sucrose reward paired with CeA laser stimulation, or an 
unpaired salt pellet. During the sodium depletion experiment, rats developed a strong preference 
for the sucrose pellet, and were then repeatedly sodium-depleted in order to shift preference 
towards the salt reward. Here, EYFP rats shifted their behavior while ChR2 rats did not, 
maintaining a focused preference for the laser-paired reward despite their growing sodium 
appetite. In the CTA experiment, rats were presented with two novel sugar pellet flavors, one of 
which was repeatedly paired with the aversive agent lithium chloride. ChR2 and EYFP rats were 
then given the option to lever press for the aversive reward paired with laser stimulation, or the 
unpaired alternative flavored reward. Here, EYFP rats demonstrated a stronger avoidance of the 
aversive pellet and reduction in laser preference compared to ChR2 rats. These results suggest 
that CeA stimulation produces a powerful compulsion that can overcome intense physiological 
motivation, which could provide insight into why addicts forego their own health and biological 
needs to pursue their preferred reward. 
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Abstract: Diet-induced obesity is a growing problem influenced by the widespread availability 
of “junk-foods”. However, consumption of these high-fat and high-sugar foods can cause varied 
weight gain due to genetic predisposition. This is reflected in rodent models, where a junk-food 
diet causes a weight increase in some Sprague Dawley rats (gainers), but not others (non-
gainers). We have recently shown that male gainers experience a blunting of pleasure or ‘liking’ 
following prolonged junk-food exposure (Robinson et al, 2015). However, it is unclear whether 
these effects are the cause or consequence of excessive junk-food consumption. We can explore 



this question using selectively-bred obesity-prone (OP) and obesity-resistant (OR) rats to 
examine hedonic ‘liking’ and ‘disliking’ responses both before and after consumption of junk-
food. We used male and female OP (n = 20) and OR (n = 20) rats to study hedonic taste 
reactivity responses to sucrose (1%, 3%, 9%), salt (1%), and saccharin (0.15%) solutions. We 
found that OP rats showed fewer positive hedonic responses to sucrose and saccharin, both 
before and after junk-food exposure, as compared to OR rats. We also found that after junk-food 
exposure OP rats demonstrated reduced hedonic sensitivity towards the different sucrose 
concentrations, but no overall significant sex differences. Together, these data show that hedonic 
responses to sweet tastes are lower in obesity-prone rats, suggesting that pleasurable responses to 
sweetness do not drive over-consumption and that these responses are only mildly reduced by 
junk-food consumption.Furthermore, after junk-food, we observed that OP, but not OR rats, 
found salt less aversive, possibly suggesting the development of tolerance for salt 
overconsumption. Previous research suggests that mu-opioid receptor (MOR) transmission in the 
ventral and dorsal striatum modulates food intake and the preference for palatable foods, and we 
have previously shown that male gainers show decreased expression of MOR mRNA in these 
areas. To explore this in OP and OR rats and its possible relationship to changes in taste 
reactivity, we tested mu opioid receptors sensitivity via a morphine conditioned place preference 
paradigm before and after junk-food. Ultimately, our results suggest that animals predisposed to 
obesity have blunted hedonic responses to sweet solutions, even prior to consumption of a junk-
food diet. Coupled with previous research suggesting increased attraction to food cues in obesity-
prone animals, these findings suggest basal differences and interactions between responses to 
food, highlighting a possible pre-existing dissociation between ‘liking’ and ‘wanting’. 
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Abstract: More than half of disordered gamblers (60.4%) report comorbid tobacco dependence. 
Furthermore, 41.3% of disordered gamblers report the diagnosis of an anxiety disorder. The co-
occurrence of gambling disorder and tobacco dependence might suggest a common mechanism 
for their pathology, and anxiety might promote the maintenance of these maladaptive behaviors. 



One of the most important characteristics common to all gambling games is the uncertainty 
associated with the probability of reward delivery and the magnitude of the reward. Evidence 
suggests that uncertainty may powerfully enhance attraction to cues, such as the flashing lights 
and celebratory sounds of casino slot machines. However, it is unknown how nicotine or anxiety 
might contribute to cue-attraction. In the present study, we investigate the effects of nicotine (0.3 
mg/kg, s.c.) on the desire for cues associated with uncertain rewards in male and female 
Sprague-Dawley rats. In an autoshaping task, rats learned to associate lever and tone cues (CS) 
with the delivery of sucrose pellet rewards (UCS) on either a certain or uncertain reward 
contingency in the presence of nicotine or saline. In the certain condition, each cue presentation 
was followed by the delivery of one sucrose pellet (100%-1). In the uncertain condition, only 
half of the trials were reinforced with either 1, 2, or 3 sucrose pellets (with equal probability) 
(50%-1-2-3). Subsequently, we tested the ability of gambling-like cues to serve as a conditioned 
reinforcer, and to promote motivation for the sucrose reward during a progressive ratio task. 
Finally, the Elevated Plus Maze was used to measure the effects of anxiety and its interaction 
with nicotine and uncertainty. During the autoshaping task, nicotine enhanced attraction to CS 
cues under certain conditions, but not for uncertain ones. Conversely, in the progressive ratio 
task, nicotine enhanced motivation to obtain the reward in uncertain conditions, but not for 
certain conditions, and this effect was largely driven by females. Lastly, we examined the role of 
anxiety in moderating cue-directed behaviors. In all, nicotine appears to promote motivated 
behaviors by increasing incentive salience to cues associated with certain rewards and increasing 
motivation for rewards associated with uncertainty. Since motivation to obtain rewards appears 
to be greater in females injected with nicotine, comorbidity rates may be sex specific rather than 
uniform across both sexes. Future studies should consider nicotine comorbidity and these sex-
dependent effects when developing successful intervention programs for disordered gambling. 
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Abstract: Gambling Disorder is a behavioral addiction that affects nearly 1% to 2% of the 
United States adult population each year. In gambling games, cues such as flashing lights and 



celebratory sounds are present during reward delivery, and can attract and motivate an individual 
to continue playing. Cues that reliably predict reward often become attractive and imbued with 
incentive properties. However, gambling-like cues are typically associated with uncertainty in 
the form of reward probability and magnitude. Although the predictive value of uncertain cues is 
degraded, previous research has shown that these cues become more attractive. Currently, it 
remains unclear how uncertainty affects the attribution of incentive salience to the predictive 
versus the incentive property of these cues. Here, we used a novel pavlovian autoshaping 
approach to investigate the effects of reward uncertainty on the predictive and incentive value of 
CS cues in Sprague Dawley rats. In this task, we presented a CS1 followed by a CS2, which 
resulted in the delivery of sucrose pellets. The first CS gains predictive value as it is presented 
immediately before the second CS and predicts the possibility of sucrose reward delivery. The 
second CS provides no additional predictive information, and instead primarily holds incentive 
value as its presentation most closely precedes reward delivery. Rats learned to associate the CS1 
and CS2 lever presentations with the delivery of sucrose pellets on either a certain or uncertain 
reward contingency. In the certain reward condition, one sucrose pellet is delivered immediately 
after the CS period. In the uncertain reward condition, half of the CS presentations are not 
reinforced, while the other half are reinforced with either 1, 2, or 3 sucrose pellets. Here, we 
demonstrate the separation of incentive and predictive value for cues that are associated with the 
uncertain reward contingency. Our results suggest that the presentation of a CS2, which is more 
proximal to reward, leads to increased attraction primarily for animals assigned to the uncertain 
reward contingency. In contrast, under certain reward conditions, rats demonstrate increased 
attraction to solely the first, predictive CS1. These findings suggests that uncertainty might alter 
attraction and promote the attribution of greater salience specifically to incentive cues, while 
leaving the attraction to predictive cues unchanged. Therefore, in gambling games with a high 
degree of uncertainty, attraction to cues such as lights and sounds might be greater due to the 
increased incentive value that is attributed to these cues. 
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Title: Regulation of food reward by female gonadal hormones 
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Abstract: In female rodents, motivated behaviors are influenced by cyclic changes in levels of 
gonadal hormones. Induction of sexual receptivity by estradiol and progesterone modulates 
motivated behavior in response to both natural and drug rewards, and estradiol alone is sufficient 
to enhance motivation for cocaine (Becker & Hu, 2008, Front. Neurosci. 29(1): 36-47). Here we 
sought to parse the pharmacological and behavioral mechanism by which changes in circulating 
gonadal hormones levels over the course of the estrous cycle influences motivation for palatable 
food reward. 
We have previously demonstrated that hormone priming with estradiol and progesterone in a 
regimen that induces sexual receptivity reduces both food consumption and motivation for food 
when animals are tested on fixed interval (FI) or progressive ratio (PR) schedules of 
reinforcement. However, we had not yet verified whether administration of estradiol alone is 
sufficient to induce changes in motivation for food. Therefore, we tested whether repeated 
administration of estradiol benzoate could induce the same changes in motivation that were seen 
after giving estradiol benzoate followed by progesterone. This priming regimen also induces 
sexual receptivity but may not activate progesterone receptors outside of the hypothalamus. We 
found that administration of estradiol alone reduced both the total number of rewards received 
and the average number of responses made on the FI schedule. Estradiol did not reduce 
breakpoint on the PR, however, suggesting that progesterone is required for the decreased 
motivation for food on the PR schedule. Interestingly, on the FI schedule there was an increase in 
the number of intervals initiated but not completed when females were treated with estradiol and 
progesterone, and not estradiol alone. 
These behavioral effects led us to hypothesize that estradiol and progesterone may be acting on 
different neural circuits to modulate different aspects of food reward during periods of sexual 
receptivity. While estradiol alone can decrease consumption of rewards and overall responding 
on a well-trained task, supplementary progesterone is required to reduce perseveration toward a 
food reward. To investigate if this effect of progesterone on perseverative responding is 
dependent on the ventral striatum, we implanted ovariectomized female rats with bilateral 
cannula aimed at the nucleus accumbens. Animals were then hormone primed with and without 
chronic intracranial administration of the progesterone antagonist, RU486. These findings will 
further elucidate the mechanism by which induction of sexual receptivity induces changes in 
feeding behavior and food reward. 
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Abstract: Anhedonia, a severe deficit in reward processing, is an endophenotype of several 
neuropsychiatric disorders (APA, 2000) and increases susceptibility to depression (Atherton et 
al., 2015), substance abuse (Hatzigiakoumis et al., 2011), and suicidality (Winer et al., 2016). 
Recent literature suggests that anhedonia reflects a maladaptive interaction between reward 
circuitry and stress, the former being mediated by the mesolimbic dopamine (DA) system and 
the latter by the glucocorticoid system (Vrieze et al., 2013). The role of the DA system in the 
development and maintenance of anhedonia has been studied extensively, but little is known 
about the contribution of the glucocorticoid system in this process. The goal of the current study 
was to investigate the effect of stress on reward processing using a validated rat test of 
anhedonia, the probabilistic reward task (PRT). In this task, rats learned to discriminate between 
two ambiguous tones for a sucrose reward. During testing, one lever was programmed to produce 
three times more reward than the other lever. Similar to healthy humans, rats develop a response 
bias toward the more frequently reinforced stimulus, regardless of which tone is presented. 
Consistent with prior literature (Der-Avakian et al., 2013), the response bias was enhanced 
following administration of a DA agonist, amphetamine, and reduced following administration 
of a DA antagonist, pramipexole. Additionally, a 28-day chronic mild stress (CMS) regimen 
attenuated the increase in response bias that normally develops over the test session. Finally, the 
glucocorticoid antagonist, mifepristone, had no effect on the response bias relative to saline; 
however, the glucocorticoid agonist, dexamethasone, attenuated the response bias relative to both 
saline and mifepristone. These results confirm a role of DA in reward processing, and highlight 
an additional contribution of the glucocorticoid system in the mediation of this effect. Thus, it is 
plausible that stress directly interferes with normal mesolimbic DA functioning, which leads to 
an overall impairment in reward responsiveness. Future studies on the etiology of anhedonia 
should carefully investigate the interaction of these systems in reward processing. 
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Abstract: The cAMP-dependent protein kinase (PKA) system is crucial in regulating energy 
balance and many other cellular functions as it mediates the effects of numerous hormones, 
neurotransmitters and catecholamines that bind G-protein coupled receptors. Prkar2a codes for 
PKA regulatory subunit RIIα, that unlike other PKA subunits, has minimal expression 
throughout the brain except in the habenula where it is highly expressed. The habenula has been 
implicated in regulating hedonic state, voluntary exercise, and primary reinforcement. Here we 
show that RIIα knockout (KO) mice resist diet-induced obesity, and this phenomenon cannot be 
explained by enhanced metabolic rate. Instead, RIIα KO consistently consumed less palatable 
high fat (HF) chow than wild type (WT) mice, despite their comparable preference for HF over 
regular chow. RIIα KO mice also consistently consumed less 10% sucrose solution during a two-
week sucrose preference test. Alternatively, when provided home cage running wheels, RIIα KO 
mice ran two to three times more than WT littermates. These differences were more profound in 
females. Pkrar2a colocalizes with Chrna3 and Chrnb3 in the medial habenula, and with Mor1 in 
the lateral habenula, yet it is not known how it might regulate nicotinic or mu opioid receptor 
pathways. Enzymatic activity assays showed decreased habenular PKA activity in RIIα KO 
compared to WT mice; PKA activity was unchanged in striatum, a region that provides input to 
the habenula. Others have shown that mice with dorsal medial habenula lesions have blunted 
sucrose preference as well as poor performance in voluntary wheel running. These data 
combined suggest that Prkar2a has diverse roles in modulating behaviors related to reward 
reinforcement and motivation for voluntary exercise, likely by affecting downstream targets such 
as ventral tegmental area or substantia nigra. Ongoing studies involve virus-mediated 
reexpression of Prkar2a in the habenula and habenula-specific KO of Prkar2a. The study of 
Prkar2a in brain may serve as a useful model for better understanding the role of the habenula in 
regulating behaviors involved in obesity, addiction, and depression. 
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Abstract: The nucleus accumbens (NAcc) is critical for regulating appetitive and consummatory 
phases of motivated behavior. It is innervated by dopaminergic pathways which promote 
incentive and effort-inducing properties of stimuli. Additionally, opioid receptor activation of the 
NAcc increases food consumption, particularly on palatable diets. In these experiments, we 
compared the impact of dopamine or µ-opioid receptor manipulations of the NAcc core on a 
modified effort-related choice paradigm in which rats could choose between working for a 
preferred sugar pellet or consuming freely available rat chow. Male Sprague-Dawley rats (n = 
12/group) were food restricted to 90% ad libitum weight and trained on a progressive ratio 2 
(PR2) schedule to earn sugar pellets. Following training, food was returned, and rats were 
surgically implanted with bilateral guide cannulas targeting the NAcc core. Rats were then 
retrained on the PR-2 task, with rat chow also freely available in the operant chamber. Access to 
the sugar-associated lever and the food was continuous throughout each 1-hr session. Once 
behavior had stabilized, separate groups were tested following NAcc D1 receptor stimulation or 
blockade (with 0, 0.25, and 1.0 µg SKF 38393 or 0, 0.5, and 2.0 µg SCH 23390/side, 
respectively), D2 receptor stimulation or blockade (with 0, 1.0, and 5.0 µg raclopride or 0, 0.2, 
and 1.0 µg quinpirole/side, respectively), or µ-opioid receptor stimulation (with 0, 0.025, and 
0.25 µg DAMGO/side). Individual rats in each drug group were tested on all doses of a single 
drug, and then again in separate sessions following 24-hr food restriction. NAcc blockade of the 
D1 receptor or stimulation of the D2 receptor dose-dependently reduced the break point for 
earning sugar pellets, but had no impact on consumption of the freely-available rat chow, 
regardless of the deprivation condition of the animals. Neither NAcc D1 receptor stimulation nor 
D2 receptor antagonism impacted progressive ratio performance or chow intake. NAcc µ-opioid 
receptor stimulation increased intake of the freely-available chow and also reduced break point 
for the sugar pellets. These data support a role for NAcc dopamine for regulating incentive and 
effort-related processes of appetitive motivation but not consummatory processes. In contrast, 
stimulation of µ-opioid receptors shifted rats’ behavior away from sugar-seeking and towards 
food consumption, even when additional effort would yield a preferred food. Future use of this 



task may be beneficial in teasing apart the motivational functions of other neurotransmitter 
systems involved in food-directed motivation. 
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Dept. Psychology, Wake Forest Univ., Winston Salem, NC 

Abstract: One cause of the current obesity epidemic is the increased availability of highly 
palatable diets that engage brain reward circuitry and promote overconsumption of food. Prior 
experiments have shown that the stimulation of µ-opioid receptors in the nucleus accumbens 
(NAcc) powerfully increases intake of palatable and high-fat diets. In contrast, serotonin agonists 
reduce feeding by advancing satiety processes, and several serotonin agonists have been 
prescribed to promote weight loss. Despite this knowledge, it is unclear if serotonin signaling can 
modulate the food intake elicited by activation of µ-opioid signaling within reward circuits. 
These experiments assessed the effects of systemic treatments with the serotonin agonists d-
fenfluramine and lorcaserin on the binge-like feeding induced by mu-opioid receptor stimulation 
of the NAcc. Male Sprague-Dawley rats (n = 8/group) were surgically implanted with bilateral 
guide cannulas targeting the NAcc core. Upon recovery, they were acclimated to 2-hr daily 
sessions, during which they were given free access to Crisco® and water. On subsequent drug 
testing days, rats received systemic injections of d-fenfluramine (Experiment 1; at 0, 0.6, or 3.0 
mg/kg) or lorcaserin (Experiment 2; at 0, 0.3, or 1.0 mg/kg) prior to injections of vehicle or the 
mu-opioid receptor agonist DAMGO bilaterally into the NAcc (at 0.025 µg/0.5 µl/side). Each rat 
randomly received all possible combinations of systemic and intracranial injections across 6 
treatment days. Food and water intake, rearing, and ambulatory behavior were monitored 
throughout each session. Consistent with previous reports, stimulation of NAcc µ-opioid 
receptors significantly increased consumption of the high-fat vegetable shortening, and systemic 
treatment with d-fenfluramine and lorcaserin dose-dependently decreased intake. Interestingly, 
both d-fenfluramine and lorcaserin reversed the binge-like feeding observed following 
stimulation of NAcc µ-opioid receptors. At 3.0 mg/kg, fenfluramine completely blocked feeding 
on the vegetable shortening, whereas 1.0 mg/kg of lorcaserin reduced DAMGO-induced feeding 
to baseline at the conclusion of the 2-hr session. Both serotonergic drugs also reversed the 



increases of ambulation observed following DAMGO injections into the NAcc; rearing was 
inhibited at the highest doses of d-fenfluramine and lorcaserin given. There was no impact of any 
treatment on water intake. These data demonstrate for the first time that serotonergic systems, in 
addition to impacting homeostatic regulation of feeding, also can inhibit food intake elicited by 
activation of mu-opioid receptors within the ventral striatum. 
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Title: Anterior insula-Locus Coeruleus area inputs and α1-adrenergic receptors promote 
compulsion-like alcohol intake 

Authors: *K. LEI1, S. A. WEGNER1, D. DAREVSKY1, F. W. HOPF2 
1Neurol., Univ. of California, San Francisco, San Francisco, CA; 2Dept Neurol, UCSF, San 
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Abstract: Compulsive alcohol intake, where drinking continues despite negative social, legal 
and physical consequences, is a major obstacle to treating alcohol use disorders (AUDs) in 
humans. Our previous work identified an anterior insular (aINS) circuit that is specifically 
required for promoting compulsive alcohol intake, but with no role in the regular, unpunished 
alcohol drinking. This was observed when inhibiting aINS-NAcCore or mPFC-NAcCore inputs 
with optogenetics, and inhibiting non-canonical NMDARs in NAcCore with pharmacology and 
shRNA. Interestingly, the idea that compulsive drinking would be driven by cortical-subcortical 
circuits that process conflict has been proposed based on clinical findings (Tiffany and Conklin, 
2000; Bechara and Naqvi, 2010). In particular, it is the conflict, where intake persists despite 
negative consequences that requires the use of specific cortical circuits to successfully maintain 
compulsive behavior such as drinking despite punishment. For regular drinking, there is no 
conflict and no need for any of this circuitry, and habit-related circuits are likely involved. In 
fact, ours is the first and only evidence for this model. In addition, we found that both aINS-
NAcCore and mPFC-NAcCore projections are critical for driving compulsive intake regardless 
of whether the aversive consequence is shock or bad tasting quinine. This is important because 
the quinine-resistant compulsive drinking model is widely used and technically simple, but the 



insula is also related to primary taste, but our results implicate these circuits for compulsive 
drinking independent from the actual type of punishment. Since compulsion-like drinking also 
involves aversion, we examined here whether the adaptive stress system, especially the Locus 
Coeruleus (LC) and its noradrenergic projections, also play a specific and potent role in 
compulsion-like intake. Inhibition of the α1-adrenergic receptor with prazosin systemically or in 
the mPFC significantly and selectively reduced compulsive alcohol intake. Prazosin inhibition of 
compulsive drinking was not related to basal intake levels, suggesting compulsion and self-
administration are separate factors, similar to compulsion for cocaine. In addition, aINS-LC 
projections were also strongly required to allow compulsive drinking, with no role in regular 
alcohol intake. Thus, adaptive stress responding may be a central part of the mechanism that 
allows the anterior insula to drive compulsive responding for alcohol, in particular through a 
feed-forward mechanism whereby aINS drives the LC to activated the mPFC, which is essential 
for allowing compulsive drinking patterns. 
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Title: Compulsion-like alcohol drinking involves more automatic licking: Evidence for the head 
down and push model of compulsive intake 
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Dept Neurol, UCSF, San Francisco, CA 

Abstract: Alcohol addiction remains a major social, economic and emotional cost. Compulsive 
drives, where drinking continues even in the face of negative consequences (loss of job, family 
or freedom), represent a particular and potent obstacle to successful treatment. Our lab’s recent 
findings suggest that compulsive drinking involves conflict between desired intake and feared 
consequences, which recruits cortical circuits and specific NMDAR subtypes, providing a 
specific intervention for compulsive drives for alcohol. Thus, we used a lickometer system to 
examine whether rats exhibited concentrated patterns of intake, and perhaps increased motivation 
for intoxicating effects, during what has been considered binge-like drinking or compulsion-like. 
Adult male rats drank alcohol under an intermittent schedule (Monday, Wednesday and Friday 



overnights) which is known to strongly escalate drinking, a sign of addictive behavior. After ~3 
months, rats drank 20 min/day, 5 days/week for ~1 month, and then intake patterns were 
assessed using lickometers. For each rat (n=14) we analyzed 4 alcohol-only sessions (binge 
intake) and 4 sessions of alcohol adulterated with bitter quinine (compulsion-like drinking). 
Different parameters of licking were analyzed using multiple linear regression and other 
methods. Using the widely used 1 sec cutoff, our results support that both binge and compulsive 
alcohol drinking (and saccharin intake) are based around a particular response pattern, which 
may represent an optimum for the central pattern generator for licking. Drinking of alcohol with 
higher levels of quinine, where intake is reduced, also shows evidence of disrupted bout 
generation, including slower and shorter bouts, suggesting that the stereotyped aspects of licking 
do not reflect a floor/ceiling effect in terms of licking. Also, different measures of licking also 
suggest that both forms of alcohol drinking exhibit high motivation. In addition, analyses suggest 
that compulsive like drinking is more focused and less variable than binge-like licking, perhaps 
indicating a process where aversion is acutely experienced and the individual tightens their focus 
to just get through the punished drinking session, our newly described Head Down and Push 
model. Thus, concentrated patterns of intake during binge-like or compulsion-like alcohol 
consumption could imply high motivation for, with a greater focus on lick fidelity that may be 
something akin to just gritting one’s teeth and pushing through to get the desired intake done. 
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Title: Age-related changes in licking microstructure and motivation for palatable rewards 
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Abstract: While food reward processing in adolescents has been well studied, how it changes as 
individuals age beyond adolescence is less understood. Analysis of licking microstructures may 
be used to discern the incentive properties from the hedonic impact of rewards; therefore, licking 
microstructure for various concentrations of sweetened condensed milk (SCM) was assessed in 
adult (20 weeks old) and aged (21 months old) rats. Following training in a lickometer, within 
and between subjects SCM concentration-response curves were established to assess licking 



microstructures. Motivation to work for either a low or high concentration of SCM was also 
examined by studying instrumental responding for SCM under various reinforcement schedules 
over several days. We found that aged rats showed more bouts of licking compared to adults, but 
only at lower concentrations of SCM. Additionally, differences between age groups on lever 
pressing for SCM under high demand schedules also depended on concentration. Our results 
suggest that age-related changes in licking microstructure and motivation go well beyond 
adolescence and may depend on the palatability of the orosensory reward being consumed. These 
findings may help understand healthy and pathological age-related changes in food reward 
processing and associated diseases. 
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Abstract: Individual’s actions are influenced by external reward cues, which may promote 
suboptimal reward-seeking behavior. For example, drug-associated cues appear to motivate drug 
seeking even when individuals are engaged in other, more adaptive behaviors. The presumed 
mechanism of this phenomenon is that cues induce a state of heightened incentive motivation for 
reward (increased desire/wanting). The Pavlovian-to-instrumental transfer (PIT) paradigm is a 
powerful behavioral tool for studying motivated behavior, and a selective assay of the incentive 
motivational properties of reward cues. In tests of PIT, Pavlovian reward-predictive cues, 
presented while an instrumental reward-seeking response (e.g., lever pressing) is available, 
typically result in an invigoration of reward seeking, even though reward-seeking responses were 
never reinforced during the cues. Unsurprisingly, cues also elicit conditioned approach behavior 
directed towards the reward delivery receptacle (goal approach), which can compete with cues’ 
abilities to promote instrumental reward seeking. This Pavlovian-instrumental tradeoff is a 
fundamental component of various behaviors, but much remains unknown about the conditioning 
factors that govern how individuals allocate behavior between these two reward-related activities 



(i.e., instrumental reward seeking vs. Pavlovian goal approach). Thorough analyses of the neural 
and behavioral mechanisms of this interaction may provide insight into adaptive decision making 
and aberrations in behavior control (e.g., compulsive drug seeking, gambling). Here, hungry rats 
pressed a lever for food and then learned to associate auditory cues with food delivery. Reward 
delivery frequency during the cues was manipulated. In PIT tests, rats could press the lever in 
extinction while the cues were intermittently presented. We predicted that cues would invigorate 
lever pressing, and that the cue associated with random reward delivery during the cue would 
elicit the greatest increase in lever pressing. Microstructural analyses of response allocation 
showed that rats’ lever pressing was augmented during the cue, and that their distribution of 
lever pressing in the cues was sensitive to cue-specific predictions of reward, elucidating 
Pavlovian-instrumental interactions in cue-motivated behaviors. Further analyses investigated 
reward-magnitude effects when the timing of reward was constant. Planned manipulations of 
dopamine signaling will characterize the involvement of this modulator in cue-triggered response 
allocation. Overall, these results shed light on the neural substrates and microstructure of cue-
motivated behavior. 
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Abstract: It is known that an animal’s behavior can become insensitive to the value of its goal 
(i.e. habitual). One important variable in determining this phenomenon is the schedule of 
reinforcement. Rodents trained to press a lever on a random interval (RI) schedule are more 
likely to develop habits than rodents trained on a random ratio (RR) schedule (Dickinson et al., 
1983; Gremel & Costa, 2013; O’Hare et al., 2016). One long-standing hypothesis is that habits 
do not form as readily under RR schedules because the animal is able to experience a correlation 
between the rate of responding and the rate of reward—a correlation which is degraded under an 



RI schedule (Dickinson, 1985). We tested this theory by allowing rats to press a lever for pellets 
under an RI schedule whose mean reinforcement rate either remained constant or became 
increasingly dense over 10 training sessions. The purpose of the latter manipulation was to 
effectively induce a positive correlation between response rate and reward rate over sessions 
because we expected responding to increase with training. In Experiment 1 we found that 
training with a positive or flat response rate-reward rate correlation resulted in equivalent goal-
directed lever pressing (F(1,14) = 5.23, p < .05). In Experiment 2, we adjusted the schedules to 
make the overall reward rate lower. In that case, rats were habitual regardless of whether they 
were trained with a positive or flat response rate-reward rate correlation (F(1,16) = 0.46, p > .05). 
Rather than pointing to a role for the correlation between response rates and reward rates, our 
findings suggests that schedule density or temporal uncertainty of rewards may play more 
influential roles in habit formation. In fact, switching habitual rats to a denser and less 
temporally uncertain schedule resulted in goal-directed lever pressing (F(9,135) = 1.87, p < .05). 
We are currently in the process of independently examining the role that each of these variables 
plays in habit formation. Given that the transition to habits is mediated by changes in the 
striatum and medial prefrontal cortex, these findings will inform theories of cortico-basal ganglia 
function by implying a more precise role played by these structures in habit formation. 
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Abstract: Heavy alcohol use is the third leading risk factor contributing to the global burden of 
disease (The World Health Organization, 2009) and therefore it is important to identify factors 
that contribute to excessive consumption. It has been observed that the addition of sweet 
substances (i.e. sucrose, saccharin) to alcohol solutions drastically increases self-administration 
of alcohol in rats. High-fructose corn syrup (HFCS) is a calorically-dense corn-based sweetener 
that is frequently found in alcoholic beverages. In the current study, we used an intraoral alcohol 
self-administration procedure to determine if the addition of HFCS (25%) to a 5% alcohol 
solution would increase alcohol intake in male Sprague Dawley rats. In the first experiment, it 



was found that the addition of 25% HFCS robustly increased the amount of alcohol self-
administered. A second experiment explored whether this effect could be attributable to the 
sweet taste or to the caloric value of HFCS. Previously, we established that 0.1% saccharin (a 
non-caloric sweetener) and 25% HFCS are equally palatable to rats (Levy, 2015). Thus, animals 
were trained to self-administer 5% alcohol mixed in a 0.1% saccharin solution. It was found that 
saccharin increases alcohol self-administration, but this increase was much smaller than the 
increase induced by the addition of HFCS. These results in rats suggest that efforts aimed at 
reducing the harmful consumption of alcohol may include removal of HFCS from the list of 
ingredients. 
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Abstract: Recent neuroimaging studies have shown that viewing dynamic appetitive cues (e.g., 
smoking, fast food commercials) engage regions of the action observation network (AON), and 
that this activity is meaningful for appetitive behavior. However, it is unclear what factors 
influence the spontaneous simulation of appetitive actions. We hypothesized that the simulation 
of appetitive actions encodes information about the motivational content of the stimuli. To test 
this hypothesis, we scanned participants using fMRI during passive viewing of naturalistic video 
clips depicting appetitive actions (e.g., eating food, drinking alcohol) and non-appetitive actions 
(e.g., applying chapstick). Appetitive actions included a range of appetizing items in a condition-
rich design, and each action was presented from both the first- and third-person perspectives. 
Outside of the scanner, participants indicated their preferences for each item. A univariate 
parametric modulation analysis was performed in order to identify brain regions where activity 
correlated with subjective ratings of food preferences. In addition to reward-related regions (e.g., 
nucleus accumbens [NAcc]; orbitofrontal cortex [OFC]), activity in somatomotor cortex was 
greater for items that were more preferred. A similar relationship was observed for univariate 



comparisons between high- and low-appetitive items (e.g., alcoholic versus nonalcoholic 
beverages). Additionally, we examined whether distributed patterns of activity encode 
motivational content using representational similarity analysis (RSA). In order to investigate 
whether there was shared information between reward and action observation regions, we 
examined the similarity of representational geometry between NAcc and somatomotor cortex 
and observed significant correlations between these regions bilaterally. Further, we performed an 
exploratory searchlight regression analysis to identify regions where local representational 
geometry was predicted by a weighted sum of three RDMs: perspective (i.e., first, third), 
categories (i.e., food, beverages), and preference ratings. Perspective and category were encoded 
in posterior visual areas, while category was additionally represented in ventral somatomotor 
cortex. Preferences were represented in lateral occipitotemporal cortex, postcentral gyrus, and 
ventral premotor cortex—canonical members of the action observation network. Taken together, 
these results suggest that reward-related information shapes representational geometry in the 
AON, which may influence the motivation to engage in potentially risky behaviors. 
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hypersensitivity induced by copulation to satiety in male rats 
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Abstract: The mesolimbic dopaminergic system is involved in the regulation of the motivational 
component of male rat sexual behavior and it is activated by copulation. When a male rat is 
allowed to copulate without restriction with a same sexually receptive female, it will ejaculate 
repeatedly until becoming sexually exhausted. Copulation to satiety induces the instatement of a 
long lasting (72h) sexual behavior inhibitory period and, at the same time, these rats exhibit a 
generalized hypersensitivity to drug actions. Both phenomena suggest the occurrence of 
copulation-induced brain plasticity. Besides, ventral tegmental area (VTA) dopamine (DA) 
neurons synthesize and release endocannabinoids (eCN) in response to its continued activation. 
During copulation to satiety, these neurons are continuously activated, inducing a prolonged 



increase in DA release in the nucleus accumbens (NAcc). Previous data showed that eCNs are 
involved in the induction of the long-term sexual behavior inhibition of satiated rats, but it is not 
known if they are also involved in the induction of drug hypersensitivity in these animals. Due to 
the increased levels in the NAcc, DA might also play a role in the induction of both phenomena. 
To test these hypotheses we administered the CB1 receptor antagonist, AM251, or the DA 
receptor antagonist, haloperidol, immediately before subjecting male rats to copulation to satiety 
and tested them 24 or 48h later for sexual behavior and drug hypersensitivity. The latter was 
measured by the appearance of signs of the 5-HT syndrome in response to low doses of 8-OH-
DPAT or by the loss of the sexual facilitative effects of yohimbine, at low doses. Results showed 
that antagonism of CB1 receptors during copulation to satiety interfered with the establishment 
of the long-term sexual behavior inhibition and of the hypersensitivity to 8-OH-DPAT and 
yohimbine in sexually exhausted rats. On the other hand, dopaminergic receptor antagonism did 
not prevent the occurrence of both phenomena. These results show that eCNs, but not DA 
participate in the induction of both the long-lasting sexual behavior inhibition and the drug 
hypersensitivity that characterize sexually satiated rats. 
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Abstract: Adolescence is a period of development associated with a heightened response to 
rewards and limitations in cognitive control. The majority of research studying reward response 
has utilized monetary incentives, and only a limited number of studies have used addition types 
of incentives (e.g. food). While many of these studies compare incentives to a neutral condition, 
few studies have examined different types of rewards in the same study paradigm. Furthermore, 
how the brain responds to rewards (anticipation and receipt) has been linked to weight gain and 
obesity in adults. However, this relationship has not been examined in adolescence, a period 
where increases in autonomy, including food choice decisions (e.g. types, amounts), occur. In the 
present study, we used behavioral and imaging methods to examine differences in reward types 



(food, money, no reward). We also examine differences by weight status (healthy weight vs. 
overweight or obese). Seventy participants (35 healthy weight) completed 8 blocks of an 
incentivized Go/NoGo task. Prior to each randomized block, participants were instructed if they 
would win money (3 blocks), food (3 blocks), or no reward (2 blocks) based on performance on 
that block. Our preliminary results of the Go/NoGo task do not show a significant difference by 
reward type, however, the data suggest a speed accuracy tradeoff. On average, when 
participant’s reaction times were similar in the rewarded conditions relative to the neutral 
conditions, participants made more errors in the neutral condition relative to the money and food 
conditions. This suggests that participants took additional time in the rewarded blocks in order to 
make less errors. A subset of participants (N=30) performed a card-guessing task, again with 3 
reward anticipation conditions (food, money, neutral). We measured BOLD response with fMRI 
to assess brain activation in a priori defined reward and cognitive control regions. Our 
preliminary imaging results indicate a differential response to the anticipation of food versus 
neutral in the striatum and food versus money in healthy weight versus overweight or obese 
adolescents. In healthy weight adolescents, there was greater activation in anticipation of money 
vs. neutral in the right medial frontal gyrus (BA10/11). Additional analyses in both tasks will be 
presented. Understanding the neurobiological risk factors for obesity are crucial for obesity 
prevention. 
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Abstract: Transcranial direct current brain stimulation (tDCS) is a novel method of 
neuromodulation that can be used in humans and non-human animals. Electricity is applied to a 
targeted area of the brain, making neurons in that part of the brain more likely to fire. In this 
study, we stimulated a self-control area of the brain called the right ventrolateral prefrontal 
cortex. 224 college students participated in this study. First, participants completed personality 
questionnaires. Next, the tDCS was attached to the head and turned on. Half of the participants 
received real brain stimulation. The other half of the participants received sham brain 
stimulation, which involved turning on the device but covertly turning it back off before it had 



time to start working. While the tDCS was attached, participants completed depletion exercises 
meant to induce a state of mental fatigue. We hypothesized that the participants who got real 
brain stimulation would be less fatigued in a subsequent motivation task. After the brain 
stimulation, the tDCS was removed. Participants were asked how hard they planned to work on 
the next task on a scale of 1 to 7. Then, they completed a progressive ratio motivation task where 
they had to press the computer mouse hundreds of times to earn points. When participants only 
got the sham brain stimulation, how hard they planned to work on the progressive ratio task did 
not affect performance; everyone clicked the mouse about the same amount of time. This was 
different for the people who got brain stimulation. When they did not plan to work very hard on 
the progressive ratio task, they performed about the same as the people who only got the sham 
brain stimulation. However, when they did plan to work hard on the task, they were actually able 
to press the mouse significantly more on the task. These findings suggest that brain stimulation 
can help increase work output, but only in people who are actually motivated to work. Future 
directions for understanding tDCS will require work in non-human animals to better understand 
mechanisms of action with this device. 
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Abstract: Phosphodiesterase-4 (PDE-4) inhibitors have been implicated in enhancing memory 
and cognitive function, possibly by regulating amyloid protein and other cellular functions. 
Previously, we reported that scopolamine given in combination with prefrontal lesions severely 
impaired simple memory, and that stress augmented the behavioral deficits, outcomes 
resembling those seen in the aged and in Alzheimer’s patients. This study examined the capacity 
of rolipram, a class of PDE-4 inhibitors, and of nicotine to reverse scopolamine-induced deficits 
in learning and motivation. Male Wistar rats were shaped to press a lever for a food reward, then 
were trained on a fixed ratio 20 (FR20), which required of the rats moderate motivation and 
sustained attention to procure food. Scopolamine (0.25 and 0.5mg) reliably impaired 
performance in a dose-dependent manner, without affecting consummatory behavior. Rolipram 



(0.05mg) and nicotine (0.25mg) partially reversed the scopolamine-induced impairment by 
decreasing the first response latencies, but failed to affect the time taken to complete the task or 
to retrieve rewards. Results were similar following a combination of nicotine and scopolamine. 
Our findings suggest that the muscarinic receptor modulates learning and motivation and that a 
partial reversal by rolipram and nicotine may reflect common target sites of drug action. 
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Abstract: Binge eating (BE) is the core, maladaptive symptom that cuts across most sub-types 
of eating disorders in women, and is defined as the uncontrollable consumption of a large 
amount of highly palatable food (PF, high-fat/sugar) within a short period of time. To study the 
neural underpinnings of BE, we use an individual differences model of binge eating that 
identifies binge eating prone (BEP) and binge eating resistant (BER) rats based on consistently 
high and low intake of intermittently-presented PF (vanilla frosting), respectively. We previously 
found that Fos expression during PF consumption was higher in the medial prefrontal cortex 
(mPFC) of BEP vs. BER female rats, suggesting that mPFC regulation of PF consumption differs 
between the two behavioral phenotypes. Here we sought to determine the functional significance 
of the mPFC in binge eating proneness by examining the effect of GABA-mediated inhibition of 
mPFC neural activity on PF consumption. BEP and BER rats were identified from a group of 50 
young adult female Sprague-Dawley rats following two weeks of feeding tests consisting of ad 
libitum chow and intermittent (4h/day, 3d/week) PF access. Thereafter, bilateral guide cannulae 
were implanted into the ventral mPFC, and after recovery, BEP (N=9) and BER (N=10) rats 
underwent additional feeding tests immediately following intra-mPFC infusions of saline, 15ng, 
or 30ng of the GABA-A receptor agonist muscimol. PF and chow intake after 1 and 4hrs of 
access were measured and rats were video-recorded for the first hour of access to quantify 
feeding behavior. One hr PF intake in BEPs increased significantly in response to 30ng of 



muscimol vs. saline and 15ng muscimol, yet BERs showed only a small non-significant increase 
in 1hr PF intake after 15ng and 30ng muscimol vs. saline. Moreover, BEPs showed a substantial 
increase in 4hr PF intake in response to 30ng muscimol vs. saline (Cohen’s d = 0.75), while 4hr 
intake in BERs was unaffected by muscimol. Quantification of feeding behavior revealed that 
30ng muscimol significantly lengthened the average duration of individual episodes of PF 
consumption in BEPs and BERs as compared to saline. These findings suggest that the mPFC 
normally functions as a “brake” on PF intake, given that pharmacological inhibition of mPFC 
activity increased (i.e., disinhibited) PF intake. However, the magnitude of the behavioral change 
induced by mPFC inhibition (i.e., the amount of PF consumed) was larger in BEPs than in BERs, 
indicating that normal mPFC inhibition of PF intake is weaker in rats prone to binge eating. 
Thus, aberrant prefrontal cortical control over PF consumption may contribute to heightened risk 
for binge eating PFs in women. 

Disclosures:  E.B. Sinclair: None. K.L. Klump: None. C.L. Sisk: None. 

Poster 

329. Motivation: Neural Circuits II 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 329.25/PP29 

Topic: G.02. Motivation 

Title: The neural mechanism of interaction between intrinsic motivation and external incentives 

Authors: *L. QIU 
Beijing Normal Univ., Beijing, China 

Abstract: Minimum uncertainty and maximum rewards are the goal of human beings. We 
usually make decisions with uncertainty, and are intrinsically motivated to reduce the internal 
uncertainty through metacognition. Previous studies have found that dorsal anterior cingulate 
cortex (dACC) and lateral prefrontal cortex (lPFC) play important roles in metacognition. The 
activity of ventral striatum (VS) encoding the intrinsic motion modulated the PFC activities in 
metacognition. Alternatively, metacognition could be driven by external incentives. However, 
the neural mechanism of interaction between intrinsic motivation and external incentives remains 
unclear. We here devised a novel “decision-redecision” paradigm to allow participants to make 
two sequential decisions on the same Sudoku problem. Prior to the secondary decision, the cues 
were presented to indicate different external incentives (positive, neural and negative) for the 
second correct answers. Behaviorally, the performance accuracy was not significantly improved 
under the positive incentives, but was significantly reduced under the negative incentives, in 
comparison to the neural condition. However, we found that the fMRI activities in the 
metacognition network gradually increased as the magnitudes of both positive and negative 
incentives increased, indicating the participants tried hardly to avoid punishments under negative 



incentives. Although the metacognition network activities increased in both groups, performance 
accuracy did not. Physiology-psychological interaction (PPI) analyses showed that VS had 
significant modulations on the metacognition network, and in turn, the VS activities were 
modulated by the dopamine neural activities in the midbrain (VTA/SN), which were separately 
sensitive to the positive and negative incentives. Alternatively, the dopamine neural activities 
sensitive to the positive incentives also projected to ventromedial PFC (vmPFC). In the 
participants who were sensitive to external incentives, the vmPFC activities gradually increased 
as the positive incentives increased, impaired the proper function in metacognition. 
Alternatively, the vmPFC activities were not altered for insensitive participants. Taken together, 
our findings show external incentives have both effects to modulate the neural activities in the 
metacognition network and the default-mode network, the former was driven by intrinsic 
motivation to improve performance, while the latter was driven by external rewards. Although 
everyone is motivated to better solve the problems, too sensitivity to the external rewards would 
paradoxically impair the performance. 

Disclosures:  L. Qiu: None. 

Poster 

329. Motivation: Neural Circuits II 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 329.26/QQ1 

Topic: G.02. Motivation 

Support: NIGMS Grant 1FI2GM117583-01 

Title: Compulsive addiction-like aggressive behavior in mice 

Authors: *S. A. GOLDEN, C. HEINS, M. VENNIRO, D. CAPRIOLI, M. ZHANG, D. H. 
EPSTEIN, Y. SHAHAM 
Natl. Inst. on Drug Abuse, Baltimore, MD 

Abstract: Background: Some people are highly motivated to seek aggressive encounters, and 
among those who have been incarcerated for such behavior, recidivism rates are high. These 
observations echo two core features of drug addiction: high motivation to seek addictive 
substances, despite adverse consequences, and high relapse rates. Here we used established 
rodent models of drug addiction to determine whether they would be sensitive to “addiction-like” 
features of aggression in CD-1 mice. 
Methods: In Exp. 1-2, we trained older CD-1 mice to lever-press for opportunities to attack 
younger C57BL6/J mice. We then tested them for relapse to aggression seeking after forced 
abstinence or punishment-induced suppression of aggression self-administration. In Exp. 3, we 
trained a large cohort of CD-1 mice, and tested them for choice-based voluntary suppression of 



aggression seeking, relapse to aggression seeking, progressive ratio responding, and punishment-
induced suppression of aggression self-administration. We then used cluster analysis to identify 
patterns of individual differences in compulsive “addiction-like” aggressive behavior. 
Results: In Exp. 1-2, we observed strong motivation to acquire operant self-administration of 
opportunities to aggress, and relapse vulnerability during abstinence. In Exp. 3, cluster analysis 
of the aggression-related measures identified a subset of “addicted” mice (~19%) that exhibited 
intense operant-reinforced attack behavior, decreased likelihood to select an alternative 
reinforcer over aggression, heightened relapse vulnerability and progressive ratio responding, 
and resilience to punishment-induced suppression of aggressive behavior. 
Conclusion: Using procedures established to model drug addiction, we showed that a 
subpopulation of CD-1 mice demonstrate “addiction-like” aggressive behavior, suggesting an 
evolutionary origin for pathological aggression. 
This work was supported by NIDA/NIH. 
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Abstract: Brain-based models of adolescent risk-taking have highlighted the importance of 
sensation-seeking and its associated neural correlates in explaining vulnerabilities for 
engagement in risky behaviors, including cigarette smoking. In a series of three studies, we 
present findings providing insight into the association between sensation-seeking and risky 
behaviors. Using data from the National Longitudinal Study of Adolescence to Adult Health 
(Add Health), time-varying effect models (TVEM) were implemented to estimate how the 
associations between sensation-seeking and impulse control (predictors) and daily smoking 
(outcome) varied from adolescence into young adulthood (ages 12 to 34). Sensation-seeking was 
significantly associated with daily smoking during adolescence and in the late 20s and early 30s, 
although the association was strongest during adolescence. Using resting state data from 43 



children, adolescents, and adults, we observed that sensation-seeking was negatively associated 
with between-network connectivity across salience and both the default mode and central 
executive networks - suggesting that sensation-seeking is associated with patterns of functional 
connectivity that have previously been associated with limitations in cognitive control. Finally, 
in the context of an incentivized, anti-saccade task, we show that, although sensation-seekers are 
vulnerable for engaging in risky behaviors (study 1) and show evidence for limitations in 
cognitive control (study 2), they exhibit more accurate anti-saccade performance and greater 
engagement of key ocolumotor control regions (e.g., frontal eye fields, supplementary eye fields) 
when motivated with monetary incentives relative to low sensation-seekers. 
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Abstract: Binge eating behavior is characterized by overconsumption of palatable food without 
energy deficit and changes in motivation to obtain palatable food. In our laboratory, we trained 
subjects in an exponential progressive ratio schedule; after binge eating induction with sucrose 
we did not found the changes in motivation previously reported. The main difference of our 
study was that we used an exponential progressive ration while other studies used arithmetic 
progressive ratio. Therefore, the main objective of the present work was: first, evaluate the 
sensibility of the reinforcement schedule through a replication of the results with haloperidol 
administration, and second, evaluate if the use exponential or arithmetical progressive ratio 
schedule may influence the changes in incentive motivation. Thirty-six male Wistar rats were 
divided in three groups: A) haloperidol, B) exponential and C) arithmetic progressive ratio 
schedule. Subjects of group A were previously trained in the exponential schedule and three 
doses of haloperidol (0.01, 0.03 and 0.1 mg/k i.p.) were evaluated after subjects reach stability 
criteria. Subjects of group B and C were trained in an exponential or arithmetic progressive ratio 



schedule, respectively. When all of the subjects reach the stability criteria, binge eating induction 
started. During binge eating induction, subjects in groups B and C, were subdivided in two 
groups: control and experimental. In all groups access to water and standard food was ad libitum; 
in the control group access to sucrose was also ad libitum while the experimental groups had 
access to sucrose on Tuesday, Thursday and Saturdays two hours per day. When haloperidol was 
administrated, there was a decrease in the breakpoint as reported previously; this result suggest 
that the schedule was sensitive enough. However, we did not found changes in the breakpoint 
either with the exponential or arithmetic progressive ratio after binge eating induction. It is 
important to note that other groups reported changes on incentive motivation using vegetable 
shortening; also, there are differences between strains in the susceptibility to binge eating 
induction: Wistar rats are less prone to binge and this could have influenced the motivational 
changes observed since the other group used Sprague-Dawley rats. 
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Title: Assessment of the corticosterone profile and anxiety-related behaviors in sign-trackers and 
goal-trackers 
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Abstract: Learning to associate cues in the environment with appetitive and/or aversive stimuli 
allows organisms to develop a behavioral repertoire fit to obtain valuable resources (e.g. finding 
food and avoiding predators). Cues, however, can also gain inordinate control and lead to 
maladaptive behaviors (e.g. relapse in addicts). Using an animal model, we have shown that 
there is individual variation in the ability of reward cues to control behavior. Rats that undergo 
Pavlovian conditioned approach (PCA) training, consisting of cue (e.g. lever) presentation 
followed by the delivery of a food reward, develop either a sign- or goal-tracking conditioned 
response. For both sign-trackers (ST) and goal-trackers (GT) the cue attains predictive value, but 



only for ST does the cue also attain incentive value. The attribution of incentive value to the cue 
transforms it into a “motivational magnet”, rendering it attractive and desirable. The ST/GT 
model can therefore be exploited to investigate individual variation in the propensity to attribute 
incentive salience to reward cues and the underlying neurobiological mechanisms. Using this 
model, we have shown that different neural circuits regulate predictive vs. incentive learning, 
with the latter dependent on dopamine and subcortical mechanisms. Additionally, relative to GT, 
ST show greater impulsive action as well as other addiction-like behaviors, indicating the 
coexistence of other behavioral traits that might contribute to the individual variation in cue-
reward learning. Interestingly, relative to GT, ST also show higher levels of corticosterone 
(CORT), the major hormone mediating stress response, after a single session of PCA training. It 
remains to be determined, however, if preexisting or emerging differences in “stress-
responsivity” affect the propensity to attribute incentive salience to reward cues. Here, we 
assessed whether ST and GT differ in stress-responsivity, using both behavioral and 
neuroendocrine measures. Currently, we have examined CORT profiles in ST and GT under 
baseline conditions and following PCA training and anxiety-related behavioral paradigms. There 
does not appear to be a relationship between the propensity to attribute incentive salience to 
reward cues and anxiety-related behaviors, based on performance on the elevated plus maze or 
locomotor response to novelty. However, CORT may play an important role in mediating 
individual differences in cue-reward learning. These data contribute to our understanding of 
stress responsivity in sign- and goal-tracking behaviors and prompt future investigations 
examining the interaction between CORT and dopamine during cue-reward learning. 
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Abstract: Food intake is regulated by two systems: homeostatic and hedonic. Homeostatic 
system makes reference to hormones, peptides and neurotransmitters that are released when 
subjects are hungry or satiated. On the other hand, the hedonic system is related to the incentive 
value of food and/or the stimulus related to it. It has been suggested that the incentive value 
integrates two elements: wanting and liking; wanting is related to the approach to food, effort to 
obtain it and the consumption sustained by food, while liking is related to the sensorial 
characteristics of the stimulus and represents the hedonic impact of it. Also, it has been 
suggested that the physiological state of the subject influences incentive motivation. Therefore, 
the aim of the present work was to evaluate the effect of different magnitudes of food deprivation 
in the incentive value (measured as the amount of intake) of sucrose and corn oil. Twenty-four 
male Wistar rats were employed. Subjects were trained in a two bottle choice test with saline 
solution and water for 10 days. Then, subjects had access for 30 minutes to sucrose (10%) and 
corn oil (4.8%, diluted with mineral oil) after 2 h or 22 h of food deprivation, it is important to 
note that concentrations were isocaloric and the order of deprivation hours varied semi-
randomly. Body weight, intake of both substances and standard food were registered. In either 
magnitude of food deprivation, subjects preferred sucrose over corn oil. The intake of sucrose 
under 22 h of food deprivation was higher than intake of 2 h; however the difference did not 
reach statistical significance. Corn oil intake was similar under both conditions of food 
deprivation. Our results (intake during 6 days per condition of food deprivation) are at odds to 
those of Sclafani (Physiol Behav 1992, 53:1091), who observed that rats had a greater intake of 
fat when they were food deprived but prefer sucrose when sated. Differences in results may be 
related to the higher concentrations of sucrose and corn oil used in our study. Also, the 
differences in rat strain may be relevant: CD-IGS rats are more prone to obesity compared to 
Wistar rats. 
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Abstract: Depression is a serious mood disorder with a high prevalence in all developed 
countries. Because of their close proximity to humans, macaque monkeys have a potential to 
advance our understanding of the etiology and pathophysiology of major depression. However, 
there are few experimental paradigms suitable for investigating a depression-like sign of the 
monkey characterized by anhedonia. The sucrose preference test (SPT) is generally used for 
analysis of depressive behaviors in rodents, but no reports are so far available on the application 
to the monkey. In the present study, we made an attempt to improve the SPT for macaque 
monkeys to delineate a transient or fluctuating sign of anhedonia. For determining the sensitivity 
to a sucrose solution, nine levels of sucrose concentrations ranging 0 to 3.0% were tested in six 
monkeys. The result obtained from a concentration-response curve showed a critical preference 
at higher than 0.25% of the sucrose concentration level. Interestingly, all six monkeys displayed 
a high value of sucrose preference that is more than 99% when 3.0% sucrose solution was 
presented. In addition, sucrose consumption increased up to 1.5% in a concentration-dependent 
manner, and then reached a plateau. The most important issue in disease model research is what 
concentration of a sucrose solution should be used. If the concentration of 5% is too high, 
animals might still prefer it even if becoming anhedonia-like condition. Therefore, to establish 
the procedure for evaluating the effect of three sucrose concentrations (0, 0.25 and 1.0%) within 
a day, we subsequently examined their test sequence and confirmed that a 0.25-1.0-0% sequence 
was suitable for anhedonia-targeted analysis. Lipopolysaccharide (LPS) is known to induce 
neuroinflammatory processes and depression-like behaviors in rodents and also humans. To 
detect an anhedonia-like sign in LPS-treated monkeys, we administered LPS in seven monkeys 
and analyzed the sucrose consumption and preference using our improved SPT. Administration 
of LPS (0.1 and 0.3 mg/kg) resulted in the decreased sucrose consumption in all monkeys, and 
the decreased sucrose preference in two monkeys. Thus, our improved SPT for macaque 
monkeys may be possible to detect anhedonia, although further investigations are needed, with 
special reference to the species-specific response pattern and the dosage of LPS. 
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Abstract: A common finding in longitudinal studies of cancer survivors is long-term changes in 
mood, such as dysphoria and emotional deficit, including anhedonia. However, there is no 
efficacious treatment for chemotherapy-induced depression in survivors who had received 
paclitaxel, an antineoplastic commonly used in the treatment of breast, pelvic, head and neck, 
and non-small cell lung cancers. Unfortunately, paclitaxel-induced changes in affect can persist 
for up to five years or longer following completion of treatment. With the Baby Boomer 
population approaching peak cancer age, it is dire that the mechanisms behind paclitaxel-induced 
changes in mood are uncovered so as to improve the quality of life of the projected 19 million 
cancer survivors in 2024. Therefore, in order to study paclitaxel-induced reward deficit over an 
extended period, cancer-free male C57BL/6J mice were treated with one cycle of four injections 
of vehicle or paclitaxel (32mg/kg cumulative) and periodically assessed for anhedonia-like 
behaviors. Paclitaxel caused significant time-dependent deficits in sucrose preference and 
morphine-induced conditioned place preference (CPP). These initial results suggested an 
aversive-like state induced by paclitaxel. We therefore investigated kappa opioid receptor (KOR) 
signaling as a putative mechanism of paclitaxel-induced anhedonia. The selective KOR 
antagonist norbinaltorphimine (norBNI) reversed paclitaxel-induced sucrose preference deficit. 
Because KOR signaling in the nucleus accumbens (NAc) can cause anhedonia via modulation of 
dopamine (DA) signaling, we used the [35S]GTPγS assay to measure KOR and DA D2 receptor 
(D2R) function in the NAc from paclitaxel-treated mice. Surprisingly, a history of paclitaxel had 
a trend of reducing both U50,488H and quinelorane -stimulated binding, suggesting decreased 
function of KOR and D2R, respectively. Our data suggest that paclitaxel-induced changes in 
affect-like behavior may be due to time-dependent dysregulation of KOR and D2R signaling in 
the limbic system. 
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Abstract: Depression is a serious psychiatric disorder affecting about 16% of the population. In 
previous studies, we suggested that the pattern of serotonin transporter clustering on cell 
membranes from peripheral lymphocytes could be a biomarker for diagnosis and treatment 
responsivity in depression patients. Here we evaluated whether similar alterations are seen in 
lymphocytes collected from rats subjected to repeated corticosterone (CORT) injections - a well-
characterized animal model of depression - and whether altered protein clustering in CORT-
treated rats, correlates with measures of depression-like behavior. 
Long-Evans male rats received a single daily CORT injection (40 mg/kg) for 21 consecutive 
days, whereas control rats received vehicle injections. On day 22, depression-like behavior was 
assessed using the forced swim test and blood samples were drawn by cardiac puncture. 
Lymphocytes were isolated using the Ficoll-Paque gradient. A panel of membrane proteins were 
analysed in collected lymphocytes using immunohistochemistry: the serotonin transporter 
(SERT), serotonin 2A receptor (5-HT2A), beta-2 adrenergic receptor (β-2AR), cellular prion 
protein (PrPc), N-Methyl-D-Aspartate receptor subunit 2B (NR2B), and dopamine transporter 
(DAT). After immunolabeling, we measured the size and number of membrane protein clusters 
in lymphocytes using a computerized image analysis system. 
Our results indicated that CORT had significant effects on the size and number of membrane 
protein clusters for several of the proteins included in the experiment. For example, there was an 
increase of 13%, 6%, 12%, 11%, and 7% in the size of SERT, 5HT2A, PrPc, NR2B, and DAT 
protein clusters, respectively. However, we noted a 7% decrease in β-2AR cluster size with 
CORT treatment. No significant group differences were detected in the number of protein 
clusters, except for clusters of PrPc proteins, which decreased by 20% after CORT treatment. 
Importantly, CORT-induced alterations in membrane protein clustering for the SERT, PrPc, 
NR2B, and DAT were significantly correlated with increased immobility in the forced swim test. 
These results largely parallel previous findings in depression patients, particularly with respect to 
the SERT and 5HT2A clusters. In addition, we have identified changes in the clustering of 
additional proteins (β-2AR, PrPc, NR2B, and DAT) that were not previously studied in human 
patients. Our next step will be to determine whether these addition proteins are also altered in a 
patient population. 
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Abstract: The exposure to adverse events early in life is associated with long-lasting 
neurochemical, structural and behavioural changes that may enhance the vulnerability to mental 
disorders, such as major depression. The pathologic outcome may depend upon the timing and 
duration of the adverse experience, possibly due to the differential impact on specific brain 
regions and circuits. In the present study we aimed to investigate the effects of stress exposure 
during adolescence, a critical developmental period characterized by intensive neural and 
behavioural changes and thus highly vulnerable to adverse events. We used social isolation, a 
well-established paradigm of stress for adolescent rats, in order to investigate the long lasting 
effects of this manipulation. 60 male and 60 female pups were weaned at PND21 and housed 
either in group or individually until PND49, followed by re-socialization in groups of 3 rats per 
cage until adulthood. Animals underwent behavioural tests at PND70-80 and they were killed 
two weeks later. 
In the sucrose preference test, aimed to investigate the presence of a depressive like phenotype, 
isolated rats, both males and females, show a reduction of sucrose preference, as compared to 
their group-housed counterpart (p<0.05). However the cognitive performance of isolated rats was 
not different from control rats, as revealed in the novel object recognition test (p>0.05). The 
results of the molecular analyses performed in the prefrontal cortex and dorsal hippocampus 
revealed that social isolation produced a significant reduction of Bdnf mRNA levels in female, 
but not in male, rats (p<0.05). In order to investigate if the stressful experience during 
adolescence may alter the ability to cope under a challenging condition, a group of rats (control 
or isolated) were exposed to a 1h-session of immobilization stress immediately before killing. 
We found that while acute stress produced a significant up-regulation of the activity regulated 



genes Arc and Zif 268 (p<0.05) in the prefrontal cortex of group housed as well as of isolated 
rats, the stress-induced transcriptional profile of other genes was significantly affected as a 
consequence of isolation rearing during adolescence. 
In summary, our results demonstrate that stress exposure during adolescence produce a 
depressive like phenotype, which is associated with a reduction in the expression of the 
neuroplastic marker BDNF. Future and on-going analyses will try to establish the pattern of 
transcriptional and translational changes that may sustain the behavioural impairment, with the 
aim to delineate sex and anatomical specificity as a consequence of the adverse experience early 
in life. 
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Abstract: The neuropeptide OFQ/N and its cognate receptor (NOP or ORL-1) have been linked 
to cognitive, emotional and motivational behaviors, as well as neuroinflammation. Human 
studies have linked the OFQ/N system to anxiety and depression, which is also associated with 
inflammatory cytokines. Further, animal models point to an anxiolytic role for OFQ/N, although 
full consensus has yet to be reached. Here we behaviorally compare prepro OFQ/N and ORL-1 
mutations maintained on different background mouse strains (C57BL6/J or 129S6) to test the 
potential role of OFQ/N or ORL-1 as a resilience mechanism - and a possible anti-inflammatory 
influence - during chronic stress. Transgenic mice were compared to wild type C57/BL6 or 
129S6 mice from the same breeding colonies. Male and female mice of at least 2-3 months of 
age (N was at least 5/group) were subjected to food-motivated T-maze learning and the elevated 
plus maze (EPM). For T-Maze learning, mice were trained to locate condensed milk in each of 
two opposing arms. Subsequent to habituation, alternation was tested for 5 days (4 trials/day). 
Percent correct choices (choosing the alternate arm, after visiting the baited opposite arm) were 
calculated for each day, and analyzed by ANOVA. Irrespective of genotype, learning was 
superior in mice of the C57BL/6 background (p <0.001), with the 129S6 mice displaying poor 
learning. Despite the superior C57 strain learning, ORL mutation delayed acquisition in male 
mice compared to the C57 WT mice (Day x Genotype, p = 0.054). Females and the ppOFQ/N 
KO mice are currently being tested. Among the 129S6 strain, while poor learners overall, the 
129/ORL and 129/ppOFQ/N mutant mice were significantly worse (p < 0.05). These genotype 
effects were due mainly to ORL deletion. EPM: Mice were tested twice on days 1 and 4. Percent 
time in the open arms did not differ between strains (p<0.001), but ORL mutations in C57 mice 
did reduce percent open time (p < 0.001 compared to C57/wt), supporting an anxiolytic role for 
ORL-1. The ORL mutation in 129S6 mice is currently being tested for EPM. Microglial 
Activity: C57 WT or C57/ORL KO mice were crossed with CX3CR1GFP/+ mice to study 
microglial activity by 2-photon live imaging subsequent to acute or chronic stress exposure. 
Preliminary data suggest that basal microglial activity in CX3CR1GFP/+ ORL ko mice does not 
differ from heterozygous or wildtype CX3CR1GFP/+ mice. Conclusion: Further studies are 
ongoing to determine the potential protective benefits of ORL signaling on T-maze learning after 
chronic stress using the C57 background. Moreover, the role of ORL in modulating microglial 
activity during chronic stress is being investigated. 
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Abstract: Previous studies developed in this lab described relevant differences among types of 
stressors and HPA axis response. Stressors induce remarkable ACTH secretion, but vasopressin 
1b antagonists can inhibit physical stressors like ether vapor inhalation while CRH1 antagonists 
inhibit psychological stressors such as restraint. Mixed stressor such as forced swimming only 
had its effects blocked by concomitant use of both antagonists. Continuous Mild Stress (CMS) is 
an important animal model of depression in which anhedonia is measured by sucrose preference. 
This model demands a long-term (2-3 weeks) exposure to a variety of stresses and sometimes the 
protocol results unsuccessful. We hypothesize that different stress modalities, physical or 
psychological, may be more effective in inducing anhedonia. Brain mapping of metabolic 
changes induced by stresses may offer clues to the understanding of the ongoing processes. 
Cytochrome c oxidase activity reflects long-term trends in energy demands allowing for an 
effective mapping of long-term changes in regional brain activity. We used 3 groups of 6 Wistar 
rats each that underwent CMS protocols: a control non stressed group (CON), a physical stress 
group (PHY) and a psychological stress group (PSY) for two weeks. All animals were then 
decapitated and brains were frozen at -80°C and later sliced at 30 µm in a cryostat. Slices were 
stained for cytochrome oxidase activity mapping by the DAB/cytochrome c standard method. 
Regions of interest were marked based on Watson&Paxinos rat brain atlas and measured by 
optical densitometry. Preliminary results are the following, always in comparison to CON: in 
PHY, areas that had statistically significant increase (1-way ANOVA) were lateral periaquedutal 
gray (LPAG), 6%; medial preoptic area (MPA), 9%; anterior paraventricular hypothalamic 
nucleus (PaAP), 8%; ventral paraventricular hypothalamic nucleus (PaV), 3%; ventral bed 
nucleus of stria terminalis (STLV), 10%; medial anterior bed nucleus of stria terminalis (STMA), 
6,5%; medial ventral bed nucleus of stria terminalis (STMV), 11%. In PSY, the areas were 
LPAG (4%), MPA (5%), PaV (3%), STLV (4%), STMA (6%) and STMV (4%). There were no 
significant differences in cytochrome c oxidase activity on the other areas examined (anterior 
and posterior basolateral amygdaloid nuclei, anterior and posterior basomedial amygdaloid 
nuclei, central amygdaloid nucleus, dorsomedial periaquedutal gray, substancia nigra compacta 
dorsal, lateral and reticular). These results are in agreement with expected results for stressed 
animals. A full comparative approach is envisaged. 
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Abstract: Major depressive disorder (MDD) is a significant cause of disability and 20% of 
individuals will suffer from a major onset of clinical depression during their lifetime. Despite the 
prevalence and considerable impact of depression, its pathophysiology is still elusive. The 
nucleus accumbens (NAc) in the reward circuitry is a key region which integrates rewarding and 
aversive information from various brain regions, and thus thought to contribute to the 
pathophysiology and symptomatology of depression. GABAergic medium spiny neurons 
(MSNs) are major projection cells in the NAc and two different subtypes expressing D1- or D2-
type dopamine receptors seem to differentially modulate depression-like behaviors. Recently, we 
demonstrated that increase of Sirt1, a well-known deacetylase, in D1-MSNs, but not in D2, 
significantly promotes anxiety- and depression-like behaviors. To further elucidate downstream 
regulation mechanisms of SIRT1, we performed cell-type specific transcriptomics using MSNs-
subtype specific Sirt1 knock-out mice expressing RiboTag. Based on our unbiased analysis of 
transcriptome data, Sirt1 signaling pathways modulate various neuronal physiologies in the 
MSNs and seem to correspond with electrophysiological and morphological changes of MSNs 
subpopulations in depressed mice. These evidences demonstrate that Sirt1 signaling 
differentially regulates depression-like behaviors in a cell-type specific manner, implicating 
novel antidepressant targets. 
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Abstract: Self-focus (i.e. the process by which one engages in self-referential processing) is a 
core issue in the psychopathology of major depression, which affects 350 million people 
worldwide. Previous studies have used functional neuroimaging to identify that the cortical 
midline structures, including the medial prefrontal cortex (mPFC), play a key role in self-
referential processing in depressed subjects. The current study investigates the hypothesized link 
between the mPFC and depression using an animal model of learned helplessness to measure 
self-referential processing. It is hypothesized that a decrease in symptoms of depression will be 
seen in animals that have undergone inhibition of the mPFC. This research holds significance in 
that it builds on previous studies, with conflicting results, that have aimed to link specific 
patterns of activity to the PFC as mediating symptoms of depression. Further examination of the 
mPFC is therefore warranted not only as a possible precursor to the implication of its 
involvement in mediating depression, but also in order to provide support for a theory of 
dominant pattern of brain activity (inhibition) which interacts with symptoms of depression. The 
current study utilized female Long Evans rats in order to more accurately generalize findings to 
the population of women, which make up the majority of depressed individuals in humans. 
Subjects were exposed to 28 days of randomized stressors during adulthood including forced 
swim, cage tilt, wet bedding, mild restraint and restriction of food and water. Control animals 
were housed in pairs, while animals exposed to randomized stress were housed in isolation. 
Following surgical placement of guide cannula animals were either infused with an inhibitory 
cocktail (0.3 nmol/0.5µl/side baclofen/0.3 nmol/0.5µl/side muscimol) or sham (artificial 
cerebrospinal fluid) before being tested for resiliency against learned helplessness. Subjects were 
tested for latency in a forced swim test and hot plate test, for motivation in a radial arm maze, for 
lethargy in an open field test, and for anhedonia using sugar pellets. To date, attenuation of 
learned helplessness symptoms have been found in stress-exposed animals which had undergone 
inhibition of the mPFC (having also had their self-referential processes inhibited) compared to 
controls. Collectively, these findings hold significance in that they build on recent research that 
has aimed to link areas of the PFC to symptoms of depression. 
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Abstract: The atypical antidepressant amisulpride is used at low doses for the treatment of mild, 
chronic depression (dysthymia). Unlike most atypical antipsychotics, it exhibits a selective 
binding profile displaying high binding affinity to dopamine D2/3 receptors and serotonin 5-HT7 
and 5-HT2B receptors. Amisulpride is comprised of a mixture of two optical isomers: (S)-
amisulpride and (R)-amisulpride. The enantiomers bind at dopamine D2/3 and α2-adrenoceptors in 
a stereoselective manner with marked differences in affinity: (S)-amisulpride displays high 
affinity binding at D2/3 receptors and is approximately twice as potent as racemic amisulpride 
and 20-50 times more potent than (R)-amisulpride at these receptors. To assess the 
antidepressant-like activity of amisulpride and its enantiomers, adult C57BL/6 mice were tested 
in the differential-reinforcement-of low rate (DRL) 72 sec operant procedure and the Porsolt 
forced swim test (FST). Amisulpride produced an antidepressant-like profile in the DRL task 
producing significant increases in reinforcers at 1.78, 32, and 56 mg/kg doses and a significant 
decrease in responding at 56 mg/kg. In contrast, amisulpride did not produce a significant 
decrease in immobility in the FST at 0.1, 1.0, or 10 mg/kg. Testing with the (R)- and (S)-
amisulpride isomers in the DRL task revealed that (S)-amisulpride significantly increased 
reinforcers at 10 mg/kg without any changes in responses. The (R)-amisulpride isomer did not 
produce any significant changes in reinforcers or responses. The tricyclic antidepressant 
imipramine and the NMDA noncompetitive antagonist ketamine served as positive controls and 
produced antidepressant-like profiles in the DRL procedure and FST. Additional testing is being 
conducted with the amisulpride isomers in the FST and with ketamine isomers in both tasks. 
These results demonstrate the importance of using multiple behavioral tasks for assessing the 
antidepressant-like profile of drugs, as different results may be obtained. 
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Abstract: For many years our laboratory has been exploring hippocampal gene expression 
differences between selectively-bred high responder (HR) and low responder (LR) rats in order 
to provide insight into the biology underlying mood and temperament. In total, as part of 
different experiments run across 53 generations of selective breeding, we have collected eight 
different microarray or RNA-Seq datasets from samples of the whole hippocampus of HR and 
LR rats. Recently, we ran a formal meta-analysis to determine which molecular candidates are 
indicated repeatedly across these different datasets. Using the statistical program R, we re-
analyzed six separate HR/LR datasets, and also used the results from previous analyses of an 
additional two datasets. We included datasets from studies that observed gene expression across 



several developmental age groups: P7, P14, P21, and adult. In addition, there was a special focus 
on observing differences in relative cell type expression across phenotype through the use of a 
cell type-based matrix deconvolution. For the comprehensive analysis, a meta-analysis of effect 
sizes using a random effects model was performed on both adult and developmental data. Results 
indicate major differences in the expression of genes with known relationships to various mood 
disorders, as well as potential differences in immune activation in the LR rats, supporting the 
theory of altered immune function in the pathophysiology of internalizing disorders. 
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Abstract: Adjunct treatment combining psychotherapy and pharmacotherapy can improve 
symptoms of stress-related psychiatric disorders such as depression and PTSD, and can increase 
remission rates in patients. Exposure therapy, a form of Cognitive Behavioral Therapy, shares 
many similarities to fear extinction learning. Our lab has previously shown that fear extinction 
(i.e. learning that an innocuous cue previously associated with a fearful stimulus no longer 
predicts that stimulus) can be used to model the effects of exposure therapy on cognitive 
flexibility that has been compromised in chronically stressed rats. Thus, we will use this model 
of exposure therapy to investigate the mechanisms underlying adjunct treatment, with the goal of 
enhancing the efficacy of exposure therapy. The aim of these experiments is to investigate 
variations of vary the parameters of our standard extinction protocol to produce a sub-maximal 
therapeutic effect on cognitive flexibility and coping style after chronic stress. In these 
experiments, we varied two parameters, the strength of initial conditioning and the number of 



trials in the extinction session. Animals were first fear conditioned by 4 pairings of a tone (20 
sec) coinciding with a mild footshock (0.5 sec), varying the shock intensity (0.6, 0.8 or 1.0 mA) 
to vary the strength of conditioning. They were then subject to 2 weeks Chronic Unpredictable 
Stress. For extinction treatment, in a different context they received either 8 or 16 tone exposures 
without shock. Cognitive flexibility, measured using the attentional set-shifting test, or coping 
style, measured on the shock probe defensive burying test, were assessed 24 hr after extinction. 
We hypothesized that exposing rats to only 8 tones may constitute sub-maximal extinction, and 
diminish the therapeutic effects of extinction on stress-compromised behavior. Reducing the 
shock intensity during fear conditioning may also weaken the fear memory, thereby reducing the 
magnitude of extinction learning and its subsequent therapeutic effect. Alternatively, increasing 
the shock intensity during conditioning may make it more difficult to achieve full extinction. 
Preliminary data suggest that decreasing tone exposure from 16 tones to 8 decreased the effect of 
fear extinction on coping behavior. Experiments are ongoing to determine how varying the shock 
intensity affects the therapeutic effect of fear extinction. 
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Abstract: Psychiatric regulations through fatty acid receptors (FFARs) have been extensively 
studied in a variety of metabolic tissues, including gut and cranial nerve endings. Recent studies 
on the gut-brain axis support a close relationship between FFAR and the hypothalamic-pituitary-
adrenal (HPA) axis, a neuroendocrine system that regulates stress response and mood. However, 



the expression and functional studies of FFARs in the HPA axis are poorly understood. Here, we 
present a specific odorant receptor (OR) that is expressed in pituitary gland responding to 
medium-chain fatty acid (MCFA). The histological location and cell type were also identified by 
immunohistochemistry, and it was revealed that OR (+) cells were located in the anterior lobe of 
the pituitary gland, co-localizing with ACTH. The blood ACTH and corticosterone level were 
measured after intraperitoneal injection of medium-chain fatty acid (MCFA) followed by acute 
restraint stress. Interestingly, MCFA injection showed an inhibitory effect on both ACTH and 
corticosterone releases. Furthermore, anxiety and depression behaviors were assessed under 
chronic restraint stress condition through MCFA treatment, and decreased anxiety and 
depression behaviors. Finally, the generation of specific OR-KO mice exhibited abnormal HPA 
axis activity as well as depression- and anxiety-related behaviors. In conclusion, our study has 
demonstrated the potential role of OR response to stress through the HPA axis, suggesting that 
OR may be an important therapeutic target for mood disorders 
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Abstract: Major Depressive Disorder (MDD) is one of mental disorders characterized by 
disturbed symptoms in emotional states, cognitive functions and physical conditions. Alteration 
of excitatory and inhibitory (E/I) balance in diverse brain regions such as Nucleus Accumbens 
(NAc), Ventral Tegmental Area (VTA) and medial Prefrontal Cortex (mPFC) has been reported 
as a conserved pathophysiological brain structures in depressed patients. However, precise 
correlation between depressive-like behavior and E/I imbalance is still not well-understood. In 
present study, we used learned helplessness model from adult male C57BL/6J mice by exposing 
to a set of random electrical foot shock in inescapable chamber. Shocked-mice were tested to 
evaluate having negative coping strategies and depressive-like behavior using various behavior 



tests. By using whole cell patch clamp and immunohistochemistry, we observed changes of 
GABAergic synaptic inputs and neuronal activity within hippocampus in learned helplessness 
mouse. These findings suggest that GABAergic synaptic dysfunction of hippocampus is strongly 
related to pathophysiology of major depressive disorder. 
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Title: Role of CaV1-2 calcium channel in hippocampal neurons of animals with depressive like-
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Abstract: Major depression (MD) is the most common mood disorder worldwide, and a serious 
public health problem in most countries. The biological study of MD has partly elucidated the 
development of this condition. Hippocampal neurons from patients with MD show a reduced 
dendritic arborization and dendritic spines, nevertheless, the molecular mechanisms responsible 
for these changes are still to be defined. CaV1.2 calcium channels are the principal pathway for 
calcium influx in neuronal soma, and have been associated to several cellular processes such as 
changes in neuronal morphology and excitation-transcription coupling. Our work is centered in 
studying the role of CaV1.2 in the changes in morphology and function at hippocampal neuron in 
animals subjected to chronic restraint stress (CRS), an animal model of depression. Behavioral 
parameters such as anhedonia, reduction in social interaction and behavioral despair, 
demonstrated that these animals share characteristics of MD as has been reported for this model 
previously. The expression level of CaV1.2 in whole hippocampal samples were found 
significantly increased in CRS animals. This correlates with a higher current density observed in 
CRS neurons compared to control, suggesting an alteration in intracellular calcium handling and 
maybe in excitation-transcription coupling. By using immunolocalization techniques we are 



currently studying the changes in signaling cascades related to L-type calcium channels to test 
the hypothesis that they are key playerers in the development of depression. 
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Abstract: Depression is a highly prevalent and recurrent neuropsychiatric disorder associated 
with alterations in emotional and cognitive domains. Neuroplastic phenomena are increasingly 
considered central to the etiopathogenesis of and recovery from depression. Nevertheless, a high 
number of remitted patients experience recurrent episodes of depression, remaining unclear how 
previous episodes impact on behavior and neuroplasticity and/or whether modulation of 
neuroplasticity is important to prevent recurrent depression. Through re-exposure to an 
unpredictable chronic mild stress protocol in rats, we observed the re-appearance of emotional 
and cognitive deficits. Furthermore, treatment with the antidepressants fluoxetine and 
imipramine were effective to promote sustained reversion of a depressive-like phenotype, 
however their differential impact on adult hippocampal neuroplasticity triggered a distinct 
response to stress re-exposure: while imipramine re-established hippocampal neurogenesis and 
neuronal dendritic arborization contributing to resilience to recurrent depressive-like behavior, 
stress re-exposure in fluoxetine-treated animals resulted in an overproduction of adult-born 
neurons along with neuronal atrophy, accounting for an increased susceptibility to recurrent 
behavioral changes typical of depression. Strikingly, cell proliferation arrest compromised the 
behavior resilience induced by imipramine and buffered the susceptibility to recurrent behavioral 
changes promoted by fluoxetine. This study shows that previous exposure to a depressive-like 
episode impacts on the behavioral and neuroanatomical changes triggered by subsequent re-
exposure to similar experimental conditions and reveals that the proper control of adult 
hippocampal neuroplasticity triggered by antidepressants is essential to counteract recurrent 
depressive-like episodes. 
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Abstract: Wistar Kyoto (WKY) rats exhibit increased depression-like behavior and anxiety-like 
behavior, as well as neurochemical changes in serotonin, glutamate, and gamma-aminobutyric 
acid (GABA) systems. As these neurotransmitters are involved in diverse cognitive processes, 
we assessed adult male WKY rats in different memory tasks and in a test for depression-like 
behavior. Adult male Sprague-Dawley (SD) rats were included in the study as comparators. In 
the object placement test, WKY rats exhibited an impaired visuospatial memory, while SD rats 
exhibited an intact memory. This deficit in WKY rats was not accompanied by any reduction in 
object exploration. In the Y-maze test for spatial working memory, WKY rats made significantly 
fewer spontaneous alternations than SD rats. However, the performance of WKY rats in the 
novel object recognition test was intact, similar to that of SD rats. Consistent with previous 
studies, immobility in the forced swim test was increased in WKY rats compared to SD rats. In 
summary, WKY rats exhibited deficits in hippocampal-dependent memories and an exaggerated 
depression-like behavior. Therefore, we hypothesize that WKY rats may be considered as a 
rodent model for depression comorbid with memory deficits. 
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Abstract: Background The Ankyrin 3 gene (ANK3) has been repeatedly implicated by 
genome-wide association studies as one of the strongest risk genes for bipolar disorder (BD). 
However, the functional genetic variants in ANK3 have not been identified, and its role in BD is 
unknown. Our recent RNA sequencing and proteomic studies indicate that Ank3 reduction 
induces neuronal cytoskeletal instability of microtubules, suggesting that Ank3 may contribute to 
BD via disturbing microtubule function. The present study therefore examined the role of Ank3 
in microtubule functions in mouse, primary neuron, and cellular models. 
Method Expression of the microtubule plus-end binding protein 3 (EB3), a marker of 
microtubule stability, was measured in hippocampus of Ank3 +/+ and Ank3 +/- mice with 
western blot. The dynamic polymerization and depolymerization of microtubules was directly 
monitored by tracking the GFP-tagged EB3 puncta movement in primary mouse neuronal axons 
from Ank3+/- and Ank3+/+ mice using time-lapse live-cell confocal imaging. Activity of the 
lithium target glycogen synthase kinase 3 (GSK3) and its microtubule-associated substrates 
collapsin response mediator protein 2 (CRMP-2) and Tau, were measured by western blot in 
lithium- or vehicle-treated Neuro 2A cells in which brain-specific Ank3 isoforms were 
suppressed by CRISPR/Cas9 transcriptional repression. 
Results EB3 expression was increased in the hippocampus of Ank3+/- mice compared to 
Ank3+/+ littermates (p<0.05), indicating instability of microtubules. Time-lapse video analysis 
demonstrated that, compared to Ank3+/+ axons, Ank3+/- axons have fewer anterograde and 
more retrograde moving EB3 puncta (both p<0.01), suggesting the axonal polarity of 
microtubules is altered. In addition, EB3 puncta in Ank3+/- axons move a shorter distance at 
reduced speed compared to Ank3+/+ axons (both p<0.05), suggesting microtubule stability is 
reduced. CRISPR-Cas9-induced repression of Ank3 in Neuro 2A cells reduced inhibitory GSK3-
Ser9 phosphorylation and increased CRMP-2-T514 phosphorylation, indicative of reduced 
microtubule stability, which was rescued by lithium (both p<0.001). In contrast, Tau-S396 
phosphorylation was unchanged by Ank3 repression. 
Conclusion Our results suggest that Ank3 suppression reduces microtubule stability through a 



GSK3/CRMP-2 dependent pathway and this is related to the treatment mechanism of BD. Future 
studies will focus on microtubule dynamics using human induced pluripotent stem cells carrying 
Ankyrin 3 genetic variants associated with BD risk. 
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Abstract: BACKGROUND: Gestation during short-active (SA) photoperiods in humans (late 
winter/early spring births) increases psychiatric diagnoses. Previously, we determined that SA 
photoperiods during gestation resulted in psychiatry-relevant behavioral changes in the forced 
swim and saccharin preference tests vs. normal-active (NA)-born mice when tested in adulthood. 
Not every spring birth results in a psychiatric condition, however, indicating an important role of 
genetic susceptibility. Given a dysfunctional dopamine (DA) system has been implicated in most 
psychiatric disorders - and genetic polymorphisms of the DA transporter (DAT) are associated 
with some conditions - we tested whether mice with ~50% reduced expression of DAT (DAT-
HY) would exhibit exaggerated psychiatry-related behaviors when born in SA photoperiods. 
METHODS: C57/BL6 dams were placed into either SA (19:5 light:dark (L:D)) or NA (12:12 
L:D) photoperiods for 2 weeks, then paired with DAT-HY sires. Resultant DAT-HY and 
wildtype (WT) littermates were maintained in these conditions until weaning (P21), then placed 
into a NA photoperiod until tested in the elevated plus maze (EPM, n=120) during the active 
(dark) phase of the L:D cycle. 
RESULTS: A significant sex by genotype by perinatal photoperiod interaction was seen for time 
spent in EPM open arms (F(1,112) = 6.0, p < 0.05). When analyzed separately by sex, females 
exhibited a trend toward a gene by perinatal photoperiod interaction (F(1,51) = 3.7, p = 0.061). SA-



born female WT mice spent significantly less time in open arms vs. NA-born female WT mice 
(t(29) = 2.1, p < 0.05). Female DAT-HY mice spent equal time in open arms regardless of 
perinatal photoperiod exposure. SA-born female DAT-HY mice spent significantly more time in 
open arms vs. SA-born female WT mice (t(26)= -2.9, p < 0.01), whereas no gene effect was 
observed in NA-born female DAT-HY and WT mice. Males exhibited no main effects or 
interactions on EPM open arm duration. 
DISCUSSION: SA gestation photoperiods induce risk-averse/anxiogenic behavior in female 
WT mice, an effect not seen in mice with reduced DAT function as evidenced by: 1) female WT 
mice born in SA photoperiods spend less time in open arms compared with WT mice born in NA 
photoperiods, and 2) no photoperiod effect was observed in DAT-HY mice, but they did spend 
significantly more time in open arms vs. WT mice. Separating anxiogenic vs. risk-averse 
behavioral effects of SA photoperiod gestation remains important. Hence, we will test these mice 
in the Iowa Gambling Task, specifically designed to assess risk-preference and directly 
translatable to human/psychiatric populations. 
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Abstract: Social play behavior is the earliest form of mammalian social behavior directed at 
peers and not the mother. Vital to healthy development, play deprivation can result in social and 
cognitive deficits. Rats have complex behavioral repertoires that include both social play and 
ultrasonic vocalizations (USV). USV serve as situation-dependent affective signals and fulfill 
important communicative functions, e.g. positive 50-kHz USV (“rat laughter”) as social contact 
calls. CACNA1C is a novel, yet well-established risk gene implicated in numerous 



neuropsychiatric disorders, most notably affective disorders, i.e. major depression and bipolar 
disorder, but also schizophrenia and autism. The gene encodes for the pore-forming alpha1c 
subunit of the L-type voltage-gated calcium channel Cav1.2, mediating depolarization-dependent 
calcium influx into the cell. In this study, our aim was to explore the role of Cacna1c in social 
behavior, specifically during the critical period of early development. Using a newly developed 
genetic rat model, we investigated juvenile social play behavior and concomitant 50-kHz USV 
emission in male and female wildtype (+/+) and heterozygous (+/-) Cacna1c rats. In addition to 
50-kHz USV in the sender, we assessed behavioral responses displayed by the recipient exposed 
to 50-kHz USV playback. Our results indicate that in males there are no genotype effects on 
social play behavior, but male Cacna1c+/- rats displayed less 50-kHz USV emission compared 
to Cacna1c+/+ controls across all three play sessions. In females, in contrast, evidence for 
prominent genotype effects was obtained, with female Cacna1c+/- rats spending more time 
playing and specifically pinning more than Cacna1c+/+ controls during the second and third 
play session. However, increased play behavior did not result in elevated 50-kHz USV rates in 
female Cacna1c+/- rats and during the first play session, where play levels did not differ, 50-
kHz USV were reduced. Moreover, Cacna1c haploinsufficiency affected the behavioral response 
in recipient rats exposed to 50-kHz USV playback. Despite that Cacna1c+/+ and Cacna1c+/- 
rats both displayed strong social approach behavior and presumably started to search for a 
conspecific in response to 50-kHz USV, strong place preference for the area in proximity to 50-
kHz USV was seen in Cacna1c+/+ but not Cacna1c+/- rats after the playback presentation 
ended, indicating that only Cacna1c+/+ rats kept searching for a conspecific. Together, our 
findings suggest that Cacna1c haploinsufficiency leads to behavioral changes in social and 
communication development with relevance to neuropsychiatric disorders, both in sender and 
receiver. 

Disclosures:  T.M. Kisko: None. M.D. Braun: None. M. Bartz: None. C. Hohmeyer: 
None. S. Witt: None. M. Rietschel: None. R.K. Schwarting: None. M. Wöhr: None. 

Poster 

330. Animal Models for Affective Disorders: Mechanisms I 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 330.20/RR3 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Support: NIH Grant R01MH104261 

 ONR Grant N00014-12-1-0366 

 Hope for Depression Research Foundation 



Title: Examining the role of cell adhesion molecules in emotional reactivity using the bred high-
responder/bred low-responder model 
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Abstract: In the United States, over a quarter of adults eighteen years or older are diagnosed 
with a psychiatric disorder over a twelve-month period, where the most common classes reported 
are anxiety and mood disorders. Developing treatments for individuals susceptible to depression 
and anxiety requires a better understanding of the underlying neural and molecular mechanisms. 
Cell adhesion molecules (CAMs) are essential for the organization and communication of 
neighboring cells in the nervous system of a developing organism, as they orchestrate growing 
neurons into neural networks and help develop and maintain the synapses between them. The 
structures, molecular pathways, and interactions of various CAMs have been extensively studied 
in neural systems, and individual CAMs have been implicated in psychiatric disease. However, 
we know very little about the role of this broad class of molecules in the development and fine-
tuning of emotional brain circuitry. 
To assess how CAMs affect the trajectory of neural circuits implicated in vulnerability to 
depression, we use a selectively-bred rat model of emotional reactivity: the bred high-responders 
(bHRs) and the bred low-responders (bLRs). bHRs exhibit higher locomotor activity, show 
greater sensation-seeking and impulsivity, have a propensity toward addiction, and demonstrate a 
greater tendency for social interaction. bLRs display lower locomotor activity, exhibit greater 
anxiety and depression behaviors, are more reactive to stress, and are less socially interactive. In 
this study, we have examined the developmental pattern of CAM gene expression in the 
hippocampus, an area critical for learning, memory, stress responsiveness, and the regulation of 
emotionality. 
We will outline the phenotypic and age differences in the expression of various CAMs in the 
hippocampus of neonate, adolescent, and adult bHRs and bLRs. We will show that CAMs can be 
expressed strongly at certain time points in development while exhibiting low expression at other 
times. We will describe the phenotypic specificity of these developmental trajectories. Our 
findings suggest that emotional reactivity, which contributes to susceptibility to mood disorders, 
may depend in part on the temporally regulated expression of specific CAMs during 
development. 
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Abstract: Abstract:  
Modulation of the stress response by the interaction between the hypothalamic-pituitary-adrenal 
(HPA) axis and gut microbiota has been shown to have implications in major depressive disorder 
(MDD). Significant shifts in microbial composition can play a critical role in the stress response 
and the microbiome may serve a modulatory role between stressor exposure and onset of MDD. 
Chronic social defeat stress in mice is an established preclinical model of MDD and results in 
subpopulations of defeated mice that are susceptible or resilient to further stress. This study 
examines the structural and functional shifts in microbial composition as a result of chronic 
social defeat stress in mice and examines whether these differences in the microbiota map onto 
susceptible or resilient subpopulations. To produce a defeated phenotype, 36 male C57BL/6J 
mice were exposed to chronic social defeat conditioning and a social interaction paradigm that 
enabled profiling for susceptibility and resilience to stress. Fecal samples were collected 24 
hours post-social interaction. DNA was isolated from the fecal samples and the gut microbiota 
was profiled using 16S rRNA metagenomic sequencing on the Illumina miSeq platform. Chronic 
social defeat induced behavioral changes that were associated with distinct shifts at the level of 
operational taxonomic units (OTUs) across phyla and families (t34 = 6.28, p < 0.001) as well as 
increased richness and diversity of the gut microbial community compared to controls (t34 = 6.02, 
p < 0.001). The OTUs that differed between defeated and control mice largely belonged to an 
unclassified family of Bacteroidetes (S24-7; 68 OTUs) or an uncharacterized phylum (TM7; 3 
OTUs), limiting the precision in identifying specific taxa. In examining the role of chronic social 
defeat in creating subpopulations of susceptible or resilient mice, 10% of mice fell into the 
resilient category. The OTUs of susceptible and resilient mice were significantly different from 
controls, but not different from each other. This study indicates that exposure to chronic social 
stress is associated with complex OTU- level shifts in microbiota. While defeated mice present 
increases in overall diversity and richness, this diversity might not necessarily confer good 
health, particularly given evidence implicating the role of S24-7 and TM7 in modulating 



inflammatory conditions and the interconnectivity of gut microbiota and macrophage activity. 
Additional studies would aid in the understanding of the role of microbial diversity in chronic 
stress paradigms and their contribution to MDD. 
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Abstract: Patients with chronic pain often suffer from depression, but the underlying 
mechanisms are still unclear. The medial prefrontal cortex (mPFC) is a key brain area regulating 
depression. There are critical links of mPFC synaptic function to depression, with signaling 
through the endocannabinoid (eCB) system, whereby eCBs 2-Arachidonoylglycerol (2-AG) and 
N-arachidonylethanolamide (AEA) pre-synaptically suppress GABAergic inhibitory input to 
mPFC pyramidal neurons via their receptors (CB1Rs), thereby keeping the mPFC active. 
Anatomical and electrophysiological studies also show that afferent nociceptive pathways 
connect to the mPFC. eCB signaling is activity dependent. So, it is possible that noxious stimuli 
acutely activate and chronically depress eCB signaling in the mPFC, which results in depression. 
The present study was designed to address this hypothesis. We found that spared nerve injury 
(SNI) reliably induces neuropathic pain and significantly decreases performance of rats on 
behavioral tests relevant to depression, including the sucrose preference test, novelty-suppressed 
feeding test, and forced swimming test. Thus, SNI was followed by development of multiple 
indicators of a depression phenotype. Levels of 2-AG but not AEA in mPFC were elevated 3 
days after SNI surgery, but normalized by 34 days. Electrophysiological recordings showed that 
CB1Rs in GABAergic presynaptic terminals are desensitized 34 days after SNI surgery, which 
results in increased inhibitory innervation of mPFC pyramidal neurons. Together, these data 
indicate that depressed eCB signaling in the mPFC may contribute to chronic pain induced 



depression, and that eCB signaling is a potential target for treating depression induced by chronic 
pain. 
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Title: Diet purity impacts on the cecum microbiome but not depressive-like behaviors and 
plasma corticosterone levels in C57Bl/6J mice 
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Abstract: (Introduction) For the animal experiments, appropriate diets should be used to obtain 
the reproducible results, however the information about the suitable diets for neuroscience 
researches is limited. Recently, we reported that vulnerability in chronic social defeat model of 
mice is affected by feed qualities (Goto et al., Nutr Neurosci, 2016). The purified diet (AIN-93G) 
increased susceptibility to chronic social defeat stress compared with non-purified diet (MF). In 
this study, we observed the effects of chronic feeding with AIN-93G and MF on depressive-like 
behaviors, plasma corticosterone, and cecum microbiome in mice. (Materials and Methods) 
C57Bl/6J male mice (8 weeks, SLC, Shizuoka, Japan) were divided two groups. Group 1 was fed 
MF (Oriental Yeast, Tokyo, Japan), and group 2 was fed AIN-93G (Oriental Yeast) for 4 weeks. 
Homecage activity, food intake, and water intake were constantly measured by "3 Points Meter" 
(O'hara, Tokyo, Japan). After that, all animals were subjected to behavioral tests including open 
field, elevated plus maze, tail suspension, and forced swimming. Finally, blood plasma and 
cecum contents were collected. Cecum microbiome was analyzed using MiSec sequencing 



technology (illumina, San Diego, CA). Plasma corticosterone was measured by radio 
immunoassay. (Results and Discussion) Total food intake in group 1 was higher compared with 
group 2, however there were no significant difference between two groups in total calorie intake, 
water intake, behavioral tests, and plasma corticosterone. In the cecum microbiome, there were 
several differences between two groups, especially genus Allobaculum was predominant in group 
2 compared to group 1. These microbiome differences in the digestive tract may affect brain 
functions and behaviors under stressful conditions. Actually, our previous study showed that diet 
quality and chronic social defeat stress affect metabolome in cecum, liver, and plasma (Goto et 
al., J Proteome Res, 2017). Conclusively, the interaction between diets and behaviors should be 
comprehensively studied in future. (Reference) Goto T, Kubota Y, Toyoda A, Effects of diet 
quality on vulnerability to mild subchronic social defeat stress in mice. Nutritional Neuroscience, 
19(7), 284-289, 2016 Goto T, Tomonaga S, Toyoda A, Effects of diet quality and psychosocial 
stress on the metabolic profiles of mice. Journal of Proteome Research in press 
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Abstract: There is growing evidence that reduced adult neurogenesis plays an important role in 
depression. However, clear proof from animal models is still missing. We combine a novel rat 
model in which we can specifically block adult neurogenesis (GFAP-TK) and complex 
behavioral operant testing paradigms to elucidate if characteristics of depressive behaviors can 
be mimicked by loss of hippocampal neurogenesis, for example assigning less value to a delayed 
future reward. 
We first tested rats on a delay discounting paradigm, where animals must choose between a low 



reward lever that delivers 1 sugar pellet immediately and a high reward lever that delivers 4 
pellets after a delay. Compared to intact wild types (WT), GFAP-TK rats showed a decreased 
preference for the high reward option with increasing delay times, indicating that adult 
neurogenesis increases the subjective value of future rewards. We were able to replicate this 
finding by ablating adult hippocampal neurogenesis with irradiation in WT rats. On the contrary, 
increasing neurogenesis by voluntary running for four weeks led to increased preference for 
delayed high rewards. 
Second, we employed a probabilistic reversal learning task where rats have to show optimal 
behavior in the face of an uncertain reward. Here, we test for behavioral flexibility and 
sensitivity towards negative feedback, behaviors that are known to be impaired in depression. 
Third, we performed an effort-based decision-making task, since depression is often associated 
with reduced energy and motivation. Here, the number of lever presses required to receive the 
high reward option increases across blocks. We did not find any difference in the performance of 
WT and GFAP-TK animals in these two other tasks, indicating that functions for neurogenesis in 
reward-based decision-making are specific for immediate vs. delayed rewards. 
Ongoing experiments are investigating cellular mechanisms by which new neurons influence 
valuation of future rewards. Preliminary results indicate that decreased neuronal activity in the 
ventral dentate gyrus in the GFAP-TK rat is associated with a lower preference for delayed 
rewards. 
This project combines a novel rat model with complex behavioral tasks to study the impact of 
reduced neurogenesis on various phenotypes observed in psychiatric disorders with a focus on 
depression. It suggests that increased neurogenesis, for example by exercise, could benefit 
depressed patients. Results from this project can also be transferred to other psychiatric 
disorders, where neurogenesis is affected and similar behavioral phenotypes can be observed, 
such as addiction, Alzheimer’s disease, and schizophrenia. 
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Abstract: Enkephalins are primary endogenous ligands for delta opioid receptors (DORs) and 
are highly enriched in D2-medium spiny neurons (MSNs) in the nucleus accumbens (NAc) and 
dorsal striatum. Enkephalins are highly implicated in depression, as preproenkephalin knockout 
and DOR knockout mice display anxiety- and depression-like phenotypes. Further, 
enkephalinase inhibitors can act as antidepressants. However, the specific the role of 
enkephalins, especially in the D2-MSN microcircuit in NAc - ventral pallidum (VP) pathway, in 
depression is not fully investigated. To provide insight into enkephalin function in this circuit we 
use an animal model of depression, the 10-day chronic social defeat stress paradigm. Following 
the defeat sessions, animals were either categorized as susceptible (displaying depression-like 
behavior) or resilient to defeat stress based on their performance in a social interaction test. 
Compared to the control and the resilient animals, the susceptible animals showed reduction in 
enkephalin levels in the NAc and VP. To determine if the reduced enkephalin levels cause 
depression-like behavior through disrupted Enk - DOR signaling, we treated the animals that 
experienced chronic social defeat stress with a DOR agonist SNC80. Our results indicate that 
SNC80 can reverse the depression-like conditions in susceptible animals. To investigate the 
mechanisms that reduce levels of enkephalins in the depressed conditions, we analyzed levels of 
different enzymes that can degrade or produce enkephalins. We demonstrate that the decrease in 
enkephalin levels may be due to increased levels of enkephalinases, such as angiotensin-
converting enzyme (ACE) and analyl aminopeptidase (ANPEP), and decreased levels of 
proprotein convertase 1 (PC1) in susceptible animals. Overall, our data implicate that depression-
like behavior induced by social defeat stress is caused by reduced DOR signaling resulting from 
lowered level of enkephalins, which may be mediated through elevated expression of 
enkephalinases and decreased proprotein convertases. 
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Abstract: Aging is characterized by a decline in motor, sensory, cognitive, and mood functions 
which are associated with subtle changes in the Excitation/Inhibition balance of the canonical 
cortical microcircuitry composing of excitatory: pyramidal and inhibitory: Sst, Pvalb, and Vip 
positive interneurons. The age-associated long-term changes in these neurons of the 
microcircuitry we hypothesize are regulated through the transcriptomic changes within and 
across these neuronal cell types. To address this hypothesis, we first assessed the age-associated 
changes in anxiety-like behavior using Elevated plus maze and open field tests and cognitive 
abilities using novel object recognition and Y-maze alternation tests in young (2 months, n=9) 
and old (22 months, n=12) male mouse. Cell type samples for PYC, Pvalb, Sst, and Vip neurons 
obtained from the frontal cortex, using laser capture microdissection were sequenced for total 
RNA and the expression profile of each cell type was correlated with the first three principal 
components of the principal component analysis performed on all the test results. Using 
ontological approach we show that (1) Pyramidal neurons, with age, show upregulation of 
pathways related to energy production which can be associated with high activity and protective 
thus vulnerable nature of these neurons. There was a prominent downregulation of pathways 
related to synaptic activity in these neurons (2) VIP neurons have increased transcriptional 
control whereas SST neurons have increased translational control with age. (3) PV neurons seem 
to be least vulnerable of the four neurons as suggested by relatively increased photolytic 
clearance and synaptic activity with age. Together our data suggests that different cell types have 
a different vulnerability, which has a collective effect towards aging. We propose an order of 
neuronal vulnerability, which may lead to a dominos like fall of neuronal circuitry components 
and their functions with normal aging. The order of vulnerability has specific consequences and 
change in this order may lead to a state of psychiatric disorder. 
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Abstract: Major depressive disorder (MDD) is a severe mental condition affecting multiple cell-
specific pathways that interact to produce heterogeneous phenotypes. MDD is associated with 
molecular changes within GABA cells, astrocytes and synapses in the prefrontal cortex (PFC), 
and similar changes are reported in stress-based rodent models of depression. Despite their 
intricate functional roles, the cellular alterations observed have been studied independently, 
when the pathology is already established. To identify the sequence of events affecting each cell 
compartment we characterized the time-dependent (i.e. onset and trajectory) cell-specific 
changes during chronic stress exposure and their correlation with depressive-like behaviors to 
characterize potential key features in the onset of pathological state. Using the chronic restraint 
stress (CRS) paradigm (1h restraint stress, 2x day) in male and female C57/BL6 mice, we 
determined CRS effects on behavior and on the expression of GABAergic, astrocytic and 
synaptic markers in the PFC at different time points (1 to 5 weeks). We assessed CRS effects on 
anxiety-like behavior (response to a 1h spotlight stressor in home cage-like setting), anhedonia-
like deficits (reduced sucrose consumption) and coat deterioration. The GABAergic, astroglial 
and synaptic alterations induced by CRS were characterized using qPCR and western blot 
analysis. CRS-exposed mice exhibited increased anxiety-like behavior regardless of the duration 
of CRS but showed a progressive and significant increase in anhedonia-like behavior starting on 
the 3rd week of CRS-exposure. Both anxiety- and anhedonia-like phenotypes were observed for 
the following weeks. At the cellular level, GABAergic marker expression (GAD67 and vGAT) 
reductions were identified as early as the first week of CRS exposure. Astrocytic marker (GFAP, 
glutamine synthetase (GS), GLT1) expression levels were altered after 3 weeks of CRS exposure 
and preceded a decrease in synaptic (PSD-95, Syn1) markers. Interestingly, while anxiety-like 
behaviors correlated with GABAergic marker expression, astrocytic marker expression profile 
correlated with both anhedonia- and anxiety-like deficits, suggesting that astroglial dysfunction 
coincides with the emergence of the maladaptive response to stress. We confirm here that 
chronic stress is a multiphasic process where time-dependent cell-specific alterations are linked 
to various behavioral outcomes. Altogether, our results suggest that astroglial dysfunction would 
be a potential turning-point in the response to stress leading to the pathological state associated 
with MDD and other stress-related illnesses. 
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Abstract: Major depressive disorder (MDD) studies consistently demonstrate reduced level and 
function of somatostatin (SST)-expressing GABAergic interneurons, pronounced in brain 
regions that regulate cognitive-emotional functions. Past mouse models, using SST gene deletion 
or frontal cortex-specific silencing, supported a causal role for SST cell deficits in depressive-
like behavior. However, these do not recapitulate key features of human pathology, where SST 
cell deficits are widespread and potentially include altered GABA function. Here, using a brain-
wide designer receptors exclusively activated by designer drugs (DREADD) approach, we 
addressed this issue by developing and characterizing a novel mouse model of chronically 
inducible, global, and cell-specific SST neuron silencing. 
C57BL/6J SSTCre and floxed-hM4Di mice were crossed to generate mice with inhibitory 
DREADD expression specifically in SST neurons (confirmed by immunohistochemistry). Acute 
Silencing: adult SSTDREADD or SSTCre mice were administered veh (0.9% saline) or clozapine-N-
oxide (CNO 5mg/kg) i.p.30 min prior to behavioral tests (n=12/group; 50% female). Z-scoring 
summarized changes across tests measuring similar outcomes. While SSTCre (±CNO) and 
SSTDREADD (Veh) groups did not differ significantly across tests, SSTDREADD (CNO) mice 
showed elevated emotionality, indexed by increased Z-scores for anxiety (open field, elevated 
plus maze, Phenotyper tests) and anhedonia/helplessness (sucrose consumption, forced-swim 
tests), and decreased Z-cognition (object recognition, Y-maze), compared to all other groups. 
SSTDREADD (CNO) mice showed hypolocomotion and reduced food/water intake, suggesting a 
potential motivational confound. Measures were excluded (food tests) or adjusted (% line 
crosses) to account for this. Chronic Silencing: mice received water or CNO (~5mg/kg/day) ad 
libitum for 5 weeks and behavioral tests were performed weekly. Compared to all other groups, 
SSTDREADD (CNO) mice showed chronically elevated emotionality, unlike past models of 
regional SST silencing, but unchanged cognition. Where sex was a significant covariate, 



between-group relations were unchanged. 
This data supports chronic, global, SST neuron silencing as a model to recapitulate depressive-
like behavior. Further cellular/behavioral model validation is underway. This model represents a 
potentially valuable tool to probe the role of SST pathology in MDD, identify cellular 
adaptations for target discovery, and screen for novel antidepressants. 
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Abstract: The immuno-inflammatory activation triggered by various stresses play an important 
role in pathophysiology of depression. The immune responses display differential pathological 
characters in different stresses. However, comparative data and analysis on behavioural, 
inflammatory and neurochemical changes in different stress-induced depression is limited. To 
imitate different stressful situations, in this study, mice were subjected to a single injection of 
LPS (0.5 mg/kg, i.p.) and UCMS (4 week period), respectively. LPS-stressed mice showed more 
immobility time in FST and TST, as well as more time in periphery in OFT than UCMS-stressed 
mice. Further, LPS-stressed mice showed more robust expression and release of TNF-α, IL-1β 
and IL-6 in serum and depression-related brain areas (prefrontal cortex, hippocampus and 
striatum) as compared to UCMS-stressed mice. The ELISA results showed that IDO expression 
was significantly increased following LPS and UCMS stresses, but more increased IDO 
expression was observed in prefrontal cortex and hippocampus of LPS-stressed mice. The 
decrease of 5-HT and BDNF was detected only in hippocampus of LPS-stressed mice, but in 
overall all the brain areas assessed in UCMS-stressed mice as compared to control. The data 
indicate that LPS induced more severe depressive-like behaviours and more robust immune 
activation than UCMS. Our study strongly imply that hippocampus is probably most vulnerable 
to acute inflammatory challenge in depression, while chronic psychological stress more likely to 



resemble the multidimensional symptoms of clinical depression. Our findings provide more 
insight into pathophysiology in stress-induced depression. 
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Abstract: In mammals, different forms of stress including psychosocial stress can impact on 
several aspects of human health, fostering mood and anxiety disorders. However, very little is 
known about the mechanisms underlying brain physiology of stress response, hindering 
development of new therapeutic strategies. We uncover a role for transcriptional corepressor 
Lysine Specific Demethylase-1 (LSD1) and its dominant-negative splicing isoform neuroLSD1, 
in the modulation of emotional behavior. In mouse hippocampus, LSD1 and neuroLSD1 
interacting with transcription factor Serum Response Factor (SRF) and SRFΔ5 participate as 
molecular transducers of stress stimuli. Indeed, also SRF is modulated by a dominant negative 
alternative splicing isoform devoid of transactivation domain. Psychosocial stress acutely 
decreases neuroLSD1 expression through a splicing-based modulation that entails increasing 
amount of LSD1, while the relative ratio between SRF and SRFΔ5 is sensitive to both ASDS and 
CSDS. Moreover, SRFΔ5 shows a SUS-restricted downregulation that might contribute to 
shaping psychosocial stress vulnerability, through interfering with homeostatic mechanisms 
underlying stress resiliency. All these data suggest involvement of the dual system 
LSD1/neuroLSD1 and SRF/SRFΔ5 in adaptive response to stress. 
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Abstract: Binge MA users have higher MA use and depression like symptoms associated with 
acute withdrawal and lower success rates in abstaining from MA use. Drug acute withdrawal 
sequela are thought to contribute greatly to this type of compulsive drug use. A genetic animal 
model for binge MA use has recently been developed, though the strength of MA withdrawal 
after different time points of abstention from chronic MA intake is missing. We used the 
selectively bred MA high drinking (MAHDR) line to explore sensitivity to MA withdrawal after 
chronic binge like MA intake at different abstention time points, as well as the resumption of 
MA intake after prolonged abstention. For comparison data were also collected on the MAHDR 
line’s progenitor inbred strain DBA/2J (D2). In all studies, a multiple bottle choice procedure 
that had an access ratio of 3 MA to 1 water tube in home cagetops was used as the method for 
measuring voluntary MA intake and total fluid intake. MA concentration was increased in 20 
mg/l increments every four days from 20 to 80 mg/l and at 80 mg/l was kept for 16 days. In two 
studies, depression like symptoms in the two strains were measured in a tail suspension test 
(TST) and a subsequent forced swim test (FST) after acute withdrawal of 6 hour (6h), and 30h 
from the 28 days of chronic MA intake. Similar study in only the MAHDR line, measured the 
same depression symptoms after prolonged abstention of 1 week and 2 weeks from chronic MA 
intake procedure. In addition, MA intake was also measured after 1 and 2 week MA abstention. 



The MAHDR and D2 mice had similar escalation of MA intake during gradual increase of MA 
concentration, however MAHDR mice overall MA intake was substantially higher than D2 mice. 
Furthermore, MAHDR mice escalated fluid consumption from the MA tubes, but not D2 mice. 
Depression symptoms in chronic MA intake animals as compared to drug naïve animals was 
significantly higher after acute withdrawal and was dependent on genotype. MA acute 
withdrawal was more robust in MAHDR mice than in D2 mice. Depression symptoms in 
MAHDR mice were absent after 1 and 2 week abstention. Similarly, MA intake in these animals 
after 1 and 2 week abstention also dropped significantly. The absolute MA intake after prolonged 
abstention however remained robust in MAHDR mice. This genetic mouse model has strong face 
validity for human binge MA use and withdrawal sequela associated with abstention. 
Furthermore genetic risk factors associated with MA intake and withdrawal can be teased apart 
to advance our understanding about the emergence of binge MA use like patterns. 
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Abstract: Evidence suggests that prescription stimulant misuse is increasing in prevalence on 
college and university campuses in North America (e.g., McCabe et al., 2014). Using an 
anonymous survey, we assessed prescription stimulant use and misuse in a sample of 
undergraduate students at a small Canadian university (N = 726, mean age = 21 years ± 0.15 
(S.E.), 66% female). Overall, 12% (87/726) of the sample reported having taking prescription 
stimulants at least once in the past year. Of students who had ever taken prescription stimulants, 
the majority (125/179, or 70%) indicated not having a prescription. Previous reports have 
identified demographic predictors of prescription stimulant misuse in post-secondary students 
such as male gender, Caucasian ethnicity, having poorer academic standing, and reporting higher 
levels of stress and depressive symptoms (Benson et al., 2015; Teter et al., 2010; McCabe et al., 
2014). In our sample, however, demographic variables including gender, age, year of study, and 



self-reported quality of academic performance were not associated with prescription stimulant 
misuse. Furthermore, students who misused did not report higher levels of anxiety, perceived 
stress, or depressive symptoms compared with non-misusing students. In contrast, students who 
misused were more likely to have tried other types of stimulants in the past 12 months, including 
cocaine or amphetamine (χ2 (2) = 54.320, p < 0.001, odds ratio [OR] 6.78); caffeinated energy 
drinks (χ2 (2) = 19.061, p < 0.001, OR 2.32); and energy shots (χ2 (2) = 15.906, p < 0.001, OR 
3.64), compared with students who did not misuse. Taken together, these results suggest that 
misuse represents a large proportion of total prescription stimulant consumption in 
undergraduate students. Students who have taken these drugs without a prescription in the past 
year are more likely to also have consumed other kinds of stimulants, including illicit drugs such 
as cocaine or amphetamine. These findings may contribute to understanding the pattern of 
prescription stimulant use by undergraduate students, and to increasing awareness of potential 
risks that misusers may face from taking multiple types of stimulants. 
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Abstract: Cathinone is a close structural relative of amphetamine and a recent proliferation of 
cathinone derivatives (CATHS) produce varying central stimulant actions and represent a new 
class of drugs of abuse. The CATHS seem to produce their major effects via release or reuptake 
inhibition of monamine neurotransmitters with differences in vivo that depend upon the nature of 
their terminal amine, α substituent and/or aryl substituents. OBJECTIVES: This study 
compared the efficacy and potency of α -PPP, α -PVP, Pentyloneand Pentedrone in rodent 
models to further determine the role of common substituent moieties. METHODS: Groups of 



male and female Wistar rats were trained in the intravenous self-administration (IVSA) of α -
PVP (0.05 mg/kg/infusion), α -PPP (0.3 mg/kg/infusion), or pentedrone (0.2 mg/kg/infusion) 
under a fixed-ratio 1 schedule of reinforcement. Subsequent randomized dose substitution 
(0.025-0.3 mg/kg/infusion) was used to evaluate potency and efficacy of α -PVP, α -PPP, 
pentylone or pentedrone. Additional groups were assessed for locomotor activity and body 
temperature responses to noncontingent administration of α -PVP, α -PPP, Pentylone or 
Pentedrone (0.5-10 mg/kg, i.p.). RESULTS: Acquisition of α -PVP, α -PPP, or pentedrone 
IVSA resulted in a consistent drug intake and discrimination for the drug-paired lever. Dose 
substitution under a fixed-ratio 1 schedule confirmed that potency and efficacy was higher in rats 
trained on α -PVP compared to those trained on α -PPP, or pentedrone. Across training groups, 
potency reflected α -PVP > pentedrone ≈ α PPP > Pentylone. Peak locomotor responses to α -
PVP were observed after the 1.0 mg/kg, i.p. dose and lasted ∼2 h; however, maximum activity 
response to α -PPP, pentylone or pentedrone were recorded following a 10 mg/kg, i.p. dose. 
Body temperature changes were negligible (<0.5 °C) for these compounds. CONCLUSIONS: 
The potency and efficacy of α -PPP and pentedrone were very similar across multiple assays. 
Pentylone was comparatively less potent and α -PVP was more potent. 
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Abstract: The binge use of alcohol and abuse of amphetamine in the form of prescription 
ADHD medication is on the rise among young adults. According to the gateway hypothesis, 
repeated exposure to alcohol, particularly binge use of alcohol may predispose individuals to use 
and become addicted to other drugs of abuse including psychostimulants. Alcohol abuse may 
also make it more difficult to recover from dependency on other drugs of abuse. This study 
investigated the effects of binge alcohol pre- and/or post-exposure on the development and 
extinction of amphetamine conditioned place preference in young adult Sprague-Dawley rats. 
Animals pre-exposed to alcohol received 6 total alcohol (1.5 g/kg, sc of 20% alcohol in saline) 



injections on 2 consecutive days at 48-hour intervals for a 10-day period one week prior to 
undergoing a 6 day, biased amphetamine conditioned place preference (CPP) paradigm. Contrary 
to the gateway hypothesis, binge alcohol exposure reduced the development of amphetamine 
CPP. However, binge alcohol pre-exposure attenuated extinction to amphetamine CPP. Exposure 
to alcohol following amphetamine CPP (post-exposure) only affected extinction in animals that 
also underwent alcohol pre-exposure. These results suggest that binge alcohol exposure may 
dampen the development of the association between amphetamine reward and contextual cues, 
but may extend the extinction of amphetamine reward behavior. Immunohistochemical 
evaluation of nucleus accumbens c-Fos expression was performed in a follow-up study in an 
attempt to correlate activity patterns in brain reward regions with reward behavior. 
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Abstract: High comorbidity of substance use disorders (SUDs) has been observed in patients 
with post-traumatic stress disorder (PTSD). Stimulants, such as methamphetamine (METH), are 
among the most highly abused substances by patients with comorbid PTSD. Previous work from 
our lab found that male rats exposed to the predator odor, 2,4,5-dihydro-2,5-trimethylthiazoline 
(TMT), exhibit exacerbated levels of stress-induced reinstatement (RST) and 10 days of systemic 
oxytocin (OXT) injections prevented this effect (Ferland et al, 2016). We also found that female 
rats pre-exposed to TMT daily for 5 days showed a similar exacerbation of METH-seeking. 
However, repeated OXT treatment decreased stress-induced RST regardless of prior stress 
experience in females. A key question is whether stimulation of CNS OXT neurons is sufficient 
to suppress stress induced METH-seeking. In this experiment, the paraventricular hypothalamic 



nuclei (PVN) of female rats were infused bilaterally with an AAV1/2 vector encoding an 
excitatory DREADD (hM3Dq) driven by the Oxt promoter. Rats then underwent METH self-
administration and extinction training. Prior to TMT-induced RST, rats were injected with 
clozapine-N-oxide (CNO, 3 mg/kg, i.p.) or vehicle. CNO-induced activation of PVN OXT 
neurons suppressed stress-induced RST, indicating that stimulation of the endogenous OXT 
system in the CNS is sufficient to affect relapse similar to the effects of systemic OXT 
administration. Another goal of the current study is to further elucidate the neural mechanisms 
underlying the effects of OXT on stress-induced relapse. Thus, we exposed female rats to TMT 
or saline for 5 days followed by 10 days of OXT (1.0 mg/kg, i.p.) or saline. Rats then underwent 
METH self-administration, extinction, and TMT-induced RST. Repeated OXT treatment 
prevented increased expression of heteronuclear corticotropin-releasing hormone (Crh) mRNA 
in the PVN and bed nucleus of the stria terminalis as well as prevented a decrease in Oxt mRNA, 
as revealed by rtPCR in METH-treated female rats following stress-induced RST. Ongoing 
RNAscope in situ hybridization aims to reveal whether OXT treatment following stress alters c-
fos mRNA expression in Crh-, Oxt-, or Oxt receptor-expressing neurons of stress-related 
structures. Together these data suggest that OXT may be considered as a therapeutic agent for 
reducing relapse susceptibility in patients exhibiting comorbid SUD and PTSD. 
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Title: Dose-dependent effects of methamphetamine on positive and negative affect in rats 
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Abstract: Methamphetamine is a powerful psychomotor stimulant that is widely abused due to 
its rewarding and addicting properties. Though there is much research on the effects of 
methamphetamine, few studies have examined how different doses might produce different 
affective responses. The present study examined ultrasonic vocalizations (USVs) and locomotor 



activity in response to different doses of methamphetamine (METH; 0.3, 1.0 or 3.0 mg/kg) in 
Sprague-Dawley rats. USVs are indicative of affective states, with 50 kHz USVs reflecting 
positive affect and 22 kHz USVs reflecting negative affect. Locomotor activity assesses the 
stimulant response to the drug, which may be indirectly related to the affective response. It was 
hypothesized that there would be an inverted U-shaped dose response, with the greatest number 
of reward-related (50 kHz) USVs at 1.0 mg/kg, and a reduction at 3.0 mg/kg due to aversive 
side-effects of the drug. The results supported our hypothesis: 1.0 mg/kg of METH produced the 
greatest number of 50 kHz USVs. In addition, there was an increase in aversive (22 kHz) USVs 
at 3.0 mg/kg (but not lower doses), demonstrating the dysphoric side-effect of METH at this 
dose. For locomotor activity, we found that the medium and high dose of METH produced a 
similar locomotor effect. The inverted-U response found with USVs gives insight into the 
affective responses to METH across doses, and suggests that users will moderate dosing to 
achieve the greatest reward while avoiding aversive side-effects. A better understanding of dose 
sensitivity enables for more accurate models for addiction, as addicts strive to achieve the “ideal” 
high. More research is necessary to develop suitable methods of prevention and treatment. 
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Title: Does sensitization to the rewarding effects of methamphetamine develop with repeated 
administration? 
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Abstract: Behavioral sensitization is an increase in a behavior after repeat exposure to a 
stimulus and has been widely studied in regards to administration of drugs of abuse. Research 
suggests that sensitization may play a significant role in the development of addiction. The 
current studies examined sensitization to the rewarding effect of methamphetamine (METH). 
Locomotor behavior is a well-established (albeit indirect) measure of drug reward whereas 
ultrasonic vocalizations (USVs) are a more direct measure of affect and reward. Two 
experiments were performed to determine the rewarding effect of METH following a single 



injection and sensitization following repeated injections, using USVs and locomotor activity in 
Sprague-Dawley rats. In Experiment 1, animals were injected with METH (1.0 mg/kg) or saline 
every other day for six days. In Experiment 2, animals were injected with METH (0.5 mg/kg) or 
saline once daily for ten consecutive days. Both studies had a METH challenge day at the end in 
which all animals received METH regardless of previous exposure. Initial exposure to METH 
induced a locomotor stimulant effect as well as an increase in 50-kHz USVs, showing that 
METH produces rewarding effects. METH induced successive increases in locomotor behavior 
and 50-kHz USVs across days of treatment, which is consistent with the development of 
sensitization. However, when all animals were challenged with METH, saline-pretreated and 
METH-pretreated animals showed similar increases in locomotor behavior and 50-kHz USVs. 
The current results suggest that sensitization to the rewarding effects of METH did not occur. 
Instead, it appears that repeated exposure to the experimental environment led to an increase in 
the response to METH. The fact that the same results were obtained with two different 
approaches strengthens the conclusions. These findings point toward the need for a challenge test 
in drug sensitization studies to rigorously test whether or not sensitization develops with repeated 
administration. 
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Title: Differences between adolescents and adults in the behavioral response to amphetamines 
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Abstract: Amphetamines are synthetic psychomotor stimulants and common drugs of abuse. 
According to the 2013 National Survey on Drug Use and Health, nearly 600,000 Americans 12 
years of age or older were current users of amphetamines. Initiation of drug use during 
adolescence has been linked to the formation of drug addiction later in life. However, relatively 
little is known about the effects of amphetamines in adolescents when compared to adults. 
Research to date demonstrates mixed results in laboratory animal models, with some studies 



showing adolescents exhibiting an enhanced behavioral response when compared to adults, and 
other studies showing a reduced behavioral response. Given these differences, more evidence is 
necessary to further understand potential differences between adolescents and adults. In this 
study, the locomotor response to methamphetamine (METH), dextroamphetamine (D-AMPH), 
and methylphenidate (MPH) were examined in adolescent Sprague Dawley rats at 30 days of age 
and adult Sprague Dawley rats at 60 days of age. Animals were administered METH (1.0 mg/kg 
s.c.), D-AMPH (1.0 mg/kg s.c.), or MPH (1.5 mg/kg s.c.) and locomotor activity was assessed 
with a Kinder Scientific Motor Monitor (a photocell-based system). METH, D-AMPH, and MPH 
produced an increase in activity in adolescents and adults. Differences between adolescents and 
adults depended on the specific type of locomotor behavior examined. For example, adults 
showed a greater response when examining fine movements (indicative of stereotypy), while 
adolescents showed a greater response when examining ambulations (indicative of forward 
locomotion). These results show that differences between adolescents and adults in the response 
to amphetamines are dependent on the specific type of locomotor behavior assessed. Since 
forward locomotion is associated with drug reward, while stereotypy is associated with aversion, 
the results suggest a more rewarding response in adolescents. Further studies will explore other 
behaviors related to METH, D-AMPH, and MPH in adolescents and adults. 
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Authors: *A. ESCOBEDO1, A. ROCHA2, C. GARCIA3, K. A. TRUJILLO2 
2Dept. of Psychology, 1California State Univ. San Marcos, San Marcos, CA; 3The Med. Affairs 
Co., Saint Louis, MO 

Abstract: Polydrug abuse is common among drug users. Individuals combine drugs in order to 
increase the rewarding effects (e.g. “speedball”), to decrease aversive effects (e.g. withdrawal), 
and/or to experience unique psychoactive effects. A combination that has received little scientific 
exploration is the combination of a dissociative drug (such as ketamine) with a psychomotor 



stimulant (such as methamphetamine). Both classes of drugs are abused in the dance club and 
rave scene leading to the opportunity for combined use. Additionally, studies have shown that 
psychomotor stimulants, like methamphetamine (METH), are regularly used simultaneously with 
dissociative drugs such as ketamine (KET) in these settings. The present study examined the 
effects of combinations of KET with METH using ultrasonic vocalizations (USVs) and 
locomotor activity in rats. USVs have been found to reflect affective states, including positive 
affect (50 kHz USVs) and negative affect (22 kHz USVs). For example, 50 kHz USVs are 
emitted under the influence of methamphetamine and other drugs of abuse, while 22 kHz USVs 
are emitted during drug withdrawal. It was hypothesized that the combination of KET with 
METH would induce a greater rewarding effect compared to either of the drugs alone. The 
responses to KET (5.0, 10.0 or 30.0 mg/kg s.c.) and METH (0.3 or 1.0 mg/kg s.c.) were assessed 
alone or in a “cocktail” combination in adult Sprague-Dawley rats. Contrary to our hypothesis, 
KET inhibited 50 kHz USVs evoked by METH and reduced METH-induced locomotor activity. 
The results illustrate the complex effects of combinations of KET with METH and raise 
questions as to why individuals abuse combinations of these drugs. 
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Abstract: Environmental stimuli or discrete cues paired with addictive drugs are major factors 
able to trigger drug-seeking and drug-taking behaviors. Repeated and unreinforced re-exposure 
to cues, to induce the extinction, is a method to decrease the magnitude and the frequency of the 
conditioned response (CR) induced by them. Dopaminergic transmission in medial prefrontal 
cortex (mPFC) has been critically involved in the modulation of highly salient memories and in 
particular in the extinction of the CR induced by them (Abraham et al. Neurobiol Learn Mem. 
2014 Feb;108:65-77). Manipulation of dopamine (DA) levels in this area, such as selective 
depletion produces a delay in the extinction of fear CR (Morrow et al. Neuroscience. 
1999;92(2):553-64.). Instead, treatments that increase DA transmission in mPFC or that 



stimulate D1 dopaminergic receptors in prelimbic (PL) cortex foster the extinction of drug 
seeking behavior (Brenhouse et al.Neuroscience. 2010 Aug 25;169(2):628-36; Nesbit et al. 
Behav Brain Res. 2017 Mar 15;321:223-231). In the present study, we investigated a possible 
different involvement by D1 and D2 dopaminergic receptors in the PL cortex of C57BL/6J mice, 
in the extinction of drug associated memories. Thus, we evaluated the effects of a single PL 
infusion of D1 (SKF38393), D2 (Quinpirole) or both (D1 and D2) dopaminergic agonists on the 
expression and the extinction of amphetamine-induced conditioned place preference (CPP). 
Single treatment with D1 or D2 dopaminergic agonists did not alter either the expression or the 
extinction of the amphetamine CPP, whereas treatment with both D1 and D2 dopaminergic 
agonists produced an early extinction of the CPP without alter the expression of the CR the day 
of infusion. These results confirm the involvement of PL DA transmission on the extinction of 
CR, suggesting that a coordinated activity of D1 and D2 receptors in this area is necessary to 
promote the extinction. 
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Abstract: We previously reported that the 5-HT1B receptor (5-HT1BR) agonist CP94253 
enhances cocaine self-administration and seeking in rats tested during daily self-administration 
sessions, but inhibits these behaviors when tested after a period of forced abstinence. 
Interestingly, when we replicated the experiment using methamphetamine (METH) we showed 
that CP94253 reduced METH intake both before and after an abstinence phase. This study 
investigated the effect of CP94253 on the expression as well as the acquisition of METH 
conditioned place preference (CPP) in c57 male mice. Conditioning took place in a 2-
compartment apparatus. First we assessed baseline preference during a 15-min free-access test, 
repeated on days 1-3. In the Expression experiment, conditioning occurred on days 4-7 with 



daily 30-min exposure to one compartment immediately after saline injection, and 5 h later 
exposure to the other compartment immediately after METH, 1 mg/kg, IP (i.e., total of 4 METH 
sessions). Subsequently, we verified CPP acquisition from a preference test on day 8, and then 
we assessed the effects of CP94253 on CPP expression on day 11. On the expression test day, 
mice were pretreated with either saline or CP94253 (10 mg/kg, IP) and given a preference test 30 
min later. The Acquisition experiment followed the same procedure for conditioning and testing, 
except that only one daily 30-min exposure was given alternating between compartments across 
days (i.e., total of 2 METH 3 mg/kg, IP sessions). Also on each conditioning day, mice were 
pretreated with saline or CP94253 (10 mg/kg, IP) 30 min prior to the sessions. We found that 
CP94253 blocked the expression of METH CPP, but did not significantly alter acquisition. These 
findings suggest that CP94253 attenuates motivational effects of a METH-associated 
environment without requiring a period of abstinence and supports the idea that 5-HT1BR 
agonists may be useful for treating METH dependence. 
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Abstract: Cocaine use elicits neuroplasticity within the nucleus accumbens core (NAcore) that 
leads to increased vulnerability to relapse, even after protracted abstinence. Matrix 
metalloproteinases (MMPs) are inducible endopeptidases that degrade extracellular matrix 
(ECM) proteins (such as fibronectin, laminin and thrombospondin) as well as non-ECM 
signaling molecules, and reveal an RGD domain that binds and signals through integrins. 



Integrins are heterodimeric receptors composed of αβ subunits, and their primary signaling 
kinases are the focal adhesion kinase (FAK) and integrin linked kinase (ILK). Previous results 
show that β3 integrin is upregulated after cocaine self-administration and MMP-9 activity is 
increased during cued-reinstatement of cocaine and promotes transient synaptic plasticity (t-SP: 
increases in spine head diameter (dh) and AMPA/NMDA (A/N)). Here we endeavor to 
understand if β3 integrin signaling through FAK and cofilin (actin depolymerization factor) is 
necessary to promote synaptic growth and increased AMPA/NMDA ratio during t-SP produced 
during drug-seeking.  
To study the increases of dh and A/N induced by MMP activation we use an antisense 
morpholino to reduce the expression of β3 Integrin during cued-reinstatement. β3 Integrin down-
regulation reduced cued-reinstatement, dh and A/N compared with scramble morpholino. 
Additionally, microinjection of a FAK inhibitor into the NAcore blocked cue-reinstated 
behavior, while ILK inhibitor was without effect on reinstatement. Importantly, neither the FAK 
inhibitor nor β3 Integrin morpholino impacted cued sucrose-seeking following intra-NAcore 
microinjection. Immunohistochemistry on NAcore labeled spines with AAVC2-hSYN-ChR2-
YFP virus, revealed increased p-FAK and p-Cofilin localization in dendritic spines of reinstated 
cocaine animals compared to extinguished and yoked-saline. Moreover, using tissue 
plasminogen activator (t-PA) that increase MMPs activation, MMP-9 in particular, induced 
increase cued-reinstatement that was blocked with β3 Integrin morpholino pre-treatment. 
These data propose that β3 Integrin, FAK and Cofilin constitute a signaling pathway downstream 
of MMPs activation that is involved in promoting transient synaptic growth induced by cocaine-
conditioned cues that reinstate drug seeking. 
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Abstract: Long periods of abstinence following repeated drug use results in an increase in drug 
seeking behavior. This increase in drug seeking is termed incubation of drug craving. Grimm et 



al. (2008) found that an enrichment intervention after sucrose self-administration decreased 
sucrose seeking compared to the control rats. Recent data from our laboratory indicate that 
enrichment throughout the experiment reduces amphetamine seeking but does not change AMPA 
of mGlur expression. The current experiment examined if continuous enrichment housing could 
reduce sucrose seeking behavior when compared to isolated housing after 1 day and 40 days of 
forced abstinence. Additionally, we examined AMPA and metabotropic glutamate receptors 
(mGur) to determine if they changed in accordance with sucrose seeking in differently reared 
rats. Male Sprague-Dawley arrived at 21 days of age and reared for 30 days in either an isolated 
(IC) or an enriched condition (EC). The IC rats were housed in metal cages with one rat per cage 
and did not get handled during the 30 day rearing period. The EC rats were housed with cohorts 
and handled every day for about a minute with daily toy changes. After rats came of age they 
began lever press training with 20% sucrose on an FR-1 schedule. Once the rats reached stable 
responding, they began sucrose self-administration. They self-administered 20% sucrose for 15 
days with 1-hr sessions each day on an FR-1 schedule. After the 15th day of self-administration, 
rats rested for 1 day or 40 days were then tested for sucrose seeking test. Rats were presented 
with a cue associated with sucrose reinforcement and active lever presses resulted in a cue but no 
sucrose. Immediately following each sucrose seeking test the brains were removed and the 
nucleus accumbens was dissected. A western blot was used to determine if there were any 
difference in the AMPA subunits (GluA1 and GluA2) and mGluR5 receptor expression. Results 
indicate that IC rats had more seeking after 1 day when compared to EC rats. After 40 days, 
sucrose seeking was not different between EC and IC rats. EC and IC rats did not express GluA1 
and GluA2 AMPA subunits differently at any time point. After 40 days mGlur5 increased in both 
EC and IC rats. These results indicate that AMPA subunit plasticity in the nucleus accumbens 
may be specific to psychomotor stimulants. The mGlur5 expression increase is attributable to 
reduced reward seeking. Future research will examine different abstinence periods to determine 
how differential rearing alters seeking and receptor expression across varying abstinence periods. 

Disclosures:  B.A. Humburg: None. E.J. Garcia: None. A.N. Beesley: None. M.E. Cain: 
None. 

Poster 

331. Amphetamines: Reinforcement, Seeking, and Reinstatement 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 331.14/RR27 

Topic: G.08. Drugs of Abuse and Addiction 

Support: American Psychological Association Dissertation Award 

 Kansas State University Arts and Sciences small research grant 



Title: The effects of differential rearing and abstinence period on amphetamine seeking and 
glutamate receptors 
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Abstract: Cues associated with drug reinforcement can invigorate drug seeking behavior. The 
magnitude of invigoration changes depending on abstinence period length. The time-dependent 
increase in drug seeking is termed the incubation of drug craving. Following cocaine and 
methamphetamine self-administration and prolonged abstinence, there is also a time-dependent 
increase in Ca2+ permeable AMPA receptors (CP-AMPA). Blocking CP-AMPA receptors or 
stimulating metabotropic glutamate 1 receptors mitigates cue-induced drug seeking behavior. 
Environmental enrichment (EC) also decreases cue-induced drug seeking. Enrichment during 
abstinence can also reduce the incubation of drug craving. However, many of these studies have 
examined cocaine. In the present study, we used amphetamine (0.1 mg/kg/infusion) and reared 
rats in the EC or isolated condition (IC) to determine if early life development changes the 
propensity to show an increased drug seeking response motivated by drug-associated cues. Male 
Sprague-Dawley rats were housed in an EC or IC condition beginning at postnatal day 21 and 
remained in their conditions throughout behavioral testing. At day 51, rats were trained to press a 
lever and a week later, were implanted with indwelling jugular catheters. Rats were allowed to 
self-administer amphetamine or saline for 1h for 16 sessions. After the last session, rats went 
through a 1 day abstinence period and were tested in a cue-induced seeking test. The nucleus 
accumbens (NAc) was dissected from half the rats and prepared for western blot. The other half 
of rats had a 40-day abstinence period and were tested again in the cue-induced seeking test 
followed by NAc dissection. GluA1 and GluA2 AMPA subunits and mGlur1 and mGlur5 were 
quantified using western blot. Results indicated that EC and IC rats had equivalent amphetamine 
self-administration across the sessions. Following 1 day of abstinence, IC rats had significantly 
more drug seeking during the cued seeking test. This significant increase in IC rats was also 
present on day 40, indicating that IC rearing significantly increases drug seeking motivation 
following short and long abstinence periods. There were not significant differences between any 
of the glutamate receptors measured, suggesting that amphetamine seeking may not result in 
similar AMPA receptor and mGlur receptor trafficking as cocaine. In conclusion, our results 
clearly indicate that EC rearing significantly reduces amphetamine seeking behavior at short and 
long abstinence intervals, even when baseline amphetamine exposure is equal. Thus, the 
propensity to show enhanced susceptibility to drug cues is moderated by early life development. 
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Abstract: Methamphetamine (METH) abuse remains an extremely serious problem in the 
United States. METH has a long duration of action, and therefore leads to prolonged stimulant 
effects. Currently, there is limited information on the individual differences in vulnerability to 
substance use disorder (SUD) and how subject factors may impact the selection of METH over a 
competing reinforcer. To explore factors contributing to addiction vulnerability for METH in an 
animal model, we compared sex, dose (0.05 and 0.1 mg/kg/inf IV), short (20 s) or long (10min) 
inter-trial intervals (ITI) and the effects of exercise on the behavioral allocation of effort on drug 
taking. If the reward for exercise and drug taking have overlapping circuitry, then engaging in 
exercise may reduce the need for drugs. Rats were allowed voluntary exercise in Whamann 
wheels (6 hr/day, 4 weeks) followed by assessment of choice between METH (1 mg/kg/inf IV, 
FI20s) or food (2‐3x45 mg, FI20s) reinforcement in standard operant chambers. There was a 
significant interaction between sex and dose (F,145)=5.765, p=0.021. ITI of 20 s and dose of 0.1 
mg/kg/inf was the most preferred combination and females exhibited higher and more plastic 
(i.e. dose dependent) selection between METH over a competing reinforcer. There was a 
negative correlation between running wheel rotations/hour and preference for METH, and a 
significant effect of treatment (exercise versus control) amongst the METH preferring rats 
F(1,11)=5.133, p=0.045. Thus engagement of voluntary exercise may decrease vulnerability and 
increase resilience to the development of a SUD amongst a subpopulation that is initially METH 
preferring. Generally, the results of this study are consistent with the growing body of clinical 
and preclinical evidence demonstrating that females exhibit higher addiction vulnerability for 
stimulant drugs of abuse. 
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Abstract: Relapse rates for those struggling with drug addictions are relatively high due to 
strong craving induced by exposure to cues that have been previously associated with drug 
administration. Drug associated memories are formed through the process of consolidation, the 
conversion of memories from a fragile state to a stable state. Reconsolidation claims that when a 
stable, long-term memory is reactivated, it undergoes consolidation again in which the memory 
engram is in an unstable form. It has been shown that consolidation requires the activation of the 
glutamate receptor NMDAR to initiate cellular processes that leads to stable synapses. In this 
study we examined whether the NMDA receptor plays a role in the reconsolidation of long-term 
drug-associated memories. To address this question, rats were injected with the NMDA receptor 
antagonist memantine in a conditioned place preference paradigm. Multiple injections of 
memantine immediately after reactivation of drug-paired memories attenuated preference for the 
drug-associated compartment. Our data also showed that the attenuating effects of memantine on 
cue-induced methamphetamine seeking behavior lasted for several weeks. Finally, we also show 
that the time frame for reconsolidation interference with memantine is between 0 to 6 hours. Our 
data suggest that the reconsolidation of methamphetamine-associated memories are dependent on 
NMDA receptor activation. 
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Abstract: Adolescence is a vulnerable developmental period, especially in regard to the use of 
addictive drugs. Nicotine is particularly problematic, as there are clinical studies indicating that 
early nicotine exposure increases the likelihood of later illicit drug use. Recently, we found that 
adolescent exposure to a low dose of nicotine increased the intake of methamphetamine (METH) 
in adult male rats. The purpose of the present study was to determine if METH intake during 
adolescence would also be altered by nicotine exposure. Male and female Sprague-Dawley rats 
were pretreated with saline or nicotine (0.16 or 0.64 mg/kg, sc) for 10 consecutive days 
beginning on postnatal day (PD) 25. On PD 35, rats in the 0.16 and 0.64 mg/kg pretreatment 
conditions were evenly divided and assigned to groups that either received saline or continued to 
receive the same nicotine dose that they were given as adolescents. Rats that had received saline 
as adolescents either continued to receive saline or were injected with 0.16 or 0.64 mg/kg 
nicotine. These late adolescent drug treatments started on PD 35 and continued until the end of 
the experiment. Thus, there were a total of 7 groups: SAL-SAL, 0.16-0.16, 0.16-SAL, SAL-0.16, 
0.64-0.64, 0.64-SAL, SAL-0.64. On PD 35, all rats began nose poke training. Rats were exposed 
to a METH fade in, sucrose fade out procedure across 5 different METH-sucrose combinations. 
This procedure resulted in exposure to a 40 mg/l METH solution for 3 consecutive days on a 
FR2 schedule. Following the last day of METH self-administration, rats were given extinction 
training. Once the extinction criteria were met, rats were given a priming injection of METH (1.0 
mg/kg, ip). Rats given continuous nicotine exposure (0.16-0.16) during self-administration had 
attenuated METH intake, whereas rats only pre-exposed to nicotine during early adolescence 
(i.e., the 0.16-SAL group) did not show this effect. Conversely, pre-exposure to a high dose of 
nicotine (i.e., the 0.64-0.64 and 0.64-SAL groups) augmented METH intake during self-
administration. This enhancement was larger in female rats than males. Lastly, neither dose of 



nicotine altered behavior during extinction or reinstatement. These data suggest that exposure to 
a high dose of nicotine during early adolescence enhances METH intake later in adolescence. 
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Abstract: Background: The ability to sense time and anticipate events is critical for survival in 
nature. Not surprisingly, anticipatory behaviors occur prior to availability of numerous reward 
stimuli, including food, water, sex, and drugs of abuse, such as methamphetamine (MA). When 
available daily, at a regular time of day, animals exhibit anticipatory behaviors, and waken from 
sleep hours prior to the availability of rewards such as food. Goal: In the present study we 
evaluated whether animals that have voluntary daily access to MA in early or late day, would 
anticipate the availability of the drug. We also analyze c-FOS expression in the brain to identify 
the neural circuitry associated with anticipation of reward availability. Method: To this end, 
C57/BL6 mice were given free access to nebulized MA or water, for one hour daily either in the 
early or late day for 14 days. On day 15, at the usual time of availability of nebulized MA, 
animals were euthanized, and brains were removed and processed for c-FOS immunoreactivity. 
Results: The results indicate that anticipatory behaviors occur in animals with access to MA, but 
not water (controls), with more anticipatory activity during the early day than in the late day. In 
parallel, during the anticipatory interval, prior to exposure to MA, c-FOS expression was greater 
in the early versus the late day. Importantly, FOS-ir was greater in the MA groups than in 
controls at both early and late times. The brain regions associated with anticipatory activity have 
greater expression of FOS in early vs. late day, and in animals having access to MA rather than 
water. Conclusion: In summary, mice that voluntarily choose to self-administer nebulized MA 
will anticipate its availability by self-awakening and increasing their locomotor activity. The 
results also point to the importance of time of day, with substantially more anticipatory behavior 
early vs late in the day. Finally, this work delineates brain regions implicated in anticipatory 
behavior. 
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Abstract: Drugs of abuse, such as cocaine, amphetamine (AMPH) and methamphetamine, share 
the ability to activate the mesolimbic dopamine (DA) system. The behavioral effects of AMPH 
are largely mediated by increased DA neurotransmission in the nucleus accumbens which is an 
important locus for regulation of motor function and for rewarding influence of psychostimulants 
drugs. Recent evidence suggests a potential role for γ-aminobutyric acid B (GABAB) receptor in 
modulating some of the behavioral effects of psychostimulants. We previously reported that 
GABAB receptor agonist baclofen (BCF) reduced the discriminative stimulus properties of 
AMPH and the development and expression of AMPH-induced locomotor sensitization. 
Although it has also been reported that BCF produces adverse side effects such as muscle-
relaxant properties, sedative and hypothermic effects, which limit its widespread application as a 
therapeutic agent in humans and as a tool for behavioral research. On the other hand, several 
lines of evidence suggest that 5-HT2C receptor ligands modulate the behavioral effects of 
psychostimulants. For example, it has been reported that 5-HT2C receptor agonist Ro 60-0175 
(Ro) reduced the behavioral effects of psychostimulants. One strategy for attempting to 
overcome the side effects of BCF is to use lower dosages to reduce unwanted effects of the BCF, 
in combination with 5-HT2C receptor agonist, such as Ro. This study was designed to examine 
the effects of co-administration of BCF and Ro on the expression of AMPH-induced locomotor 
sensitization. On development phase rats were treated with AMPH (1 mg/kg, ip, experimental 
groups) or saline (control group) for 5 days. On the test days (expression phase), separate groups 
of sensitized rats (n=10 for each dose) were treated with saline or BCF (2.0, 3.0 y 4.0 mg/kg) + 
AMPH (1.0 mg/kg), Ro (2.0, 3.0 y 4.0 mg/kg) + AMPH (1.0 mg/kg) or the co-administration of 
BCF (3.0 mg/kg) and Ro (2.0, 3.0 y 4.0 mg/kg) + AMPH (1.0 mg/kg). The results showed that 
BCF and Ro produced a dose-dependent prevention of the expression of AMPH-induced 



locomotor sensitization. Furthermore, Ro increased the effects of a lower dose of BCF on the 
expression of AMPH-induced locomotor sensitization. These data provide further evidence that 
GABA-B receptor ligands in combination with 5-HT2C receptors ligand may modulate 
psychostimulant-induced behaviors. 
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Abstract: Methamphetamine (MA) is one of the most frequently used amphetamine-type 
stimulants in the United States. Individuals who repeatedly abuse MA can develop MA use 
disorder (MuD)—a chronic, relapsing condition often triggered by withdrawal symptoms that 
develop following cessation of use. Given the lack of effective treatments for those with MuD, 
novel therapeutic targets must be considered. One potential target is the gut microbiome, which 
has an important influence on brain, behavior, and health as a part of the gut-brain axis. In this 
study, we evaluated the effects of MA administration (2 mg/kg, s.c.) on withdrawal- induced 
behaviors and gut bacteria in female Sprague-Dawley rats (n=8). Saline (s.c.) was administered 
twice daily for 14 days, during which baseline behaviors (elevated plus maze (EPM) for anxiety-
like behavior; forced swim test (FST) for depressive-like behavior) were assessed. Next, rats 
were given twice daily injections of MA for 14 days, followed by 4 days of withdrawal, during 
which performance on the EPM and FST were assessed. Fecal collections for microbiome 
analyses occurred at baseline (before saline administration), on day 5 of saline administration, 
day 14 of MA administration, and day 4 of withdrawal. Results indicated that MA withdrawal 
increased depressive-like behavior, with an increase in immobility time in the FST (p<0.05). 
Anxiolytic-like behavior was increased during withdrawal, indicated by a decrease in time spent 
in the closed arms of the EPM (p<0.05). Fecal microbiome analyses revealed MA administration 
and withdrawal significantly changed the relative abundances of several bacterial phyla 
including an increase in Firmicutes (p<0.05, vs. saline) and Actinobacteria (p<0.05, vs. saline) 
and a decrease in Cyanobacteria (p<0.05, vs. saline). No significant changes in Shannon 



diversity were observed. Taken together, our observations indicate MA exposure and withdrawal 
produce specific and lasting changes in gut bacteria. Such information will guide the choice of 
target therapeutics for MuD to test in future studies. 
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Abstract: Negative mood states that characterize drug withdrawal are partly under genetic 
control and have been associated with craving and relapse to drug use in humans. Mice can be 
used to model aspects of the negative mood states associated with amphetamine (AMP) 
withdrawal and offer a number of advantages relative to studies in humans. Here, we 
investigated negative mood states associated with AMP withdrawal using commercially 
available, outbred CFW mice to evaluate their usefulness as a mapping population for future 
quantitative trait locus (QTL) studies. Outbred mice are powerful populations for fine mapping 
of QTLs because each individual possesses a large number of recombinations over the course of 
many generations of outbreeding. These recombinations break down linkage disequilibrium 
between the QTL and surrounding markers, allowing high resolution mapping of the variants that 
influence quantitative traits. Mice were tested in the Elevated Zero Maze (EZM), Porsolt Forced 
Swim Test (FST), and Sucrose Preference Test to assess changes in anxiety-like behavior, 
dysphoria, and anhedonia following 14 consecutive days of 2.5 mg/kg AMP administration via 
intraperitoneal injection. A paired-samples t-test was conducted for each of these assessments. 
There was a significant increase in FST immobility time from before AMP administration (M = 
125.75, SD = 65.46) to after (M = 166.43, SD = 44.34), t (45) = -6.45, p < 0.0001, suggesting the 
mice exhibited dysphoric behavior due to AMP withdrawal. Interestingly, EZM results showed a 
significant decrease in the time spent in closed quadrants from baseline (M = 222.08, SD = 
48.70) to withdrawal (M = 180.13, SD = 76.55), t (45) = 3.42, p < 0.001, suggesting a reduction 



in anxiety-like behavior after AMP administration. A significant difference was also found in the 
animals’ corrected sucrose preference from before administration (M = 52.56, SD = 25.10) to 
after (M = 52.55, SD = 26.40), t (42) = -3.19, p < 0.003, indicating a similarly unexpected 
reduction in anhedonic behavior. Importantly, we observed tremendous variation in all three 
traits which enables genetic mapping of naturally occurring genetic variation that is associated 
with trait variation. We predict that the phenotypic diversity displayed by this highly 
recombinant population will facilitate the discovery of genes and biological pathways underlying 
drug use disorders in humans. 
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Abstract: This experiment, using an animal model of drug addiction (i.e. behavioral 
sensitization), examined the impact of voluntary physical activity (i.e., home-cage wheel 
running) on the acquisition, extinction and behavioral sensitization in male, Swiss Webster mice. 
The experiment consisted of 4 phases: initial exercise, acquisition, extinction, and tests for 
behavioral sensitization. Upon arrival, half of the mice either were given access to home-cage 
running wheels (runners) or not (sedentary) for 3 weeks prior the start of the acquisition phase. 
During the acquisition phase, mice received either an injection (subcutaneous, s.c.) of 
physiological saline (vehicle) or methamphetamine (0.25 or 1.0 mg/kg) immediately prior to 5 
daily locomotor activity sessions. During the extinction phase, all mice received daily injections 
(s.c.) of physiological saline prior to 4 locomotor activity sessions. Locomotor activity sessions 
were 30 minutes in duration for the acquisition and extinction phases. The tests for sensitization 
occurred following the extinction phase. At this time, all mice received a once daily injection of 
methamphetamine according to an escalating drug-dose regimen (0.25, 0.5 and 1.0 mg/kg) and 
tested for 60 minutes. Distance traveled served as the dependent measure of locomotor activity. 



The results showed that methamphetamine dose-dependently increased locomotor activity in 
sedentary mice during acquisition; however, runners showed a blunted hyperactive response to 
the high methamphetamine dose (1.0 mg/kg) following either acute (Day 1) or repeated (Day 5) 
methamphetamine administration. During the extinction phase, conditioned hyperactivity was 
observed initially for the sedentary mice conditioned with either the low or high 
methamphetamine doses and quickly extinguished. However, the runners did not show 
conditioned hyperactivity following conditioning with any methamphetamine dose. Finally, 
sedentary mice showed a dose-dependent sensitized response, with the low and moderate 
methamphetamine doses inducing greater locomotor activity compared to sedentary vehicle 
control mice. However, runners did not differ following any methamphetamine challenge dose 
on the tests for sensitization. These results suggest that voluntary physical exercise may have a 
neuro-protective effect and blunt the unconditioned, conditioned and sensitized locomotor effects 
of methamphetamine. 
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Abstract: Although the analysis of the behavioral effects induced by methamphetamine could 
provide evidences for the pharmacological mechanism of its behavioral effect of 
methamphetamine, specific activated cells and/or cellular interactions following 
methamphetamine treatment is not fully elucidated yet. In the drug discrimination study, the D1-
receptor agonist SKF82958 fully substituted for the discriminative stimulus effects of 
methamphetamine in mice, indicating that activation of D1-receptors is critical for the 
discriminative stimulus effect of methamphetamine. To pin-down the cellular mechanism of 
methamphetamine-induced discriminative stimulus effects, we performed the “On cell” analysis. 
Methamphetamine-induced hyperlocomotion was suppressed by an optical suppression of the 
nucleus accumbens in cFos-eNpHR mice, which had been exposed by methamphetamine to 
express eNpHR. Furthermore, the D1-receptor agonist SKF82958-induced c-fos positive “On 
cells” in the nucleus accumbens were mostly merged to those induced by methamphetamine. We 



are now investigating the cellular identification of methamphetamine-activated “On cells” to 
produce the methamphetamine-induced discriminative stimulus effects and hyperlocomotion. 
Investigation of the cellular mechanisms of the behavioral effect of methamphetamine using the 
“On cell” analysis”. 
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Abstract: Addiction to stimulant drugs like amphetamine is a debilitating neuropsychiatric 
disorder that carries with it substantial medical, social, and monetary costs for both addicted 
individuals and society. It is well established that the basal ganglia play essential roles in the 
development and maintenance of addiction-related behavior. However, although the subthalamic 
nucleus (STN) serves as a significant interface within basal ganglia circuitry and is a critical 
node of the indirect striatal pathway, its role in addiction behavior has been relatively 
understudied. In addition, studies to date have reported conflicting findings, likely due to the 
methods for targeting and disrupting cellular activity within the STN. To address these issues 
and further characterize the role of the STN and its afferents in addiction to stimulant drugs, we 
used viral expression of DREADDs (Designer Receptors Exclusively Activated by Designer 
Drugs) to transiently modulate activity of either STN neurons or cortical afferents to STN (i.e., 
the hyperdirect pathway) during the development of amphetamine-induced locomotor 
sensitization in adult male Sprague Dawley rats. Stimulation of STN neurons (via Gq-coupled 
DREADDs (AAV-hSyn-hM3Dq) and clozapine-N-oxide (CNO)) had no effect on the acute 
locomotor response to amphetamine; however, this manipulation completely blocked the 
development and persistence of locomotor sensitization. In addition, repeated STN stimulation 
induced mild hyperactivity in amphetamine-free DREADD controls. In contrast, inhibition of 



STN neurons (via Gi/o-coupled DREADDs (AAV-hSyn-hM4Di) and CNO) enhanced 
amphetamine-induced locomotor sensitization, though this effect did not persist on an 
amphetamine challenge following two weeks of drug abstinence. In addition, inhibition of STN 
neurons had no effect on the acute locomotor response to amphetamine, nor did it alter 
locomotor activity in controls. Next, we used a Cre-recombinase-dependent dual-virus approach 
to target DREADDs to STN afferents originating in prelimbic cortex (PL). Preliminary data 
suggest that although transient inhibition of PL-STN afferents with CNO has no effect on the 
development of amphetamine sensitization during the induction phase, it does attenuate the 
persistence of this form of behavioral plasticity. As with STN inhibition, this manipulation in 
afferents had no effect on the initial locomotor response to amphetamine or on locomotion in 
controls. These results suggest that the STN and its cortical afferents play important, but 
complex, roles in the regulation of addiction-related behavior and could be relevant targets for 
future addiction treatments. 
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Title: Effects of estradiol and methamphetamine exposure on habit formation in rats 

Authors: *H. SCHOENBERG1, E. SOLA1, J. MLCUCH1, A. P. KIRSHENBAUM2, D. J. 
TOUFEXIS1 
1Psychological Sci., Univ. of Vermont, Burlington, VT; 2Psychology, St. Michael's Col., 
Colchester, VT 

Abstract: One aspect of drug addiction may be an accelerated progression from goal-directed 
behavior to stimulus-directed (habitual) behavior. The psychostimulant methamphetamine 
(METH) changes dopaminergic pathways in the dorsolateral striatum (DLS), which mediates 
habitual motor behavior. It has been previously shown that methamphetamine pre-exposure 
accelerates habit formation in males, and this was related to increased dopamine availability in 
the DLS. Data also suggests that changes in estrogen levels across the estrous cycle can also 
increase dopamine availability in the DLS in females. Thus, we hypothesized that accelerated 
habit formation would be induced by pre-exposure to METH in ovariectomized (OVX) female 
rats with cyclic estradiol replacement compared to OVX females with no replacement. We tested 
habitual nose-poking for sucrose following 8 days of pre-exposure to METH or vehicle and sub-



threshold operant training. The replacement group received bolus injections of proestrus levels of 
estradiol every four days to mimic naturally cycling estradiol. Following acquisition, one half of 
each group received five days of reward-devaluation (RD) by pairing lithium chloride (LiCl) 
with sucrose availability. The remaining rats received five days of LiCl unpaired with sucrose. 
Rats were then tested in extinction. Our results indicate that, at this low level of training, 
methamphetamine with or without cycling estrogen was not sufficient to accelerate habit 
formation, as all animals exhibited sensitivity to devaluation of sucrose. This evidence suggests a 
potential sex difference in habit formation, since methamphetamine exposure has previously 
been found to push males into habit at the same degree of operant training. 
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Title: Environmental enrichment: Role in anxiolysis and resilience to amphetamine 

Authors: *S. DONALDSON1, C. CALHOUN1, S. FISCHER1, S. KELSEY1, B. PLOTKIN2 
1Developmental and Brain Sci., 2Developmental and Brain Sciences, Psychology Dept., Univ. of 
Massachusetts Boston, Boston, MA 

Abstract: Few have examined trait anxiety as a risk factor for amphetamine (AMPH) sensitivity 
in pre-clinical models or evaluated whether environmental enrichment (EE) impacts this 
vulnerability. We investigated trait anxiety rats’ response to anxiogenic stimuli and AMPH, and 
measured dendritic arborization. Filial 5 outbred high anxiety (HAn) and low anxiety (LAn) 
male rats (N=60) were housed in: EE, standard environment (SE) and isolated environment (IE) 
for 30 days. Anxiogenic responses were measured using the elevated plus maze (EPM) and open 
field activity (OFA); locomotor (LMA) responses were recorded after saline (0.9% NaCl IP) or 
AMPH (0.5 mg/kg IP). At the end of testing, all animals were transcardially perfused with saline 
followed by 8% paraformaldehyde and the brains were extracted, quick-frozen, and stained using 
the Golgi-Cox protocol for Sholl analysis on six neurons per region (e.g., medial prefrontal 
cortex, basolateral amygdala, and the paraventricular nucleus of the hypothalamus). Neurons 
were imaged and analyzed using light microscopy and CellTarget software; both the Branching 
Index (BI), and Schoenen Ramification Index (SRI) were employed for all analyses. Behavioral 
results revealed that EE significantly reduced anxiety like behavior (p<0.001) on the EPM and 
OFA, and attenuated AMPH hyperactivity (p<0.0001) in HAn lines. Interestingly, EE increased 
BI and SRI in the BLA of LAn and HAn lines (p<0.05) in the BLA. These findings demonstrate 
a role for EE in mitigating the effects of trait anxiety on anxiety-like behavior and AMPH 
sensitivity. EE may exert these benefits, at least in part, as a consequence of promoting 
neuroplasticity in the BLA. 
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Title: Diazepam reverses anxiety-like behavior, social anhedonia and dopamine deficit following 
acute amphetamine withdrawal 



Authors: *M. RINCÓN-CORTÉS, A. A. GRACE 
Univ. of Pittsburgh, Pittsburgh, PA 

Abstract: Psychostimulants, including amphetamine (AMPH), increase dopamine (DA) release 
from ventral tegmental area (VTA) neurons, which is associated with their acute reinforcing 
actions. However, this positive state is followed by a negative affective state each time the drug 
is taken (i.e. opponent process theory). Indeed, AMPH-withdrawal is accompanied by symptoms 
of anxiety and depression, which are commonly associated with DA system dysfunction in 
humans and animal models. Importantly, although most studies have focused on the negative 
affective state after withdrawal from long-term (i.e. chronic) drug administration, this negative 
affective state appears even after a drug is taken for the first time in both humans and rodents. In 
male rats, acute AMPH-withdrawal increases FST immobility and decreases the number of 
spontaneously active VTA DA neurons up to 48 hours post-withdrawal. Here we extended these 
findings by assessing social anhedonia in the three-chambered social approach test and anxiety-
like behavior in the elevated plus maze (EPM) following acute AMPH withdrawal within this 
period. Acute AMPH withdrawal induced social anhedonia (i.e. less sniff time), and increased 
anxiety-like behavior in the EPM (p<0.05, n=6-9 per group), suggesting a link between increased 
anxiety and impaired social interaction. Given that benzodiazepines are commonly used to treat 
anxiety disorder and can treat post-acute amphetamine withdrawal syndrome in humans, we 
tested the effects of diazepam on anxiety-like and social behaviors and conducted extracellular 
recordings of VTA DA neurons. We show that an acute (5mg/kg) dose of diazepam circumvents 
the neurobehavioral effects resulting from acute AMPH-withdrawal, as demonstrated by 
decreased anxiety-like behavior, normal social behavior and VTA DA activity comparable to 
controls (i.e. non AMPH-withdrawn rats) (p<0.05, n=6-8 per group). These data suggest that 
negative affective states resulting from AMPH-withdrawal can be modulated by diazepam 
administration and a highlight a window of time during which effective treatment may be able to 
prevent neurobehavioral changes that promote transition into chronic use. 

Disclosures:  M. Rincón-Cortés: None. A.A. Grace: B. Contracted Research/Research Grant 
(principal investigator for a drug study, collaborator or consultant and pending and current 
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equipment or other in-kind support); Lilly, Autofony, Johnson and Johnson. F. Consulting Fees 
(e.g., advisory boards); Johnson and Johnson, Lundbeck, Pfizer, GSK, Merck, Takeda, 
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Title: The effects of methamphetamine exposure on anxiety-like behavior and corticosterone 
levels in adolescent and adult mice 

Authors: J. H. WEISS, K. H. STRUNTZ, *J. A. SIEGEL 
Psychology and Neurosci., The Univ. of St. Thomas, Saint Paul, MN 

Abstract: Methamphetamine (MA) has neurotoxic effects on the adult brain that can lead to 
deficits in behavior and changes in the stress response system. The effects of MA are modulated 
by age, and while much research has examined the effects of MA in adults, relatively little 
research has examined the effects of MA in adolescents. As the brain is developing during 
adolescence, the effects of MA may differ from the effects in adults. Previous research shows 
that acute MA exposure in adolescence increases anxiety-like behavior while acute MA exposure 
in adults decreases anxiety-like behavior. Acute MA exposure in adolescence does not alter 
plasma corticosterone levels while acute MA exposure in adults increases corticosterone levels. 
Furthermore, age modulates the effects of MA on the brain dopamine system, with adolescent 
rodents showing relative resistance to the neurotoxic effects of MA on the dopamine system 
compared to adults. To the best of our knowledge, no study has directly compared the acute 
effects of MA on anxiety-like behavior and corticosterone levels in both adolescent and adult 
mice together. In order to assess age differences in the response to MA, this research examines 
the acute effects of MA exposure during adolescence and adulthood on anxiety-like behavior, 
plasma corticosterone levels, and the brain dopaminergic system in adolescent and adult male 
C57BL/6J mice. Current experiments are ongoing to study the effects of adolescent and adult 
MA exposure on behavior in the open field test to evaluate locomotor activity and anxiety-like 
behavior. Plasma corticosterone and tyrosine hydroxylase levels will be measured following 
behavioral testing. Based on previous data, we expect MA to cause an increase in anxiety-like 
behavior in adolescent mice and a decrease in anxiety-like behavior in adult mice, and to have no 
effect on plasma corticosterone levels in adolescent mice and increase plasma corticosterone 
levels in adult mice. Furthermore we predict that MA will have no effect on tyrosine hydroxylase 
levels in adolescent mice, but will decrease tyrosine hydroxylase levels in adult mice. These 
findings will contribute to a greater understanding of how MA alters behavior, the stress 
response system, and the dopamine system and how these effects of MA may differ between 
adolescent and adult mice. 
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Title: Acute sleep deprivation accelerates the development of locomotor sensitization to cocaine 

Authors: *T. E. BJORNESS1,2, R. W. GREENE1,2,3 
1Psychiatry, Univ. of Texas, Southwestern Med. Ctr., Dallas, TX; 2Res. Service, North Texas 
VAMC, Dallas, TX; 3Intl. Inst. for Integrative Sleep Med., Univ. of Tsukuba, Tsukuba, Japan 

Abstract: With respect to drugs of abuse, sensitization is a progressive increase in drug effect 
following repeated drug exposures thought to be due to adaptations in the mesocortical dopamine 
system. Repeated administration of cocaine results in a conditioned increase in locomotor 
activity. There is some contradictory evidence that sleep disruption, either REM deprivation or 
total sleep deprivation, can influence locomotor sensitization to amphetamine. We have 
preliminary data indicating that acute sleep deprivation increases the acquisition and expression 
of conditioned place preference (CPP) to cocaine and now we are testing whether acute sleep 
deprivation increases locomotor sensitization to cocaine. 
Adult male C57BL/6 mice underwent a locomotor sensitization procedure in which there were 3-
5 saline administration days (habituation phase), 5 cocaine administration days (initiation phase), 
and 1 additional cocaine administration day a week after the initiation phase (challenge phase). 
Mice were injected intraperitoneally with saline on the habituation days and cocaine (15mg/kg) 
on each cocaine administration day. After injection, mice were placed into activity boxes (Med 
Associates) for 1 hour and activity was assessed by infrared beam breaks. Habituation criteria 
consisted of a decrease in beam breaks from the first to last habituation days and from the 
second-to-last to last habituation days. Mice that did not meet these criteria after 5 days were 
excluded. After habituation, mice were divided into two groups. One group of mice was sleep 
deprived via the treadmill method of forced, slow walking for 4 hours immediately prior to each 
cocaine trial, while the other group was undisturbed. 
We found that mice that were sleep deprived prior to the cocaine-paired trials showed an 
increase in sensitization during the initiation phase, but sensitization was similar between groups 
during the challenge phase. Furthermore, day to day comparisons suggest that the increase in 
sensitization following sleep deprivation is due to a large increase in activity from the first to 
second cocaine exposures. These data suggest that sleep deprivation may speed the development 
of sensitization. 
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Title: Contribution of sex chromosome complement to sex differences in cocaine induced 
locomotor sensitization 

Authors: *M. MARTINI1, W. J. LYNCH2, E. F. RISSMAN1 
1NC State Univ., Raleigh, NC; 2Dept. of Psychiatry and Neurobehavioral Sci., Univ. of Virginia, 
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Abstract: Repeated exposure to drugs of abuse such as cocaine, enhances their motor-stimulant 
response, a phenomenon termed behavioral sensitization. Females show a greater locomotor 
response to cocaine and more robust behavioral sensitization than males. This sex difference is 
attributed to circulating estrogens. In our study, we aim to examine sex differences induced by 
cocaine from a different perspective. We use a novel mouse model, the four core genotype 
(FCG) mouse, that has a spontaneous mutation in the sex determining Sry gene and a transgene 
that replaces its function. By breeding wild type females to males with the mutation and the 
transgene we obtained four types of offspring: XX-males, XY-males, XX-females, XY-females. 
This model allows us to separate the actions of gonadal hormones from the potential effects of 
sex chromosome genes on cocaine induced locomotor sensitization and to test the novel 
hypothesis that sex chromosome complement underlies sex differences in cocaine effects. 
Cocaine-HCl (20mg/kg) was dissolved in saline (0.9%) and administered i.p. in a volume of 0.1 
ml/10 g body weight (BW). Mice were tested between 60-80 days of age. Sensitization to 
locomotor responses induced by repeated cocaine treatment was evaluated using Open Field 
(OF) boxes. For each genotype, Group 1 (n = 7, cocaine group, Coc) received cocaine (20 
mg/kg) for 5 days and a single cocaine challenge (20mg/kg) on day 15 after a 10-day drug-free 
period. Group 2 (n = 7, control group, Sal) received saline for 5 days and a single cocaine 
challenge (20 mg/kg) on day 15. Mice were routinely habituated to the test cage (OF) for 30 min, 
then saline and cocaine injections were administered and locomotor activity was recorded for 1 
h. The comparison between locomotor activity on day 1 and day 5 after cocaine administration 
determines the induction phase of behavioral sensitization. The response to cocaine challenge 10 
days after discontinuation of saline/cocaine administration (day 15) was compared to i) the 
response to cocaine on day 5, and ii) the response of saline controls that will receive cocaine 
challenge for the first time on day 15. 
Using the FCG mouse, we are examining the independent contribution of chromosomal sex to 



cocaine sensitization. If sex chromosome complement is implicated, this will open up a new 
source of genetic studies on drug addiction. 
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Title: Crack cocaine inhalation decreases the threshold for epileptic seizures in rats subjected to 
a subconvulsive dose of pilocarpine 

Authors: *C. D. CAVALCANTE1,2, J. F. SANTOS2, A. L. D. PACHECO2, I. S. MELO2, M. 
A. COSTA2, J. M. SILVA3, S. S. MACHADO3, A. U. BORBELY2, O. W. CASTRO2 
1UFAL, Maceió, Brazil; 2Inst. of Biol. Sci. and Hlth., 3Inst. of Chem. and Biotech., Federal Univ. 
of Alagoas, Maceió, Brazil 

Abstract: Propose: Crack cocaine is a powerful addictive stimulant drug. Animal studies have 
been shown that cholinergic system may play a role in neurotoxicity induced by cocaine or its 
active metabolites inhalation. Behavioral alterations of using crack cocaine include hyperactivity, 
depressed mood, and decreased seizure threshold. Here we evaluate the acetylcholinesterase 
(AChE) activity, behavior and the threshold for epileptic seizures in rats exposed to crack 
cocaine smoke followed by a subconvulsive dose of pilocarpine. Methods: Experimental 
procedures were approved by the Ethical Committee for Animal Research of UFAL. Male 
Wistar rats (n=48 [240-340g]) were submitted to stereotaxic surgery for implantation of a 
cannula into the hippocampus. Animals received microinjections of subconvulsive pilocarpine 
(PILO [0.75mg/μL]) or vehicle (VEH [saline 0.9%]). Immediately after PILO administration 
animals were individually exposed to air (O2 + PILO) or 400 mg of crack cocaine smoke (VEH 
+ CRACK and PILO + CRACK) for 10 minutes. We analyzed, the number of Wet Dog Shakes 
(WDS), frequency, duration and severity of limbic seizures according to Racine´s Scale (1972), 
during 120 min after crack cocaine exposure. Acetylcholinesterase activity (n=24) was 
performed after 60 min of crack cocaine exposure in cell-free extracts of brain tissue as 
described by Ellman et al. (1961) and total contents of the extracts were determined according to 
the method of Bradford (1976). Results were expressed as mean±SEM, compared by one-way 
ANOVA followed by post-hoc test Student-Newman-Keuls. Results: Animals subjected to PILO 



+ CRACK demonstrated increased severity of limbic seizures (stages 0-4) in comparison to O2 + 
PILO and VEH + CRACK (stages 0-2). PILO + CRACK (107.7 ± 24.41) displayed higher 
seizure frequency than O2 + PILO (24.83 ± 6.44) and VEH +CRACK (11.43 ± 2.44). Similarly 
PILO + CRACK revealed increase in duration of seizures (2138 ± 723,9) when compared with 
O2 + PILO (442,0 ± 198,5) and VEH +CRACK (11.43 ± 2.44). Nonetheless, number of WDS 
decreased in CRACK+ VEH (8,00 ± 2,646) and O2 + PILO (127,3 ± 52,73) compared to PILO + 
CRACK (162,79 ± 45,40). The AChE activity showed reduction in PILO + CRACK (0,0475 ± 
0,0030) when compared to O2 + PILO (0,07827 ± 0,0019) and VEH +CRACK (0,0697 ± 
0,0021) indicating inhibition of AChE. Conclusion: Together, these preliminary data suggest 
that crack cocaine inhalation decreases the threshold for epileptic seizures in rats submitted to a 
subconvulsive dose of pilocarpine, supposedly through the inhibition of acetylcholinesterase. 
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Title: Dopamine transporter knockout rats as a model of dopamine transporter hypofunction 
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Abstract: Dysregulated dopamine transporter function contributes to the pathophysiology of 
many psychiatric disorders, including substance abuse, attention deficit disorder, and bipolar 
mania. Functional hyperdopaminergia has been characterized in dopamine transporter (DAT) 
knock-out mice. DAT knock-out mice exhibit extreme phenotypes, including decreased 
dopamine uptake, hyperactivity, exaggerated responses to psychostimulants and altered 
parameters of dopamine homeostasis. Rodent models of hyperdopaminergia related to genetic 
deletion of the DAT have been studied only in mice (Gainetdinov et al., 1999). Here, we report 
on a novel rat model of functional hyperdopaminergia. Behavioral and neurochemical studies 
demonstrate a consistent hyperdopaminergic state in DAT knock-out rats. We studied DAT 
hypofunction rats in early (PND35) and mid adolescence (PND48). Homozygous DAT-KO rats 
(KO) have increased basal locomotor activity due to increased levels of synaptic dopamine. 
Basal locomotor activity in heterozygous DAT knock-out rats (HET) was unchanged from wild-



type (WT) rats. However, HET rats showed an exaggerated locomotor response compared to WT 
rats following acute administration of cocaine (10 and 20 mg/kg). This effect was more robust at 
early adolescence (PND35) compared to mid adolescence (PND48). Sex differences were 
observed in HET rats following cocaine administration with acute cocaine treatment producing 
an earlier time to peak locomotor response in female HET rats at PND35, compared to WT rats. 
In contrast, male HET rats had a sustained increase in locomotion after acute cocaine treatment 
that remained elevated for at least 60 minutes. In Homozygous DAT knock-out rats, acute 
cocaine produced dose dependent changes in locomotor activity, since cocaine increased 
locomotion at 10mg/kg and reduced locomotion at a higher dose 20mg/kg. However, both doses 
decreased locomotion in homozygous DAT knock-out female rats. Studies are underway to 
examine the neuroplastic changes in dopamine homeostasis that occur in DAT knock-out rats 
with chronic cocaine self-administration. We hypothesize that DAT knock-out heterozygous rats 
may show exaggerated responses to cocaine that model the loss of transporter function observed 
in people at risk for cocaine-related excited delirium syndrome. This neuropsychiatric disorder is 
characterized by dysregulation of dopamine, defective regulation of DAT and a functional state 
of hyperdopaminergia (Mash et al., 2009). Reverse translational strategies will explore the role 
of DAT mutation in response to stress and psychostimulants to develop a rodent model of 
excited delirium syndrome. 
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Title: Sex differences in cocaine-induced ultrasonic vocalizations are modulated by the medial 
preoptic area 

Authors: *J. R. MARTZ, N. MITTAL, C. L. ROBISON, C. L. DUVAUCHELLE, J. M. 
DOMINGUEZ 
The Univ. of Texas At Austin, Austin, TX 

Abstract: Evidence indicates that the medial preoptic area (mPOA) in the hypothalamus plays a 
modulatory role in the regulation of cocaine response, both neural and behavioral activity, as 
evidenced by conditioned-place preference and microdialysis experiments. The mPOA is also a 
major regulator of sex-sensitive behavioral differences across various species and for a variety of 



behaviors. In rodents, a commonly employed approach for inferring affective states involves 
measuring their ultrasonic vocalizations (USVs). In this set of experiments we tested whether the 
mPOA modulates cocaine-induced changes in USVs and possible sex differences that may occur 
in response to drug administration. To this end, Sprague-Dawley rats received either a lesion or 
sham lesion of the mPOA. Baseline USV measures were obtained, over 3-days, followed by 
subsequent sessions of cocaine administration, and USV recordings. Results indicate that 
females displayed a greater number of vocalizations compared to males; however, this sex 
difference disappeared with lesions of the mPOA. Cocaine increased USVs in both males and 
females, compared to baseline. As with baseline, this increase was greater in females than in 
males, but also disappeared with lesions of the mPOA. These findings point to the mPOA as a 
modulator of affective response to cocaine and, moreover, as a modulator of sex differences that 
manifest after cocaine administration. 
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Title: The antioxidant Tempol abolished the expression of cocaine conditioned reward 
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The Hebrew Univ. of Jerusalem, Jerusalem, Israel 

Abstract: Cocaine abuse induces toxic effects in many organs, including the brain. In the last 
two decades it has been discovered that oxidative stress (OS) is the inducer and augmenter of 
cocaine toxicity and cocaine-induced addictive behaviors. In order to study the mechanism and 
find pharmacotherapy to drug addiction, it is essential to understand how cocaine-induced OS 
interferes with behavior and which pharmacological agent can prevent this interference. In 
previous studies we demonstrated that acute or chronic administration of cocaine generates 
substantial OS in main areas of the reward system, such as the pre frontal cortex (PFC) and the 
nucleus accumbens (NAc). In addition, we found that i.p administration of the antioxidant 
Tempol prior to cocaine injection attenuated cocaine-induced elevation of OS in these areas. 
Moreover, we found that administration of Tempol in this manner attenuated cocaine-induced 
psychomotor sensitization in rats and prevented the increase of OS in the PFC and NAc. In the 
present study we hypothesized that Tempol negatively affects the rewarding properties of 
cocaine. Therefore, we aimed at testing the effects of Tempol using conditioned place preference 
(CPP) paradigm. We found that treatment with Tempol during conditioning decreased cocaine-



induced OS in the PFC and NAc. In addition we found that in rats treated with Tempol, a 
significant decrease in the expression of CPP was evident. Further, we show that repeated 
injections of Tempol (7 days) following withdrawal from cocaine CPP abolished the expression 
of CPP. Finally, we show that the cocaine-induced CPP decreases the phosphorylation of the 
eukaryotic elongation factor 2 (eEF2) in the NAc which was remarkably restored following 
Tempol treatment.Taken together, this data suggests that Tempol given during conditioning and 
following withdrawal can interfere with reward processing in the mesolimbic system in a 
mechanism that may involve the translation machinery. Further, our results pave the way for the 
development of new therapy based on reducing OS to prevent cocaine addiction. 
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Title: Neuropeptide Y blocks the expression of a Pavlovian-conditioned locomotor response in 
rats with a 3-week history of cocaine exposure 

Authors: *M. SUAREZ1, A. C. THOMPSON2 
1Psychology, Univ. At Buffalo, Buffalo, NY; 2Res. Inst. on Addictions, Univ. at Buffalo, 
Buffalo, NY 

Abstract: Our lab has been exploring the hypothesis that NPY may be a target for cocaine 
dependence treatment. We have found that intracerebroventricular (ICV) administration of NPY, 
in rats with a history of cocaine exposure, decreases the expression of cocaine-induced 
conditioned place preference (CI-CPP). Furthermore, this decrease is long-lasting; a single ICV 
NPY injection blocked the expression of CI-CPP on a subsequent test one week later. Here we 
tested whether the acute and long term effect of ICV NPY on the expression of CI-CPP 
generalizes to another conditioned response: cocaine-induced Pavlovian conditioned locomotor 
response (CI-PCLR). We tested the hypothesis that ICV NPY will block the expression of CI-
PCLR in rats with a history of cocaine exposure. One week later, rats were then tested again for 
the expression of CI-PCLR, every other day for 5 days, to determine whether the initial single 
ICV NPY exposure induces a persistent inhibition of CI-PCLR. Male Long-Evans (hooded) rats 
were exposed to daily injections of cocaine for 21 days using an escalating cocaine dose regimen 
(5 to 30 mg/kg, IP). CI-PCLR training occurred over the last 4 days of cocaine treatment and 
involved 2 conditioning sessions a day: one session with cocaine and one session with saline. We 



used an opaque Plexiglas Locomotor Box, (LMB; 39 cm X 39 cm X 30.5 cm) as a unique 
training context. On training days half of the rats received cocaine in the LMB (i.e. the Paired 
group) and saline in a familiar context, while the other half received saline in the LMB and 
cocaine in a familiar context (i.e., the Unpaired group). NPY (0, 0.1, or 1 nmol in 5µl) was 
microinjected 30 min before a 30-min, cocaine-free, test session in the LBM (i.e. first CI-PCLR 
test) 24 h after the last training day. As expected, rats that received cocaine in the LMB 
demonstrated a robust CI-PCLR, compared to saline controls, and showed extinction with 
repeated testing. Both doses of NPY treatment attenuated the CI-PCLR at test 1 in the Paired 
group but had no effect on rate of extinction (i.e. did not produce a persistent effect). NPY had 
no effect on the locomotor response of the Unpaired group at any dose on any test day. These 
results support the idea that central administration of NPY decreases the expression of at least 
two cocaine-induced conditioned behaviors, but that the persistent decrease seen in CI-CPP does 
not generalize to CI-PCLR. Consideration of the differences in learning and behavioral 
expression between these two conditioning paradigms may suggest a more specific role of NPY 
in the treatment of cocaine dependence. 
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Abstract: In a 2015 survey, 1.5 million Americans were reported to be using cocaine. 
Environmental stimuli, including cocaine, produce heritable changes to the genome via 
epigenetic mechanisms. Studies investigating transgenerational effects of drugs have mostly 
focused on maternal use and prenatal exposure. Our lab and others have recently focused on 
paternal phenotype transmission. We used a rat model of paternal cocaine self-administration to 
examine cocaine-induced behavioral plasticity in male and female offspring of sires with a 
history of cocaine taking. Additionally, we assessed changes in histone post-translational 
modifications (PTMs), an epigenetic process that regulates gene expression by controlling the 
accessibility of genes to transcriptional machinery. Previously, our group found that paternal 
cocaine exposure reduced the reinforcing effects of cocaine in male, but not female offspring. 
Here, we examined cocaine-induced locomotor sensitization. Repeated exposure to cocaine 
produces behavioral sensitization, which is characterized by increased locomotor response to 
subsequent stimulant challenge injection. We found that male, but not female, progeny show 
deficits in cocaine sensitization, indicating a resistance in the long-lasting behavioral responses 
following cocaine exposure. Paternal cocaine experience has been shown to change histone 
modifications in the hippocampus and prefrontal cortex. Here we used a mass spectrometry-
based approach to survey histone PTMs in the nucleus accumbens (NAc), a brain region critical 
for the rewarding effects of cocaine. Five histone PTMs were found to be consistently different 
between saline- and cocaine-sired males, suggesting that targeted epigenetic remodeling is 
responsible for the behavioral effects observed in F1 male progeny. We also examined cocaine 
self-administration and sensitization in grand-offspring (F2 generation) of cocaine-exposed sires 
to further investigate the transmission of altered behavioral responses to cocaine. Importantly, no 
effect of ancestral cocaine experience was found on sensitization or self-administration in the F2 
generation. These data suggest that paternal cocaine exposure remodels the epigenome of F1 
male progeny, resulting in blunted responses to cocaine. 
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Abstract: Fingolimod (FTY720) is an agonist of sphingosine-1-phosphate receptors (S1PRs) 
and a new oral drug for multiple sclerosis. It has been reported that S1PRs are expressed in many 
cell types including neurons and glias in the brain. In this study, we investigated the effect of 
fingolimod on cAMP/PKA signaling in mouse striatal slices by monitoring the phosphorylation 
states of an intracellular phosphoprotein, dopamine- and cAMP-regulated phosphoprotein of Mr 
32 kDa (DARPP-32) at Thr34 (PKA-site). In striatal slices prepared from D1-DARPP-32-
Flag/D2-DARPP-32-Myc transgenic mice, fingolimod (100 nM) decreased P-Thr34 DARPP-32 
in D1-type/striatonigral neurons at 30 min to 60% of control. The effects of cocaine and a D1 
receptor agonist were examined after 30 min of preincubation with fingolimod. The cocaine (100 
μM)- and a dopamine D1 agonist (±)-SKF-81297 (1.0 μM)-induced increases in P-Thr34 
DARPP-32 were abolished by pre-treatment of slices with fingolimod (100 nM). In behavioral 
studies, pretreatment with fingolimod (1.0 mg/kg, i.p.) attenuated cocaine (20 mg/kg, i.p.)- and 
R(+)-SKF-81297 (0.7 mg/kg, i.p.)-induced locomoter activities. Thus, fingolimod inhibits 
cAMP/PKA signaling in striatonigral neurons, resulting in the suppression of psychostimulant-
induced activation of dopamine signaling and behavior. 
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Abstract: The correlation between cocaine use and impulsivity has been well established but the 
causal relationship remains unclear. Are drug addicts innately more impulsive, or does drug use 
cause long lasting changes in impulsive behavior? It is established that repeated cocaine use 
results in long-term deficits to delayed reinforcement, but other facets of impulsivity have not 
been studied in depth. This experiment analyzes the long-term effects of chronic cocaine 



exposure on impulse inhibition using differential reinforcement of low rates of responding 
(DRL) methodology. Sprag Dawley rats (N=16) were trained in operant chambers on a DRL-20 
task and measured on efficiency. Following stabilization, each rat received two daily injections 
of either 15 mg/kg cocaine HCl or saline solution for 14 days total. Rats were re-tested on the 
DRL-20 on days 7, 14, and 21 following drug sensitization. A mixed ANOVA revealed no 
differences in DRL-20 efficiency across the study, f(1,4) = 0.008, p = 0.929. The results suggest 
that there are no short term nor long term effects on impulse inhibition following repeated 
cocaine exposure. The results are discussed considering validity of DRL methodology and 
implications of behavioral therapy for addicts. Future work includes analyzing inter-response 
time profiles as different measure of impulse inhibition and immunohistochemical analysis of D2 
receptor expression in the nucleus accumbens core. 
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Abstract: Zinc (Zn) is a divalent metal that plays critical roles in many biological processes 
throughout the body. In the brain, it is packaged into vesicles and released into synapses by a 
subset of neurons that also release glutamate. Synaptic Zn acts as a potent 
neurotransmitter/neuromodulator, exerting its action by binding to Zn-specific sites on several 
neurotransmitter receptors. In addition, Zn can enter post-synaptic cells and affect intracellular 
signaling cascades. Most zincergic neurons are in the forebrain, almost exclusively in cerebral 
cortex, hippocampus and amygdala. Although the striatum itself does not house zincergic 
neurons, it is densely innervated by zincergic afferents. Cortico-striatal circuits are important in 
learning and control of actions, including responses to drugs of abuse. As a first step to 
understanding the role of Zn signaling in striatal function, we assessed acute and chronic effects 
of cocaine exposure in zinc transporter 3 (ZnT3) knockout (KO) mice. ZnT3 is the sole protein 
responsible for packaging zinc into synaptic vesicles. In normal mice, acute cocaine exposure 
leads to increased locomotor activity, while repeated administration, additionally, results in 



behavioral sensitization and alterations in morphology of medium spiny neurons (MSNs) in the 
striatum. Locomotor activity was recorded and quantified in female ZnT3 wildtype (WT) and 
KO mice in response to cocaine administered at 6 doses compared to control animals 
administered vehicle. Specifically, the mice in cocaine groups were administered 5 mg/kg 
cocaine i.p. on experimental day (E) 1& 2, 10 mg/kg on E3 & 4, 15 mg/kg on E5, 20 mg/kg on 
E6 & 7, 25 mg/kg on E8, and 30mg/kg on E9 &10. All mice were left untreated for 14 days, then 
challenged with a dose of 10mg/kg cocaine to assess sensitization (% change from initial 
exposure). The recordings were screened for instances of stereotypy. The mice were euthanized 
and the brains processed for Golgi-Cox staining to examine MSN morphology. All mice 
exhibited dose-related increases in locomotor activity, however ZnT3 KO mice traversed 
significantly lower distances at higher doses of cocaine (≥ 20mg/kg) compared to WT mice. 
These differences were not attributed to differential expression of non-ambulatory 
behaviors/stereotypies (eg. grooming, digging, circling). Both ZnT3 WT and KO mice exhibited 
behavioral sensitization with no genotype by drug interaction. In addition, dendritic length of 
MSNs in ZnT3 KO and WT mice was increased in the cocaine groups compared to control 
groups. In conclusion, synaptic zinc is important for modulating cocaine-induced locomotor 
activity, but does not appear to affect sensitization to cocaine. 

Disclosures:  S.E. Thackray: None. S.S. Bryden: None. N. Bihelek: None. R.H. Dyck: 
None. V. Lovic: None. 

Poster 

332. Cocaine and Behavior 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 332.12/SS17 

Topic: G.08. Drugs of Abuse and Addiction 

Support: NIH Grant MH090134 

 NIH Grant DA033088 

 NIH Grant DA041528 

Title: Error monitoring deficits in cocaine addicted individuals with high trait anger 

Authors: *M. A. PARVAZ, R. Z. GOLDSTEIN, N. ALIA-KLEIN 
Psychiatry, Icahn Sch. of Med. at Mount Sinai, New York, NY 

Abstract: Compromised error processing is a hallmark of substance use disorders and of 
heightened trait anger. However, it is not known whether this deficit is exacerbated in addicted 
individuals with high trait anger and whether such comorbid symptomology influences drug 
taking behavior. To fill this knowledge gap, we recruited 33 individuals with cocaine use 



disorders (CUD) and 34 healthy controls (HC) who were further stratified into low (LA) and 
high anger (HA) groups by way of a median split on the State-Trait Anger Expression Inventory 
trait anger scores with comparable non-verbal IQ and education but significantly different age 
[HC-LA (n=18; 43.9±6.9 years); HC-HA (n=16; 37.5±9.2 years); CUD-LA (n=16; 50.9±6.8 
years); and CUD-HA (n=17; 47.3±7.3 years)]. Drug use severity was assessed using the Severity 
of Dependence Scale in all CUD. All participants performed a Simon’s Flanker Task during the 
acquisition of event-related potentials (ERPs). The response-locked error-related negativity 
(ERN; quantifies early subliminal error monitoring), error positivity (Pe; quantifies more 
conscious error sensitivity) and the total number of errors were used as dependent variables. 
Although drug use severity did not differ between CUD-LA and CUD-HA, there was a 
preponderance of comorbid alcohol and other drug use in the CUD-HA (12/18) compared to the 
CUD-LA (4/16). For dependent variables, a 2 (Cocaine: CUD, HC) × 2 (Anger: LA, HA) 
ANOVA, with age as covariate, revealed significant Cocaine (p=.004), and Anger (p=.008) main 
effects such that the ERN was reduced and number of errors were increased in CUD (vs. HC, 
p<.014) and in HA (vs. LA, p<.043); there was also a trend for reduced Pe in CUD (vs. HC, 
p=.074). A follow-up one-way ANOVA across all 4 groups (HC-LA, HC-HA, CUD-LA, and 
CUD-HA, to explore the additive effect of cocaine use and high anger), also with age as 
covariate, revealed significant linear effects for all dependent variables. That is, HC-LA showed 
the highest ERN and Pe amplitudes and least number of errors, CUD-HA showed the most 
reduced ERN and Pe amplitudes and highest number of errors, while HC-HA and CUD-LA 
showed comparable effects. Together, these results indicate that while both cocaine use and high 
trait anger negatively impact error-processing, their comorbid symptomology further worsens 
these impairments. Because these individuals also present an increased proclivity for using other 
substance of abuse, results underscore the potential contribution of deficits in error processing 
and underlying neural underpinnings to the exacerbation of symptoms in addiction, calling for 
the development of targeted intervention approaches for this subgroup of CUD. 
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Title: Cannabidiol attenuates expression of cocaine conditioned place preference with a U-
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Abstract: Cannabidiol (CBD), the major non-addictive and non-toxic component of cannabis 
sativa, may have potential for relapse prevention in addiction. Our previous findings 
demonstrated that a transdermal cannabidiol preparation (tCBD) attenuated both cue- and stress-
induced drug seeking. These findings suggested that tCBD may reverse neuroplasticity that 
underlies perseverative drug seeking. These longitudinal studies included only one dose of tCBD 
such that no dose-response information was available. However, measures of plasma and brain 
CBD levels revealed that maximal attenuation of drug seeking occurred before CBD in plasma 
and brain reaches maximal levels, and that at maximal plasma and brain levels CBD did not 
further increase the reduction of drug seeking. We therefore sought to characterize the dose-
response profile of tCBD’s attenuation of drug seeking by establishing the effects of five tCBD 
doses on the expression of cocaine conditioned place preference (CPP). Male Wistar rats were 
initially habituated to a two-chamber CPP apparatus for seven days to measure the animals’ 
inherent bias toward one chamber over the other. The rats then underwent ten daily conditioning 
sessions, alternating between chambers each day, for a total of five sessions per chamber. 
Following conditioning, rats entered a 4-day treatment phase during which they received one of 
five tCBD doses or vehicle (0.0mg/kg, 2.5mg/kg, 5.0mg/kg, 7.5mg/kg, 10.0mg/kg, 15.0mg/kg). 
Expression of CPP was measured on the fourth day of treatment. Consistent with the hypothesis, 
tCBD suppressed the expression of CPP along a U-shaped dose-response profile, with maximal 
efficacy at 7.5 mg/kg. These findings continue to support potential for CBD in the attenuation of 
drug seeking and relapse prevention. Although CBD’s dose effects were U-shaped with 
significant suppression of drug seeking at intermediate doses, the highest tCBD dose was 
associated simply with a lack of effect, but not aggravation of CPP (i.e. drug seeking). It is not 
clear presently whether U-shaped effects apply to other actions of CBD such as amelioration of 
anxiety or cue- or stress-induced reinstatement of drug seeking, and these questions remain for 
future research. 
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Abstract: Intermittent exposure to brief episodes of social defeat stress precipitates long-term 
modulation of mesolimbic dopamine activity in rats. These adaptations are mediated via CRF 
activity within the VTA, and are associated with an intense cocaine-taking phenotype; whereby 
rats with a history of social stress exhibit an extended duration of cocaine self-administration 
under continuous access conditions. Factors that contribute to the maintenance and termination 
of these binge-like episodes are not well-understood. As mesolimbic DA signaling appears to be 
critical to the maintenance of self-administration behavior, we aim to determine the extent to 
which augmented dopaminergic response to cocaine might promote sustained bingeing in 
stressed rats. To that end, rats were exposed to social defeat stress intermittently over 10 days, or 
handled (Ctrl). After one week, rats were implanted with microdialysis guide cannulae targeting 
the NAcSh, and trained to self-administer cocaine on a fixed-ratio (FR5) schedule of 
reinforcement. In vivo microdialysis was conducted throughout a 24-hour cocaine ‘binge’ (FR5, 
0.3mg/kg), where dialysate was collected in 20 min. fractions and analyzed for DA content. 
These ongoing experiments gather compelling evidence to suggest a pattern of DA efflux that 
predicts the maintenance/termination of cocaine bingeing in both stressed, and non-stressed 
animals. Parallel studies also examine the acute contributions of VTA-CRF as a driver of 
extended cocaine binges through modulation of DA activity during self-administration. Together, 
these studies approach a mechanism by which upregulated CRF signaling in the VTA might 
potentiate binge-like cocaine consumption in individuals with a history of stress exposure. 
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Abstract: A large body of work examining ultrasonic vocalizations (USVs) emitted by rats in 
relation to psychostimulant drug administration has demonstrated that rising drug level leads to 
an increase in 50-kHz calling (positive affect), while acute withdrawal induces an increase in 22-
kHz calls (negative affect). In the context of self-administration studies, the role of negative 
affect as a motivational factor in animal models of drug addiction has been underexplored. The 
present investigation explored the relationship between the magnitude of affective response, and 
the quantity of cocaine consumption. Rats underwent a 14-day self-administration (SA) 
paradigm in which cocaine availability was indicated by the presentation of a 30-second tone 
cue. 50-kHz calls were measured prior to the introduction of cocaine, during the load-up period 
of days 1 and 14 of SA, and during an equivalent time period during the first day of abstinence. 
22-kHz calls were measured prior to the introduction of cocaine, during the entire first day of 
abstinence, and a 2-hour window following day 14 of the SA paradigm dubbed “Withdrawal”. 
Experimental results showed a highly statistically significant increase in 50-kHz calling between 
baseline and the load-up periods of self-administration. Results also showed a highly statistically 
significant increase in 22-kHz calling between baseline and forced abstinence, but not between 
baseline and withdrawal. Taken together, the results suggest that negative affect emerges during 
acute withdrawal when animals are expecting cocaine. Our findings that an increase in negative 
affect when deprived of drug was directly related to drug intake, while concurrently, the direct 
relationship of positive affect to drug intake decayed, provides strong empirical evidence from an 
animal model for the widely hypothesized shift from positive to negative affect as the salient 
motivational factor in drug addiction as the disease progresses. These observations have 
implications for understanding the role of hedonic dysregulation in preclinical models of drug 
addiction. 
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Abstract: Our lab found that rats express an increase in cocaine-seeking following abstinence 
from drug and that this effect can be blunted when the rats are housed in environmental 
enrichment (EE) during abstinence. Much research has investigated changes in addiction-related 
genes associated with cocaine-seeking and EE; however, little of this work has been done in 
female rats, despite preclinical and clinical data suggesting sex differences in cocaine 
consumption and relapse patterns. Therefore, we aimed to investigate the effects of EE on 
cocaine-seeking behavior and addiction-related gene expression following abstinence in adult, 
female Sprague-Dawley rats. The rats were trained to press a lever for cocaine (0.75 
mg/kg/infusion i.v., paired with a light + tone cue) during 2-hr sessions with a minimum of 21 
sessions, during which they were individually housed. Upon stabilization of cocaine intake, 
animals were placed into abstinence for 21 days and either remained in isolated housing or were 
placed into EE chambers that contained 3-6 rats, a running wheel, tubes, toys, and communal 
food and water. After 21 days of abstinence, all animals returned to their self-administration 
cages for a 1-hr cue-reactivity test session, where cocaine-paired cues were presented response-
contingently but no cocaine was available. Rats were immediately sacrificed after the session, 
and brain tissue punches of the nucleus accumbens core (NAcore) and shell (NAshell) were 
collected and processed for RNA analysis using qRT-PCR. EE significantly blunted cocaine-
seeking behavior following 21 days of abstinence, comparable to results seen in male rats housed 
in EE vs. isolation for 21 days of abstinence. Additionally, qRT-PCR analysis of female rats 
housed in EE vs. isolation demonstrated significant alterations in multiple addiction-related 
genes: 1) Arc and Camk2a, both plasticity-associated genes, were significantly reduced in the 
NAcore but not the NAshell, in enriched animals; 2) miR-495, a known regulator of addiction 
related genes including Arc and Camk2a, demonstrated a trend toward an increase (p<0.06) in 
NAcore in enriched animals. These results represent the initial stages of discerning sex 
differences in cocaine-seeking behavior and the mechanisms that potentially modulate that 
behavior. We are now in the process of comparing gene profile changes in male and female rats 
using RNAseq with the aim of revealing new potential targets to reduce cocaine-seeking 
behavior. 
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Abstract: Psychostimulant addiction is a chronic relapsing disorder that is thought to occur in 
vulnerable individuals and is characterized by compulsive drug use despite consequences. 
Approximately 2.5 million people abuse cocaine every year, with only 800,000 of them being 
treated. Cocaine’s primary molecular mechanism is to block the dopamine transporter (DAT), 
leading to excess dopamine (DA) in the synaptic cleft, and thus resulting in the euphoric “high” 
that is sought after during addiction. There are currently no FDA approved pharmacotherapies 
for cocaine use disorders, and therefore it is imperative to develop more viable treatment options. 
The ERK1/2 Map kinase signaling pathway has been implicated in the locomotor stimulant 
effects of psychostimulants but also cocaine induced psychomotor sensitization and cocaine 
induced conditioned place preference. However, limitations exist in these previous studies as 
they were based on systemic or local administration of kinase inhibitors and thus lack the 
anatomical specificity that is needed for a more detailed investigation of the role of ERK1/2 
signaling in specific cell types. This is critical to identify specific downstream targets of this 
pathway to reveal novel therapeutic targets for treating cocaine use disorders. In this study we 
describe the modulation of the ERK1/2 pathway in vivo by expressing the ERK1/2 phosphatase 
MKP3 only in dopaminergic cells. We have generated adeno-associated viral (AAV) vectors 
with Cre-recombinase (Cre)-dependent expression of MKP3 resulting in a decrease of ERK1/2 
signaling in dopaminergic cells in the ventral tegmental area (VTA). This construct was injected 
into the VTA of Long Evans rats expressing Cre in tyrosine hydroxylase positive cells (Th-Cre 
rats). We used synaptosomal uptake assays to evaluate the effect of this overexpression on DAT 
uptake function and sensitivity to cocaine, as well as examined the effects of this overexpression 
on cocaine induced conditioned place preference, a Pavlovian conditioning paradigm that 
assesses the rewarding and aversive properties of drugs. Animals underwent a pre-test, three 
days of saline/cocaine conditioning and a post-test to determine preference. Finally, a different 
cohort of animals underwent self-administration, an operant model of addictive behavior that 



investigates the reinforcing properties of drugs. Results from the present study demonstrate 
specific relationships between ERK1/2 signaling in DA neurons and cocaine induced behaviors 
that model human substance abuse. We believe these studies could have potential for identifying 
novel therapeutic targets for the treatment of cocaine use disorders. 
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Abstract: Psychiatric disorders including depression and addiction have proven difficult to treat, 
therefore, novel targets are critical for future development of effective treatments. We previously 
identified retinoic acid (RA) signaling as a novel regulator of behavior in preclinical models. Our 
previous transcriptomic identified the RA pathway as a likely mediator of the protective 
depression and addiction phenotypes conferred by environmental enrichment. In addition, a 
previous topographic transcriptomic analysis found that several genes in the RA pathway have 
selectively enhanced expression in the NAc shell (NAcSh). We also previously demonstrated 



that manipulation of RA in the NAcSh by in vivo knockdown of cytochrome p450, family 26, 
subfamily b, polypeptide 1 (CYP26b1), which degrades RA, altered anxiety-like, depression-
like, and addiction-related behaviors. Here we aimed to provide further evidence for the role of 
RA signaling in the NAcSh by investigating the downstream signaling partners of retinoic acid 
through patch-clamp electrophysiological analysis of medium spiny neurons (MSNs) as well as 
behavioral analysis. Cellular retinoic acid binding protein 2 (CRABP2) and fatty acid binding 
protein 5 (FABP5) both bind RA, delivering RA to one of two downstream signaling pathways, 
either retinoic acid receptor (through CRABP2) to induce transcription through retinoic acid 
receptor response elements or peroxisome proliferator receptor beta/delta (through FABP5) to 
signal through peroxisome proliferator response elements. Knockdown of CRABP2 in the 
NAcSh decreased action potential threshold and increased the number of evoked action 
potentials while knockdown of FABP5 decreased the number of action potentials without 
altering threshold. CRABP2 knockdown also potentiated sEPSC amplitude but neither 
knockdown altered sEPSC frequency. Evaluation of the effects of acute retinoic acid on medium 
spiny neurons in the NAcSh are ongoing. In behavioral tests, CRABP2 knockdown decreased 
depression-like behaviors with no effect on addiction-related behaviors, while FABP5 
knockdown decreased cocaine self-administration with no effect on depression-like behaviors. 
These compelling results are the first demonstration of a role of RA signaling in controlling the 
input and output strength of MSNs and provides insight into the neurobiological basis of 
addiction and depression. 
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Title: Acute cocaine evoked behavior develops independently from ventral tegmental area long 
term potentiation 
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Abstract: Cocaine is known to induce synaptic plasticity in the brain reward system. Persistent 
phosphorylation of protein kinases PKMζ mediates late-phase LTP maintenance, and it can be 
inhibited by the myristoylated PKMzeta inhibitory peptide (ZIP). Using the cocaine behavioral 
sensitization model, we previously showed that persistence of cocaine evoked long term 
potentiation (LTP) in the ventral tegmental area (VTA) is necessary for synaptic alterations in 
the Nucleus Accumbens (NAc), which suggests a temporal sequence of neuroplastic changes in 
these two areas. However continuous disruption of LTP in VTA had a behavioral effect only 
after chronic micro-infusions of ZIP. In order to further characterize the role of LTP in cocaine 
elicited-behavior, we explored if ZIP had an acute effect in cocaine-induced plasticity in the 
VTA. For this, male Sprague-Dawley rats (250g) were stereotaxically implanted with bilateral 
cannulas into the VTA. The animals were given a cocaine injection and a ZIP micro-infusion 6 
hours later. Whole cell patch clamp recordings of the VTA DA cells and NAc MSN were made 
24 hours after ZIP microinjection. Results showed that a single ZIP micro-infusion after an acute 
cocaine exposure, effectively inhibited VTA LTP. Taken together with our previous results this 
suggests that initial behavioral response develops independently from VTA plasticity. Moreover 
this implies a more important role of plasticity during later phases of cocaine sensitization. 
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Abstract: Cocaine addiction is a chronic, relapsing brain disease characterized by the heavy use 
of, aberrant motivation for, and an inability to maintain abstinence from cocaine. Considerable 
effort has been directed towards understanding the factors underlying the risk for cocaine 
addiction, however the mechanisms that predispose individuals to develop the disease remain 
unclear. The mesolimbic dopamine system has been particularly implicated in the reinforcing 
effects of cocaine, as cocaine enhances extrasynaptic DA in this system primarily by inhibiting 
DA uptake. Recent evidence suggests that inherent variability in DA neurotransmission may 
influence the risk for developing cocaine addiction. To determine the relative contributions of 
DA release and uptake to the vulnerability to use cocaine, we employed a novel application using 
fast scan cyclic voltammetry in anesthetized male rats to construct a neurochemical profile of 
DA signaling in the medial dorsal striatum (mDS) and ventral striatum of individual animals 
under baseline, drug-naïve conditions prior to any behavioral testing. Following recovery, rats 
were allowed to self-administer cocaine or were induced to develop cocaine conditioned place 
preference (CPP). Results suggest that there is no significant relationship between DA release or 
uptake and the acquisition of either CPP or operant self-administration, nor did we identify a 
significant relationship between DA signaling and the consumption of cocaine. We did, however, 
identify a strong, linear relationship between DA uptake in the mDS and the motivation for 
cocaine under both progressive ratio and threshold schedules of reinforcement—implicating 
DAT function in the risk for aberrant motivation associated with cocaine addiction. Preliminary 
results in an ex vivo model suggest that variability in DA uptake may be positively associated 
with sensitivity to the uptake inhibiting effects of low concentrations of cocaine. Examinations of 
the effects of viral-mediated alterations of DA uptake in the mDS on the motivation for and 
neurochemical response to cocaine are ongoing. Together, these data suggest that inherent 
variability in the mesolimbic DA system may underlie behavioral components associated with 
cocaine abuse. 
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Abstract: Acid-sensing ion channel-1A (ASIC1A) is a cation channel expressed in dendritic 
spines that contributes to synaptic plasticity and is activated by extracellular acidosis. ASIC1A is 
particularly abundant in the nucleus accumbens (NAc) and genetic disruption of ASIC1A 
increased cocaine-conditioned place preference and altered cocaine-evoked synaptic plasticity. 
Loss of ASIC1A increased the ratio of AMPA receptor to NMDA receptor (A/N) at synapses in 
NAc medium spiny neurons (MSNs) resembling cocaine withdrawal, and like a cocaine-
withdrawn mice, the change in A/N in Asic1a-/- mice was reversed by a single dose of cocaine. In 
this study we sought to test whether this cocaine-induced effect on A/N in Asic1a-/- mice is 
permanent or transient. We administered a single dose of cocaine or saline, and assessed A/N at 
6 hours, 24 hours, and 7 days after injection. Although the cocaine-evoked effect was not 
observed at 6 hours following injection, it was evident by 24 hrs. Moreover, by 7 days the A/N 
had returned to the elevated baseline state in the Asic1a-/- mice. Together these observations 
suggest that the cocaine-evoked plasticity in the Asic1a-/- mice is transient and reversible. Next, 
we sought to determine whether the effect of ASIC1A on the A/N was cell autonomous or might 
be due to ASIC1A outside of the NAc. We injected AAV2/1-CMV-Cre mixed with AAV2/1-
CMV-eGFP (AAV-Cre) into the NAc of Asic1aloxP/loxP mice to disrupt ASIC1A specifically in a 
subpopulation of neurons in the NAc. Littermates were injected with AAV2/1-CMV-eGFP 
(AAV-eGFP) as a control. After allowing three weeks for viral transduction, we studied the A/N 
in both transduced (eGFP+) and non-transduced (eGFP-) NAc MSNs. We found that in the 
AAV-Cre injected mice, A/N was elevated in transduced cells relative to non-transduced cells. 
There was no difference in A/N between transduced and non-transduced cells in the AAV-eGFP 
group. Thus, the ASIC1A-dependent increase in A/N is cell autonomous and NAc specific. 
Together, these studies help discern when and where the interaction between cocaine and 



ASIC1A disruption takes place, and set the stage for further investigation into the cellular 
mechanisms for the interaction. 
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Abstract: Studies assessing addiction-like behaviors in rats using the Intermittent Access (IntA) 
cocaine self-administration procedure have produced findings suggesting that the temporal 
pattern of cocaine consumption (in the case of IntA, characterized by intermittent spiking of 
brain cocaine concentrations) is a critical factor for addiction-like behavior. This pattern of 
intermittency is suggested to more closely resemble the temporal pattern of cocaine consumption 
in humans suffering from addiction and thus can serve as an asset in animal models of addiction-
like behavior. To this point, studies using the IntA procedure have involved male rats, 
exclusively. However, work in humans and in animals- using the traditional “Long Access” 
(LgA) model, has suggested that females may be more susceptible to develop addiction-like 
behavior. For example, female rats are more likely to acquire self-administration and do so more 
rapidly than males, and escalate their cocaine intake to a greater degree than male rats. In 
humans, females more rapidly progress from casual cocaine use to cocaine addiction, suggesting 
some sex difference that predisposes them to suffer from addiction. Previous work has shown 
that IntA cocaine experience produces robust incentive-sensitization in male rats, but it is not 
known if this occurs in female rats. In this study, we directly compared the effects of IntA self-
administration on the motivation to self-administer cocaine in male and female rats measured 
using behavioral economic metrics. Our results reinforce previous findings regarding addiction-
like behavior in males, as males exhibited an escalation in drug consumption, as well as an 
increase in motivation to self-administer cocaine over the course of the 30 day IntA procedure. In 
female rats, we observed an even greater escalation in drug consumption as well as stronger 



motivation to consume cocaine throughout IntA experience. Finally, a 14-day abstinence period 
led to greater incentive-sensitization in female rats than male rats. 
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Abstract: The most predictable outcome of a first diagnosis of addiction is a high chance for 
relapse. When addicts encounter cues previously associated with drug administration, their 
attention is unduly attracted to such cues, and these cues can evoke motivational states that 
instigate and maintain drug-seeking behavior. There is, however, considerable variation in the 
motivational properties of such cues, both as a function of the individual and the nature of the 
cue. Some individuals (sign-trackers, STs) are especially susceptible to cues paired with reward 
delivery, perhaps because they are prone to process information via dopamine-dependent, cue-
driven, incentive salience systems. Other individuals (goal-trackers, GTs) are better able to 
incorporate higher-order contextual information, perhaps because they have better 
executive/attentional control over behavior, which requires frontal cortical cholinergic activity. 
We hypothesized, therefore, that a cue that ‘sets the occasion’ for drug-taking (a discriminative 
stimulus, DS), which shares properties of contextual stimuli, would renew cocaine-seeking more 
readily in GTs than STs, and that this would require intact cholinergic neurotransmission. To this 
end, STs and GTs were trained to self-administer cocaine using an Intermittent Access schedule 
with periods of cocaine availability and unavailability signaled by a DS+ and a DS-, respectively. 
After this, half the rats received an immunotoxic lesion that destroyed ~50% of basal forebrain 
cholinergic neurons, and later, after extinction training, tested for the ability of non-contingent 
presentations of the DS+ to renew cocaine-seeking behavior. The DS+ was much more effective 
in renewing cocaine-seeking in GTs than STs, and this effect was abolished by the cholinergic 
lesion, despite the fact that all rats continued to orient to the DS+. While STs were previously 
demonstrated to exhibit greater relapse vulnerability for localizable Pavlovian drug cues, here we 



demonstrate that their counterparts, the GTs, are more vulnerable if drug cues act to signal drug 
availability, and that the basal forebrain cholinergic system mediates such vulnerability. We 
conclude that vulnerability to relapse depends on individual cognitive-motivational biases that 
interact with the form of the drug cue encountered. Given the importance of contextual cues for 
triggering relapse and the human cognitive-cholinergic capacity for the processing of such cues, 
GTs model essential aspects of relapse vulnerability. 
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Abstract: Pavlovian reward cues are known to have greater motivating properties, or acquire 
greater incentive salience, in some animals (sign trackers; STs) compared to others (goal 
trackers; GTs). Conversely, GTs have a greater capacity for the processing of more complex 
contextual cues, reflecting their relatively superior bias for goal-directed cue processing. 
Prefrontal circuitry is essential for the processing of cues, including for influencing the 
motivational-attentional processes that determine the efficacy with which cues exert control over 
behavior. Here we investigated the activity of two major prefrontal neuromodulatory input 
systems, dopamine (DA) and acetylcholine (ACh), in response to a Pavlovian cue that was 
previously paired with cocaine administration in STs and GTs. Rats underwent 15 days/sessions 
of training in which each session consisted of 9 light-cue presentations that were either paired or 
explicitly unpaired with an intravenous cocaine infusion (0.4 mg/kg/infusion). Consistent with 
previous findings using similar training conditions, STs and GTs exhibited similar rates of 
orienting toward the paired cue. Following a 10-day abstinence period, prefrontal, 4-min 
dialysates were collected in STs and GTs during Pavlovian cue presentations in the absence of 
cocaine. We used benzoyl chloride derivatization (Song et al., 2011) and HPLC-mass 
spectrometry to simultaneously measure several neurotransmitters and metabolites from these 



collections. In STs, the previously paired cocaine cue significantly increased prefrontal DA 
levels. DA levels remained elevated over baseline across multiple cue presentation blocks. ACh 
levels remained unaffected. In contrast, in GTs, presentations of the cocaine cue did not affect 
DA levels but increased prefrontal ACh levels. In STs, elevated DA levels coincided with the 
propensity of these rats to approach the previously paired cue. GTs did not exhibit such cue 
approach behavior and thus elevated ACh levels did not correlate with these rats’ behavior 
during cue presentation. These results suggest that, in STs, dopaminergic modulation of 
prefrontal circuitry contributes to the expression of the motivational state evoked by the drug 
cue. In contrast, in GTs, cholinergic modulation of prefrontal circuitry mediates a “colder”, or 
more cognitive, analysis of the stimulus and extinction context, not yielding cue-directed 
behavior. The attraction of STs to, and the neutrality of GTs toward, a Pavlovian cocaine cue is 
mediated via dopaminergic versus cholinergic modulation of prefrontal circuitry. 
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Abstract: Environmental complexity produces an array of neurobehavioral effects in preclinical 
models, including altering responsivity to novel and reward-related stimuli. Studies in outbred rat 
strains have indicated that environmental complexity may reduce addiction-like behaviors. 
However, there is limited research addressing the interaction between genetic variability and the 
environment on responsivity to rewards and their cues. To address this, we used a genetically 
heterogeneous stock (HS) rats to assess the effects of environmental complexity on response to a 
food cue using Pavlovian conditioned approach (PavCA) and conditioned reinforcement (CRf), 
and response to cocaine in conditioned “cue” preference (CCP). Male HS rats (30-40 days 



postnatal) were reared in pairs in a standard housed cage (SH; n=100) or in groups of 16 in an 
environmentally complex cage (EC; n=32) throughout testing. EC housing consisted of a multi-
level cage filled with pet toys. Subjects were first tested in PavCA, a task used to assess the 
attribution of incentive salience to a food cue. Subjects learned to associate a lever cue with the 
delivery of a food pellet into a food cup. We measured approach to the lever (“sign-tracking”) 
and the food cup (“goal-tracking”) over five sessions (25 lever-pellet trials per session). Rats 
were then tested in CCP, during which a tactile floor (grid or hole) was paired with cocaine (10 
mg/kg, i.p.) and the opposite floor was paired with saline. After eight conditioning trials rats 
were tested for their floor preference. Data analysis of PavCA behavior revealed a main effect of 
housing type on goal-tracking, with EC rats displaying more food cup entries (p < .001). 
Additionally, EC rats sign-tracked more than SH rats, indicating an increased tendency to 
attribute incentive salience to the food cue (p < .001). During a conditioned reinforcement test, in 
which rats could snout-poke into an active port to gain lever access, EC rats produced 
significantly more active pokes and subsequent lever presses (p < .001). During CCP trials, EC 
rats had lower levels of injection-induced locomotion (p < .05). However, both groups showed 
similar preference for the cocaine-paired floor and conditioned locomotion. 
These studies indicate a robust effect of environmental complexity on reward learning and 
locomotor sensitivity, but not to Pavlovian drug learning. This suggests that environmental 
complexity facilitates incentive salience attribution to food but not drug cues. Yet, others have 
observed contrasting effects of environmental complexity; this may be due to factors including 
the genetic background of the HS rats and the specificities of the housing conditions. 
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Abstract: Most laboratories use standard shoebox housing for behavioral studies, despite 
evidence that complex or enriched environments can profoundly change behavior. We sought to 
compare the effects of different housing conditions on behavioral measures of novelty seeking, 
impulsivity and effort. Five-hundred male heterogeneous stock (HS) rats in social housing with 
standard plastic cages, and sixty-four male HS rats housed in a complex environment were tested 
on locomotor, light reinforcement and reaction time procedures, to measure individual 
differences in novelty seeking, impulsivity and sustained effortful attention, respectively. 
In the locomotor behavior task, fine movements, total distance, and rearing are used to quantify 
exploration in a novel environment. Standard rats had higher and more variable activity, 
distance, and rearing scores than the complex housed rats. Complex housed rats habituated more 
rapidly on all measures, suggesting they were hypoactive with an ability to distinguish an 
irrelevant novel sensory stimulus. 
Using a light reinforcement paradigm, we have previously shown, on average, HS rats 
demonstrate an initial increase in responding to a novel light stimulus followed by monotonic 
decrease in responding as the reinforcing effects of the novelty habituate. The rate of habituation 
for the complex housed rats was more rapid than the standard housed rats. Additionally, some 
standard housed rats show a sensitization pattern, rather than habituation, while this phenomenon 
is absent in the complex housed rats. 
The number of trials completed in the reaction time task is the primary measure of sustained 
attention. Standard housed rats were less able to sustain attention than complex housed rats, 
completing fewer trials throughout the 18-minute test session. Premature responding is 
considered a measure of motor impulsivity and represents a failure of inhibitory control. 
Premature responding may be analogous to false alarms in human vigilance tasks. Using this 
measure, standard housed rats were more impulsive, completing more false alarms per 
opportunity, than complex housed rats. 
Together, these results indicate that the large behavioral differences reflect environmental 
influences in which genes are differentially expressed as a function of their housing environment. 
Furthermore, these large effects of housing on behavior in rats may question traditional standard 
housing conditions and support transitioning towards complex environments to optimize 
translational validity. Future studies will explore whether genetic effects of these tasks interact 
linearly or epistatically with differences in housing conditions. 
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Abstract: An increasing number of reports have provided crucial evidence that epigenetic 
modifications, such as DNA methylation, may be involved in initiating and establishing 
psychostimulant-induced stable changes at the cellular level by coordinating the expression of 
gene networks, which then manifests as long-term behavioral changes. Recent discoveries 
suggest that ten-eleven translocation enzymes (TET1-3) participate in the DNA demethylation 
process and might also play a role in cocaine action. However, to date there are no studies that 
have focused on the complex role of both DNA methylation and demethylation in the 
mechanisms of psychostimulant-induced addiction. Our aim of this study was to investigate the 
effect of non-specific DNMT inhibitor (RG108) and selective Dnmt3a inhibition (AAV-Dnmt3a 
shRNA) on the expression of cocaine-induced behavioral sensitization in mice. Using the 
behavioral sensitization model, we evaluated the effect of cocaine withdrawal on the expression 
and activity levels of Dnmt1, Dnmt3a, Dnmt3b and Tet1-3 in the nucleus accumbens (NAc) of 
male C57BL/6NTac mice. We also assessed the specificity of these alterations in the NAc with 
changes in peripheral blood cells. Our qPCR data showed that cocaine withdrawal upregulates 
mRNA levels of DNA methyltransferases (Dnmts) and downregulates mRNA levels of Tets in 
the nucleus accumbens (NAc) of mice and that these changes correlate tightly with Dnmts and 
Tets mRNA levels in peripheral blood cells. Our data show that cocaine withdrawal increases 
DNMT activity but decreases TET activity in the NAc and that these changes are associated with 
enhanced global DNA methylation levels. In addition, bilateral intra-NAc injection of a non-
specific inhibitor of DNMT (RG108) during withdrawal from cocaine decreases DNMT activity 
levels in the NAc and diminishes the expression of cocaine-induced behavioral sensitization. In 
contrast, long-term selective Dnmt3a silencing in the NAc did not affect DNMT activity levels 
or the expression of cocaine-induced behavioral sensitization. These data indicate that cocaine 
withdrawal may disturb the equilibrium between DNA methylation and demethylation processes 
in the NAc and cause global changes in DNA methylation. 
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Abstract: PKMζ is a constitutively active form of protein kinase C, once believed to be critical 
for the maintenance of memory. However, PKMζ knockout (KO) mice show no impairments in 
multiple forms memory or long term potentiation. Although very few behavioral phenotypes 
have been found in PKMζ KO mice, they do exhibit increased alcohol drinking. This suggests 
that this protein may play a role in addictive behavior. The current study examined the effect of 
constitutive PKMζ KO on food and cocaine self-administration and cocaine reinstatement. We 
found that the PKMζ KO mice exhibited increased food and cocaine self-administration as well 
as increased cocaine seeking during cue-induced reinstatement. This enhanced cocaine seeking 
could not be attributed to an increase in cocaine-induced locomotor activity or an increased 
preference for novelty. We next examined whether these effects were due to the actions of PKMζ 
in the nucleus accumbens utilizing floxed PKMζ KO mice. When PKMζ was knocked down 
specifically in the nucleus accumbens, we did not see any effects on food self administration. 
Further, we saw an increase in cocaine self-administration and reinstatement that was only 
present in the male mice. Ongoing experiments are examining the role of circulating hormones in 
the sex-specificity of the effect of accumbal PKMζ KO. Furthermore, as the constitutive PKMζ 
KO female mice show enhanced cocaine seeking and the accumbens specific PKMζ KO females 
do not; additional studies are underway to determine what brain regions are responsible for the 
effect seen in the constitutive KO females. Together these data suggest that PKMζ plays a role in 
inhibiting cocaine consumption and seeking. A better understanding of the role of PKMζ in 
addiction could one day lead to novel therapeutic options for people struggling with cocaine 
addiction. 
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Abstract: Disrupted glutamatergic signaling is a component in the development and 
maintenance of addiction. The glutamatergic pathway from the prefrontal cortex (PFC) to the 
nucleus accumbens plays a critical role in extinction and reinstatement of drug-seeking. The 
majority of studies examining the trafficking of glutamate receptors have focused on the 
prefrontal inputs to the nucleus accumbens, rather than changes in the PFC itself. The goal of this 
work was to examine how disrupted AMPA receptor trafficking in the PFC affects addiction-like 
behavior. To do this, we utilized mice with an inducible (floxed) deletion of glutamate receptor 
interacting protein, GRIP, a scaffolding protein necessary for the synaptic localization an 
aggregation of AMPA receptors. Six weeks prior to any behavioral testing, mice received 
intracranial viral injections of either Cre recombinase or GFP into the medial prefrontal cortex. 
Following viral expression and knockdown, all mice were trained on a self-administration 
procedure. Briefly, mice were taught to perform an operant response to receive sucrose pellets. 
They next underwent an intravenous catheterization surgery, and after recovery, were allowed to 
perform the acquired operant response for an infusion of cocaine. We next used a progressive 
ratio schedule to measure motivation to work for the drug, before the mice entered a period of 
forced abstinence and the behavior was extinguished. Finally, mice experienced a cue 
reinstatement trial. Following prefrontal GRIP knockdown, mice exhibited higher breakpoints on 
a progressive ratio schedule, suggesting that impaired AMPA receptor trafficking in the mPFC 
increases motivation for drug-seeking behavior. Additionally, prefrontal GRIP KO mice 
exhibited greater rates of cue-induced reinstatement, indicating that impaired PFC AMPA 
receptor trafficking increases vulnerability to relapse. Future work aims to examine how 
disrupting AMPA receptor trafficking in the mPFC affects accumbal physiology. These findings 
could lead to an improved understanding of the biological alterations associated with addiction 
and relapse. 
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Abstract: Recreational stimulant (amphetamine and cocaine) use is a growing concern among 
young adults, with 16% of individuals who experiment eventually developing stimulant 
dependence. Despite the importance of understanding how to predict which recreational users 
will become problem users, little is known about the behavioral or neural indices that can 
forecast the trajectory of occasional to problematic stimulant use. The present longitudinal study 
utilized follow-up data from a sample of 110 occasional stimulant users (OSU) three years after 
baseline functional magnetic resonance imaging (fMRI) and clinical interview sessions were 
obtained. Baseline fMRI recording during a Risky Gains Task (RGT) was analyzed to determine 
if preexisting neural activation patterns differentiated individuals who became problem stimulant 
users (PSU) from those who desisted stimulant use (DSU). The RGT was assessed from two 
distinct perspectives: (1) decision phase analyses evaluated neural and behavioral differences 
when individuals made a “risky” versus “safe” decision; and (2) outcome phase analyses 
assessed differences in response to wins versus losses on “risky” trials. For each voxel, a linear 
mixed effects (LME) analysis was computed to identify significant regions of percent signal 
change between PSU and DSU and voxelwise clusters were extracted, correcting for familywise 
error. Results indicate that compared to DSU, PSU exhibited lower activation in frontal 
executive control, sensory, and emotional processing regions during decision making as well as 
greater sensitivity to risky rewards and reduced sensitivity to losses. Findings suggest that PSU 
and DSU can be differentiated by neural biomarkers in several regions of the brain critical for 
decision making. 
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Abstract: The ability to identify individual predisposition to drug abuse is important for long 
term prevention of drug addiction. A particularly troubling component of addiction is subsequent 
relapse to drugs after a period of abstinence. Studies have shown the vast majority of the 
addicted population is susceptible to relapse triggered by drug-associated cues. During such 
episodes, ‘drug-craving’ can be induced by drug-associated cues which can re-invigorate drug-
associations in motivational brain regions such as the nucleus accumbens (Nac). Thus, 
identifying predispositions to cue reactivity is important for the long term prevention of relapse 
in drug addiction. Differences in cue reactivity have been explored using an autoshaping test 
which identifies two distinctive behavioral phenotypes; Sign-trackers (ST) and Goal-trackers 
(GT). This phenomenon is thought to involve incentive salience, where the “self-rewarding” cue 
becomes associated with a future reward. Historically, GT animals have been largely ignored in 
drug addiction modeling and have been overshadowed by a common focus on their ST 
counterparts. Our study questioned whether individual differences in STGT phenotype would 
predict differences in drug seeking behavior and Nac firing during a 14-day cocaine self-
administration (SA) paradigm. Male and female Long Evans rats identified as ST, GT, or 
‘Middle’ received 14 days’ training (6 hours/day) in a tone discrimination paradigm where 
cocaine availability was contingent on a nose poke response during a 30 sec tone SD. Single unit 
Nac responses to the SD were compared between groups (core/shell, M/F, ST/GT), at different 
times (early SA sessions v late SA sessions), and during different behavioral events (hit and 
missed cocaine opportunities). Finally, Ultrasonic Vocalizations (USVs) were recorded to assess 
affective state with respect to individual baseline USV emission (prior to day 1 of SA). Results 
may identify a new model for studying individual differences in vulnerability to drug abuse and 
advance our understanding of cocaine cue-evoked Nac firing patterns that may contribute to 
relapse. 
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Abstract: Repeated cycles of abstinence and relapse are a signature of cocaine use disorder. The 
nucleus accumbens (NAc) is fundamentally implicated in relapse to cocaine. We previously 
demonstrated that deep brain stimulation (DBS) of the NAc shell suppressed reinstatement of 
cocaine-seeking in rats; however, the mechanisms of DBS which underlie this effect are not 
well-understood. For example, DBS affects the activity of all cell-types within the targeted 
region, but it is unclear whether the impact of DBS on specific populations of neurons drive the 
attenuation of cocaine-seeking. Optogenetic techniques facilitate manipulation of specific cell 
types and neural pathways in a temporally-precise manner. Additionally, recently-developed 
transgenic rat lines which express Cre-recombinase in selective populations of neurons permit 
investigation into the effect of selectively activating or inhibiting neuronal subtypes on complex 
behaviors, including rat cocaine self-administration and extinction/reinstatement. Combining an 
optogenetic approach with transgenic rat lines provides an opportunity to investigate the 
mechanisms underlying the effect of DBS to suppress reinstatement of cocaine-seeking. This 
study first validated and characterized the use of optogenetic tools in wild type and transgenic rat 
lines expressing Cre-recombinase in subtypes of neurons. Ubiquitously-expressed or Cre-
dependent adeno-associated viral vectors expressing channelrhodopsin and eYFP were injected 
into the NAc shell or afferent regions to assess inputs and outputs of the NAc shell. 
Immunofluorescence was used to indicate viral expression and co-localization with subtype-
specific markers. Firing properties of eYFP-positive neurons were recorded during 473nm laser 
stimulation at varied output intensities, pulse widths, and frequencies. Behavioral analyses are 
ongoing. This study is an initial step toward our goal of using optogenetics within specific 
pathways and neuronal subtypes to elucidate the mechanisms of DBS which attenuate 
reinstatement of cocaine-seeking. 
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Abstract: Brain Derived Neurotrophic Factor (BDNF) plays a central role in neuronal 
development, neuroplasticity, and learning and memory. As growing evidence indicates that 
altered epigenetic regulation of the BDNF gene may contribute to the pathophysiology of 
multiple brain disorders, epigenetic-based therapies have recently emerged as an attractive 
approach to modulate BDNF expression. For example, previous studies have shown that histone 
deacetylase (HDAC) inhibition increases Bdnf expression and enhances learning and memory in 
rodents. However, the underlying mechanisms by which HDAC inhibition (HDACi) increases 
Bdnf expression remain unclear. Previously, we found that inhibition of histone acetyl-lysine 
readers (BET bromodomains) reduces Bdnf mRNA and protein expression and reward-related 
learning. Because HDAC inhibition increases histone acetylation at the Bdnf promoter and 
because BET proteins are readers of histone acetylation, we hypothesized that HDACi-induced 
increases in Bdnf are mediated, in part, by BET proteins. In in vitro and in vivo studies, we 
found that the Class I/IIb HDAC inhibitor, SAHA, and HDAC3-specific inhibitor, RGFP966, 
increased Bdnf expression. Further, this HDACi-induced elevation of Bdnf expression was 
blocked in a dose- and time-dependent manner by the BET inhibitor JQ1. In additional siRNA-
mediated knockdown studies, we found that the increased Bdnf expression by HDAC2 and 
HDAC3 knockdown was blocked by knockdown of the BET protein BRD4. Behaviorally, JQ1 
blocked the enhanced learning induced by RGFP966 in novel object recognition and cocaine 
conditioned place preference tests. Ongoing chromatin and electrophysiological studies will 
further uncover the interaction between HDACs and BETs in the regulation of Bdnf and 
neuroplasticity. Together, these studies reveal that BET proteins mediate HDACi-induced 
increase in Bdnf expression and learning and memory. 

Disclosures:  G.C. Sartor: None. A.M. Malvezzi: None. H.J. Wiedner: None. J.M. 
Wasserman: None. C.R. Wahlestedt: None. 

Poster 

333. Cocaine and Neurotransmission 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 333.08/SS39 

Topic: G.08. Drugs of Abuse and Addiction 



Support: NIDA Grant DA023203 

 the University of Texas Southwestern Center for Translational Medicine  
 UL1TR000451 

 the Dallas Foundation 

 UTDallas Startup Grant 

Title: Multiple system dysfunction in addiction: Evidence from model-based fMRI 

Authors: *J.-C. YU1, V. G. FIORE2, J. S. SPENCE2, R. W. BRIGGS3, J. BRAUD4, B. 
ADINOFF4,5, X. GU1 
1Cognition and neuroscience, 2Sch. of Behavior and Brain Sci., Univ. of Texas At Dallas, 
Richardson, TX; 3Dept. of Aging and Geriatric Res., Univ. of Florida, Gainesville, FL; 4Dept. of 
Psychiatry, Univ. of Texas Southwestern Med. Ctr., Dallas, TX; 5VA North Texas Hlth. Care 
Syst., Dallas, TX 

Abstract: Existing models of addiction describe it as a shift from goal-oriented substance-
seeking to reactive and habitual drug-taking. Under this framework, once addiction is formed, 
activity of the dorso-lateral sensorimotor cortico-striatal circuit (putamen, sensorimotor cortex) 
overrides activity of the ventral goal-selection cortico-striatal circuit (nucleus accumbens and 
ventromedial prefrontal cortex). However, this theory does not account for several important 
findings such as the altered behavioral and neural responses to non-drug-related rewards; and the 
abnormal neural activities in the ventral cortico-striatal circuit. In this research, we propose that 
substance-induced reinforcements alter circuit gain and neural dynamics in multiple cortico-
striatal circuits concurrently. We test the hypothesis with a probabilistic reward-learning fMRI 
study where 41 individuals with cocaine use disorders (CUD) and 18 healthy controls performed 
a task involving non-drug rewards. Our fMRI results demonstrate that cocaine addiction is 
associated with altered responses, such as enhanced activation and prolonged activity in multiple 
cortico-striatal circuits. Specifically, CUD participants show increased activation in nucleus 
accumbens and medial prefrontal cortex (ventral goal-oriented circuit) in association with reward 
values during the onsets of outcomes. In addition, CUD participants showed an increased 
activation in caudate (dorso-medial associative circuit) which associated to loss values during the 
onsets of outcomes. Furthermore, as opposed to the decreasing putamen activity (dorso-lateral 
habitual circuit) after action selection in healthy controls, the same activity in CUD individuals is 
maintained for a prolonged time.These findings suggest that in addicted individuals, abnormal 
neural activities can be observed in multiple cortico-striatal circuits, supporting the hypothesis 
that addiction is characterized by aberrant circuit gain and impaired information processing in 
multiple systems. Moreover, with non-drug related cues and rewards involved, the results also 
allow us to generalize this hypothesis to non-drug-related circumstances. This may explain why 
patients can fall back to relapse so easily even when they are not exposed to the addicted drug. 
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Abstract: The resident bacteria of the gastrointestinal tract, collectively dubbed the gut 
microbiome, have been shown to have profound effects on both brain and behavior. To date, the 
majority of research into the effects of the gut microbiome in neuropsychiatric pathology has 
focused on affective and neurodegenerative disorders. However, we recently demonstrated that 
altering the gut microbiome has a marked effect on the behavioral and neurobiological responses 
to cocaine. Animals with depleted gut flora exhibited increased locomotor sensitization and a 
lower threshold for conditioned place preference for cocaine. Additionally, these mice had 
altered regulation of the genes encoding brain-derived neurotrophic factor, the D1 dopamine 
receptor, and other important regulators of behavioral response to cocaine. Here, we utilized a 
cocaine self-administration paradigm and behavioral economics modeling to assess how shifts in 
the gut microbiome directly affect motivation to seek and take cocaine. As previously published, 
we depleted the gut microbiome of rats with a cocktail of broad-spectrum non-absorbable 
antibiotics via their drinking water for two weeks. These animals were then trained to self-
administer cocaine on a fixed-ratio 1 schedule until they were stably administering for five days. 
Self-administration acquisition rates did not differ between groups. Animals were then assessed 
using a behavioral economics threshold task, a within-session method used to assess an animal’s 
motivation to self-administer a reinforcer in the face of increasing cost. Microbiome-depleted 
rats were insensitive to increases in cost (as measured by effort required) for each milligram of 
cocaine. This insensitivity to increasing drug cost is analogous to insensitivity to cost seen in 
human drug abusers. When cue and drug were removed, microbiome-depleted rats exhibited 



more rapid extinction of lever pressing for cocaine. However, after allowing for an incubation 
period after completion of extinction, we find that microbiome-depleted rats exhibited enhanced 
reinstatement for both cue and cocaine stimuli. Taken together, these findings suggest that 
changes in the gut microbiome can alter motivation to seek drug, and affect how animals update 
reward contingencies in a complex manner. Molecular studies are currently underway to 
determine how underlying changes in gene expression and epigenetic regulation lead to this 
altered behavioral phenotype. 
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Abstract: There is growing evidence implicating dysregulation of the immune system in the 
pathophysiology of multiple psychiatric disorders. While cocaine is known to affect immune 
system function, mechanistic links between altered immune function and pathological substance 
use behaviors remain poorly understood. To better characterize the effect of cocaine on innate 
immune function, we performed serum profiling of 32 cytokines, chemokines and growth factors 
after cocaine treatment. This assay identified multiple innate immune mediators that are 
regulated by chronic self- or experimenter-administered cocaine in mice. However, only 
granulocyte colony stimulating factor (G-CSF) was both increased by cocaine exposure and also 
positively correlated with the extent of both locomotor sensitization and levels of cocaine self-



administration. To interrogate the effect of G-CSF on cocaine-induced neuronal activation, we 
assayed induction of the immediate early gene c-Fos following an acute treatment with systemic 
G-CSF and/or cocaine in multiple brain regions involved in reward processing. G-CSF 
potentiated the cocaine-induced increase in neuronal activation specifically in the nucleus 
accumbens (NAc) and medial prefrontal cortex, while having no effect on its own. To assess 
effects of G-CSF on cocaine-induced behavioral adaptations, animals were pre-treated with 
systemic injections of G-CSF during locomotor sensitization and conditioned place preference 
(CPP) paradigms. G-CSF-treated animals exhibited significantly enhanced locomotor 
sensitization to 7.5mg/kg of cocaine. Similarly, treatment with systemic G-CSF during place 
conditioning enhanced the formation of cocaine CPP at lower doses (3.75 & 7.5mg/kg). 
Conversely, we were able to block the formation of CPP at 7.5mg/kg by infusing a G-CSF 
neutralizing antibody into the NAc. To better understand how G-CSF alters the motivational 
properties of cocaine, we utilized a behavioral economics threshold procedure in rats self-
administering cocaine. G-CSF-treated animals were less sensitive to gradual increases in cocaine 
cost, a measure that is indicative of increased motivation to self-administer cocaine. G-CSF 
treatment also increased total drug intake in both the threshold task and during FR1 self-
administration. Taken together, these experiments define a mechanistic and causal role for G-
CSF in both the neuronal and behavioral responses to cocaine. Additionally, we posit that G-CSF 
is a putative target for development of pharmacotherapeutics to improve treatment outcomes in 
cocaine-addicted individuals. 
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Abstract: A key feature of human and animal behavior is to learn from environmental stimuli to 
efficiently adapt. The ability to learn about a new environment and to minimize contact with 
aversive experience is a hallmark of adaptive behavior and recent studies have demonstrated a 
key role of the ventral tegmental area (VTA) dopamine neurons in this process. Moreover, a 
critical role in the integration of relevant contextual information is played by the hippocampus, 
which controls the activity of dopamine neurons in VTA. It is generally recognized that the 
mesolimbic dopamine pathway originating in the VTA have an important role in the 
development of addiction. We have recently reported that the ventral subiculum of hippocampus 
(vSUB) regulate VTA dopamine neurons activity through the Bed nucleus of stria terminalis 
(BNST), and the potentiation of vSUB-BNST-VTA pathway increase locomotor activity induced 
by a sub-threshold dose of cocaine given in a novel context. Here we investigate how novelty 
induced by a switch of context trigger changes in electrophysiological properties of VTA 
dopamine neurons and the role of novel environment to trigger cocaine-evoked plasticity in 
dopamine neurons. We combined computational and in vitro/in vivo electrophysiological 
approaches to uncover the early cellular targets of cocaine in the mesolimbic dopamine system 
and the consequent adaptations at the circuit and behavioral level. Considering the tight links 
between stress, arousal and change in social interactions during the exploration of a novel 
environment, we explore the role of these individual components on cocaine-evoked 
modifications on integration properties of VTA dopamine neurons. We found that the novelty 
exposure is necessary for cocaine-induced effects on VTA dopaminergic neurons activity, and 
that this effect is due to the exploration of a novel environment and is not supported by a stress-
effect during novelty exposure. Our study reveals a neuronal circuit encoding behavioural effects 
of cocaine in rats and the key role of hippocampus to the cocaine-induced effects on VTA 
dopamine neurons during exposition in a new context. 
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Title: "I must avert my eyes": Cocaine patients with a heightened brain response to 33 msec 
subliminal cocaine cues are more likely to "look away" from cocaine cues in an attentional bias 
task 

Authors: *A. R. CHILDRESS1, K. JAGANNATHAN1, P. REGIER1, J. J. SUH1, R. 
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Abstract: Aims: A cardinal feature of addiction is the afflicted individual’s profound 
ambivalence toward the abused drug. Even after experiencing repeated negative (even life-
threatening) consequences of drug pursuit, addicted individuals still experience the strong 
incentive motivational “pull” of drug reminder cues. This “pull” is reflected both in the high 
rates of relapse and in the triggering of the brain’s motivational circuitry by drug reward cues. 
Using a behavioral task of attention to cocaine (vs. neutral) cues, we tested whether cocaine 
patients with a greater brain response to cocaine cues would pay greater attention to the drug 
cues, reflecting the positive attentional “pull” of the cues - or whether they might actually pay 
less attention to the cocaine cues (“look away”), reflecting ambivalence for the drug. 
Methods: In a "fast" event-related BOLD fMRI paradigm, treatment-seeking cocaine inpatients 
(n=27, ongoing) were exposed to cocaine-related (and comparison) cues of 33 msec duration in a 
backward-masking paradigm; 48 images of each cue type were presented in quasi-random order. 
Image preprocessing was conducted within a standard SPM 8 pipeline, with pre-planned 
contrasts (e.g., drug-neutral; first half of task). Subsequent performance (RTneutral - RTcocaine) in a 
classic “dot-probe” attentional bias task was used to measure differential attention, toward or 
away, from cocaine (vs. neutral) cues. The mean attentional bias score was used as a regressor 
(covariate of interest) in the drug-neutral contrast. Statistical parametric maps were thresholded 
(2<t<5) for display. 
Results: Strikingly, the brain correlation maps revealed a robust and widespread inverse 
correlation between the brain response to 33 msec subliminal cocaine cues and the attentional 
bias scores to cocaine cues. The inversely correlated brain regions included multiple nodes of 
both the subcortical motivational circuitry (caudate, putamen, insula, midbrain tegmentum, 
medial orbitofrontal cortex) and cortical modulatory regions (inferior frontal gryus, anterior 
cingulate, dorsolateral prefrontal cortex) regions, as well as the cerebellum. 
Conclusions: Intriguingly, cocaine patients with the strongest brain response to the 33 msec cues 
were actually more likely to “look away” from the cocaine cues in the attentional bias task. The 
“I must avert my eyes” response has been observed in clinical disorders where the tested 
stimulus contains elements of fear and threat (e.g., phobia). Whether the ‘look away’ response 
simply reflects a heightened cue sensitivity - thus a greater risk of relapse -- or a potential coping 
response, will be tested directly in future outcome analyses. 
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Abstract: Repeated cycles of abstinence and relapse are a defining feature of cocaine use 
disorder, and there are currently no FDA-approved pharmacotherapies to prevent relapse to 
cocaine. Several factors can provoke relapse, including a sensitivity to cocaine-related cues, re-
exposure to cocaine, and stressful life events. Previous studies have demonstrated a role for the 
cannabinoid type 1 (CB1) receptor in the reinstatement of cocaine-seeking in rodent models. 
Systemic administration of CB1 receptor antagonists attenuated reinstatement of cocaine-seeking 
elicited by cocaine priming injections as well as cocaine-associated cues. Administration of the 
CB1 receptor antagonist AM251 (10 ug/ul) directly into the nucleus accumbens suppressed 
cocaine-primed reinstatement (Xi et al., 2006). However, the effect of intra-nucleus accumbens 
administration of AM251 on reinstatement evoked by other stimuli, including cocaine-associated 
cues, has not been examined. We tested the hypothesis that an intra-nucleus accumbens shell 
infusion of AM251 would attenuate both cocaine-induced and cue-induced reinstatement of 
cocaine-seeking behavior. Rats were trained to lever press for cocaine (0.254 mg/infusion) for 21 
days on an FR1-5 schedule. Responding on the active lever resulted in an infusion of cocaine 
paired with activation of a cue light above the lever; inactive lever presses had no consequences. 
Rats then underwent extinction training where responses on the active lever produced infusions 
of saline but no light cues were delivered. Cocaine-seeking behavior was reinstated by non-
contingent injection of cocaine (10 mg/kg, i.p.) or delivery of the cocaine-paired light cue in 
separate groups of rats. Fifteen minutes before each cocaine-primed reinstatement session, rats 
were pretreated with an intra-nucleus accumbens shell infusion (1 ul/side) of vehicle (25% 
hydroxypropyl-β-cyclodextrin), 5 μg/μL of AM251, or 10 μg/μL of AM251 in a within-subjects 
design; rats evaluated for cue-primed reinstatement received only vehicle and the 10 μg/μL dose 
of AM251 in a within-subjects design. Preliminary data suggest that 10 μg/μL of AM251 
attenuates cocaine- and cue-primed reinstatement of cocaine-seeking; additional experiments are 



ongoing. These data suggest CB1 receptors in the nucleus accumbens shell may be involved in 
both cocaine-primed and cue-induced reinstatement. Our results replicate and extend prior 
findings which support the notion that CB1 receptor antagonists may be a potential 
pharmacotherapeutic for cocaine craving and relapse. 
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Abstract: Cocaine addiction is characterized by a high rate of relapse in response to cocaine-
associated cues or contexts despite interventions such as behavioral therapy. Such persistent 
drug-seeking behavior results in part from established drug-associated contextual memories that 
are often resistant to extinction learning. Similar to other forms of experience-dependent 
learning, extinction learning has been proposed to utilize calcium-dependent signaling pathways. 
We have evidence that extinction of cocaine conditioned place preference (CPP), a commonly 
employed contextual behavioral model in addiction research, requires Cav1.2 within the dorsal 
hippocampus. In addition, using molecular studies with mice expressing cell-type specific 
knockout of Cav1.2, we have found that changes in synaptic proteins associated with extinction 
behavior are also dependent on Cav1.2 channels in dopamine D1 receptor (D1R)-expressing 
cells. Region-specific studies are investigating whether activity within D1R cells of the 
hippocampus are required for extinction of cocaine CPP. Activation of D1Rs initiate several 
signaling cascades, including PKA via interactions with AKAP150, molecules that we find are 
increased following extinction of cocaine CPP. In addition, PKA and AKAP appear to also 
regulate the effects of Cav1.2 channel activity, both at the synapse and via changes in gene 
expression within the nucleus. Ongoing studies are investigating specific Cav1.2-dependent 
changes in gene expression within D1R-expressing cells of the dorsal hippocampus following 



extinction of cocaine CPP. These studies aim to identify the role of Cav1.2 in mediating 
extinction of cocaine-related behaviors. 
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Title: Cav1.2 channels underlie stress-induced relapse of cocaine-seeking 
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Abstract: Cocaine addiction is a large public health concern, and while current treatment 
methods help reduce drug-taking, they are largely ineffective at preventing relapse. Current 
evidence supports the diathesis-stress model of substance abuse, which postulates that genetic 
predisposition alters the response to environmental factors, such as exposure to stressful life 
events, in order to increase risk for substance abuse and relapse. The gene CACNA1C, which 
codes for the L-type voltage-gated Ca2+ channel Cav1.2, has been implicated in a multitude of 
neuropsychiatric disorders, including bipolar disorder, major depressive disorder, and 
schizophrenia. These disorders show high comorbidity with substance abuse disorders, 
suggesting that they may share similar etiologies. Additionally, previous studies have identified a 
role of Cav1.2 in mediating the effects of stress on the brain. However, no studies have examined 
a role of Cav1.2 in models of stress-induced relapse of cocaine addiction. Preliminary data 
indicate that heterozygous loss of Cav1.2 or focal knockdown of Cav1.2 within the PL reduce 
cocaine conditioned place preference (CPP) following exposure to an acute stressor. Current 
experiments are aimed at identifying the neural circuitry involving the PL that mediates stress-
induced reinstatement of cocaine CPP and the role of Cav1.2 channels therein. 
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Abstract: Accumulating evidence suggests that cocaine-induced epigenetic modifications, such 
as histone post translational modifications (PTMs), contribute to addiction and relapse to 
cocaine. As such, pharmacotherapies targeting PTMs are interesting new candidates for the 
treatment of cocaine use disorder. For example, certain histone deacetylase (HDAC) inhibitors 
have been shown to attenuate cocaine-taking and relapse-like behavior in rodent models (Romieu 
et al. 2008; Romieu et al. 2011). Although pan-HDAC inhibitors have been investigated with 
mixed results, more specific inhibitors have yet to be extensively evaluated for efficacy in 
attenuating cocaine-related behaviors. Class I HDACs are a promising inhibitor target given that 
these enzymes are the most abundant of their kind in the brain and are more catalytically active 
than other classes of HDACs. Previous studies demonstrated that intra-nucleus accumbens (NAc) 
infusion of the class I HDAC inhibitor MS-275 attenuated cocaine-induced locomotor 
sensitization. When paired with repeated administration of non-contingent cocaine, chronic intra-
NAc infusion of MS-275 altered both acetylation and methylation patterns in the NAc, 
suggesting that MS-275 may broadly alter histone PTMs. We hypothesized that MS-275, 
cocaine, and their combination would differentially alter histone PTMs in the NAc shell, with 
potential behavioral consequences. Rats received bilateral infusions (2 µl/side) of MS-275 (500 
µM) or vehicle (1% DMSO) into the NAc shell. One hour following intracranial infusion, rats 
were pretreated with saline (1 ml/kg, i.p.) and placed into open field chambers where locomotor 
activity was recorded for two hours. This procedure was repeated for two additional days except 
that rats were pretreated with either cocaine (10mg/kg, i.p.) or saline (1ml/kg, i.p.) immediately 
prior to placement in the locomotor chambers. Tissue punches of the NAc shell were collected 
immediately following the third locomotor activity session. Histones were extracted from the 
NAc shell and analyzed via mass spectrometry to identify differences in histone PTMs across 
treatment groups. Future studies will investigate the effect of intra-NAc shell infusion of MS-275 



on rodent models of cocaine-taking and relapse. Identifying epigenetic targets differentially 
modified by cocaine, HDAC inhibitors, and their interaction may provide insight for future 
therapeutic development with even finer targeting. 
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Abstract: Caveolin-1 (Cav1) is an integral membrane protein that creates functional 
microdomains of neuronal proteins within lipid rafts. Cav1 regulates a variety of signaling 
pathways, including mGluR-activated G protein cascades, and is involved in membrane 
trafficking of proteins such as estrogen and dopamine receptors. Recent studies have shown that 
altering Cav1 expression influences neuronal plasticity and related behaviors in contexts ranging 
from learning and memory to chronic injury. Given this relationship between Cav1 and 
experience-dependent plasticity, we hypothesized that Cav1 expression would also be involved 
in drug-induced changes in neuronal signaling. We utilized a locomotor sensitization paradigm 
to test this hypothesis. Wild-type C57Bl6 mice received five days of repeated cocaine or saline 
exposure, followed by a week of abstinence and a subsequent challenge dose of either cocaine or 
saline. Animals receiving repeated cocaine displayed behavioral sensitization and greater 
expression of Cav1 mRNA in the nucleus accumbens when compared to saline-treated controls. 
Changes were specific to the Cav1 isoform, as no differences were observed in Cav2 or Cav3 
mRNA within the nucleus accumbens following cocaine treatment. Additional studies are 
underway to determine the necessity of Cav1 for the development of cocaine-induced locomotor 
sensitization. Preliminary results in Cav1 knock-out mice show blunted responses to cocaine and 
impaired sensitization. Further work will investigate the molecular mechanisms underlying the 
relationship between Cav1 expression and cocaine-induced signaling. 
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Abstract: We investigated the actions of a non-contingent cocaine dosing protocol on locomotor 
sensitization (LMS) and conditioned place preference (CPP). The effects of either cocaine or 
saline injections were assessed on measures of synaptic transmission and long-term potentiation 
(LTP) in the ventral hippocampus (vH). Locomotor activity was monitored in C57BL/6J mice 
that received either saline or cocaine (10 mg/kg i.p.). CPP was established using a modified 
conditioning protocol similar to the one described by Itzhak & Anderson (2012) that involved 
cocaine-treated mice receiving an escalating (Esc) dose protocol (4, 8, 16, 24, 16, 24, 32, 32 
mg/kg i.p. once daily) on their least preferred side, whereas saline (Sal) mice were treated on 
each side of the two compartment apparatus. This protocol produced significant CPP and LMS 1 
day and 1 week after cocaine conditioning, respectively. Littermates that did not undergo 
conditioning were handled intermittently to generate a “naïve” control group to establish the 
baseline LTP magnitude. Slices were prepared from the vH and field EPSPs were recorded in the 
CA1 region 4 weeks after the final injection day. Following the induction of LTP 
(100Hz/1sec*3), normalized fEPSP values were increased (1.57 +/- 0.03) in behaviorally naïve 
mice 60 minutes post-induction. Mice in the Sal group had a significant (p<0.05) increase in LTP 
(1.69 +/- 0.03) as compared to naïve mice whereas the Esc group displayed an elevated but not 
significant increase in LTP (1.64 +/- 0.04). In order to reduce stress effects related to the 
behavioral protocol, separate groups of saline- and cocaine-treated mice were pretreated with the 
κ-opioid antagonist NorBNI (10 mg/kg i.p.) the day prior to initial CPP testing (pretreatment did 
not alter either LMS or CPP). Compared to naïve animals, the Sal/NorBNI group LTP was no 
longer significantly elevated (1.62 +/- 0.04). When compared to the Sal/NorBNI group, the 
Esc/NorBNI group LTP was significantly (p<0.05) decreased (1.52 +/- 0.03). This significant 
decrease in LTP between the Sal/NorBNI and Esc/NorBNI groups indicates the action of cocaine 
in the absence of the concomitant effect of stress induced by the behavioral protocol (i.p. 
injections/novel environment). Interestingly, the Esc/NorBNI treated animals also exhibited a 



significant leftward shift in the stimulus sensitivity of their initial baseline fEPSP responses. 
Together, these findings are consistent with the hypothesis that an enhancement of 
neurotransmission contributes to a partial occlusion of LTP in the vH of cocaine-exposed mice 
that persists 4 weeks after the final drug exposure. 
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Abstract: Oxytocin (OT) is a neuropeptide secreted by the hypothalamic paraventricular nucleus 
(PVN) and commonly associated with social behaviors, stress responses and drug-addiction. 
Previous studies have shown that OT has anxiolytic properties associated with cues in a cocaine-
conditioning paradigm, but the underlying mechanism remains unknown. This study aims to 
characterize possible mechanistic interactions between OT and the endocannabinoid system 
mediating cocaine conditioning and anxiety response, in particular the cannabinoid receptor type 
1 (CB1). Rats were exposed to activity chambers after receiving systemic intraperitoneal 
injections of cocaine (10 mg/kg) or saline 0.9%. during five consecutive days. On the testing 
session (D7), rats received intranasal infusions of OT (1 µg/µL) or vehicle (saline 0.9%) 30 
minutes prior being exposed to the cue-associated environment. Our results showed that OT 
pretreatment reduced both cocaine-paired conditioned locomotion and anxiety-like behaviors. 
Preliminary immunohistochemical analysis showed a colocalization of OT receptors and CB1 
receptors within the nucleus accumbens (NAc), pre-frontal cortex (PFC) and hippocampus in all 
treated animals. Further pharmacological role of endocannabinoids and glial involvement is 
under study. The proposed mechanism includes a cross-talk between OT and endocannabinoid 



system within mesolimbic system that might be responsible for the anxiety modulation triggered 
by cocaine exposure. This data suggests intranasal OT as a novel therapeutic approach of cocaine 
addiction. 
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Abstract: Addiction to cocaine remains a major public health concern in the United States due 
to its high rate of relapse. Chronic exposure to cocaine causes changes to the expression 
landscape of a variety receptors in the brain including ionotropic glutamate receptors. The clear 
majority of research on glutamatergic signaling following cocaine exposure has focused on 
AMPA and NMDA receptors, while our understanding of the role for kainate receptors in 
models of cocaine addiction remains limited. There are 5 subtypes of kainate receptors, GluK1-5, 
which form homo- and heteromeric tetramers for functional receptors. Here, we examined the 
expression of kainate receptor subtypes using qPCR and kainate receptor function using 
electrophysiology in the nucleus accumbens (NAc) of rats following 21 days of cocaine self-
administration. Rats were separated into two groups: one group self-administered cocaine and 
one group was a paired yoked-saline group. Initially, rats self-administered cocaine (0.25 
mg/infusion i.v.) over a daily 2-hour session on a fixed ratio (FR) 1 schedule of reinforcement 
until reaching stable responding. Then, rats transitioned to a FR5 schedule of reinforcement. The 
yoked-saline rats received a saline infusion (59 µL/infusion i.v.) for every cocaine infusion from 
their paired cocaine self-administering rat. After 21 days of acquisition, brains were removed and 
used for either qPCR or electrophysiology to assess changes to kainate receptor expression or 
function, respectively. Using qPCR on NAc punches, we confirmed previous reports 
demonstrating that GluK2, GluK3, and GluK5 were the predominant subtypes expressed in the 
NAc. Compared to yoked saline controls, rats that self-administered cocaine demonstrated a 



significant increase in the expression of GluK2 and no changes to GluK3 or GluK5 expression. 
Next, we wanted to assess whether this increase in GluK2 expression translated into changes to 
kainate receptor function using whole-cell recordings from medium spiny neurons (MSNs) in 
NAc slices. Application of 10 µM kainate caused decreases in the holding current and membrane 
resistance of MSNs indicative of the activation of postsynaptic kainate receptors. However, there 
was no significant difference in these effects of kainate when comparing MSN recordings from 
yoked saline rats vs. cocaine self-administration rats. These results suggest the observed increase 
in GluK2 mRNA from cocaine exposed rats likely did not translate into increased expression of 
postsynaptic kainate receptors. Future studies will determine the potential role of kainate 
receptors following extinction and reinstatement in this cocaine self-administration model. 
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Abstract: Corticostriatal projections play an important role in addictive behaviors, especially in 
the processing of drug-associated cues. While most studies examine the prefrontal cortex as a 
homogenous structure, there are distinct cortical cell types that project to striatum. The 
intratelencephalic-type (IT-type) neurons project to both striatal hemispheres and contralateral 
cortex whereas pyramidal tract-type (PT-type) neurons project primarily to ipsilateral striatum 
and the pyramidal tract. These cortical projections to striatum arise from layer V pyramidal cells, 
and differ in several ways including dendritic arborization pattern, cell morphology, conduction 
velocity, presence of h-currents, and projection pattern. Notably, it has also been found that IT-
type cells preferentially project to direct pathway striatal neurons and PT-type cells preferentially 
project to indirect pathway striatal neurons. The role these subtypes of cortical neurons play in 
addiction-related behaviors has not been examined. In order to begin to address this, we used a 
combinatorial viral vector strategy (retrograde CAV-Cre in pyramidal tract and a Cre-dependent 



Gi/o-coupled DREADD into the anterior cingulate) in male Sprague Dawley rats to selectively 
target DREADD expression to PT neurons. The effect of transient inhibition of these neurons 
was examined in cocaine-induced locomotor sensitization, a conditioned place preference to 
cocaine and reinstatement of drug-seeking following cocaine self-administration. We found that 
DREADD-mediated inhibition of PT neurons significantly enhanced locomotor sensitization. 
Furthermore, inhibition of PT neurons enhanced the rewarding properties of cocaine, as animals 
significantly preferred a chamber associated with PT inhibition plus cocaine compared to just 
cocaine. Interestingly, this effect of PT inhibition was specific to cocaine, as it had no effect on a 
hedonic food reward-induced CPP, nor did it produce a place preference by itself. Finally, we 
found that PT inhibition had no effect on cue-induced reinstatement of drug-seeking, raising the 
possibility that PT inhibition is sufficient to modulate the effects of cocaine when they are 
concurrent, but not sufficient to alter pre-existing associations. 
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Abstract: Zinc imbalances are associated with many psychiatric and brain disorders, including 
depression, autism, ADHD, Alzheimer's Disease, and addiction. As an essential element for 
sustaining life, zinc homeostasis is vital for proper physiological function of cellular processes 
throughout the body. However, its role in the brain is poorly understood. Brain zinc exists in two 
forms: about 90% of it is static and found on metalloproteins, while the remaining labile zinc 
acts on a variety of biological processes and is predominantly found in zinc-containing 
glutamatergic neurons, which package zinc and glutamate into the same vesicles and co-release 
them into the synapse. While in the synapse, zinc is known to bind and modulate the activity of a 



variety of receptors (including NMDA, AMPA, and GABA receptors). Zinc can also transverse 
synapses and regulate transcriptional processes in post-synaptic cells. Here, we examine how a 
dietary manipulation of zinc alters peripheral physiological measurements of zinc (in blood, hair, 
and urine) and how that subsequently alters brain zinc. Furthermore, animals with varying zinc 
diets show differential responses to cocaine, which appear to be linked to brain zinc levels and 
changes in synaptic plasticity. Our work further expands on the role of zinc-mediated signaling 
pathways that contribute to changes in synaptic plasticity and its potential relevance to addiction. 
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Abstract: Background: The synthetic cathinone, α-pyrrolidinopentiophenone (α-PVP), has been 
reported to have both rewarding and aversive effects. Given that the balance of these effects 
mediates abuse vulnerability, it is important to assess the factors that might impact it. One factor 
is the chemical composition of the drug itself. Specifically, work on α-PVP has been with the 
racemate, and with other synthetic cathinones there are differences between their enantiomers, 
e.g., differences in potency, general activity and mechanism of action. To address if the aversive 
and rewarding effects of the enantiomers of α-PVP differ, the present studies examined the 
ability of racemic α-PVP and its S(-) and R(+) enantiomers to induce conditioned taste avoidance 
and conditioned taste preferences, respectively. 
Methods: In Experiment 1, adult male Sprague-Dawley rats were exposed to a novel saccharin 
solution, injected with either 0, 0.3, 1.0 and 3.0 mg/kg racemic α-PVP (IP) and placed on one 



side of a place conditioning apparatus. The next day, they were injected with vehicle, given 
access to water and placed on the other side. Following four cycles, saccharin avoidance and 
place preferences were assessed. Based on the dose that induced avoidance and preferences (3 
mg/kg), Experiment 2 was run under identical procedures assessing the aversive and rewarding 
effects of either racemic α-PVP, S(-)α-PVP or R(+)α-PVP. 
Results: In Experiment 1, α-PVP induced dose-dependent taste avoidance as well as significant 
increases in time spent on the drug-paired side (although this effect was not dependent on dose). 
In Experiment 2, both the racemate and the S(-) enantiomer produced significant and comparable 
taste avoidance, whereas the R(+) enantiomer never significantly differed from vehicle. There 
was no evidence of place preference conditioning at this single dose of α-PVP. 
Conclusions: The effects of the S(-) enantiomer of α-PVP paralleled those of the racemate in 
taste avoidance (as well as hyperthermia: data not described) suggesting that this enantiomer 
mediates the effects of α-PVP (similar to that seen with MDPV). The failure to see any effects of 
the various forms of α-PVP in place preference conditioning is likely due to the limited number 
of subjects tested at this single dose, given that prior work has reported preferences with the 
racemate. The rewarding effects should be studied further given the reported abuse potential of 
α-PVP to determine the relative contribution of the enantiomers to its overall affective properties 
and use and abuse. 
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Abstract: Chronic cocaine abuse produces motivational and cognitive deficits that might be 
rooted in abnormal function of circuitry that includes the medial prefrontal cortex (mPFC). 
While diminished activity of the PFC during post-cocaine abstinence has been linked to deficits 
in working memory and cognitive flexibility, over activation of glutamatergic output from the 
mPFC promotes relapse to drug-seeking. Systemic administration of metabotropic glutamate 
receptor 5 (mGluR5) antagonists attenuate relapse, but prolonged blockade of mGluR5 might 
exacerbate post-cocaine PFC dysfunction. Conversely, stimulating mGluR5, while potentially 



beneficial for reversing PFC dysfunctions, may increase the risk of relapse. Previously, we 
showed that chronic cocaine self-administration results in load-dependent impairments in 
working memory in adult male Sprague-Dawley rats, as assessed with an operant delayed-match-
to-sample (DMS) task. Furthermore, we showed that daily systemic administration of the 
mGluR5 antagonist MTEP (3mg/kg) attenuated cue+context-induced cocaine seeking (after 45-
90 d of abstinence) and also impaired working memory performance in the DMS task. Here we 
wanted to evaluate the effects of prolonged allosteric activation of mGluR5 on post-cocaine 
working memory performance. After chronic cocaine self-administration, rats trained in the 
DMS task at short (0-12s) delays followed by testing at the full (0-24s) set of delays for a block 
of five days. Next, rats received daily systemic injections of a vehicle solution or the mGluR5 
positive allosteric modulator CDPPB (30mg/kg) over a block of five days followed by a washout 
period of five days. Finally, rats underwent a cue+context-induced relapse test with either 
CDPPB (30mg/kg) or vehicle administered beforehand. mPFC tissue was collected immediately 
after the test and will be analyzed by quantitative cytochrome oxidase histochemistry to evaluate 
persistent metabolic activity and by immunoblotting to measure changes in mGluR5-dependent 
signaling. We predict that (1) CDPPB reverses working memory deficits in rats with a history of 
cocaine We also predict that (2) metabolic activity within the mPFC will correlate with the 
magnitude of post-cocaine working memory deficits and (3) activation of mGluR5 signaling will 
correlate with the ‘intensity’ of drug-seeking during relapse. Future studies will explore the 
effects of localized, intra-mPFC interventions targeting mGluR5 for their dual ability to restore 
post-cocaine cognitive deficits, while reducing cocaine-seeking. 
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Abstract: Our lab has previously shown that cocaine self-administration and extinction leads to 
adaptations in astrocytes from the nucleus accumbens (NAc) core, including decreased surface 



area, volume, and synaptic colocalization (Scofield et al, 2016). Because astrocytes are an 
important source of the NMDA co-agonist D-serine, we hypothesized that the reduction in 
synaptic colocalization would lead to impaired astrocyte modulation of NMDA receptor 
function. We previously showed that the stimulus-response relationship of isolated NMDA 
receptor currents is reduced in medium spiny neurons (MSNs) from cocaine versus saline 
experienced animals, an effect which is reversed by D-serine augmentation (SFN abstract, 2016). 
To extend these findings, we have used whole cell patch-clamp recordings to measure the 
current-voltage relationship of NMDA receptor-mediated currents, as well as the response to D-
serine perfusion of NMDA receptor-mediated currents, in MSNs from cocaine versus saline 
extinguished rats. We have also assessed the contribution of specific NMDA receptor subunits to 
the cocaine-mediated adaptations in NMDA receptor currents. Preliminary data suggest that 
NMDA receptor currents are decreased following cocaine self-administration and extinction at 
both positive and negative holding potentials, an effect which is reversed by D-serine 
augmentation. In addition, ifenprodil application reduces NMDA receptor currents most 
effectively in MSNs from cocaine-experienced rats treated with D-serine augmentation, 
suggesting that restoration of NMDA receptor function by D-serine augmentation occurs at least 
in part through increased contributions of NR2B receptor subunits. These findings support the 
existing evidence suggesting that modulation of synaptic transmission by astrocytes in the 
nucleus accumbens is impaired following cocaine self-administration, an effect which can be 
ameliorated by systemic administration of D-serine. 
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Abstract: Epigenetic modifications plays an important role in transcriptional changes in the 
nucleus accumbens (NAc) in cocaine addiction. However, there is little information about the 



role of histone demethylation in the NAc, after exposure to drugs of abuse. The NAc is a critical 
brain region, which mediates motivation for drugs of abuse. The NAc is composed of two types 
of medium spiny neurons (MSNs), which are differentiated by their enrichment of dopamine D1 
vs. D2 receptors. We previously demonstrated that the transcription factor, Egr3, is upregulated 
in D1-MSNs and down-regulated in D2-MSNs after repeated cocaine exposure. It is postulated 
that Egr3 regulates its co-repressor; Nab2 and they both act together as a feedback mechanism to 
repress Egr3 transcription. Consistent with this, we observed a reduction of Nab2 in D1-MSNs 
and an increase of Nab2 in D2-MSNs after repeated cocaine. In order to further investigate the 
molecular regulation of Egr3 and Nab2 we examined the histone lysine demethylase (Kdm1a) 
enzyme as well as its demethylation targets H3K4me and H3K9me in NAc after repeated 
cocaine. We observed an increase in Kdm1a mRNA in D1-MSNs and a reduction in D2-MSNs 
after repeated cocaine. To further assess if Kdm1a might alter methylation on Egr3 and Nab2 
promoters after cocaine we performed chromatin immunoprecipitation (ChIP) for histone marks, 
H3K4me3 and H3K9me2. Repeated cocaine caused changes in H3K4me3 and H3K9me2 on 
promoters of Egr3 and Nab2. We further found that Kdm1a is enriched on the Egr3 and Nab2 
promoters in the NAc after repeated cocaine. To determine if Kdm1a is responsible for 
bidirectional induction of Egr3 and Nab2 in D1-MSNs vs. D2-MSNs we are developing a 
CRISPR-Cas9 approach to target specific methylation sites on the Egr3 and Nab2 promoters. In 
this approach we will alter methylation on the Egr3 and Nab2 promoters by using light-inducible 
heterodimerizing proteins CRY2-KDM1A and dCas9-CIB1, along with Egr3 and Nab2 gRNAs. 
This approach will allow us to understand the precise epigenetic mechanisms regulating 
expression of Egr3 and Nab2 in MSN subtypes during cocaine-mediated behaviors. Overall our 
studies will provide new information into the effects of cocaine on histone demethylation and its 
regulation of Egr3 and Nab2 transcription in MSN subtypes. 
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Abstract: Altered brain energy homeostasis is a key adaptation occurring in the cocaine-
addicted brain. However, the underlying mechanisms that govern these homeostatic adaptations 
are not clearly defined. One such mechanism, which is a fundamental component of energy 
homeostasis and has not been addressed in cocaine abuse are mitochondrial dynamics; which can 
include mitochondrial biogenesis, fission, and fusion. To provide insight into this we assess 
mitochondrial dynamics in the two nucleus accumbens (NAc) projection medium spiny neuron 
(MSN) subtypes, those enriched in dopamine D1 vs. D2 receptors in mice that self-administer 
cocaine. Using a Cre inducible adeno-associated virus (AAV)-double inverted floxed open 
reading frame (DIO)-mito-dsRed combined with D1-Cre and D2-Cre mouse lines we label 
mitochondria in MSN subtypes. Cocaine self-administration (SA) caused an increase in the 
frequency of smaller mitochondria in D1-MSN dendrites, implicating enhanced mitochondrial 
fission in D1-MSNs. Consistent with our data we observe an increase in mRNA of Dynamin-
related protein 1 (Drp1), a mediator of outer mitochondrial membrane fission, in NAc of rodents 
that self-administer cocaine and in postmortem NAc of cocaine dependent individuals. Using the 
RiboTag approach, we observe an upregulation of ribosome-associated mRNA of Drp1in D1-
MSNs and a decrease in D2-MSNs after repeated cocaine. Additionally, the activated form of 
Drp1 protein is increased in NAc of mice after repeated cocaine injections. We next used a small 
molecule inhibitor of mitochondrial fission, Mdivi-1, which blocks the activated form of Drp1. 
Mdivi-1 treatment blunted cocaine conditioned place preference, reduced cocaine locomotor 
sensitization, and blunted cocaine seeking behavior after cocaine SA. Consistent with these 
findings, adeno-associated virus (AAV) based Cre-inducible knockdown of Drp1 in D1-MSNs 
caused reduced seeking behavior after cocaine SA. Finally, we generated Cre-inducible Drp1-
constitutively active (CA) and Drp1-wild-type (WT) AAVs. Overexpression of Drp1-CA in D1-
MSNs increased seeking behavior after cocaine abstinence. In addition, our study demonstrated 
that overexpression of Drp1-CA in D1-MSNs increased the frequency of smaller mitochondria in 
D1-MSN dendrites. Since these findings occur in D1-MSN dendrites we are currently 
investigating how blocking fission or altering Drp1 levels can alter synaptic and structural 
plasticity. Our findings demonstrate a novel role for altered mitochondrial fission in NAc in 
cocaine abuse and implicate that blockade of mitochondrial fission has potential therapeutic 
treatment for cocaine addiction. 
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Abstract: Conditioned stimuli associated with self-administration (SA) of cocaine, but not 
natural rewards like sucrose, elicit persistent craving and drug seeking. Although this response 
appears to require the dopamine mediated recruitment of nucleus accumbens core-projecting 
glutamate cells in the prefrontal cortex (PFC), the underlying mechanism remains unclear. Here, 
we tested the hypothesis that the cue-paired recruitment of dopamine signaling during cocaine-
SA persistently disrupts Kv7 channel mediated intrinsic inhibition in PFC glutamate cells. To 
investigate this, we recorded from glutamatergic pyramidal cells in (L5) of the prelimbic PFC in 
the current and voltage clamp configuration in slices from naïve rats or rats with a history of 
conditioned cues (light + tone) presented in conjunction with chronic cocaine-SA, sucrose-SA, 
yoked-cocaine, or yoked-saline. At 24-hours after completion of operant SA training (14d), most 
cells in tissue from rats receiving yoked-saline or yoked-cocaine during non-contingent cue 
presentation resembled responses in naïve rat slices and displayed robust spike-frequency 
adaptation (SFA). However, cells in slices from contingent cued sucrose-SA or cocaine-SA rats 
typically lacked SFA, suggesting learning-mediated changes in intrinsic inhibition. Following 
extinction training (14d), SFA normalized in sucrose-SA control slices, but remained reduced in 
cocaine-SA slices. Re-exposure of cocaine-SA+extinction rats to drug predictive cues further 
reduced SFA (75% cells) in PFC slices, without altering SFA in yoked-saline controls. In slices 
from similarly treated transgenic cFos-GFP rats with a history of cocaine-SA, expression of the 
GFP-transgene correlated with decreased SFA and reduced Kv7 channel currents. Bath applied 



dopamine (10 uM) robustly reduced SFA and Kv7 channel currents in controls, but produced no 
significant reduction in cocaine-SA tissue suggesting a functional desensitization of Kv7 
channels. The Kv7 channel stabilizer retigabine restored SFA when applied to slices from 
cocaine-SA rats and dose dependently attenuated cue-induced reinstatement when injected in 
vivo into the PL-PFC. These findings shed light on the functional significance of Kv7 channel 
mediated intrinsic inhibition in mediating cocaine seeking and may offer a drug target by which 
cocaine seeking behavior can be treated. 
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Abstract: Numerous brain circuits underlie rewarding and reinforcing properties of abused 
drugs. Once conceived as a relatively homogenous production center of dopamine (DA), 
anatomy and function of ventral tegmental area (VTA) of Tsai has been re-visited in the recent 
decade. While VTA houses DA-producing neurons, evidence from the late-2000s revealed a 
neurochemically- and functionally-distinct nucleus in caudal VTA termed the rostromedial 
tegmentum (RMTg). Comprised dominantly of GABA-producing neurons, the RMTg receives 
dense input from lateral habenula and provides inhibition to DA-producing neurons of rostral 
division of ventral midbrain (i.e. to VTA). Habenular input to RMTg functionally brakes 
reward/signals aversion, and although clear roles of habenular input to RMTg have been 
revealed, numerous structures including hypothalamus target RMTg. Hypocretin/orexin (hcrt/ox) 
peptides are produced within hypothalamus and their transmission underlies wakefulness, 
arousal and motivation to retrieve salient and palatable reinforcers including high-fat food and 
drugs of abuse. The present study sought to topographically organize hcrt/ox afferents within 
ventral midbrain and to provide functional assessment of hcrt/ox transmission within distinct 
ventral midbrain structures in models of substance use disorder. Rats underwent stereotaxic 
cannulation surgery to target VTA and RMTg, and fluorescent microspheres were microinjected 



to label projection neurons via retrograde transport. Hypothalamus-containing tissue was 
thereafter immunolabeled for hcrt/ox and sub-regional proportions of hcrt/ox afferents within 
each target structure were measured. The VTA was found to receive slightly greater input 
(10.9%) relative to RMTg (8.4%) in cases examined, and no pattern of anterior-posterior 
topography within hcrt/ox field was observed. Ongoing study is evaluating function of hcrt/ox 
within ventral midbrain in models of substance use disorder as our exploratory mapping study 
suggests hcrt/ox may additionally signal to GABA-containing RMTg. 
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Abstract: The etiology of multiple brain disorders stems from a dysfunction in dopaminergic 
and/or glutamatergic signaling, with phenotypes ranging from movement perturbations to drug 
dependence to cognitive dysfunction. Our lab conducted a forward genetic screen in C.elegans 
looking to uncover novel regulators of dopamine (DA) signaling, resulting in the discovery of 
the glial expressed gene swip-10. Loss of function mutations of swip-10 result in a 
hyperdopaminergic phenotype associated with hyper-excitability of DA neurons which evidence 
indicates is driven by elevated glutamate (Glu) signaling. In a BLAST search for proteins 
homologous to SWIP-10, we identified the unstudied protein MBLAC1 (Metallo-β-lactamase 
domain containing protein 1) as the likely SWIP-10 ortholog. Sequence identity between SWIP-
10 and MBLAC1 derives largely from a shared metallo-β-lactamase domain that, in prokaryotes, 
supports hydrolysis and inactivation of β-lactam antibiotics. In preliminary studies we have 
evidence that MBLAC1 can bind the β-lactam antibiotic ceftriaxone (Cef), a drug that has shown 



to afford neuroprotection in rodent models of Glu dysfunction as well as to alter glial-dependent 
control of Glu levels. Because of the potential of MBLAC1 as a Cef target, we used the 
CRIPSR/Cas9 system to introduce mutations in mouse Mblac1 coding sequences, validating loss 
of MBLAC1 protein expression by immunoblotting. Here, we report on our initial 
characterization of the resultant KO line. We are taking a three-pronged approach to uncover 
phenotypes associated with loss of MBLAC1 expression. First, we are using LC-MS/MS to 
pursue an untargeted metabolomics approach that can identify small molecules in serum 
distinguishing WT and Mblac1 KO mice. Analysis of these changes indicates enrichment of 
pathways that feature sulfur containing metabolites including taurine and taurocholic acid. 
Second, given the connection of SWIP-10 to C. elegans Glu signaling, we examined expression 
of glial Glu transporters. Based on Western blot analysis, we observed no significant difference 
in total GLT1 protein expression in the cortex, whereas a reduction was detected in expression of 
the Cys/Glu exchanger (XC-) subunit xCT. Lastly, we are exploring behavioral changes arising 
in Mblac1 KO mice. Initial evaluation of growth rates, reproduction and locomotor/sensory 
alterations reveals no gross phenotypes. Preliminary studies of drug responses indicate no 
differences in locomotor response to amphetamine, and we are currently studying the effects of 
acute and chronic cocaine. Future studies will examine biochemical and behavioral responses to 
Cef. Supported by NIH Award MH095044 (RDB) 
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Abstract: Drug addiction is a chronic brain disease that develops gradually with compulsive use 
of psychoactive substances. Cocaine is one of such drugs that progressively alters brain regions 
associated with reward and motivation, including the nucleus accumbens (NAc). The changes in 
synaptic and epigenetic plasticity mediate cocaine craving evoked by drug-associated cues, 
which intensifies during abstinence in human addicts and animal models of addiction, and this 
incubation of craving may underlie persistent relapse susceptibility. The ubiquitin-proteasome 
system (UPS), which is responsible for proteasomal-dependent protein degradation, has been 
shown to be involved in cocaine-induced plasticity. Substrates are polyubiquitinated for 
degradation via E3 ubiquitin ligases. There are over 600 E3s, which are currently being 
examined for their therapeutic potential in many neuronal disorders due to their high specificity. 
However, the role of E3s in regulating cocaine-dependent plasticity and relapse behaviors has 
not been examined. Here, we examined tripartite motif-containing protein 3 (trim3), which 
regulates the polyubiquitination of substrates involved in drug-induced adaptations. Following 
extended-access cocaine self-administration, we found dynamic changes in trim3 expression in 
NAc subcellular fractions. On withdrawal day (WD)1, trim3 levels were decreased in crude 
synaptosomal fractions from cocaine-treated rats compared with saline controls. Moreover, the 
levels of the synaptic regulators Shank and γ-actin, which are substrates of trim3, were increased. 
By contrast, trim3 was decreased in the nuclear fractions on WD30 in cocaine-treated rats 
compared with saline controls and INO80, a trim3 substrate that regulates transcription, was 
increased. We used viral-mediated gene transfer in the NAc to demonstrate that trim3 mediates 
cue-induced cocaine seeking during withdrawal. 
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Abstract: Drug addiction is a disease characterized by episodes of relapse despite periods of 
abstinence. It is thought that cellular and molecular events in discrete brain areas of the reward 
pathway, including the nucleus accumbens (NAc), underlie these long-lasting behavioral 
changes. Recently, we identified members of the Transforming growth factor (TGF)-β pathway 
as essential mediators of drug addiction-like plasticity and behavior. However, how TGF-β 
signaling is regulated in drug addiction has not yet been examined. The TGF-β superfamily of 
proteins regulates a wide variety of cellular responses, including gene expression and cellular 
plasticity. Some of these proteins are tagged by E3 ubiquitin ligases for degradation through the 
ubiquitin-proteasome system (UPS). The UPS regulates the expression of a variety of proteins 
that play significant roles in synaptic plasticity, learning, memory and behavior and has been 
shown to be involved in cocaine-induced plasticity. After a 7-day abstinence period following 
short-access cocaine self-administration in rats, we found that the E3 ubiquitin ligase Smurf1 
mediates the expression of the TGF-β family member SMAD1 in the NAc. These data suggest 
that regulation of SMAD1 via E3 ubiquitin ligases may be involved in drug-dependent cellular 
and behavioral plasticity. Our future experiments aim to determine the functional role of Smurf1 
in mediating drug addiction-like behaviors in an effort to determine if these pathways hold 
potential therapeutic value in the treatment of substance abuse disorder. 
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Abstract: Cocaine is an agonist of the sigma 1 receptor (Sig1R) which is a receptor chaperone 
expressed in the ER membrane. We previously showed, by using NG108 cells, that cocaine 
evokes the extracellular vesicle (EV) release via the Sig1R-ADP ribosylation factor 6 (ARF6) 
pathway (Nakamura et al., SfN 2015 and 2016). The present study examined the release of EV in 
mouse midbrain region after an injection of cocaine (15 mg/kg; i.p.). We first confirmed a 



method for the brain EV isolation through a series of differential centrifugations to isolate EVs 
from the extracellular space of mouse brain (Perez-Gonzalez et al., JBC, 2012), and then 
examined the EV level by quantification of the EV markers including integrin β1, Alix, and 
ARF6. The mitocondrial markers cytochrome-c (Cyto.-c) and the dopamine (DA) neuronal 
marker tyrosine hydroxylase (TH) were also examined. The EV markers could be seen in the EV 
sample collected from the mouse midbrain. However, the EV didn’t contain Cyto.-c. Those data 
confirmed that the EV samples, but not cellular debris, could be collected from mouse midbrain. 
In addition, EVs derived from midbrain, but not cortex or hippocampus, contained a lot of TH. 
Thus, those data suggest that DA neurons in mouse midbrain region can release TH-containing 
EVs into extracellular space. Furthermore, 30 min, but not 60 min, after an i.p. injection of 
cocaine significantly increased the amount of extracellular TH in the form of EV in mouse 
midbrain. Taken together, our results suggested that the cocaine regulates the EV release from 
mouse DA neurons via previously the proposed Sig1R-ARF6 pathway. (supported by IRP NIDA 
NIH) 
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Abstract: Endogenous cannabinoids (eCB) are signaling lipids released from neurons to 
retrogradely activate cannabinoid CB1 receptors (CB1R) located on axon terminals of 
presynaptic cells to limit neurotransmitter release. The eCB associated with activity dependent 
modulation of synapses is 2-arachidonoylglycerol (2-AG). We have shown that cocaine can 
stimulate 2-AG synthesis in the VTA, resulting in CB1R activation on GABAergic axons 
targeting dopamine (DA) neurons. Moreover, this disinhibition of dopamine neurons by cocaine-
induced 2-AG release is functionally relevant since it elevates DA release in target areas, perhaps 
contributing to the rewarding and addictive properties of cocaine (Wang et al., Cell Rep., 2015). 
2-AG synthesis is triggered by activation of Gα/11-coupled metabotropic receptors through 



activation of phospholipase C-β (PLCβ), which hydrolyzes membrane phospholipids to form 1,2-
dacylglycerol (DAG) and inositol triphosphate (IP3). DAG is converted to 2-AG via 
diacylglycerol lipase-α (DGLα), whereas IP3 can elevate cytosolic Ca2+ by stimulating its release 
from endoplasmic reticulum (ER). The sigma1 receptor (σ1R) resides on the mitochondria-ER 
interface membrane, serving as a protein chaperone, and conferring a conformation of the IP3 
receptor that sustains Ca2+ signaling. Under basal conditions, σ1R is bound to ADP-ribosylation 
factor 6 (ARF6), however, cocaine can bind to σ1R and release ARF6. Since the σ1R is involved 
in Ca2+ signaling and the production of 2-AG by cocaine is Ca2+ dependent, we examined a 
possible interaction between these effectors. We measured cocaine-induced 2-AG activity in 
VTA DA neurons by monitoring its activation of CB1Rs on GABAergic axon terminals and the 
inhibition of GABAB-receptor mediated IPSCs. We find that both σ1R antagonists and ARF6 
inhibitors prevent the cocaine-induced inhibition of IPSCs mediated by 2-AG, implicating this 
system in eCB signaling in the VTA. 
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Abstract: Cocaine addiction is a widely prevalent substance use disorder in the United States. 
With a lack of successful therapeutic options, it is important to investigate the cellular and 
molecular level changes following cocaine use, and how these changes establish and/or reinforce 
addiction. As its mechanism of action, cocaine increases mesolimbic dopaminergic signaling via 
inhibition of dopamine transporter. This increased activity is energy taxing for the cell and can 
cause both severe oxidative stress and altered mitochondrial function. Interestingly, metabolic 



changes associated with cocaine use may directly regulate the circadian molecular clock and its 
output genes through associated metabolic redox sensors. More specifically, the circadian 
transcription factors CLOCK/NPAS2 and the NAD+ dependent deacetylase, SIRT1, have all 
been shown to directly respond to changes in levels of the mitochondrial coenzyme NAD+. 
Previous work in the lab has shown CLOCK and NPAS2 differentially regulate cocaine reward; 
e.g. mutations in the Clock gene increase cocaine preference and self-administration, while 
mutations in Npas2 yields an opposite phenotype. Moreover, our data suggest NPAS2 regulates 
reward through its enriched expression in the nucleus accumbens (NAc). Interestingly, SIRT1 
modulators have also been shown to regulate cocaine preference, in that SIRT1 agonists increase 
cocaine preference and vice versa. In addition to NPAS2 and SIRT1 modulation altering cocaine 
reward, chronic cocaine exposure has been shown to preferentially alter expression of these 
proteins in the NAc. Given these observations, we investigated how changes in cellular 
metabolic state may feed into the circadian molecular clock and alter regulation of cocaine 
reward, and whether an interaction between NPAS2 and SIRT1 in the NAc mediates this 
regulation. Through co-immunoprecipitation studies, our preliminary findings suggest that 
NPAS2 and SIRT1 do interact in a shared complex in the NAc, and chronic cocaine may alter 
this interaction. Furthermore, utilizing high-performance liquid chromatography to assess NAD+ 
concentration, we observed a diurnal variation of NAD+ levels in the striatum that is disrupted 
following chronic cocaine exposure. Finally, in mice with a NAc specific viral-mediated knock-
down of NPAS2, we determined NPAS2 to be necessary for the increase in cocaine preference 
seen with a SIRT1 agonist. Ultimately, our findings highlight a mechanism by which chronic 
cocaine’s metabolic changes can directly alter circadian molecular clock function, and how this 
interaction, mediated by NPAS2 and SIRT1, may afford regulation of cocaine reward-related 
behavior. 
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Abstract: Learned associations between drugs of abuse and the drug administration environment 
play an important role in addiction. In rodents, exposure to a drug-associated environment elicits 
conditioned psychomotor activation, which may be weakened following extinction learning. 
While widespread drug-induced changes in neuronal excitability have been observed, little is 
known about specific changes within neuronal ensembles activated during the recall of drug-
environment associations. Using a cocaine conditioned locomotion procedure, the present study 
assessed the excitability of neuronal ensembles in the nucleus accumbens core and shell (NAccore 
and NAcshell), and dorsal striatum (DS) following cocaine conditioning and extinction in Fos-
GFP mice that express green fluorescent protein (GFP) in activated, GFP+, neurons. During 
conditioning, mice received repeated cocaine injections (20 mg/kg) paired with a locomotor 
activity chamber (Paired) or home cage (Unpaired). 7-13 days later both groups were re-exposed 
to the activity chamber under drug-free conditions, and Paired, but not Unpaired, mice exhibited 
conditioned locomotion. In a separate group of mice, conditioned locomotion was extinguished 
by repeatedly exposing mice to the activity chamber under drug-free conditions. Following the 
expression and extinction of conditioned locomotion, GFP+ neurons in the NAccore (but not 
NAcshell and DS) displayed greater firing capacity compared to surrounding GFP- neurons. This 
difference in excitability was due to a generalized decrease in GFP- excitability following 
conditioned locomotion, and a selective increase in GFP+ excitability following its extinction. 
These results suggest a role for both widespread and ensemble-specific changes in neuronal 
excitability following recall of drug-environment associations. 
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Abstract: The neuronal RNA-binding protein (RBP) HuD plays an important role in the post-
transcriptional control of gene expression during neuronal development, regeneration, and 
synaptic plasticity. However, the potential role of HuD in drug addiction is poorly understood. 
Recent studies in our lab demonstrate that HuD overexpressor (HuDOE) mice display increased 
cocaine conditioned place preference (CPP) compared to wild type (WT) littermates. In addition, 
CPP trained HuDOE mice have increased expression of HuD and its validated addiction-related 
gene targets Camk2a and Bdnf in the nucleus accumbens (NAc), potentially driving this 
enhanced place preference behavior. To further understand the role of this RBP in drug 
addiction, we performed RNA-immuno-precipitation and sequencing studies (RIP-seq) of HuD-
bound RNAs in the striatum of HuDOE mice, using an antibody against myc-tagged HuD. About 
1700 coding transcripts showed significant >2 fold enrichment (p<0.05) in the HuD IP vs. WT IP 
and were defined as putative HuD targets. Importantly, 85.5% of these contained consensus 
motifs for HuD binding in their 3’UTRs. Comparison of HuD targets and genes in the 
Knowledgebase of Addiction-related genes database (KARG, http://karg.cbi.pku.edu.cn) 
revealed that HuD targets represent 17.5% of all the genes in KARG. HuD targets were also 
significantly enriched in neurogenesis and Wnt signaling pathways, and included many neuronal 
development-associated genes such as the transcription factors Satb1, Sabtb2, Mef2a, Mef2c, 
Foxp1, Neurod6, Creb1, Mecp2, Sox5, Sox11 as well as Bdnf, Wnt5a, Jag1, Fz3b, Gs3kb, Dcx, 
Ndel1, Nlgn3, Nrg1, Nrn1, Nrxn2, Rtn3, Rock2, Stmn3, Sema4d, etc. Given our previous work 
showing a role for HuD in neurogenesis (Wang et al, PNAS 2015) and our findings that many 
HuD targets play a role in axonal and dendritic development, we began examining the effect of 
HuD overexpression on neuronal morphology within the NAc. We found that HuDOE animals 
have an increased frequency of immature thin spines, with a decrease in intermediate stubby 
spines but no change in mature mushroom spines within the NAc. This alteration in structural 
plasticity is similar to changes found in animals trained in CPP, possibly suggesting that these 
HuDOE animals may be primed for increased drug-reward as determined by their enhanced place 
preference behavior. Overall, these results are consistent with the notion that some of the 
plasticity-associated changes during drug addiction not only recapitulate early neuronal 
development but also recruit similar molecular pathways such as those enriched in HuD targets. 
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Abstract: Substance use disorder (SUD) is a chronic disease characterized by compulsive drug 
seeking and use. SUD is thought to be mediated by aberrant expression of proteins regulating 
synaptic plasticity in neurons such as RNA-binding proteins (RBPs). Several RBPs have been 
previously associated with addiction including neuronal HuD. Specifically, HuD regulates the 
expression of many genes listed in the Knowledgebase of Addiction related genes (KARG) 
database such as c-FOS, BDNF, GAP43, and CAMK2A. At the molecular level HuD binds to 
cis-acting elements in RNA molecules governing their processing, subcellular localization, 
translation and degradation. One such group of RNA molecules that could be regulated by HuD 
are circular RNAs (circRNAs), a novel category of non-coding RNAs that are derived from the 
back-splicing and covalent joining of exons. Due to their abundant expression in the brain and 
their localization at synapses, circRNAs could be of importance to neuronal development and 
neuroplasticity. Notably, circRNAs contain numerous consensus regulatory sequences for RBPs. 
Our bioinformatics analyses revealed that 29% of mouse circRNAs bear consensus HuD binding 
motifs. Thus, we aimed to explore whether HuD interaction with circRNAs may be involved in 
the control of synaptic plasticity during drug addiction. A subset of circRNAs showed altered 
expression in the nucleus accumbens (NAc) during cocaine-conditioned place preference (CPP). 
Within this set, we focused on circRNAs related to genes known to be involved in 
neuroplasticity. For example, circLmo7 and circHomer1, which are downregulated by CPP, and 
circTulp4 and circSabt2, which are upregulated. Using RNA immunoprecipitation assays (RIP) 
followed by qRT-PCR we validated the interaction of HuD with circLmo7, circHomer1 and 
circTulp4. To assess whether HuD binding can alter target circRNAs localization, we also 
evaluated circRNAs levels in synaptoneurosomes and found that circHomer1 was significantly 
enriched in this compartment in HuD overexpressing mice (HuDOE) compared to wild-type (WT) 
mice. Furthermore, we found that the levels of both cirHomer1 and Homer1 mRNA, which is 
also a known target of HuD, were increased in the NAc of HuDOE. These results are consistent 
with previous studies showing changes in Homer1 mRNA and protein levels after cocaine 
administration. Since HuD levels are increased in CPP and HuDOE show increased cocaine CPP, 
investigating the role of HuD-circRNAs interactions in cocaine-induced neuroplasticity and 
behavior may uncover new regulatory processes and molecular targets involved in drug 
addiction. 
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Abstract: D1-receptor expressing medium spiny neurons (D1-MSN) in the Nucleus Accumbens 
(NAc) send projections to the Ventral Pallidum (VP) and the Ventral Tegmental Area, as well as 
the Substantia Nigra (VTA/SN). In the neighboring dorsal striatum, D1-MSNs passing through 
the Globus Pallidus are known to form branching collaterals in response to hyperactivity of the 
striatum. As of now, it is unknown whether D1-MSN in the NAc that project to the VTA/SN also 
collateralize in the VP, and whether other D1-MSN pathways exists that exclusively innervate 
the VP or VTA/SN. Since accumbens D1-MSNs drive motivated behavior such as social 
interaction, food consumption, and addictive behavior (drug use and relapse to drug seeking) it is 
important to dissect the precise anatomy of D1-MSN projections to VP and VTA/SN. 
Ultimately, investigating the functional relevance of these different pathways may yield novel 
treatments for addiction and other psychiatric disorders. We hypothesized that the NAc contains 
D1-MSN pathways that terminally project to the VP and that a subset of VTA projecting neurons 
collateralize in the VP. To map the projections from D1-MSN in the accumbens, wild-type 
C57BL/6 and D1-tdTomato reporter mice received unilateral injections of Fluorogold (FG), via 
iontophoresis, and retrograde latex microspheres (retrobeads), via pump microinjection, into the 
VP and VTA respectively. After 7 to 10 days of retrograde transport, mice were perfused, and 
their brains were sliced and immunohistochemically stained for FG, tdTomato, and/or NeuN. 
Analyses comprised verification of the tracer placement using histochemical stains, and the 
counting of accumbens neurons that were retrogradely labeled with only FG, only retrobeads, or 
both. Preliminary results from cell counts suggest that most D1-MSN that project to the VP 
collateralize into the VTA/SN. Future experiments will assess the role of D1 projections to the 
VP and VTA/SN in drug seeking behavior. 
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Abstract: The ventral pallidum (VP) comprises a critical structure in the neural circuit that 
drives relapse to cocaine seeking in response to drug cues. It receives inputs from the nucleus 
accumbens, and various other limbic structures, and drives motivated behavior by means of 
projections to the ventral tegmental area, subthalamic nucleus, habenula and mediodorsal 
thalamus. GABAergic inputs from nucleus accumbens dopamine D1- and dopamine D2- 
receptor expressing medium spiny neurons converge onto VP neurons, but carry opposing 
motivational information. How this information is integrated by the VP to encode the motivation 
to seek and take cocaine remains unknown, but the VP contains both GABAergic and 
glutamatergic neurons, and these populations may drive different motivational states during 
relapse. We investigated the efferent and afferent connectivity of VP GABAergic and 
glutamatergic neurons and found overlapping but distinct innervation and projection patterns. To 
dissect the functional role of these neurons, we expressed designer receptors exclusively 
activated by designer drugs (DREADDs, activated by clozapine-N-oxide) in the ventral pallidum 
of mice to bidirectionally regulate neuronal activity during drug seeking and drug taking tests. 
Global inhibition of all VP neurons using the Gi coupled DREADD hM4D reduced cue induced 
reinstatement. In contrast, global activation the VP using the Gq coupled DREADD hM3D 
strongly augmented cue-induced cocaine seeking, and triggered reinstatement in extinguished 
mice. Interestingly, selective chemogenetic manipulation of VP glutamatergic neurons using 
Vglut-IRES-Cre mice revealed effects opposite to global manipulations: Stimulating 
glutamatergic neurons prevented reinstatement, and reduced breakpoint responding for cocaine 
during a progressive ratio test. Furthermore, inhibiting glutamatergic neurons increased 
breakpoint, induced reinstatement in extinguished mice, and induced a trend towards enhanced 
cue-induced reinstatement. Preliminary results in VGAT-IRES-Cre mice suggest that stimulating 
VP GABAergic neurons increased breakpoint responding for cocaine and induced reinstatement 
in extinguished mice. Collectively, these results indicate differential roles for GABAergic and 
glutamatergic VP neurons in cocaine seeking and cocaine taking behaviors. Ongoing 



experiments are set out to record from GABAergic and glutamatergic VP neurons and dissect the 
specific contribution of their projections to drug seeking. 
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Abstract: In a rodent model of addiction, cue-induced drug craving intensifies or “incubates” 
during withdrawal from extended-access drug self-administration. After the incubation of 
cocaine craving, we have shown that synapses in the nucleus accumbens (NAc) core are 
strengthened by the accumulation of calcium-permeable AMPA receptors (CP-AMPARs) while 
group I mGluR-mediated synaptic depression shifts from an mGluR5-dependent mechanism that 
is expressed presynaptically to an mGluR1-dependent mechanism that is expressed 
postsynaptically by the removal of CP-AMPARs. After prolonged withdrawal from cocaine self-
administration (withdrawal day 48), we detected a decrease in mGluR5 surface expression and a 
decrease in its association with Homer scaffolding proteins. These alterations may be related to 
the loss of mGluR5-medated synaptic depression. In the NAc core of methamphetamine 
incubated rats, CP-AMPARs similarly accumulate and are removed by mGluR1; however, the 
status of mGluR5 has not been addressed. To this end, rats self-administered saline or 
methamphetamine (6 h/d for 10 d) and were killed for biochemical studies after 3, 21, or 48 days 
of withdrawal. Our biochemical findings reveal no change in surface mGluR5 levels (determined 
with biotinylation) or in the physical association between mGluR5 and Homer proteins 
(determined using co-immunoprecipitation) at any of the three withdrawal times, diverging from 
prior cocaine results that demonstrated decreases in both of these measures. Electrophysiological 
recordings of NAc medium spiny neurons from methamphetamine-incubated animals will test 



mGluR5 function to extend these findings. 
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Abstract: Protein synthesis is critical for the generation and maintenance of long-lasting 
synaptic modifications that lead to changes in behavior. Recent work from our lab suggests that, 
during withdrawal from extended-access cocaine self-administration, adaptations in medium 
spiny neurons (MSNs) of the nucleus accumbens (NAc) leading to enhanced drug seeking are 
maintained by dysregulated local translation. In other brain regions, dopaminergic signaling 
plays a key role in protein synthesis- dependent synaptic plasticity. However, while the NAc 
receives dopamine (DA) input that is influenced by drugs and DA neurotransmission is involved 
in both the acute and long-term effects of drugs of abuse, the relationship between DA receptor 
signaling and protein synthesis in MSNs is not understood. To explore this, we used a co-culture 
system in which PFC neurons obtained from P1 offspring of homozygous enhanced cyan 
fluorescent protein (ECFP)-expressing mice were co-cultured with NAc MSNs obtained from P1 
Sprague-Dawley rats. PFC neurons restore excitatory inputs to MSNs but can be distinguished 
by fluorescence. Direct detection of de novo protein synthesis in MSNs was achieved with 
fluorescent non-canonical amino acid tagging (FUNCAT). Fluorescence immunocytochemistry 
was used to quantify expression of specific proteins of interest in these cells. Incubation of 
cultures with the D1R agonist SKF81297 or the D2R agonist quinpirole failed to influence 
protein translation in MSNs. We re-examined DA receptor effects after increasing excitatory 
synaptic activity in the cultures using the GABA-A receptor antagonist bicuculline (2 hr). The 



D1R antagonist SCH23390, but not the D2R antagonist eticlopride, reduced bicuculline-induced 
protein synthesis, despite a lack of TH+ neurons in the co-cultures. One potential explanation is 
that bicuculline-stimulated translation is mediated by glutamate acting at D1R/NMDAR 
heteromers, which have been reported in other brain regions. Immunofluorescent labeling for 
D1Rs and the obligatory NMDAR subunit GluN1 suggested the existence of a small population 
of D1R/NMDAR heteromers on the co-cultured MSNs. We examined signaling of these 
heteromers by stimulating translation with bicuculline and co-incubating with the NMDAR 
antagonist APV or APV + SCH23390. Bicuculline- stimulated translation was reversed by either 
treatment, suggesting that blockade of either receptor in the heteromer may disrupt translation. 
These results further the understanding of mechanisms controlling local protein synthesis in the 
NAc and provide evidence for functional cross-talk between D1 and NMDARs in cultured NAc 
neurons. 
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Title: Biochemical and electrophysiological studies of NMDA receptors in the rat nucleus 
accumbens during incubation of methamphetamine craving 

Authors: *A. M. WUNSCH, D. T. CHRISTIAN, M. MILOVANOVIC, M. E. WOLF 
Neurosci., Rosalind Franklin Univ., North Chicago, IL 

Abstract: One of the largest problems associated with methamphetamine (METH) addiction is 
the high rate of relapse, even following long periods of abstinence. While recent studies on 
incubation of METH craving (a model of cue-induced METH relapse) have focused primarily on 
behavioral pharmacology or neural circuitry, much less is known about the synaptic mechanisms 
associated with the incubation of METH craving. Our lab has demonstrated that, during 
withdrawal from METH, calcium-permeable AMPA receptors accumulate in medium spiny 
neurons of the nucleus accumbens core within 7 days of withdrawal from METH. However, 
much less is known about NMDA receptor contributions to incubation of METH craving. Our 
lab recently found that incubation of cocaine craving is accompanied by time-dependent changes 
in the subunit composition of NMDA receptors in NAc, involving GluN2B and GluN3 subunits. 



The main goal of this project is to determine whether NMDA receptor subunit composition and 
function is altered during incubation of methamphetamine craving. We used biochemical 
techniques to determine whether levels of GluN1, GluN2A, GluN2B, GluN3A, or GluN3B were 
altered during METH withdrawal. Rats underwent extended access METH self-administration (6 
h/day for 10 days), and tissue from nucleus accumbens core was harvested for surface 
biotinylation on withdrawal day 21, a time at which incubation of METH craving is maximal. 
We found no significant changes in either the total or surface expression of any NMDA receptor 
subunit at this time point. Since functional NMDA receptors are located primarily at the synapse, 
future studies will assess whether incubation of METH craving is accompanied by changes in 
expression of NMDA receptor subunits in a synaptic fraction. Lastly, we will use 
electrophysiological methods to determine whether NMDA receptor function is altered during 
incubation of METH craving. This work will better define the synaptic mechanisms that 
contribute to cue-induced relapse following METH self-administration, which may help to 
identify therapeutic targets for preventing METH relapse. 
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Title: Effects of cocaine and chronic stress exposure on BLA neuronal activity 
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Abstract: A major challenge for treating cocaine addiction is the propensity for abstinent users 
to relapse. Two important triggers for relapse are cues associated with prior drug use and 
stressful life events. To study their interaction in promoting relapse during abstinence, we used 
the incubation model of craving and relapse in which cue-induced drug seeking progressively 
intensifies (“incubates”) during withdrawal from extended-access cocaine self-administration. 
We have recently shown that exposure to repeated but not acute restraint stress during the first 
two weeks of withdrawal accelerates the initial rate of incubation of cue-induced cocaine 
craving, although craving plateaus at the same level observed in controls. These data indicate 



that chronic stress exposure during early withdrawal may result in increased vulnerability to cue-
induced relapse during this period. Previous studies have shown that chronic stress exposure 
enhances excitatory drive to the basolateral amygdala (BLA), a region critical for behavioral 
responses to stress. Given that glutamate projections from the BLA to the NAc are critical for 
incubation of cocaine craving, we hypothesized that cocaine withdrawal and chronic stress 
exposure produce a synergistic increase in BLA neuronal activity which accelerates incubated 
craving. To assess this, we have conducted in vivo extracellular recordings from anesthetized rats 
to compare neuronal activity in the BLA of rats that self-administer saline or cocaine (6h/day for 
10 days) and then either undergo repeated restraint stress or control conditions during the first 
two weeks of withdrawal. Recording were conducted between weeks 2 and 3 of withdrawal from 
extended-access cocaine or saline self-administration (0-5 days after the last restraint stress or 
control session). Our data indicate that cocaine exposure alone enhances neuronal activity within 
the BLA and that repeated stress exposure during withdrawal from cocaine self-administration 
may further enhance BLA neuronal excitability, which could contribute to the acceleration of 
incubation of cocaine craving observed in these animals. These studies may identify potential 
mechanisms by which chronic stress enhances cue-induced relapse vulnerability in abstinent 
cocaine addicts. 
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Title: Extended access cocaine self-administration leads to increased GluN3-containing NMDA 
receptor function in the rat nucleus accumbens 
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Abstract: Cue-induced cocaine craving intensifies or incubates during withdrawal from 
extended-access cocaine self-administration. After ~1 month of withdrawal, levels of GluA2-
lacking, Ca2+-permeable AMPARs (CP-AMPARs) increase in the nucleus accumbens (NAc) 



and thereafter their activity is required for expression of incubated craving. NMDARs play a 
major role in Ca2+ signaling, but little is known about whether they are altered during incubation 
of cocaine craving. However, incorporation of GluN3- and GluN2B-containing NMDARs 
accompanies increases in CP-AMPAR levels in the ventral tegmental area elicited by a single 
cocaine injection (Yuan et al., 2013). To determine if NMDAR transmission in the NAc is 
altered following extended-access cocaine self-administration, we utilized whole-cell patch 
clamp electrophysiology in NAc medium spiny neurons (MSN) from rats that self-administered 
saline or cocaine. We measured evoked NMDAR-mediated synaptic responses across various 
membrane holding potentials (-80 to +40; 40mV steps) and then characterized these responses 
using antagonists selective for GluN2B- or GluN3-containing receptors. As expected from prior 
studies, MSN from saline rats exhibited NMDAR currents sensitive to GluN2B- but not GluN3-
selective antagonists. During the first week of withdrawal, we observed an increase in NMDAR 
currents at positive potentials in cocaine rats compared to saline controls that was attributable to 
NMDARs containing GluN2B but not GluN3. Between 2-3 weeks of withdrawal (still prior to 
detection of elevated CP-AMPAR levels), we observed increased NMDAR currents at both 
negative (-80 to -40mV) and positive (+40mV) holding potentials. The same results were 
obtained during a later period of withdrawal (>39 days) when cocaine craving is maximal. 
Pharmacological studies conducted in late withdrawal indicated that increased NMDAR currents 
reflected incorporation of NMDARs that contain both GluN2B and GluN3, as well as NMDARs 
containing GluN2B but not GluN3. Studies are in progress to determine if these sequential 
changes in NMDAR subunit composition are required for the elevation of CP-AMPAR levels 
and the incubation of cocaine craving. 
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Title: Interoception and relapse to cocaine addiction: Lo,g-term disruptions of the amygdala-
insula pathway 
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Abstract: The insular cortex integrates and transforms interoceptive stimuli into a general 
emotional awareness. In drug addiction, peripheral effects combined with the hedonic experience 



associated with the drug are integrated by the IC. This bodily experience is a key component in 
the memorization of drug effects within a specific context. Thus, during abstinence, drug cues 
could reactivate the memory of the body response and emotion associated with drug use by 
activation of the IC, initiating the physical sensation of craving reinforcing drug seeking 
behavior. Functional imaging studies in abstinent users have shown an increased synchronization 
of the IC and the amygdala, involved in the process of emotional responses. This suggests 
disruption of functionality in this circuitry that could increase vulnerability to cues associated to 
drug use. Our hypothesis is that chronic drug exposure induces long-lasting disruption within the 
amygdala-IC pathway. In particular, exposure to drug cues would activate the amygdala, and 
through its projection to the IC, would reactivate the representations of the interoceptive effects 
of the drug leading to intense craving, increasing the risk of relapse. The aim of the present study 
was to examine the cocaine-induced persistent changes in i) spontaneous activity of the 
basolateral amygdala (BLA) and the IC and ii) the synaptic plasticity in the BLA◊IC pathway. 
Using in vivo extracellular recordings in anesthetized rats one month after ten 6h-session of 
cocaine self-administration, we found an increase in the bursting activity and firing rate of BLA 
putative projection neurons. Although no significant changes were observed in the spontaneous 
activity of IC neurons, we found that synaptic plasticity in the BLA-evoked activity of IC 
neurons was disrupted in cocaine abstinent rats. In particular, we found that chronic cocaine 
leads to an increased long-term potentiation in the IC after high frequency stimulation of the 
BLA, with a loss of depotentiation after low-frequency stimulation. Therefore, in cocaine rats, 
the LTP is abnormally persistent and fails to be down-modulated. These data suggest that 
chronic cocaine use induced disruption of the BLA-IC information flow, which could lead to an 
increase in drug-seeking behavior. 
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Title: Cocaine increases permeability of the blood-brain-barrier in the hippocampus: 
Implications for drug use and abuse 
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Abstract: Rationale: 
Davidson and his colleagues (2014) have recently demonstrated that consumption of a Western 
diet (WD) high in saturated fats, carbohydrates and sugars increases blood-brain-barrier (BBB) 



permeability that results in the infusion of cytokines and microglia that selectively damages the 
hippocampus (see also Kanoski et al., 2010). Such damage also reduces hippocampal-dependent 
inhibitory control, as measured by the Pavlovian serial feature negative (sFN) task, thought to 
further drive WD intake, spurring a vicious cycle eventually resulting in obesity. The present 
studies applied this same rationale to assess if cocaine use influences BBB integrity and 
inhibitory functioning in a manner similar to that induced by the consumption of a WD. 
Methods: 
Experiment 1: Sprague-Dawley rats (n = 24) were injected intraperitoneally with cocaine (20 
mg/kg) or saline for 18 consecutive days at which point they were anesthetized and injected with 
the molecular dye sodium fluorescein (NaFl). Brains were immediately removed, and the 
expression of NaFl was evaluated in the hippocampus, striatum, and cortex to assess changes in 
BBB permeability. 
Experiment 2: Sprague-Dawley rats (n = 24) were trained on a serial feature negative (sFN) 
discrimination task in which a tone signaled a food pellet and a light followed by a tone signaled 
the absence of food (all stimuli were 5 sec in duration). Concurrent with this training (and in the 
same session), subjects were given a simple discrimination in which a clicker or white noise 
(counterbalanced) was followed by food (CS+) or no food (CS-). Following acquisition of 
discriminative control, subjects were maintained on the training conditions for 18 days. 
Following each daily session, they were given an intraperitoneal injection of cocaine (20 mg/kg) 
or equivolume saline and changes in sFN performance were evaluated. 
Results: 
Cocaine increased BBB permeability as evidenced by increased levels of NaFl in the 
hippocampus (Experiment 1) and decreased discriminative performance in the sFN task 
indicative of a loss of inhibitory control of responding (Experiment 2). 
Conclusions: 
Cocaine exposure resulted in a loss of integrity of the BBB (increased permeability) and a 
decrease in inhibitory control in the sFN discrimination. Such effects may provide a mechanism 
for escalated drug intake in drug-abusing populations. Specifically, the drug-induced loss of 
BBB integrity may result in selective damage to the hippocampus that, in turn, results in a loss of 
inhibitory control of drug intake that causes more damage, less control and further escalation, 
i.e., a vicious cycle similar to that posed for excessive eating and the resulting obesity. 
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Title: Cell type- and receptor type-specific mechanisms of cocaine-induced synaptic AMPAR 
depotentiation in the nucleus accumbens 

Authors: *A. E. INGEBRETSON, M. J. THOMAS 
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Abstract: The nucleus accumbens (NAc) is a key mesocorticolimbic structure in which drugs of 
abuse exert rewarding and reinforcing effects. Composed principally of medium spiny neurons 
(MSNs), the NAc receives converging glutamatergic inputs from cortical and limbic afferents 
that drive MSN activity and synaptic plasticity. In rodent models of addiction, changes in 
glutamatergic synaptic strength at NAc MSNs play a central role in drug-seeking behavior. 
Previous studies from our lab have shown that repeated exposure to cocaine potentiates AMPA 
receptor (AMPAR)-mediated signaling in the mouse NAc shell during a period of abstinence 
(10-14 days) from drug exposure. This increase in synaptic strength is reversed (“depotentiated”) 
by a single re-exposure to cocaine or bout of stress, suggesting that this switch in NAc synaptic 
excitability might act as a trigger for relapse, promoting renewal of drug-seeking. However, the 
cellular mechanisms underlying this plasticity have not been well characterized. The present 
study used an ex vivo cocaine challenge model of synaptic AMPAR depotentiation to examine 
the neuromodulatory roles of dopamine and endocannabinoids (eCBs) in promoting cocaine-
induced plasticity. Application of dopamine receptor agonists promoted synaptic depotentiation, 
while dopamine antagonists prevented the induction of depotentiation, suggesting a critical role 
for dopamine in gating cocaine-induced AMPAR plasticity at glutamatergic inputs to the NAc. 
Additionally, cannabinoid type 1 receptors (CB1s), receptors located pre-synaptically that bind 
to eCBs released from MSNs and decrease the probability of glutamate release, mediated 
cocaine-induced synaptic depotentiation, demonstrating that both eCBs and dopamine participate 
in modulating excitatory synaptic strength in the NAc. Current studies are further investigating 
the contribution of specific dopamine receptor subtypes located on distinct cell subyptes in the 
NAc. MSNs of the NAc are segregated into two cell subpopulations based on expression of the 
dopamine receptor type 1 (D1-MSN) or dopamine receptor type 2 (D2-MSN). These 
subpopulations have divergent projection targets and exert opposite effects on reward-related 
behavior. We are currently examining cocaine-induced AMPAR depotentiation in specific cell 
populations of the NAc to investigate the relationship between specific dopamine receptor and 
CB1 signaling in promoting plasticity. Our findings demonstrate that re-exposure to cocaine co-
opts multiple signaling pathways in the NAc shell to induce alterations in synaptic strength, 
identifying mechanisms that may be targeted for potential pharmacotherapies. 
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Abstract: Recent research has identified the lateral habenula (LHb) as a brain region playing an 
important role in the production of stressful and anxiogenic states. Of particular interest for the 
current project have been the norepinephrine (NE) projections to the LHb emanating from the 
locus coeruleus (LC). NE has long been known to be involved in arousal, stress and anxiety. The 
current research was therefore devised to assess the effects of reducing NE release within the 
LHb on rodent anxiogenic behavior. Male rats were implanted with bilateral guide cannula 
aimed at the LHb and subsequently treated with intracranial infusions of the selective α2 
adrenergic auto-receptor agonist dexmedetomidine (DEX) prior to behavioral testing. Doses of 
DEX (0, 0.5, 1.0 μg/side) were delivered in volumes of 0.25 μL over 120-s infusion durations 
and ambulatory and anxiogenic responses were assessed using tests of spontaneous locomotion, 
open field behavior, and acoustic startle response. Results demonstrated that DEX administration 
significantly reduced the overall locomotor behavior of subjects at both doses, indicating that 
infusion of even small doses of this α2 agonist into the LHb can have profound effects on the 
subjects’ general levels of alertness and activity. DEX was also found to attenuate anxiety as 
evidenced by reduced latencies to enter and more time spent in the center regions of the open 
field as well as a reduction in the magnitude of an acoustic startle response (ASR) to a 110 dB 
stimulus. Taken together, the results of the locomotor, open field, and startle-response tests 
support the assertion that reductions in NE release within the LHb produce statistically reliable 
reductions in both arousal and anxiety. This work was funded by NIDA grant DA-033370 
awarded to AE. 
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Abstract: In addition to its initial rewarding effects, cocaine produces a significant “crash” 
characterized by a state of dysphoria and anxiety. Any full account of a subject’s motivation to 
seek cocaine must therefore consider the relative balance between these positive and negative 
effects of the drug. While the neurobiology of the reinforcing aspects of cocaine has been well 
established, less is known about the systems responsible for its negative effects. Cocaine alters 
many neurotransmitter systems, including serotonin (5-HT), which has been linked to states of 
anxiety and depression in both human and animal subjects. The Lateral Habenula (LHb) has 
been recently implicated in mediating aversive/anxiogenic states and expresses a variety of 5-HT 
receptors. Thus, the present study was therefore devised to test the hypothesis that serotonergic 
signaling in the LHb contributes to the anxiogenic effects of cocaine. Male albino rats were 
trained to traverse a straight alley and enter a goal box for an infusion of IV cocaine (1.0mg/kg) 
on each of 16 single daily trials. The dual positive and negative effects of cocaine were reflected 
in the animals’ development of a unique approach/avoidance conflict about entering the drug-
paired environment as it learns the dual effects of the drug. Pretreatment with bilateral intra-LHb 
infusions of the selective 5-HT1B auto-receptor agonist CP94,253 (0.0µg, 0.1, or 0.25µg/side in 
0.5/µl) reduced the frequency of these approach-avoidance “retreat” behaviors while leaving the 
positive incentive properties of the drug intact (i.e., start latencies were unchanged). This effect 
of the autoreceptor agonist was then reversed by co-administration with the selective 5-HT1B 
antagonist, NAS-181. Together these data suggest a role for 5-HT signaling within the LHb in 
mediating the aversive effects of cocaine. 
This work supported by NIDA grant DA-033370 awarded to AE 
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Title: BDNF controls the ER stress response protein expression after repeated cocaine 
administration in the rat dorsal striatum 

Authors: J. KIM, J. YANG, I. RYU, M. GHANG, S. SON, E. HAN, *E. CHOE 
Pusan Natl. Univ., Pusan, Korea, Republic of 

Abstract: Brain-derived neurotrophic factor (BDNF) is a key molecule involved in the 
regulation of glutamatergic neurotransmission in response to chronic stimulation of 
psychostimulants. This study demonstrated that BDNF in the dorsal striatum regulates the 
endoplasmic reticulum (ER) stress response after repeated exposure to cocaine. The results 
showed that unilateral intracaudate infusion of BDNF (0.40, 0.75, or 1.50 μg/μL) decreased the 
repeated cocaine-induced increase in the expression of immunoglobulin heavy chain binding 
protein (BiP) sensing unfolded or misfolded proteins in a dose-dependent manner. Unilateral 
intracaudate infusion of BDNF (0.75 μg/μL) also decreased the phosphorylation of c-Jun N-
terminal kinase (JNK), which had been initially elevated by seven consecutive daily 
intraperitoneal injections of cocaine (20 mg/kg/day). These decreases were reversed by unilateral 
intracaudate infusion of the specific tropomyosin receptor kinase B (TrkB) antagonist, 
cyclotraxin B (1 ng/μL). These findings suggest that BDNF regulates the unfolded protein 
response via TrkB-linked JNK inactivation in the dorsal striatum after repeated cocaine 
administration, thus contributing to the restoration of the ER functions. 
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Title: Effects of cocaine on spontaneous dopamine release varies across striatal regions 
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Abstract: The mesostriatal dopamine system originates in the substantia nigra and ventral 
tegmental area, and projects throughout the striatum including the caudate, putamen, nucleus 
accumbens core and shell regions. Dopamine release in these regions underlies drug 
reinforcement learning, and adaptations to psychostimulants in these regions is thought to be 
responsible for habitual drug seeking behavior. We have recently shown that local striatal 
cholinergic interneurons can drive dopamine release independent of dopamine cell firing. This 
occurs through excitatory cholinergic activity onto nicotinic receptors on dopamine terminals. In 
the nucleus accumbens core, cocaine increases dopamine transient frequency without increasing 
cholinergic firing. Previous reports have suggested that cholinergic interneurons by region in 
their sensitivity to dopaminergic drugs. However, it is unknown if this regional heterogeneity 
contributes to the effects of cocaine on dopamine transmission. Therefore, we examined 
cocaine’s effects on cholinergic-dependent dopamine transients throughout the striatum. In 
general, cocaine increased dopamine transient frequency and amplitude. However, cocaine-
induced increases in dopamine transients differed by region, with greatest increases observed in 
the accumbens shell. Future studies will compare dopamine transient responses to cocaine in 
cocaine-naïve and experienced mice across these brain regions to determine what neural 
adaptions are occurring in prolonged use states. 

Disclosures:  J.T. Yorgason: None. C. Finuf: None. S. Steffensen: None. 

Poster 

334. Brain Circuits Affected by Cocaine 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 334.23/TT18 

Topic: G.08. Drugs of Abuse and Addiction 

Support: NIH Grant K25DA040032 

 NIH Grant DA023248 

 NIH Grant AA021449 



Title: Altered resting state functional connectivity of the lateral and medial hypothalamus in 
cocaine dependence 

Authors: *S. ZHANG1, C.-S. R. LI2 
1Yale Univ. Sch. of Med., New Haven, CT; 2Dept Psychiatry, Yale Univ., New Haven, CT 

Abstract: Background: The role of dopamine in cocaine misuse has been extensively 
documented and this literature involves a wide swath of brain regions including the 
hypothalamus of the mesocorticolimbic circuit. Preclinical work from earlier lesion studies to 
recent multidisciplinary investigations has suggested that the hypothalamus could be broadly 
divided into lateral hypothalamus (LH) and medial hypothalamus (MH) each differentially 
involved in waking/feeding and resting/satiety. However, little is known of the altered resting 
state functional connectivity (rsFC) of the LH and MH in individuals with cocaine dependence 
(CD). 
Methods: Resting state fMRI data (3T, 10 minutes, eye closed) of 70 CD and 70 age/gender 
matched healthy controls (HC) were analyzed. We performed linear regressions for individual 
subjects between the averaged time course of each of the LH and MH seeds and the time courses 
of each individual voxel of the whole brain. The correlation coefficients were converted to z 
scores by Fisher’s z transform, and a two-sample t-test was applied to the “z maps” to identify 
altered rsFC of the LH and MH in CD as compared to HC. 
Results: Compared to HC, CD showed increased LH functional connectivity with dorsolateral 
prefrontal cortex (dlPFC) and decreased functional connectivity with the precuneus. Further, CD 
showed increased MH connectivity with the inferior parietal lobule (IPL) and decreased 
connectivity with the vmPFC, temporal gyrus, fusiform gyrus, and ventral striatum. These 
connectivity differences were correlated to clinical measures. For instance, the connectivity 
strength between LH and dlPFC was positively correlated with total amount of cocaine use in the 
past month (p = 0.004, r = 0.35) and number of days of cocaine use in the past month (p = 0.03, r 
= 0.27). The connectivity strength between MH and vmPFC was negatively correlated with 
number of years of cocaine use (p = 0.03, r = -0.27). The connectivity strength between MH and 
VS was negatively correlated with cocaine craving as assessed by the Tiffany Cocaine Craving 
Questionnaire (CCQ) (p = 0.008, r = -0.33). 
Conclusions: The findings demonstrated altered functional connectivity patterns in CD for LH 
and MH and may provide new insight of our understanding of circuit level deficits in cocaine 
dependence. 
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Title: Thalamocortical connectivity and intrinsic thalamic connectivity associated with recency 
of cocaine use 

Authors: *A. S. HUANG, R. Z. GOLDSTEIN 
Psychiatry, Icahn Sch. of Med. at Mount Sinai, New York, NY 

Abstract: Drug addiction is a complex disorder that is characterized by excessive drug use 
despite adverse consequences. Current models highlight the importance of the midbrain reward 
system, and the prefrontal cortex cognitive control network in underlying core symptoms of 
addiction. Although the thalamus has an important role linking these two networks, its 
involvement in drug addiction is not well understood. Recent investigations of thalamic function 
indicate that it has an important role in integrating information across networks (Hwang et al., 
2017), suggesting that it has a broader role in cognition. In this study, we collected resting state 
functional magnetic resonance images from 19 recent cocaine users, 26 abstinent cocaine users 
and 31 healthy controls. We analyzed functional integration and functional connectivity of the 
thalamus with three different resting state analysis techniques. Thalamocortical connectivity was 
analyzed using seed-based correlations from different thalamic regions based on Behrens et al., 
2003 parcellation of the thalamus. Intrinsic thalamic connectivity was examined with regional 
homogeneity analysis (ReHo) and the fractional amplitude of low frequency fluctuations 
(fALFF). Compared to healthy controls, in the cocaine addicted individuals we expect the 
mediodorsal region of the thalamus to show increased connectivity with orbitofrontal and medial 
frontal regions and decreased connectivity with dorsolateral prefrontal regions. We also expect 
mediodorsal regions of the thalamus to show increased connectivity with striatal regions. Based 
on literature with other drugs of abuse (Denier et al., 2015), we expect the thalamus to show 
increased ReHo and fALFF values in recent cocaine users compared to abstinent cocaine users, 
and for cocaine users to show greater ReHo and fALFF values compared to healthy controls. Our 
findings will show the effects of recent cocaine use on the thalamocortical system and may 
highlight new roles for the thalamus in cocaine addiction. 
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Title: Neuronal sub-type specific translational changes following long-access cocaine self-
administration in mice 
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Lab. of Mol. Biol., The Rockefeller Univ., New York, NY 

Abstract: Studies aimed at understanding the molecular basis of drug addiction have focused 
largely on the mesolimbic dopamine system and related structures. From these studies, long-
lasting alterations in transcription are a clear consequence of repeated exposure to drugs of 
abuse. What remain elusive are the specific contributions of neuronal subtypes within these 
regions to addiction. To better understand the contributions of different cell-types, bacterial 
artificial chromosome (BAC) transgenic mice which drive the expression of EGFP-tagged 
ribosomal protein L10a in defined cell populations (known as bacTRAP transgenic lines) were 
trained to self-administer cocaine. Cell-types of interest include those found in the mesolimbic 
dopamine system, specifically D1 and D2 medium spiny neurons in dorsal striatum and nucleus 
accumbens. Following 2.5 weeks of extended cocaine self-administration, polysomal mRNAs 
were isolated by affinity purification and analyzed by RNA-seq to identify translational profiles 
of each cell type. Results from these studies provide insight into the neurocircuitry most affected 
by cocaine use as well as genes and pathways most affected. 
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Abstract: Drug addiction is a chronic neuropsychiatric disorder characterized by pathological 
motivation to seek and take drugs, persistent drug consumption despite adverse consequences 
and ultimately high risk of relapse even long after cessation of drug taking. These drug-induced 



behavioral alterations are thought to rely on maladaptive changes in brain circuits involved in 
reward-associative learning. Extensive work has described drug-induced changes at the 
molecular, cellular and circuit levels and has implicated stable synaptic adaptations along with 
neuronal network reorganization in the long-lasting effects of drugs of abuse. However, long-
term neuronal substrates specific to drug-seeking and their causal role in driving relapse 
behaviors remain poorly understood. In order to identify neuronal processes involved in such 
pathological behaviors, we are analyzing the effect of reexposure to cocaine-associated cues on 
the synaptic architecture in reward circuits with a focus on the nucleus accumbens (NAc). The 
NAc is predominantly composed of GABAergic medium spiny neurons (MSNs) which play a 
key role in integrating molecular signals underlying reward learning and addiction. To first 
assess how exposure to drug-paired cues affects MSN connectivity, we are measuring the 
morphology and density of dendritic spines within this neuronal population during reinstatement 
of drug seeking. Further characterization of MSN connectivity involves the identification and 
functional manipulation of input-specific synaptic morphological changes as well as the cellular 
processes engaged within MSN spines long after drug use. Together this work will deepen our 
understanding of the neuronal underpinnings specific to reinstatement, setting the ground for 
putative therapeutical strategies targeting relapse to drug taking. 

Disclosures:  M. Salery: None. E.S. Calipari: None. A. Godino: None. E.G. Peck: None. E.J. 
Nestler: None. 

Poster 

334. Brain Circuits Affected by Cocaine 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 334.27/TT22 

Topic: G.08. Drugs of Abuse and Addiction 

Support: NIDA 

Title: Novel approaches to study the role of endogenous ΔFosB in the action of cocaine and 
morphine within the nucleus accumbens 

Authors: *C. K. LARDNER1, P. J. HAMILTON1, H. M. CATES2, D. M. WALKER1, E. A. 
RIBEIRO1, J. FENG3, E. J. NESTLER1 
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Abstract: The onset and persistence of addiction is, in part, mediated by mechanisms of 
transcription. However, between classes of abusive drugs, little is known about the overlap of 
common transcriptional mechanisms and how these converge and diverge to effect an addictive 



phenotype. One well-characterized transcriptional regulator shared between different classes of 
abusive substances is ΔFosB, a Fos family transcription factor. ΔFosB is a splice variant of 
FosB, arising from a truncation which lends it unusual stability due to the loss of N-terminal 
degron domains. Consequently, ΔFosB accumulates intracellularly following repeated induction 
of the Fosb gene, which has been shown to occur after chronic exposure to many substances, 
including cocaine and morphine. A stimulant and an opiate, respectively, the pathogenesis of 
cocaine and morphine abuse both involve the induction of ΔFosB. However, it is unknown to 
what degree ΔFosB coordinates their unique effects within the nucleus accumbens. We are 
utilizing two tools to address this gap in knowledge. First, the scope and extent of ΔFosB’s 
transcriptional activity genome-wide has thus far been elusive due to the lack of antibodies 
suitable for chromatin-immunoprecipitation (ChIP)-seq. To address this, we generated a knockin 
mouse in which ΔFosB is expressed with a hemagglutinin (HA) tag fused at its N-terminus, 
which allowed for anti-HA targeting of ΔFosB using ChIP-seq following chronic cocaine or 
morphine administration. Next, to elucidate how D1- and D2-type medium spiny neurons 
coordinate the action of cocaine and morphine, we developed novel CRISPR/Cas9 tools to 
deliver nuclease-dead Cas9 fused to epigenetic modifying moieties to the Fosb locus. We 
observed how D1-/D2-type MSN-specific manipulation of ΔFosB influences cocaine- and 
morphine-mediated behavioral and morphological outcomes. Understanding the transcriptional 
scope and cell type-specific roles of ΔFosB in the effects of cocaine and morphine will not only 
clarify their mechanisms of action and reveal new avenues for therapeutic development, but also 
aid in understanding how diverse pharmacological substances converge at the level of 
transcription to commonly as well as divergently influence the function of the brain’s reward 
system. 
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Abstract: Drug addiction is a debilitating neuropsychiatric disorder with severe health, financial 
and societal consequences. Recent increases in drug abuse and the lack of efficacy of 
conventional pharmacotherapy drive the need for advanced mechanistic insight. Drugs of abuse, 
in addition to their acute effects, cause persistent aberrations in gene expression in the nucleus 
accumbens (NAc), the key brain region of reward learning. We found that chronic cocaine 
exposure permanently alters the inducibility of key neuronal genes to future stimuli in the NAc, 
referred to as gene priming and desensitization. It is hypothesized that drug-induced changes in 
the epigenetic landscape underlie such latent transcriptional dysregulation in states of addiction. 
However, epigenetic priming of transcription is virtually unexplored in the context of psychiatric 
disease and molecular mechanisms remain opaque. Further, the brain is comprised of a number 
of heterogenous cell-types, making the cell-type specific identification of these changes critical. 
In the NAc two functionally exclusive types of medium spiny neurons (MSNs), the D1 and D2 
dopamine receptor expressing subtypes, comprise 90% of the total neuronal population. Thus, 
we defined the differential D1 and D2 MSN transcriptional priming caused by chronic cocaine. 
These novel subtype-specific analyses lay the foundation for mechanistic studies of epigenetic 
regulation in drug addiction. Next, we investigated the cocaine-induced aberrations in chromatin 
structure that drive epigenetic priming in the NAc. Using ATAC-seq, we assessed chromatin 
accessibility in D1 and D2 MSNs genome-wide and differentiate immediate from persistent 
changes caused by chronic cocaine. An understanding of the epigenetic processes involved will 
ultimately allow us to identify novel pharmaceutical targets for epigenetic therapies of 
psychiatric diseases. 
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Title: History of cocaine self-administration alters transcriptome-wide responses to cocaine re-
exposure throughout the brain’s reward circuitry 
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at Mount Sinai, New York, NY; 4Pharmacol., Weill Cornell Med. Col., New York, NY; 5Icahn 
Sch. Med. At Mount Sinai, New York, NY 

Abstract: Cocaine addiction is a chronic, relapsing disorder involving maladaptive plasticity in 
brain reward circuits associated with changes in gene expression. The behavioral responses to 
self-administration withdrawal and re-exposure have been well-defined in rodent models. 
However, the gene expression changes underlying the observed circuit wide and behavioral 
dysregulation remains elusive. We hypothesized that chronic cocaine “re-programs” the 
transcriptome, resulting in sensitization and desensitization of molecular targets upon re-
exposure to cocaine. To test this hypothesis, we assigned male mice to one of six groups: saline 
or cocaine self-administration (SA) + 24hr withdrawal (WD) (S24/C24); saline/cocaine SA + 
30d WD + acute saline/cocaine + 1hr (SS/SC/CS/CC). Then we conducted RNA-sequencing on 
6 interconnected reward associated brain regions (PFC, NAc, DS, BLA, vHIP, VTA) to 
determine how a history of cocaine SA influences transcriptome-wide responses at baseline and 
after cocaine re-exposure. We focused on patterns of gene expression that were altered in 
response to specific stimuli when compared to the same baseline (S24). Genes that were 
uniquely altered by acute cocaine after cocaine SA+WD (CC) displayed region-specific 
regulation, with the greatest numbers seen in NAc, DS, and BLA. Further analysis revealed that 
the transcription factor, Hnf4a, is a predicted upstream regulator in all three regions and 
associated with genes that control RNA posttranscriptional processes and neurological diseases. 
In contrast, genes uniquely altered by cocaine SA + acute saline (CS), possibly a reflection of 
genes exhibiting “craving,” were most affected in vHIP and PFC and associated with neuronal 
branching. Regulation of subsets of these primed, desensitized, and incubating genes correlates 
with the SA behavior displayed by individual mice. These data provide further insight into the 
relationship between these correlated brain regions. Further, this is the most comprehensive 
picture to date of transcriptome-wide regulation by cocaine SA and WD throughout the brain’s 
reward circuitry, and it will guide future studies of the molecular basis of cocaine addiction. 
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Abstract: GABAA receptor α4 subunits partner with δ subunits to form extrasynaptic receptors 
(α4-GABAARs) which mediate tonic inhibition of neurons. The α4 subunit is expressed on 
Medium Spiny Neurons (MSNs) of the striatum, particularly the Nucleus Accumbens (NAc). 
Deletion of α4-GABAARs makes MSNs more excitable and we have previously demonstrated 
that α4-GABAARs are involved in conditioned behaviours such as cocaine-conditioned place 
preference and conditioned reinforcement. 
We have extended these studies to behavioural sensitisation. As well as testing α4-GABAAR 
constitutive knockout (α4-KO) mice, we assessed the role of α4-GABAARs on Dopamine D1R 
and D2R-containing neurons specifically in mediating cocaine induced locomotor activity and 
behavioural sensitisation. We generated two conditional knock-out lines by breeding ‘floxed’ α4 
mice with mice expressing Cre-recombinase under either the Drd1 or Drd2 promoter to 
conditionally delete gabra4 in D1 or D2 receptor containing neurons (D1-α4-KO and D2-α4-KO 
mice respectively). 
D1-α4-KO mice and D2-α4-KO mice were compared to their ‘floxed’ α4 littermates (D1-α4-WT 
and D2-α4-WT, respectively (n=16 per group). Genotypes were divided into two groups with 
half receiving daily IP injections of either cocaine (10mg/kg) or saline (10ml/kg) for 10 days. On 
day 11 all mice were given a saline injection to examine whether cocaine treated mice exhibited 
conditioned activity. Locomotor activity was recorded for 60 minutes post injection. 
No genotype showed any differences in baseline locomotor activity and administration of 
cocaine increased locomotion in all genotypes. However in Session 1 D1-α4-KO mice showed 
greater cocaine-potentiated activity compared to D1-α4-WT’s. Interestingly cocaine treated D1-
α4-KO’s also showed a greater level of conditioned activity on the saline test day. No phenotypic 
differences were seen with α4 KO mice (compared to WTs) or the D2-α4-KO mice. Our results 
indicate that deletion of α4 in D1 neurons results in an increased acute response to cocaine and 
greater conditioned activity but does not affect end-point behavioural sensitisation. 
We also used cFos immunohistochemistry to examine NAc neural ensembles underlying these 
behaviours. Experimental groups were divided with half administered cocaine (20mg/kg) and 
half saline, and their brains perfused after 90 minutes. We observed increased cFos in the NAc 
core and shell following acute cocaine and this was further increased in sensitised animals. α4 
KO and D1-α4-KO’s displayed greater cocaine induced cFos in the NAc core following acute 
cocaine and greater cocaine induced cFos in the both the NAc core and Shell post sensitisation. 
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Abstract: Social isolation (SI) during adolescence is a risk factor for several psychiatric 
disorders, including schizophrenia, anxiety, and depression, but the mechanisms by which it 
contributes to the development of these disorders is unknown. In mammals, adolescence is a 
critical period in which social interaction with peers is essential for normal brain development. 
SI is associated with increased neuroinflammation, and altered brain structure and 
neurochemistry. These SI-mediated effects may underlie SI-associated risk, but the 
pathologically relevant effects of SI are not clear. We have established a model of SI during 
adolescence (postnatal day 21-35) in mice that evokes significant behavioral changes. 
Specifically, male mice exposed to SI during adolescence are hyperactive in a novel open field 
and display an abnormal exploration pattern suggesting altered attentional processes. Moving the 
SI mice to group housing (postnatal day 35 on) does not alter their phenotype, suggesting the 
behavioral changes result from altered neurodevelopmental during a critical period. One possible 
cause of the abnormal development in SI mice is the lack of opportunity to engage in social play 
during the postnatal day 21-35 period when normal play behavior peaks. Here we show the 
effects of intermittent social play behavior (1 hour/day) on the SI phenotype and highlight 
potential prophylactic measures for SI-induced abnormalities. Along with identifying 
mechanisms relevant for prevention, these studies identify potential substrates amenable to 
treatment in adulthood. 
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Title: Layer dependent attentional modulation of broad and narrow spiking cells in primate V1 
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Abstract: Attention is critical to high level cognition and it improves perceptual abilities. Many 
studies have delineated how attention affects neuronal firing rates, rate variability, and neuronal 
correlations, but a detailed understanding how this differs between cortical layers and different 
cell types is only just emerging[1, 2]. 
We investigated how attention affects neuronal firing rates, rate variability, and neuronal 
correlations in broad and narrow spiking cells[3] in macaque V1, while animals performed a top 
down cued spatial attention task. Recordings were performed with 16 contact laminar silicone 
probes (150 um intercontact distance) inserted normal to the V1 surface. Layer location was 
assignment based on current source density and latency analysis, with the earliest current sink 
and visual responses assigned to layer 4cα. Layer assignment of sufficiently active cells (>3Hz) 
was possible for 325/364 broad spiking cells and 224/262 narrow spiking cells. 
Sustained neuronal activity (following the initial transient after stimulus onset) was higher in 
supra and infragranular than in granular layers in both cell types. Narrow spiking cells showed a 
trend towards higher firing rates than broad spiking cells. Attention induced firing rate changes 
were quantified using Area Under the Receiver Operating Characteristics (AUROC). Braod and 
narrow spiking cell AUROC distributions did not significantly differ (p=0.72, rank-sum test). 
AUROCs were largest (p<0.05, rank sum test) in supragranular layers and smallest in granular 
layers. Rate variability was assessed using spike count based Fano Factors (FF), and gain 
variance. Both FFs and gain variance were significantly larger in narrow than broad spiking cells 
(p=0.004, rank sum test). Across both cell types, FF and gain variance was largest in 
supragranular layers, intermediate in granular, and smallest in infragranular layers (all pairwise 
comparisons p<0.05, rank sum test). Attention did not affect FF in either cell type or layer. 
However, gain variance was reduced by attention in both cell types. The attention induced 
reduction in gain variance was largest in supragranular layers, and smallest in infragranular 
layers (latter comparison p=0.029, rank sum test). 
[1] A. S. Nandy, J. J. Nassi, and J. H. Reynolds, Neuron 93, 235 (2017). 
[2] T. van Kerkoerle, M. W. Self, and P. R. Roelfsema, Nature communications 8, 13804 (2017). 
[3] A. Thiele et al., J Neurosci 36, 7601 (2016). 
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Abstract: Orexins are excitatory neuropeptides that come in two isoforms, Orexin A and Orexin 
B, and serve as ligands for the G-protein coupled orexin 1 and orexin 2 receptors (Ox1R and 
Ox2R, respectively). Changes in orexinergic transmission are thought to contribute to attentional 
processing. While several studies have examined the role of Ox1Rs in attention, less research has 
assessed the contribution of Ox2Rs. Moreover, several lines of evidence suggest that the right 
medial prefrontal cortex is particularly critical for visual attentional performance. Taking all of 
this into consideration, the goal of the present experiment was to test the effects of Ox2R 
blockade, via administration of TCS-OX2-29, in the left or right medial prefrontal cortex on 
visual attention. The results suggest that low dose administration of TCS-OX2-29 into the right, 
but not into the left, medial prefrontal cortex enhanced attentional performance. We speculate 
that relatively mild antagonism of Ox2Rs may have increased the sensitivity of these receptors to 
subsequent orexin transmission, thereby enhancing attentional performance. Ongoing projects in 
our laboratory are assessing whether these effects are observed when TCS-OX2-29 is infused 
into other brain regions known to be critical for attentional performance. 
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Abstract: Changes in homeostatic function, including sleep patterns and energy balance, are 
often predictive of age-related neurocognitive disorders such as Alzheimer’s and Parkinson’s 
disease. The basal forebrain has been implicated in both attentional processing and responses to 
homeostatic cues, suggesting a possible link between the significantly impaired attention task 
performance of Alzheimer’s and Parkinson’s patients and shifts in their homeostatic regulation. 
Recent research suggests a possible mechanism: the basal forebrain receives input from 
hypothalamic neurons that release the excitatory neuropeptides, orexin-A and orexin-B (orexins). 
Orexins bind with varying affinities to orexin-1- and orexin-2-receptors on cholinergic neurons 
in the basal forebrain and increase the rate at which they fire action potentials in response to 
attentional demands and regulation of homeostasis. Degeneration of these cholinergic projections 
to the cortex is a hallmark of Alzheimer’s and Parkinson’s, but it is currently unknown if 
impairment is due solely to loss of these projections, or if the decline can be attributed to loss of 
particular receptors on these neurons. In order to evaluate the necessity of orexin-2-receptors for 
attentional performance, TCS-OX2-29, an orexin-2-receptor selective, non-peptide antagonist 
was administered via bilateral infusion into the basal forebrain of Rattus norvegicus prior to 
completion of an attention task with a distracter present. The findings suggest a dose and block 
dependent decline in correct rejections at the 40 nm TCS-OX2-29 infusion into the basal 
forebrain on the sustained attention task with distracter compared to saline administration. An 
exploratory analysis revealed improvements in relative hits at 2 nm and 20 nm TCS-OX2-29 
infusions into the basal forebrain. Combined, these findings suggest that the orexin-2-receptor is 
involved in attentional performance, and that blocking the orexin-2-receptor with TCS-OX2-29 
may, at high doses, result in a decline in correct rejections, while lower doses of 2 nm and 20 nm 
may be involved in sensitization of the orexin-2-receptor, making it more likely to respond to 
binding of orexin A and orexin B. 
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Abstract: Visual spatial attention facilitates the processing of information in a specific location 
of space. According to Posner and Peterson (1990), it is divided into three functional 
components, subserved by specific neural networks and neuromodulators. Alerting serves to 
maintain high sensitivity to incoming stimuli, orienting serves to select an information in space 
and executive control serves to resolve conflict due to limited capacity of the attention system. In 
this model the locus cœruleus-noradrenaline system (LC-NA) is proposed to specifically 
modulate the alerting process. However, accumulating evidence suggests a broader role of the 
LC-NA system in spatial attention (Aston-Jones & Cohen 2005). The objective of the present 
study was to reexamine its role in spatial attention. 
We tested the effect of injections of a NA-reuptake inhibitor (Atomoxetine, ATX), which 
enhances NA transmission, in seven monkeys performing a task derived from the Posner spatial 
cueing paradigm (Fan et al. 2002). Monkeys had to saccade to a target in one side of the screen 
(10° eccentricity). For 80 % of the trials, a cue accurately predicted the upcoming target location 
(‘valid cue’). For the remaining 20%, the cue was either absent ('no cue') or presented on the 
opposite side of target location ('invalid cue') or two cues were simultaneously presented 
('neutral cue'). In addition, a distractor could appear simultaneously with the target onset, 
randomly either in the same oreaction timesr in the opposite hemifield of the target. 
Our results showed that ATX increased the number of initiated trials and/or the number of 
correct trials. Following ATX injections, reaction times in valid trials were reduced leading to an 
improvement of attentional orienting. The other attentional processes, i.e. alerting and executive 
control, were also affected by ATX injections but results across monkeys were more mitigated. 
In conclusion, enhancing NA transmission mainly modulated the orienting process within a 
highly predictive context. These results suggest that NA influences different facets of spatial 
attention and that this effect might depend on the context. 
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Title: Neural coding of social gaze in the amygdala 
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Abstract: Primates have a highly structured and developed social life. To achieve such 
complexity, appropriate communication between individuals is required. Much of this 
communication is achieved through the exchange of visual information. Indeed the eyes provide 
information about an individual to its conspecifics depending on its status, disposition and 
emotional state, especially thanks to the different gaze interactions they engage in. Despite the 
importance of social gaze in the behavioral repertoire of primates (Ballesta and Duhamel, 2015, 
Dal Monte et al, 2016), the neural substrates that support this behavior are still little known. 
The macaque amygdala has been shown to contain neurons that respond selectively to different 
part of faces, bodies and, notably to eye gaze and direct eye contact while viewing videos of 
conspecifics (Mosher et al. 2014). In the present study, we investigated the neural correlates of 
gaze behavior during live interactions between two macaque monkeys, sitting face to face, both 
while they engaged in spontaneous visual interactions and as they performed a structured social 
decision task. 
We report that monkeys actively seek to interact with one another through gaze, notably by 
showing longer fixations during mutual than averted gaze and more frequent social gaze 
initiation by dominant than subordinate monkeys. Single unit recordings in the amygdala 
revealed different types of neuronal responses. Neurons responded to the eye region of the 
partner monkey, and some of these responded selectively to mutual gaze. Interestingly neurons 
could respond with short (<60ms) or long (>150ms) latency, suggesting two possible routes for 
visual input to the amygdala. We further observed cells responding to a more complex type of 
gaze interaction, namely joint attention. Such activity was characterized by increases in firing 
rate when the two monkeys jointly gazed at the workspace, and by a striking enhancement of the 
neuronal responses when the recorded animal was following the partner’s gaze shift to that 
location. To conclude, our results confirm the role of the primate amygdala in social gaze and 
extend its involvement to joint attention mechanisms. 
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Title: The claustrum enables resilience to distraction through gain control of cortical sensory 
processing 
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Abstract: The claustrum is a thin neuronal structure, located deep in the mammalian brain. 
Enclosed between the insular cortex and the striatum, it has been shown to be reciprocally 
interconnected with sensory cortices, frontal regions, and subcortical nuclei. We have recently 
proposed that by regulating cortical gain, the claustrum may suppress task-irrelevant sensory 



stimuli and support attention (Goll et al. 2015). However, the delicate anatomy of the claustrum 
has greatly limited functional studies.We identified a genetic marker that is locally selective for 
claustrum neurons. A transgenic mouse line allows the utilization of CRE-dependent viral 
vectors to drive specific expression in a subpopulation of claustral neurons. Using these as starter 
cells, we conducted brain-wide anterograde tracing and rabies-based retrograde tracing 
experiments, and verified that these cells display the characteristic reciprocal connectivity of the 
claustrum (Atlan et al. 2016). To address our hypothesis regarding the involvement of the 
claustrum in attention, we assessed the impact of claustral activation on sensory responses in the 
auditory cortex of anesthetized mice. Specifically, we played an array of logarithmically spaced 
pure tones (3-70 kHz), and optogenetically activated claustrum neurons or processes while 
performing loose-patch recordings or bulk calcium photometry, respectively. We observed that 
the firing of the majority of affected single cells was reduced selectively at their preferred 
frequency. Population calcium activity, however, revealed that claustral activation drives 
divisive normalization at the circuit level; demonstrating that the claustrum is capable of broadly 
desensitizing cortical responses, while maintaining their baseline tuning. Finally, we established 
that the claustrum is important for performing attentional tasks by silencing its activity during 
operant and naturalistic behaviors. In both assays, mice displayed increased sensitivity to 
auditory distraction during claustral suppression. Our work serves as the first functional 
perturbation of the claustrum, demonstrating that it can regulate cortical excitability, and impact 
resilience to distraction. Therefore, the claustrum could be a novel target for medical treatment of 
disorders in which perception and attention are impaired, such as autism, schizophrenia, and 
ADHD. 
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Title: Serotonergic efficiency underlies causal effect of 5-HTP on attention allocation 
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Abstract: Serotonergic transmission, measured via cerebrospinal fluid (CSF) concentrations of 
the serotonin metabolite 5-hydroxyindoleacetic Acid (5-HIAA), is linked to psychiatric 
disorders, particularly depression (Sharp and Cowen, 2011). Impaired serotonergic transmission 
is also linked to poor impulse control, impaired social functioning, extreme aggression, and even 
mortality in human and non-human primates (Higley & Linnoila, 1997; Westergaard, 1999). 
Diversity in serotonergic transmission is often independent from central concentrations of 
serotonergic compounds. In fact, when scientists modulate central serotonin to examine its 
effects on behaviors associated with depression, they often report inconsistent results. It is likely 
that this is in part due to individuals’ diversity in central serotonergic transmission efficiency, a 
characteristic usually overlooked in these studies. 
Previously (Weinberg-Wolf et. al, 2016, SfN abstract), we reported that systemically 
administering the serotonin precursor l-5-hydroxytryptophan (5-HTP) results in robust bi-
directional modulation of attention in rhesus macaques, whereby 5-HTP increased looking 
duration in animals with low baseline attention (Attend+ group) but decreased looking duration 
in animals with high baseline attention (Attend- group). 
Here, we elucidate the biochemical mechanisms underlying this causal effect of serotonin on 
attentional allocation by examining central serotonergic efficiency. While central concentrations 
of 5-HTP and serotonin at baseline positively predicted the direction in which, and magnitude by 
which, 5-HTP modulated attention, CSF analyses also confirmed that 5-HTP increased central 
concentrations of 5-HTP and serotonin in both groups. Previous literature indicates that the ratio 
of 5-HIAA to serotonin is the best representation of serotonergic efficiency (Roy and Linnoila, 
1988). We found that the 5-HIAA to serotonin ratio indeed predicted both looking duration at 
baseline and also the percent change from baseline in looking duration following 5-HTP 
administrations. Attend+ animals exhibited lower baseline 5-HIAA to serotonin ratios, and thus 
poorer serotonergic efficiency, looked for shorter periods of time at baseline and exhibited more 
positive changes in looking duration due to 5-HTP than their Attend- counterparts. Our results 
suggest that differences in central serotonergic efficiency underlie diversity in how serotonergic 
manipulations causally influence attention. These findings may inform treatment plans for 
serotonergic interventions in disorders like depression and anxiety.  
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Abstract: The prefrontal cortex (PFC) governs top-down control of attention and is known to be 
vulnerable in aging. However, increased recruitment of PFC in aging is hypothesized to reflect 
an adaptive reorganization process that might compensate for declining bottom-up sensory 
processing and ensuing attentional capacitates. Therefore, we hypothesized that reduced activity 
of PFC efferents would exert differential effects on attentional capacities between young and 
aged subjects, with the latter exhibiting a more robust decline in performance. Wistar rats 
(young: 3 months and aged: 22 months) were trained in an operant attention task that consists of 
a random sequence of signal (central panel light of different durations; 500 ms, 50ms, 25ms) and 
non-signal trials, divided into 3 blocks. We utilized a chemogenetic approach involving 
DREADD (Designer Receptors Exclusively Activated by Designer Drugs) to silence projection 
neurons in the PFC. Animals trained to criterion (≥70% correct responses), received bilateral 
infusions of AAV vector expressing hM4D(Gi) under the control CaMKIIa promoter into the 
medial PFC. Subjects were kept on task for 4-weeks post-surgery after which their performance 
was evaluated under an attention-taxing condition, a behavioral testing session consisting of the 
presentation of visual distractors (flashing house light) in the 2nd block. Clozapine-N-oxide 
(CNO; 1mg/kg i.p.) was administered to suppress the activity of prefrontal projection neurons by 
activating engineered Gi-coupled receptors 1-hr prior to this testing session. For control 
conditions, animals received an injection of vehicle. As expected, the ability to discern signal 
from non-signal events was reduced during the distractor presentation, while this deficit 
completely recovered in the post-distractor block in vehicle-injected young rats. CNO injection 
worsened the performance of young animals during the pre-distractor (CNO: 0.27±0.06; vehicle: 
0.45±0.05) and post-distractor (CNO: 0.35±0.09; vehicle: 0.63±0.06) blocks, respectively. In 
general, aged rats performed less accurately on signal trials with shorter signal durations. 
Contrary to our predictions, CNO-mediated Gi inhibition in the PFC did not affect attentional 
performance in these animals. Lack of sensitivity to the suppression of PFC output neurons in 
aging might indicate that restricted modulation of PFC efferents is not sufficient to compensate 
for age-related decline in attentional capacities. It is possible that other cortical regions involving 
the frontoparietal networks are also involved in this adaptive process. 

Disclosures:  S. Joshi: None. M. Duggan: None. J. Strupp: None. V. Parikh: None. 



Poster 

335. Cortical and Allocortical Mechanisms of Attention 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 335.10/TT35 

Topic: H.01. Animal Cognition and Behavior 

Title: Neuronal activity in primate area FST during covert spatial attention 
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Abstract: Inactivation of the superior Colliculus (SC) leads to attention deficits in covert spatial 
attention tasks, but the circuits through which SC inactivation leads to attention deficits are not 
known. Using fMRI in a block design, we recently identified area FST in superior temporal 
sulcus as one of the areas that is significantly affected by SC inactivation in a covert spatial 
attention task. Because of the limitations of the fMRI study, we do not know which aspects of 
the task modulate neuronal activity in area FST or how they might be affected by SC 
inactivation. Here we report neuronal recordings (single and multi-unit combined and hereafter 
referred to as units) from area FST in a covert spatial attention task. 
The task consisted of 4 stimulus conditions: Baseline (B), Foveal Attention (FA), Single 
Peripheral Stimulus (SPA) and Peripheral Attention (PA) blocks. Each condition was blocked 
and presented in a randomly interleaved order. In B trials, the relevant stimulus was a central 
fixation point that dimmed at randomized times. FA trials were similar to B trials but added 2 
peripheral motion-change stimuli as irrelevant distracters. In PA trials, the fixation point did not 
dim and the 2 peripheral motion-change stimuli were relevant. SPA trials were similar to PA 
trials except there was only one peripheral motion-change stimulus. The task of the monkey was 
to maintain central fixation and report the relevant stimulus change (fixation dimming in B & FA 
blocks, peripheral motion change in SPA & PA blocks) by releasing a lever to get a juice reward. 
We have recorded 312 units in area FST of 2 monkeys using single electrodes and 24-contact v-
probes. Most units (n = 186) were responsive to the peripheral motion stimulus in PA trials and 
showed a significant onset response or significant delay period activity to the peripheral 
stimulus. Units in FST (n = 146) also showed a significant attention-related modulation 
(comparing PA and FA conditions) with a median modulation index of 0.1, and more than one-
third of the units (n = 124) were significantly modulated by the peripheral motion-change. 
Our preliminary results suggest that units in area FST not only show a significant attention-
related modulation but also report the peripheral change event. Further experiments will address 
how the above-mentioned modulations in FST units are affected by SC inactivation in a covert 
spatial attention task. 
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Abstract: Spatial attention, the ability to select and preferentially process the most important 
stimulus location in the environment at any instant, is critical for adaptive behavior. To uncover 
the neural circuit mechanisms underlying spatial attention control, we wish to exploit the power 
offered by the mouse system for genetically based approaches for the measurement and 
perturbation of cell-type specific neural activity. As a first step in this endeavor, we develop 
parameterized paradigms for visuospatial attention in mice using a touchscreen-based operant 
set-up. Here, we study, explicitly, exogenous as well as endogenous control of visuospatial 
attention in unrestrained mice using, respectively, a flanker task and a spatial expectation task. 
Our results reveal systematic changes in behavioral performance and perceptual sensitivity 
driven either by stimulus salience (exogenous influence) or learned expectation (endogenous 
influence), consistent with results from similar primate studies. Taken together, we demonstrate 
that mice exhibit behavioral signatures of visuospatial attention similar to that of humans and 
monkeys. We propose that mice can serve as a viable model for studying the neural mechanisms 
of spatial attention. 
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Abstract: Attention involves selecting the most behaviorally relevant (“highest priority”) 
stimulus in the environment to guide behavior. The brain mechanisms underlying this function 
rely on circuitry in the midbrain, specifically the superior colliculus (SC, in mammals, or optic 
tectum, OT, in birds). Past work has established a causal role for the SC in selecting a target 
amongst competing distractors. This specific role for the SC in stimulus selection has been 
shown to be mediated by competitive response suppression provided by a nearby inhibitory 
nucleus, the Imc (isthmi pars magnocellularis). However, the functional properties of the 
inhibitory Imc, specifically, how it encodes stimulus competition, are not well understood. Here, 
with electrophysiological experiments in the barn owl, we will examine signatures of 
competition in the Imc. Specifically, by contrasting them with those in the OT, we will determine 
the degree to which the Imc actively performs the computations underlying selection. In 
addition, with paired recordings in the OT and Imc, we will directly compare the temporal 
dynamics of competition to determine where competition is first resolved in this circuit. Results 
from this work will inform us of how this midbrain circuitry that is required for stimulus 
selection operates, mechanistically. 
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Title: Neural mechanisms underlying categorization for stimulus selection 
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Abstract: The selection of the most behaviorally relevant stimulus among multiple competing 
stimuli is critical for the control of gaze and spatial attention. The superior colliculus (SC), a 



midbrain sensorimotor hub, is known to play a key role in this selection. Previous work in the 
barn owl has revealed that the optic tectum (OT, avian analog of the SC) explicitly categorizes 
competing stimuli into two categories, “highest priority” and “others”. In addition, a GABAergic 
satellite nucleus to the OT, called the isthmi pars magnocellularis (Imc), generates the 
competitive inhibition that is necessary for this categorization. However, the functional pattern of 
inhibition from the Imc to the OT is not known. Anatomically, the Imc is known to receive focal 
input from the topographic OT space map, and to send inhibition back broadly to all regions of 
the OT space map except the region from which it receives input, i.e., a “donut-like” pattern of 
connectivity. In addition to directly inhibiting the OT, the Imc also inhibits it indirectly by 
suppressing a powerful cholinergic amplifier of OT representations called the Ipc. Because the 
pattern of inhibition from the Imc to the Ipc is not clear, it is unknown whether the net inhibition 
from the Imc onto the OT, through the direct as well as indirect pathways, is actually donut-like. 
Computationally, such a donut-like pattern of inhibition could substantially enhance categorical 
selection among competing stimuli in the OT. Here, we will directly examine the spatial pattern 
of net functional inhibition from the Imc to the OT in the barn owl using in vivo extracellular 
recordings, iontophoretic inactivation and computational modeling. Results can reveal the neural 
circuit implementation of key computations underlying stimulus selection. 
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Title: Different patterns of neuronal infection in the rodent thalamus and temporal cortex 
revealed by retrograde transport of pseudorabies virus injected into the dorsal and ventral 
prefrontal cortex 
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Abstract: The mammalian prefrontal cortex plays a critical role in complex executive behaviors 
by enabling several cognitive operations such as attention, working memory, response control 
and decision-making. Lesions to different regions of the rodent PFC cause specific cognitive 
impairments. For example, ablating the dorsal part of the PFC (dPFC), which comprises the 
dorsal anterior cingulate cortex, and the dorsal extent of the prelimbic cortex affects aspects of 
attention and working memory. In contrast, the ventral part of the PFC (vPFC) which includes 



the infralimbic cortex, orbitofrontal cortex, and the rostral and ventral extent of the prelimbic 
cortex, is implicated in behavioral control and flexibility (Chudasama, 2011, Beh Neurosci. 
125:327-343). This differentiation in behavior prompted us to map the organization of direct and 
indirect inputs to the dPFC and vPFC, and establish how these anatomical pathways might 
influence different cognitive functions. 
We injected a GFP-expressing transsynaptic Pseudorabies virus (PRV-152) and an mRFP-
expressing Pseudorabies virus (PRV-614) directly into the dPFC and vPFC respectively using 
stereotaxic procedures. First-order projections were determined at 48hrs post-inoculation. 
Retrogradely-infected neurons were found in the ventral hippocampus and the amygdala 
following vPFC injection, but not following dPFC injection. In addition, while animals with 
vPFC injections showed infected neurons in several midline thalamic nuclei including the 
reuniens and rhomboid, the dPFC-injected animals showed a pattern of infection that was sparse 
but restricted to the dorsal midline thalamus, namely the paratenial and paraventricular nuclei. In 
the temporal cortex, neurons projecting to the vPFC were abundant in the perirhinal and 
entorhinal cortex, while the presence of neurons projecting to the dPFC was moderate and 
mainly located in the perirhinal cortex. 
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Abstract: The midline thalamic group of nuclei are generally divided into a dorsal group 
comprising the paraventricular, paratenial, and intermediodorsal nuclei, and a ventral group 
which include the rhomboid and reuniens nuclei. This midline thalamic complex is viewed as the 
non-specific thalamus because the nuclei project broadly to the cortical mantel and receive 
diffuse input from the brain stem. Unlike the sensory, motor and associative thalamic nuclei 
which are well defined in terms of their functions, significantly less is known about the 
functional anatomy of the midline thalamic structures. Recent studies implicate midline thalamus 
in diverse behavioral functions including learning and cognition (Prasad et al., 2017, Neurosci. 
345:77-88), spatial navigation (Hembrook and Mair, 2011. Hippocampus. 21:815-826), and fear-



related memory (Penzo et al., 2015. Nature. 519:455-459). This functional heterogeneity is likely 
due to the distinct connections of these nuclei with different cortical and subcortical structures. 
In this study, we explore the anatomical organization of the dorsal and ventral midline thalamic 
nuclei using a retrograde viral tracer called Pseudorabies virus (PRV). Single or double 
injections of the PRV with either a GFP tag (PRV-152) or a dTomato Red tag (PRV-614) were 
injected into dorsal or ventral midline thalamic nuclei of Long Evans rats. After 
immunofluorescent processing of serial sections, fluorescent imaging was used to identify the 
distribution of cells labelled with GFP or dTomato Red. Our preliminary evidence indicates that 
the dorsal midline thalamus receive first order input from preoptic areas, piriform cortex, the 
most caudal extent of the dentate gyrus, and the caudal dorsal entorhinal field. Unfortunately, our 
ventral thalamic injections did not accurately target the reuniens and rhomboid nuclei. However, 
one preliminary case in which the injection was centered on the caudal reuniens revealed the 
main source of input coming from the medial and lateral septum and the ventral entorhinal field. 
Further analyses of both first order and second order neuronal projections will enable a better 
understanding of the organization of midline thalamic circuits and their contribution to behavior. 
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Abstract: The locus coeruleus (LC), the primary source of noradrenaline in the brain, also 
synthesizes and co-releases several peptides such as galanin, neuropeptide Y and brain-derived 
neurotrophic factor (BDNF). Galanin is expressed in ~80% of LC neurons in rat brain, and the 
LC constitutes the only source of galanin to cortex and hippocampus (Hökfelt et al., 1998, Ann. 
NY Acad. Sci., 863, 252-263). Consequently, galanin has been implicated in cortex- and 
hippocampus-dependent functions, and is thought to play a role Alzheimer’s Disease, addiction, 
depression, stress and anxiety disorders (Weinshenker and Holmes, 2016, Brain Research 1641, 
320-337). Specifically, cortical galanin receptor 1 (Gal-1) is thought to mediate cognitive 
functions, whereas galanin receptor 2 (Gal-2) is thought to play a role in mood and anxiety. 



In this study, we explore whether galanin is involved in cognitive-executive function. Given the 
role of LC-derived noradrenaline in attentional processing, and the high expression levels of 
galanin receptors in the ventral prefrontal cortex (vPFC), we examined the contribution of Gal-1 
receptor activation to performance in the 5-Choice task using a touchscreen platform. In this 
task, rats were trained to reach a high level of accuracy (> 80%) and low levels of omission (< 
20%). We then implanted bilateral cannulae targeting the vPFC. Next, trained rats received 
counterbalanced infusions of either 3 nmol or 5 nmol of the Gal-1 receptor agonist M617 or 
saline. Rats with local infusions of saline or 3 nmol of M617 showed normal levels of 
performance with respect to target accuracy, behavioral control and speed of response. In 
contrast, rats infused with 5 nmol of M617 showed a selective increase in the number of 
premature responses (mean premature responses ± SEM: 5nmol = 30 ± 7.5; 3nmol = 20.8 ± 4.4; 
Saline = 15 ± 8.4), with no concomitant change in attention, motor or motivational status. These 
rats were also sensitive to temporal unpredictability of the visual stimulus. Together, these data 
implicate vPFC Gal-1-mediated neurotransmission in impulse control mechanisms. Future 
studies will examine the relationship between Gal-1 and Gal-2 receptors to evaluate whether they 
mediate similar or unique cognitive processes. 
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Abstract: Auditory spatial attention describes our effortless ability to listen to sound from one 
location while suppressing distracting sounds from other locations. Two key areas implicated in 
this ability are auditory cortex and prefrontal cortex, but a detailed understanding of how sound 
is spatially filtered has been hampered by the lack of a robust animal model, particularly one that 
shares key similarities with humans. To address this, we have developed a novel spatial auditory 
selective attention task for macaques, based closely on human directed listening paradigms. In 
this task, a macaque monkey is cued to a particular side and must report the presence of a 
difficult-to-detect auditory target (embedded in noise) only if it appears on the cued side. If it 



appears on the uncued side, he must ignore it. 
We collected single neuron data from prefrontal cortex (caudal principal sulcus; n=948) and 
caudal auditory cortex (primarily A1; n=847) in two monkeys during this task. In both areas, 
direction of cued side significantly affected responses in about 20% of the neurons. A 
comparison of patterns between PFC and AC indicated that AC was earlier than PFC in signaling 
the sensory stimulus (ipsi/contra), but PFC was earlier than AC in signaling the decision made 
(release/ignore). We applied a classification approach on firing rates of the responsive 
populations to analyze patterns of firing rates related to error (e.g. misses) vs correct trials, This 
indicated that the first location to exhibit patterns of activity that classified significantly lower 
than correct was in AC during the masking noise period. Thus, at least some errors are due to an 
inability to suppress noise at the level of sensory cortex. These results add insight into the 
cortical dynamics of auditory decision making during effortful listening. 
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Abstract: Top-down attention which is thought to be controlled by prefrontal cortex (PFC) is 
essential for daily life. Accumulating evidence have shown that hippocampus is involved in the 
process of attention. However, the underlying mechanism is rarely investigated. Here we show 
that the synchrony between ventral hippocampus (vHPC) and medial prefrontal cortex (mPFC) is 
increased in delta and theta band when mice performing correct trials compared with error trials 
in a 5-choices serial reaction time task (5CSRTT). Interestedly, the ErbB4 mutant mouse which 
is a schizophrenia mouse model, also shows impaired vHPC-mPFC synchrony and attention 
deficit. While specifically block NRG1/ErbB4 signaling or optogenetically inhibit ErbB4+ 
interneurons excitability in vHPC reduces vHPC-mPFC synchrony, slows down processing 
speed, and causes attention deficit. The same operations in mPFC have no effect on vHPC-mPFC 



synchrony and processing speed but still causes attention deficit, which may through a different 
mechanism. Thus, NRG1/ErbB4 signaling modulates vHPC-mPFC synchrony, which is critical 
for top-down attention. 
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Title: Selective modulation of dopamine D3 receptors and norepinephrine transporters enhances 
sustained attention without the risk for abuse 
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Abstract: Dopamine (DA) and norepinephrine (NE) have long been studied as modulators of 
prefrontal cortex (PFC)-mediated cognitive tasks including sustained attention. However, most 
catecholaminergic agents such as methylphenidate pose a risk of being abused due to their non-
selective effects on DA transporters (DAT), thereby limiting their therapeutic effects. In this 
study, we have developed a novel pharmacological strategy to selectively combine the agonist 
effects on a DA D3 receptor (D3R) with the inhibitory effects on a NE transporter (NET) to 
improve sustained attention without promoting DAT effects. Our recently designed SK609 - a 
selective D3R agonist - was further characterized for monoamine transporter activity. Our results 
demonstrate that SK609 not only selectively inhibits the NET at an IC50 value of ~500nM but 
also behaves as a substrate of NET. Systemic dosing of SK609 in naïve rats led to a 300% and 
150% increase in NE and DA levels respectively in the PFC as measured by microdialysis. In 
naïve, male rats trained to perform to criteria in an operant visual stimulus task of sustained 
attention, SK609 produced a typical inverted-U dose response when tested between 2-20mg/kg 
doses with a peak effect at 4mg/kg. The peak effect produced by SK609 was blocked by a pre-



treatment with either 0.05mg/kg of raclopride - a D2/D3R antagonist or 0.25mg/kg of prazosin, 
an alpha-1 adrenergic receptor antagonist, confirming that the improvement was indeed due to 
both DA and NE modulation in the PFC. In addition, SK609’s effect on improving sustained 
attention was more prominent among low performing animals. The peak dose of 4mg/kg of 
SK609 did not produce any increase in locomotor effects and was not self- administered 
suggesting a lack of psychostimulant effects. These results demonstrate that SK609 has the 
potential to treat PFC-mediated cognitive deficits without abuse liability which distinguishes 
SK609 from amphetamines and methylphenidate. 
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Title: The effects of atomoxetine on distribution skew in a two choice reaction time task in the 
rat  
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Abstract: RATIONALE Norepinephrine (NE) is integral to cognitive processes such as attention 
(Arnsten et al., 2005, J. of Clin Neurosci (67), 7-12). The NE reuptake inhibitor, atomoxetine 
(ATX), has been used to treat attention-deficit/hyperactivity disorder. When evaluating reaction 
time (RT) distributions, ATX decreased RT variability (Kratz et al., 2012, Prog in Neuro-
Psychopharm & Biol Psych (37), 81-89), or had no effect (Bedard et al., 2015, J. of Child 
Psychol & Psychiatry (56), 40-48; Nandam et al., 2011, Biol Psychiatry (69), 902-904). Using 
the ex-Gaussian model, Ni et al (2016, J. of Psychopharm (30), 459-467) found a decrease in 
distribution skew, which is thought to reflect attentional lapses (Leth-Steensen et al., 2000, Acta 
Psychologica (104), 167-190). This study explores the effects of ATX on performance in a two-
choice reaction time task (2CRTT) in rats. RT is broken down into initiation time (IT) and 
movement time to isolate effects on attention. IT is the time from stimulus presentation until the 
rat first reacts to the stimulus. Measures are derived from the shape of the distribution of ITs, a 



distinct peak and a rightward skew. The peak (mode) represents sensorimotor processing when 
rats are attentive. The skew (measured by subtracting mode from mean, devmode) is caused by 
slow ITs (Sabol et al., 2003, Behav Pharm (7), 489-500). It was hypothesized that ATX would 
dose-dependently decrease IT devmode, with no effect on IT mode. METHODS Twenty male 
Sprague-Dawley rats were trained on the 2CRTT for eight weeks. To perform the 2CRTT the rat 
placed its nose into a central aperture for a randomly varied foreperiod. After the foreperiod, a 
stimulus light came on above an aperture to the left or right of the rat. The rat then removed its 
nose from the central aperture (IT) and entered the aperture underneath the illuminated light. A 
water drop was given for correct responses. The rat began trials by entering the central aperture. 
Beginning in the ninth week, ATX was administered thirty minutes before testing, twice a week. 
Doses were assigned via the Latin square procedure and included saline, 0.1, 0.5, and 1.0 mg/kg. 
Each rat received each drug dose two times. RESULTS There was a main effect of ATX on IT 
devmode [F(3,57) = 7.411, p < .001]. Post-hoc analyses showed that 0.5 and 1.0 mg/kg were 
decreased compared to saline. ATX did not affect IT mode. DISCUSSION ATX’s effects on 
lapses in attention were likely due to increased NE availability in cortical areas that control 
attention during ongoing tasks (Corbetta & Shulman, 2002, Nat Rev Neuro (3), 201-215). The 
effect of ATX on devmode (lapses in attention) in our model reflects the reduction in RT 
variability reported in some human studies. 
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Abstract: The parafascicular (Pf) and centromedian (CM) nuclei of the intralaminar thalamic 
complex receive multimodal inputs from multiple brainstem regions. Considered a part of the 
reticular activating system, these nuclei send diffuse projections throughout the striatum. 
However, the specific role of these thalamic nuclei in attention, as well as the functional 
significance of their efferent and afferent projections, is not well understood. To visualize input 
and output connectivity differences between Pf and CM, canine adenovirus type 2 engineered to 
express Cre recombinase (CAV2-Cre) was injected into Ai14-tdtomato mice. To examine their 
contributions toward behavior, Pf and CM were pharmacologically inactivated with muscimol 
during free field exploration. 3D motion capture was then combined with optogenetic activation 



and inhibition to precisely quantity movement. In separate experiments, terminal stimulation of 
projections from the superior colliculus and locus coeruleus was performed. Finally, attention 
was assessed during the presentation of stimuli while optogenetically manipulating activity in 
these nuclei. Our results collectively show that Pf and CM have unique connectivity patterns that 
underlie different aspects of attention and behavior. 
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Abstract: Background. Genetic deletion of the dopamine transporter in mice (DAT KO) 
induces a syndrome of behavioral effects that are characteristic of ADHD, that include locomotor 
hyperactivity, and impairments in prepulse inhibition of acoustic startle (PPI) and the cliff 
avoidance reaction. Moreover, many of these effects can be ameliorated by treatments that are 
effective in treating ADHD in humans. The most commonly used medications to treat ADHD are 
psychomotor stimulants. The use of these drugs present several problems that would be 
alleviated by a non-stimulant alternative. Atomoxetine was produced as an alternative but it also 
has drawbacks. We have recently shown that DAT KO-induced hyperactivity can be reduced by 
the 5-HT1B antagonist SB 224289. Here we report further studies with this drug and an 
exploration of behavioral deficits in male and female mice. Methods. Locomotor activity, PPI 
and CAR were examined in male and female DAT +/+ and DAT -/- mice. The effects of SB 
224289 on the PPI and CAR deficits observed in DAT KO mice were examined, as well as upon 
DAT KO-induced locomotor hyperactivity. Results. In the current studies, the effects of DAT 
KO were found to be sex dependent (the effect of sex has not been previously examined), with 
greater effects observed in female mice. Effects of SB 224289 were found for all 3 tests, 
although the effects were most robust in the CAR and locomotor tests. Conclusions. In the 
present studies the effects of DAT KO on behavior were found to be sex-dependent, with greater 
effects in females. These findings will require confirmation in subsequent studies. Moreover, we 
have found additional evidence that antagonism of the 5-HT1B receptor may reverse some 
deficits in DAT KO mice, encouraging further investigation of this potential novel target for the 
treatment of ADHD. 
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Abstract: Cued shifts of spatial attention modulate behavioral responses to visual stimuli, with 
spatially valid cues yielding faster responses and invalid cues yielding slower responses (Posner, 
1980). These behavioral effects have been linked to changes in cognitive ERPs in both humans 
(Woodman and Luck, 1999) and monkeys (Woodman, et al., 2007). We previously studied cue 
validity effects on human ERPs, finding spatial attentional task effects on a variety of response 
components (CNVs, N200s, N2PCs, and P300s). We have now extended those studies using 
monkey ERPs, LFPs, and single neuron recordings to identify neuronal correlates of the 
attentional effects seen in human ERPs. We trained two Rhesus monkeys to maintain search coil 
or IOG monitored centered visual fixation during the exogenous spatial cueing of optic flow 
discrimination. Left or right side flashed spots preceded left or right optic flow foci-of-expansion 
(FOEs). The monkeys then pressed a button to indicate the side of the FOE. The cue was valid 
(same side as the subsequent FOE) in 75% of the trials, invalid (opposite side of the FOE) in 
25%. We recorded ERPs from 32 transcranial electrodes permanently implanted in the monkeys’ 
skull. The first 18 months of recording was devoted to obtaining behavioral and ERP data across 
a variety of stimulus and task parameters. We then implanted a posterior parietal microelectrode 
recording chamber over one hemisphere, preserving most ipsilateral, and all contralateral, ERP 
electrodes. Microelectrodes were inserted daily into cortical area MST for LFP and SU 
recordings in the task. In monkeys, as in humans, validly cued trials yield faster push button RTs 
than invalidly cued trials. Monkey ERPs recorded during these trials showed the same 
component structure seen in humans, with very similar timing but larger amplitude and broader 
bandwidth than seen in human scalp recordings. MST neurons showed FOE selective firing rate 
changes in response to optic flow onset. These responses were greatly modulated by the cued 
location of spatial attention, often reversing Lt/Rt FOE selectivity. Spatial attention modulates 
ERPs and single neuron activity, often altering fundamental neuronal response properties. Our 



findings suggest that posterior cortical neurons are under continuous attentional control focusing 
signal processing on behaviorally relevant stimulus characteristics. 
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Abstract: Fluctuations in neuronal firing are observed to the order of milliseconds. 
Traditionally, oscillatory synchronous activity was previously characterized as on and off states 
during rest and sleep whereas desynchronized activity was a hallmark of wakefulness. Recent 
studies indicate that on and off states are present in wakefulness but the abundance of these states 
remains unclear. To investigate whether the fluctuations in on and off states in different 
behavioral states, such as wakefulness and rest, are ubiquitous we recorded single and multi-unit 
activity along a cortical column in primary visual cortex (V1) and mid-level visual cortex (V4) 
of Rhesus macaques. We subsequently employed unsupervised machine learning to identify on 
and off states in neuronal populations and measured the frequency of transitions between the two 
states to examine how commonly a cortical column switches between two states. The number of 
transitions per second between states was significantly greater in rest than in wakefulness. The 
occurrence of on and off states in wakefulness was rarely observed. Furthermore, the trial-by-
trial frequency of transitions weakly correlated with global brain state measures of local field 
potential (LFP) and changes in pupil size. Our findings indicate that on and off states are not 
ubiquitous during wakefulness, an increase in prevalence of on and off states and transitions 
between them arise during rest, and local state in a visual cortical column dynamically mirrors 
the global brain state. Defining the presence of distinct states and the propensity of neuronal 
populations to transition between states aids in understanding the influence of endogenous 
activity in cortical processing. 



Disclosures:  N. Kharas: None. S.R. Debes: None. A.R. Andrei: None. V. Dragoi: None. 

Poster 

335. Cortical and Allocortical Mechanisms of Attention 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 335.25/TT50 

Topic: F.08. Biological Rhythms and Sleep 

Support: Wellcome-DBT India Alliance IA/I/12/1/500529 

 DST INSPIRE Fellowship 

Title: Phase-relationships of High-Threshold bursting Thalamocortical neurons and their role in 
modulating Alpha oscillations 

Authors: *P. RAMAKRISHNA, R. SHARMA, S. NADKARNI 
Biol. department, IISER Pune, Pune, India 

Abstract: A subclass of Thalamocortical neurons called High-Threshold bursting 
Thalamocortical (HTC) neurons have been implicated as the potential source of Alpha 
oscillations in the Thalamus. These neurons have inherent channel properties that ensure that 
each cell fires at approximately 10 Hz even when the cell is disconnected from the rest of the 
network. It has also been found that acetylcholine and network inputs can modulate this intrinsic 
rhythm. These HTCs are coupled via gap junctions allowing them to synchronize. Extant data 
suggests a connectivity profile of these cells wherein at most 4 cells are seen to be directly 
coupled to a single cell. Robust alpha oscillations as seen in the thalamus keenly constrains the 
strength of these connections. Based on these observations, we propose a network motif of HTC 
cells that includes a biophysically realistic description of ion channels that orchestrate the 
individual rhythms. This allows for a large population of HTC neurons to be entrained to 
produce the characteristic 10 Hz oscillation. Separately it has been observed in experiments that 
injecting external current introduces phase differences while maintaining phase locking. Our 
model, with the predicted network motif accurately reproduces these phase relationships in 
response to current injection. Furthermore, we propose that ambient acetylcholine levels could 
modulate the phases of individual cells leading to a modified spectral behavior of this network. A 
transition from a single peak at 10 Hz to dual peaks at 10 Hz and 20 Hz within a few hundred 
milliseconds is seen in EEG recordings in behavioral tasks requiring attention. The rate at which 
the switching of frequency bands take place suggests that intrinsic channel properties of HTCs 
alone cannot orchestrate the change. Our model provides a biophysical basis for this surprisingly 
rapid transition without disrupting the intrinsic rhythm of individual cells. 
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Abstract: Excessive synchronization of local field potential (LFP) activity in the 15-35 Hz range 
in the basal ganglia (BG) of Parkinson's disease (PD) patients and in rodent models of PD is 
thought to contribute to motor dysfunction in PD. Recently we presented evidence that 
synchronized activity in BG output (substantia nigra pars reticulata, SNpr) in hemiparkinsonian 
rats entrains activity in the ventromedial thalamus (VM) and supports transmission of 25-35 Hz 
oscillatory activity throughout the BG-thalamocortical circuits (Brazhnik et al., J. Neurosci. 
2016). The parafascicular thalamic nucleus (Pf) receives inhibitory input from BG and provides 
output to the striatum and subthalamic nucleus. It has been suggested that activity in the PF also 
contributes to the expression of exaggerated beta oscillations in the BG and may therefore play a 
role in supporting PD motor symptoms. However, our recent observations have shown that 
unlike the VM, exaggerated beta oscillations are not evident in LFP recordings from the PF 
thalamic nucleus in the hemiparkinsonian awake behaving rat model (Brazhnik et al., SFN Abst. 
2015). 
This study uses the awake behaving hemiparkisonian rat with 6-OHDA-induced unilateral 
dopamine cell lesion to gain further insight into the potential role of the Pf nucleus in supporting 
expression of beta oscillations in the BG-motor circuits. Electrodes were implanted in the SNpr, 
dorsal striatum and motor cortex (MCx), and a cannula was inserted into the Pf to allow 
modification of Pf activity via local infusion of muscimol, a GABA-A agonist, or picrotoxin, a 
GABA-A antagonist. After unilateral dopamine cell lesion, the hemiparkinsonian rats can walk 
on a circular treadmill in the direction ipsiversive to the unilateral lesion, with their affected 
paws on the outside of the circular path, and have considerable difficulty walking in the opposite 
direction, contraversive to the lesion. Microinfusion of muscimol into the Pf substantially 
reduced beta LFP power in MCx and SNpr and MCx- SNpr coherence (by ~50-58% of baseline 
at 1h post-infusion) while temporarily restoring contraversive walking (up to 3 h). The effect of 
picrotoxin infusion into the Pf on MCx and SNpr LFP power and coherence and on contraversive 
walking in dopamine cell-lesioned and control rats is currently being assessed. 



These data support the view that following substantial loss of dopamine, manipulations that 
induce tonic inhibition of the Pf activity improve motor function. 
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Abstract: The motor symptoms of Parkinson's disease (PD) have been linked to the emergence 
of exaggerated oscillatory activity in the 13 - 35 Hz beta range in local field potentials (LFP) 
recorded in the subthalamic nucleus (STN), substantia nigra pars reticulata, and motor cortex of 
PD patients and animal models. PD patients and parkinsonian animal models are also known to 
express dopamine-dependent cognitive impairments, implying effects of dopamine loss on 
prefrontal cortex function. The electrophysiological correlates of these cognitive symptoms are 
not well understood. The anterior cingulate cortex (ACC) is a cortical area known to be involved 
in set-switching and executive function. Previous studies in human ACC have shown modulation 
of 3 - 8 Hz theta band activity in response to expected and unexpected outcome valences (Weiss 
AR et al., SFN 2015 abstract). Here, we investigate the involvement of basal ganglia-
thalamocortical circuits in dopamine-impaired and healthy rats in response to salient cues 
predicting the onset of expected or unexpected treadmill-induced walking. 
This study used awake, behaving 6-OHDA-lesioned hemiparkinsonian rats performing a circular 
treadmill walking task to compare synchronized activity in the ACC, STN, and ventral medial 
thalamus (VM). Electrode bundles were implanted in the ACC, STN, and VM of rats with either 
unilateral dopamine cell lesions or saline-controls. Rats were trained to expect epochs of 
treadmill walking after a tone, with subsequent epochs manipulating expectancy through tone-to-
walk and tone-to-no-walk epochs. LFPs and spiking activity were recorded during epochs 
surrounding auditory stimuli and treadmill walking in control animals and 7, 14, and 21 days 
after dopamine cell lesion. Beta band activity with a peak of 30 - 35 Hz was shown to be 
coherent between the ACC, STN, and VM of dopamine-lesioned animals with increasing 
spectral power, peak frequency, and coherence with increasing alertness from a rest state to 



walking. The temporal properties of theta, beta, and gamma oscillatory band event related 
potentials were modified by expected and unexpected treadmill-walking trials. Both control and 
dopamine-lesioned groups exhibited a robust theta frequency response to unexpected trials. 
Phase amplitude coupling is being assessed. 
This study suggests that prefrontal cortex functions associated with dopamine-modulated 
executive function may be altered in PD and parkinsonian conditions. Our results provide further 
insight into the significance of excessive oscillatory activity in PD and its influence on cognitive 
systems. 
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Title: Arrangement of multisynaptic inputs from the basal ganglia to the dorsal and ventral 
premotor cortical areas in macaques: retrograde transneuronal double labeling with fluorescent 
rabies viral vectors 
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Abstract: Transneuronal labeling with neurotropic viruses is a powerful technique for analyzing 
the architecture of a neural network playing a particular functional role. Among such viruses, the 
challenge virus standard (CVS) strain of rabies virus (RV) is quite useful, because it is taken up 
exclusively by axon terminals and moves in the retrograde direction to cross individual synapses 
in a time-dependent manner. Here, we report a newly-developed RV vector based on the CVS 
strain of which genome was manipulated to provide the ability to express foreign genes 
efficiently. We confirmed that this vector retains the infectious property of the parental CVS 
strain though its propagation rate is slightly decreased and exhibits brilliant labeling of infected 
neurons. Then, we employed retrograde transneuronal double labeling with RV vectors 
expressing GFP and RFP to examine the cellular origins of multisynaptic projections from the 



basal ganglia to the dorsal and ventral premotor cortical areas (PMd, PMv). These motor-related 
areas are known to be involved in distinct aspects of motor control, and such functional 
specializations may be ascribable to differential neuronal connectivities. For elucidating the 
organization of multisynaptic inputs responsible for forelimb movements, we injected the two 
RV vectors separately into the forelimb regions of the PMd, and PMv of macaque monkeys, and 
compared the distribution patterns within the basal ganglia of neurons retrogradely and 
transsynaptically labeled from the injection sites. We found that the distributions of GFP- and 
RFP-labeled neurons were generally segregated with only partial overlap. We also observed that 
there were some neurons double-labeled with the two vectors, which indicates that these neurons 
simultaneously innervate both the PMd and the PMv by way of axon collaterals in a 
multisynaptic fashion. The present results indicate that the newly developed fluorescent RV 
vectors that enable us to perform multicolored retrograde transneuronal tracing provide powerful 
tool to advance the understanding of the organization of complex neural networks in the primate 
brain. 
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Abstract: Neuronal synchrony and coherence are observed throughout neuronal networks, but 
the significance of these signals is unclear as there are no tools to directly probe them. Here, we 
used a closed loop control to target an optogenetic manipulation of particular phases of on-going 
oscillations during interval timing. We calculated the phases of ongoing rhythm by Morlet 
wavelet transformation. We were able to optogenetically stimulate in &lt; 10ms roundtrip time 
from on-going LFP to light output. Offline analysis with no phase delay showed that stimulation 
were targeted accurately smaller than 1 radian standard deviation. We tested these tools in two 
paradigms. First, we have shown that frontal delta oscillations (1-4 Hz) are critical for interval 
timing. We stimulated in or out of phase in mice and examined stimulation effects on behavior. 
Second, striatal beta oscillations (12-25 Hz) are markedly enhanced in movement. We stimulated 



basal ganglia nuclein in or out of phase with this oscillation and observed effects on movement. 
These data could be helpful in developing adaptive, phase-response brain stimulation for many 
applications. 
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Abstract: A major limitation in treating Parkinson’s disease (PD) is the development of L-Dopa-
induced dyskinesias (LID), which are disruptive involuntary movements that lead to a decreased 
quality of life in PD patients. Prior research demonstrates that mice lacking the D1-dopamine 
receptor (D1DR) do not develop LID. Here, we investigate the role of D1DRs and D2DRs in 
LIDs in the striatum of a 6-OHDA PD mouse model. We injected the D1DR antagonist 
SCH23390 (.1 mg/kg, ip) and the D2DR antagonist sulpiride (1mg/kg) and investigated changes 
in neuronal activity. We found that administration of SCH23390 and sulpiride modulated striatal 
activity but only SCH23390 decreased some subtypes of LIDs. We further studied the role of the 
D1DR in D1-Cre mice by optogenetically inhibiting or stimulating D1DR expressing neurons in 
the striatum while simultaneously recording striatal activity. We found that stimulating D1-
neurons drives dyskinesias. These results may elucidate how D1DR expressing neurons in the 
striatum dysfunction during LID and further the understanding of the mechanism underlying 
LID. 
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Abstract: Lewy Body dementias, which include Parkinson’s disease dementia (PDD) and 
Dementia with Lewy Bodies (DLB), are characterized by abnormal accumulation of synuclein 
aggregates in the cortex. Furthermore, overexpression of synuclein in patients with genetic 
abnormalities is associated with these diseases. It is not known whether synuclein exerts a direct 
or indirect pathological effect in the prefrontal cortex, where many of the symptoms of these 
diseases localize. In this study, we utilize an alpha-synuclein overexpression model of Lewy 
Body Dementias to determine if overexpression of synuclein in the prefrontal cortex alone can 
alter dendritic spines and neurite anatomy. Dendritic spines are the post-synaptic connections 
that facilitate communication between neurons, and abnormalities in these structures are 
associated with most types of dementia. By utilizing an AAV-6 viral vector coding for full length 
human alpha-synuclein we were able to induce targeted overexpression of this protein bilaterally 
in the prefrontal cortex of adult mice. After 3 months, the brain was processed either for 
immunohistochemistry or golgi-cox impregnation for dendritic spine structure. Staining for 
synuclein revealed overexpression of the protein within medial prefrontal cortex, with a punctate 
pattern of staining of neurites in this region. Preliminary analysis of dendritic spines in these 
animals shows a trend towards decreased dendritic spine density in basilar dendrites from layer 2 
and 3 pyramidal cells. This finding would be in line with recently published data using 
transgenic mice and fibrils, which suggests alpha-synuclein overexpression leads to decreased 
dendritic spine density in cortex (Blumenstock et al., 2017). Our work extends these findings 
into a viral vector model that allows examination of the local effect of alpha-synuclein 
overexpression in prefrontal cortex. Further immunochemistry studies will examine co-
localization to determine which neurite types (axonal or dendritic) are accumulating alpha-
synuclein in this model. 

Disclosures:  G.M. Aldridge: None. C.S. LaLonde: None. Q. Zhang: None. N.S. Narayanan: 
None. 



Poster 

336. Cortical Systems and Mechanisms of Disease 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 336.07/TT57 

Topic: H.01. Animal Cognition and Behavior 

Support: R01 NS089470 

Title: A human prefrontal-subthalamic circuit for cognitive control 

Authors: *R. KELLEY1, O. FLOUTY4, E. EMMONS1, Y.-C. KIM2, J. KINGYON1, J. R. 
WESSEL3, H. OYA4, J. D. GREENLEE, M.D.5, N. S. NARAYANAN6 
2Neurol., 3Psychology, 1Univ. of Iowa, Iowa City, IA; 4Neurosurg., Univ. of Iowa Hosp. and 
Clinics, Iowa City, IA; 5Dept Neurosurg, Univ. Iowa, Iowa City, IA; 6Neurol., Univ. of Iowa 
Roy J and Lucille A Carver Col. of Med., Iowa City, IA 

Abstract: The subthalamic nucleus (STN) is a key site controlling motor function in humans, 
and deep-brain stimulation (DBS) of the STN can improve motor function in Parkinson’s 
disease. STN DBS can have cognitive side-effects; however, the reason for this is unclear. Here, 
we show that in humans the STN is monosynaptically connected with cognitive brain areas such 
as the prefrontal cortex. We discovered that STN single neurons and field potentials are 
modulated during cognitive processing, and coherent with 4 Hz prefrontal cognitive control 
signals. These data predict that low-frequency DBS might compensate for cognitive impairments 
in PD patients; accordingly, we found that STN DBS at 4 Hz improved cognitive performance. 
These data provide the first functional evidence of a human hyperdirect pathway in cognitive 
control. 
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Title: Frontostriatal ensembles learn during interval timing 
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Abstract: Interval timing refers to temporal processing on the scale of seconds to minutes. The 
prefrontal cortex and striatum are both critical to adequate interval timing and share a prominent 
projection. However, the manner in which they shape the neural representation of temporal 
information is unknown. Here we investigated the dynamics of temporal processing in the medial 
frontal cortex (MFC) and dorsomedial striatum (DMS) in an interval-timing task in rats. This 
elementary cognitive task involves working memory and attention. First, we trained rats on an 
interval-timing task with a 12-second delay (FI12). Following training, animals were implanted 
with microwire electrode arrays unilaterally in the MFC and DMS. After recovery, animals were 
retrained on the FI12 interval-timing task. Neural activity was recorded from the MFC and DMS 
during the FI12 task. The next day, a second interval of 3-second delay (FI3) was added to the 
task such that trials pseudorandomly alternated between FI12 and FI3 delays. Behavior and 
neural recordings were assessed over three days of the two-interval timing task. Animals learned 
the FI3 trial within the first session but improved over each successive day. MFC and DMS 
recordings revealed that neural changes accompanied the learning of the two-interval task. 
Single-neuron and single-trial analyses revealed shifting representations of neural activity and 
behavior. Gradual changes in neural firing rate over time, or “ramping” activity patterns, were 
found in MFC and DMS neurons during interval-timing behavior. These patterns of “ramping” 
activity changed as the animals learned the two-interval task. This observation suggests that 
ramping activity in frontostriatal circuits is fundamentally related to temporal processing. These 
data demonstrate the importance of frontostriatal circuits in basic cognitive tasks and suggest 
strategies for further elucidation of cognition. 
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Abstract: The aging of the population is increasing the incidence of neurodegenerative disease 
and the corresponding impact on families and on governmental budgets. While cognitive decline 
is a hallmark of Alzheimer’s disease (AD), the behavioral and psychiatric symptoms that often 
accompany the disease probably pose the heaviest burden on immediate family and caretakers, 
and ultimately lead to the patients’ internalization in special care units. ORY-2001, an orally 
bioavailable and brain penetrant dual LSD1-MAOB inhibitor in development for the treatment of 
CNS disease, is currently finalizing a First-in-Human clinical trial to assess safety, tolerability 
and pharmacokinetics. We previously reported that ORY-2001 restores the cognitive deficit in 
SAMP-8 mice, a model for accelerated aging and Alzheimer’s disease. Preliminary observations 
revealed that untreated, but not ORY-2001-treated male SAMP-8 mice housed in groups, 
presented skin lesions initially considered to be a consequence of the accelerated aging 
phenotype, but ultimately attributed to increased fighting. These early findings induced us to 
evaluate the effect of ORY-2001 on social behavior. Individually-housed male mice were treated 
for 5 weeks with vehicle (SAMP-8 and SAMR1) or ORY-2001 at 0.32 or 0.96 mg/kg/d (SAMP-
8) from 5 months of age. The effect on behavior was evaluated using the resident intruder (RI) 
test. Social exploration parameters in the RI test were similar for the SAMP-8 and SAMR1 
strain, but clear differences were observed in the aggression parameters. The number of clinch 
attacks was significantly higher in SAMP-8 than in SAMR1 mice (p<0.01); but reduced to 
SAMR1 control levels by ORY-2001 treatment at both doses (p<0.001). Gene expression 
analysis of the prefrontal cortex of stressed versus non stressed vehicle-treated SAMR1 mice and 
vehicle- or ORY-2001-treated SAMP-8 mice showed that SAMP-8 mice presented a modified 
stress response capacity that was partially restored by ORY-2001 treatment. ORY-2001 was 
further studied in the rat isolation rearing model. Isolated adult Sprague Dawly rats were treated 
at PND61 with vehicle or ORY-2001 (0.16 or 0.48 mg/kg/d) for ~1 month. Isolation did not 
produce any significant effect on anxiety or locomotor activity tested in the elevated plus maze 
(EPM). However, social avoidance was greatly increased in isolated rats (p<0.001) in the RI test, 
and restored to non-isolated rat levels by treatment with ORY-2001 (p<0.05). These data 
illustrate the potential of ORY-2001 for the treatment of behavior disturbances in a variety of 
neuropsychiatric disorders in addition to neurodegenerative diseases. 
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Abstract: The Subthalamic Nucleus (STN) plays a fundamental role in arresting automated 
responses during response conflict. It prevents premature activation of the output of the Basal 
Ganglia (BG) to buy the Executive Control (EC) system in prefrontal cortex (PFC) time to 
resolve the conflict and elicit more appropriate behaviors. Experiments in primates have shown 
that theta band (4-8 Hz) power in the Local Field Potential (LFP) and spike rates in the STN 
increase commensurate with the level of conflict. Moreover, recent lines of evidence suggest that 
the STN can act as a conflict detector by integrating competing motor signals to prevent 



impulsive responses. Adapting prior cellular models of STN and Globus Pallidus externus (GPe), 
we have built a novel large-scale biophysically constrained and reciprocally coupled 
subthalamopallidal (STN-GPe) network. We perturb the network with simulated cortical signals 
representing competing motor actions to understand the electrophysiological basis of the STN 
signal modulations and how cortico-STN topography impact these computations. Our results 
show a balance between intrinsic behaviors of the STN-GPe network and specific patterns of 
cortical drive is necessary for theta band expression in the network. We conjecture that theta 
dependent increased spiking in the STN network is the key component for “braking” unwanted 
impulsive responses. 
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Abstract: Severe penetrating traumatic brain injury (PTBI) is associated with the worst 
outcomes in terms of high mortality and severe disability among survivors. Loss of cells 
combined with incomplete endogenous repair mechanisms may be an underlying cause of 
disability. Currently no treatment strategies are available. Using a fetal human neural stem cell 
line (hNSC; Neuralstem Inc.) that has been approved by FDA for use in clinical trials we have 
previously shown durable engraftment in a rat model of penetrating ballistic-like brain injury 
(PBBI). However, the best transplant location to rebuild lost circuitry is unknown. Here we 
describe follow-on studies wherein cells were transplanted either in the lesion core or in the 
penumbra in PBBI animals. 12 weeks post-transplantation we assessed graft survival and lesion 
volume by histology. 
PBBI was induced in anesthetized rats. At one-week post-PBBI, immuno-suppressed rats 



received stereotactic injections of green fluorescent protein (GFP) expressing hNSCs (1 
million/rat) into the lesion core (Intralesional; n=10) or lesion penumbra (Perilesional; n=10). An 
additional group of uninjured rats received hNSC transplant as controls (n=10). 12 weeks post-
transplant brain sections were stained to assess (1) axonal damage, (2) lesion volume, and (3) 
distribution of transplant-derived projections. 
Results of lesion volume measurements at 12-weeks post-transplantation revealed significant 
reductions in lesion volume following both perilesional and intralesional engraftment of hNSCs 
(p < .05 vs. PBBI+Vehicle). PBBI-injured animals that received perilesional hNSC engraftments 
showed a significant reduction in lesion volume compared to animals that received intralesional 
hNSC transplants. Silver staining revealed significant damage to the intratelenchephalic and 
corticostriatal white matter. GFP+ hNSC survival was significantly greater in PBBI animals 
compared to Sham animals. However, no differences in hNSC transplant survival were detected 
between groups. The transplant derived projections traversed corticofugal subcerebellar 
pathways akin to layer 5 cortical neurons. 
These results suggest the PBBI milieu at one-week post injury supports hNSC engraftment 
independent of transplant location. Integration of transplanted hNSCs into the host may provide 
therapeutic benefit by salvaging endogenous tissue destined for secondary damage. The 
distribution of the transplant derived projections in the corticofugal subcerebellar motor pathway 
suggests a potential role for graft-derived cells in amelioration of motor deficits. 
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Abstract: A central component of effective motor control is the ability to cancel a pre-planned 
movement, termed response inhibition. When stopping is unexpected, response inhibition is 
reactive and associated with a non-selectively reduction in motor excitability. If stopping is 
forewarned, response inhibition can be proactive and excitability may be selectively decreased. 
The modulation of GABA-ergic inhibitory networks within the primary motor cortex during 



proactive versus reactive response inhibition is unclear. The present study investigated the 
modulation of long and short-interval intracortical inhibition using paired-pulse TMS in eighteen 
right-handed participants performing reactive and proactive response inhibition tasks. Measures 
of long and short latency intracortical inhibition (LICI and SICI respectively) were obtained 
from motor evoked potentials in task-relevant and task-irrelevant intrinsic hand muscles. When 
only a subcomponent of the response required stopping the remaining response was delayed, 
with the extent of delay greater in reactive versus proactively cued trials. LICI was reduced in 
both muscles during all types of response inhibition task compared with pre-task baseline. 
Additionally, on reactive trials task-relevant LICI positively correlated with behavioral response 
times of the right hand when responses were inhibited on the left side. Task-relevant SICI was 
reduced when proactive cues indicated responding was highly likely but was unchanged when 
response conditions were uncertain. These novel findings indicate that GABAB receptor 
mediated pathways may be involved in setting inhibitory tone according to task expectations 
whereas GABAA receptor mediated pathways may be recruited proactively with response 
certainty. 
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Abstract: Inhibiting unwanted actions is essential for decision-making and executive control. 
Attention disorders such as addiction, attention deficit hyperactivity disorder (ADHD), 
schizophrenia, and obsessive-compulsive disorder (OCD), are marked by an inability to control 
inappropriate behaviors. The midbrain dopamine system plays a critical role in controlling 
behavioral impulses and encoding the value of reward. Numerous lines of evidence demonstrate 
that dopamine (DA) firing is modulated by reward, shown by an increase in firing to unexpected 
reward and a decrease in firing to reward omission. However, very little is known about how the 



activity of single DA neurons are modulated by tasks that require response inhibition and induce 
response conflict when two opposing behaviors compete with one another. To answer this 
question, we recorded single neuron activity in the rat ventral tegmental area (VTA) while 
subjects performed a stop signal reward task. In this task, rats are trained to respond to a ‘GO’ 
cue on 80% of the trials. On 20% of the trials, rats are given an unexpected ‘STOP’ cue, where 
they must inhibit the ongoing GO response and respond in the opposite direction. Putative DA 
neurons were isolated based on waveform characteristics and analyzed using peri event time 
histograms. Data suggests that DA neurons exhibit similar firing on correct STOP and GO trials 
during cues and responses. However, DA firing was reduced after the STOP cue on error trials, 
prior to completion of the behavioral response. Further, firing to reward was slightly stronger 
during reward delivery on correct STOP trials compared to GO trials, possibly reflecting the 
uncertainty with obtaining reward on STOP trials. Together, these results suggest that DA 
neurons are not modulated during successful response inhibition when two responses are in 
competition with each other. In the context of this task, DA likely encodes the predicted value of 
cues that predict reward and missed reward during correct and incorrect trials, as well as the 
uncertainty of receiving reward on difficult trials. 
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Abstract: Clonidine is a nonselective noradrenergic α2 agonist that is approved as a 
nonstimulant therapy for Attention Deficit Hyperactivity Disorder (ADHD). Relative to 
psychostimulants, it is less efficacious in treating attention symptoms, and has even been found 
to reduce accuracy in preclinical models of attention. These counterintuitive findings may be 
better understood with a fuller investigation into the different behavioral processes that may be 
involved in clonidine’s effects. It was therefore proposed that clonidine would ameliorate 
impulsive behavior, and impair sustained attention, in two models of different types of ADHD 
symptoms. Adult male Sprague Dawley rats were trained on a variable consecutive number task 



with a discriminative stimulus (VCN-SD), which requires a chain of paced responses on one 
lever, until a stimulus tone signals the availability of reinforcement following a response on a 
second lever. Premature responding on the second lever results in a timeout and reset of the 
count. A different group of animals performed a fixed-lever, variable ratio 15 (VR15) auditory 
signal detection task incorporating features of human sustained attention assessments, including 
minimal feedback, and infrequent, unpredictable signals, relative to frequent irrelevant stimuli. 
At up to 0.03 mg/kg, clonidine modestly improved percentage of completed chains in the VCN-
SD model of impulsivity. As a positive control, the 5HT1A agonist 8-OH-DPAT produced 
stronger, biphasic effects: more impulsive behavior at a low dose, followed by less impulsivity at 
higher doses, relative to vehicle control. In the sustained attention task, clonidine dose-
dependently impaired sensitivity (d’), without altering bias (c), replicating previous findings. 
However, when comparing only the first lever press of each trial, clonidine reduced bias, and 
overall, reduced no-signal lever responding to a greater degree than signal lever responding. 
Doses of clonidine used in these tasks were just below those that significantly altered 
observational ratings of sedation. It is concluded that clonidine may have clinical efficacy in 
ADHD more via reductions in impulsivity than via direct enhancement of attention. Impairments 
on the attention task appear to have been mitigated somewhat by a slight reduction in bias; we 
speculate that this may have been due to motor slowing reducing behavioral momentum, an 
effect not seen in the impulsivity assay. 
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Abstract: Rhythmicity allows communication between distributed brain regions to occur in a 
specific frequency band, potentially binding structures into a functional circuit. Local field 
potential (LFP) oscillations represent synchronous activity of thousands of neurons and so can 
assess circuit involvement in behavioural and cognitive functions. Frontal-subthalamic and 



frontal-hippocampal circuits have been separately implicated in behavioural inhibition; but their 
possible interactions have not been assessed. We implanted four adult Long-Evans rats to record 
LFPs simultaneously from the hippocampus (HPC), orbitofrontal cortex (OFC) and subthalamic 
nucleus (STN) during a Stop Signal Task (SST). We found increase of beta band coherence 
across all recording areas when rats inhibit their responses, with correct stopping associated with 
lower (~20 Hz) beta frequencies compared to failed stopping (~30 Hz). In addition, we observe a 
decrease in theta and alpha coherence between the HPC and OFC following failed stopping, 
which coincide with an increase of theta and alpha coherence between the OFC and STN. These 
observations support the notion that the HPC also receives pro-stopping signals through beta 
oscillations communicated between OFC and STN. We speculate changes in theta/alpha 
coherence across the structures may be involved in error-monitoring processes. 
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Abstract: Deficits in cognitive function, such as reward sensitivity and cognitive control, are a 
common feature of virtually all neuropsychiatric disorders. While perturbations in cognitive 
control have been studied extensively in humans, it has been more challenging to examine these 
complex processes in model organisms. Stagnation in the development of animal-based tasks to 
assess these processes has coincided with a decline in the development of effective therapeutics 
for neuropsychiatric disorders. As part of a larger effort to create reliable and valid cross-species 
assays of cognitive function, we have begun developing a rodent version of the Eriksen Flanker 
Task to assess cognitive control. 
Using fading and correction procedures combined with touchscreen-based response technology, 
Sprague Dawley rats were trained to discriminate between several distinct pairs of visual stimuli. 
These stimuli included arrows (</>) and letters (H/S), as well as colored stripes and more 



detailed pictures (cherries/leaf). While rats did not meet the required criteria of 80% response 
accuracy for arrow or letter stimuli, successful discrimination was observed using the red/green 
stripes and cherry/leaf pictures. 
Following training, rats were presented with flanker probe trials. Intriguingly, when increasing 
the number of flanked trials in a session from initially 20% to 100%, performance remained high 
and the Flanker interference effect of lower reduced accuracy for incongruent stimuli was 
confirmed. Notably, a response bias on incongruent trial types was observed in which 
performance on trials with a red target was reduced, regardless of stimulus type. Presently, 
efforts are underway to reduce this bias by altering the intensity of the green stimulus in each 
condition. In addition, other color schemes that may be more advantageous for visual 
discrimination in the rat are also being tested. Following these design modifications, EEG data 
will be collected during the rodent Flanker Task and the relevant ERPs will be compared to those 
observed in human studies. 
In parallel, 45 EEG data sets were collected from human subjects using the cherry/leaf stimuli 
and the more traditional arrow stimuli. Relevant outcome measures such as the N200 component, 
theta power, and the error-related negativity (ERN) were comparable across stimuli, raising 
confidence that the stimuli ultimately found suitable for rodents will also be appropriate for 
studies in humans. Cross-species behavioral and neurophysiological correspondence will serve to 
validate the rodent task and provide the predictive power to screen potential therapeutics for 
numerous neuropsychiatric conditions. 
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Abstract: The ability to rapidly inhibit actions is critical to the effective and flexible interactions 
with the environment, and it has been widely studied by using the countermanding (stop-signal) 
task. An open question is how this ability can be affected by other cognitive functions, such as 



motivation, and relatedly, which are the neural correlates of this influence. To address this 
question we designed a combined countermanding/motivation task intended to modulate the 
motivation to stop and to move by using the reward prospect, and we recorded the Multi-Unit 
Activity (MUA) by means of Utah arrays (2x48 channels) from the dorsal premotor cortex 
(PMd) and the primary motor cortex (M1) of a macaque monkey while engaged in the task. 
Indeed previous data have shown that motor cortices neuronal activity signals both movement 
inhibition (Mattia et al., 2013) and reward (Roesch and Olson, 2004), but it is unclear whether 
and how these phenomena are combined. 
In the countermanding/motivation task, the monkey was instructed to reach to a target after a go 
signal (no-stop trials) but to withhold his response when a stop-signal followed after a variable 
delay (stop trials). In every trial, one out of three possible reward cues (RC) was presented 1 sec 
before the go signal to inform about the amount of reward that would have been delivered if a 
correct response had been produced. RC conditions were: Go+Stop- with a higher reward for no-
stop trials compared to the stop trials; Go-Stop+, with reversed reward amounts; and Go Stop 
with equal amounts delivered.We found that the monkey strategically adapted his behavior to the 
different reward prospects: reaction times (RTs) diminished and the probability of errors in the 
stop trials increased from Go-Stop+, to Go Stop and then to Go+Stop- conditions.Recorded 
MUA in both PMd and M1 was modulated by task conditions. In some channels (22/96), MUA 
was significantly modulated before go signal by the RC value. Of these channels, 41% showed a 
progressive increase of MUA after the RC presentation until movement onset; this activity was 
progressively higher for Go-Stop+, Go Stop and Go+Stop-. Fifty-five percent showed a decrease 
during the RT epoch and a further increase of MUA just before or after movement onset. Others 
channels (48/96) showed RC related modulations around movement onset and/or after reaching 
the final target but not before go signal. Interestingly, in correct stop trials, some of the channels 
showed an early stop-signal response which magnitude was affected by the RC value.These 
results suggest that motor cortices can signal and integrate motivational aspects into movement 
control and inhibition. 
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Abstract: The stop signal task and the related horse race model have been widely used to study 
the processes underlying motor inhibition of the eyes and of several segments of the upper limb 
(finger, wrist or arm), while it is poorly investigated whether and how comparable principals 
account for inhibition of the lower limb segments. Indeed, we count on the control of lower 
limbs to accomplish many of our daily actions. In addition, we usually engage a complex 
coordination between the upper and lower limbs that often requires the selective inhibition of 
only one of the effectors. For example, during driving, one can be required to suppress the 
command on the gas pedal but to keep acting on the wheel to avoid an obstacle that suddenly 
appears on the road. In the present work, we used different variants of the stop signal task, 
presented in experimental contexts of different complexity, to study the inhibition of lower limbs 
and its mutual interaction with the inhibition of the upper limbs, during actions in which their 
movement is associated. Specifically, we investigated: 1) whether the inhibition of the foot fitted 
the predictions of the race model, as described for other motor effectors; 2) whether these 
predictions were kept, when it was required either a selective or a combined inhibition of the two 
effectors; 3) if the complexity of the context influenced the selective inhibition of each of the two 
different effectors. Ten participants were tested in separate blocks in a conditional stop signal 
task requiring always to lift both their index finger and their foot in response to a go signal (70% 
of trials), but to suppress the movement of both (global inhibitory block), or only one of the two 
effectors (either foot or finger selective inhibitory block), when a conditional stop signal was 
unpredictably presented in 30% of the trials. In an additional block, all the inhibitory conditions 
were randomly presented (and the effector cue instructed) to test whether the occurrence of an 
unpredictable stopping condition affected inhibition. Our results revealed that the race model 
correctly accounted for the selective inhibitory performance of both effectors, when tested in the 
unmixed conditions, but that it failed its predictions, when the selective inhibition of the effectors 
was required in the more complex mixed block condition. On the contrary, inhibition in global 
condition accomplished the model predictions in the mixed block and was significantly more 
efficient than in selective conditions. The present results are in line with the hypothesis that when 
the selective inhibitory system is engaged in a complex context the go process interferes with the 
efficiency of the stop process. 
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Abstract: In reaction time tasks, when a signal instructing to move (Go) is presented the 
movement is generated after a variable latency (reaction time; RT). Typically the RT varies 
across trials with identical instruction conditions, and this variability has been explained within 
the general framework of accumulator models. These models posit that the movement occurs 
after a signal, that represents the evidence for the type of movement to perform, has accumulated 
to a response threshold. These models can account for RT variability in terms of four basic 
parameters: starting point (initial state of the accumulating signal); encoding time (time 
necessary to perform sensory and perceptual processing before evidence starts to accumulate); 
drift rate (mean rate of evidence accumulation), and threshold (level of accumulation). The 
variability of each of these parameters can explain the RT variability. For example, in the 
variable threshold account, RT will be shorter when the threshold is lower and longer when the 
threshold is higher. Neurophysiological studies have linked the evidence accumulation to the 
dynamic of firing rates of single cortical neurons recorded while monkeys were performing RT 
tasks. The above parameters have been translated respectively into the mean level of activity 
before Go (starting point); into initial rising of neural activity after Go signal (the encoding 
time); into slope of neural activity growth (the drift rate); and, finally, into the level of activity 
just before movement generation (threshold). This approach has been useful in finding that 
saccades are initiated when in frontal eye fields (FEF) movement neurons reached a fixed 
threshold and that the saccadic RT variability is due to a variable drift rate across trials (Hanes 
and Schall 1996). By using a similar approach we studied single neurons recorded from the 
dorsal premotor cortex (PMd) while 3 monkeys performed a countermanding task, that required 
in most trials reaching movement towards peripheral targets, and in some of the trials in try to 
refrain from moving after a stop signal. This task is able to generate wide RT distributions. We 
found that in PMd different neural dynamics, and thus different accumulator accounts, are at play 
when analyzing single unit activity. After the Go signal, we found that different subsets of 
neurons showed different profiles, i.e. different accumulator instantiations, thus corroborating the 
idea that RT variability cannot be explained exclusively by a single neural dynamic. Indeed RT 
variability correlates with different features at the same time, thus showing that in PMd 
movement initiation is related to diverse dynamic contributions from single neurons 
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Abstract: Response inhibition is the ability to withhold planned or ongoing motor actions that 
would lead to unwanted outcomes. Although previous studies have shown that the prefrontal 
cortex plays a crucial role in response inhibition, the basal ganglia might also contribute to this 
ability because they form loop circuits with the prefrontal cortex that regulate body movements 
not only in a facilitative but also in a suppressive manner. To investigate whether and how the 
nigrostriatal dopamine pathway, an important component of the basal ganglia circuitry, might 
contribute to response inhibition, we recorded single-unit activity from projection neurons in the 
caudate nucleus and dopamine neurons in the substantia nigra pars compacta (SNc) and the 
ventral tegmental area (VTA) in monkeys performing a saccadic countermanding task. While the 
monkey was gazing a central fixation point, the point disappeared and a saccadic target was 
presented on the right or left side of the point. In 70% of the trials, the monkey was required to 
make a saccade to the target. In the remaining 30%, the fixation point reappeared as a "stop 
signal" with a random delay after the onset of the target. The monkey was then required to cancel 
a planned saccade to the target. We recorded the activity of 200 striatal projection neurons, and 
found that 59 of the neurons showed a significant excitation to the stop signal while 72 of them 
exhibited a significant inhibition. We further recorded the activity of 70 dopamine neurons, and 
found that 28 of the neurons showed a significant excitation to the stop signal whereas no 
neurons displayed a significant inhibition. Notably, the dopamine neurons excited by the stop 
signal were observed mainly in the SNc, but not in the VTA, that send massive projections to the 
caudate nucleus. These results suggest that dopamine neurons in the SNc transmit a signal that 
could inhibit saccadic eye movements to the caudate nucleus. To test the causal relationship 
between the capacity of response inhibition and nigrostriatal dopamine signaling, we injected 
SCH23390, a dopamine D1 receptor antagonist, or haloperidol, a dopamine D2 receptor 
antagonist, into the caudate nucleus. We found that the monkey often failed to cancel a saccade 
not only after the SCH23390 but also after the haloperidol injection. The overall data indicate 



that the nigrostriatal dopamine pathway plays an important role in suppressing a planned saccade 
in the saccadic countermanding paradigm. 
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Abstract: While a great deal is understood about the mechanisms involved in excitatory 
conditioning both for aversive and appetitive stimuli, far less is known about the neural 
underpinnings of inhibitory conditioning. Inhibitory conditioning is the process of learning to 
inhibit a behavior when a signal is presented that indicates that behavior will not produce a 
previously expected outcome. Rodent research on inhibitory conditioning has suggested a 
possible involvement of the prelimbic (PL), and infralimbic (IL) subregions of the medial 
prefrontal cortex (mPFC) as well as the insular cortex. In two parallel experiments we 
investigated the neural activity in PL, IL, and insular cortex related to conditioned inhibition and 
tested the functional requirement of PL and IL in appetitive inhibitory learning. To examine the 
neural activity related to conditioned inhibition, we measured c-fos immunoreactivity during 
initial learning (after 3 days of training) and when learning was asymptotic (after 15 days of 
training). Behavior and neural activity specific to inhibitory learning about a tone that signaled 
the non-availability of reward was identified by comparing inhibitory learning groups to control 
groups in which tones had no consistent relationship to reward or non-reward. One control group 
received an equivalent number of tone and reward presentations and one received an equivalent 
rate of tone and reward presentations. Analysis of behavior showed clear inhibitory learning in 
only the inhibition group. Further, the inhibitory learning group demonstrated far more inhibition 
on Day 15 than Day 3. Neural activity of the insular cortex as measured by c-fos expression did 
not differ between groups on Day 3 but by day 15 it was significantly elevated in the inhibitory 
training group relative to controls. Further, c-fos expression was significantly higher on Day 15 
than Day 3 in the conditioned inhibition group. No significant differences in neural activity were 
observed in PL or IL at either time point. The results of the neural activity experiment suggest 



that the insular cortex is involved in the learning and/or performance of inhibitory learning. In a 
parallel experiment, we explored the functional role of the PL and IL in appetitive inhibitory 
conditioning. Specifically, we selectively inactivated these structures with the inhibitory 
DREADD hM4Di and injected CNO before each daily training session. 
Neither inactivation of PL or IL affected the acquisition of inhibitory learning. Together, these 
data suggest that the circuit required for inhibitory learning in our appetitive conditioning task 
includes the insular but not medial prefrontal cortex. 
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Abstract: Circadian rhythms, which are endogenous rhythms that synchronize behavior and 
physiology, can be disrupted by external factors, such as alterations in the ambient light cycle. 
Common forms of circadian disruption in human populations include working outside of the 
regular hours of ‘9 to 5’ (shift work) or untimely exposure to light at night (artificial light-at-
night). We are studying the effects of two models of circadian disruption on attention and 
response inhibition using a 5-choice serial reaction time task (5- CSRTT). Adult Long-Evans rats 
of both sexes were maintained on a 12h:12h light:dark cycle and tested under three circadian 
conditions: 4h into the dark phase with no exposure to ambient light at the time of testing 
(control condition), 4h into the dark phase with exposure to a pulse of light for 1h at the time of 
testing (a model of light-at- night), and 4h into the light phase (a model of shift work). We 
hypothesized that rats tested under the two models of circadian disruption would be less attentive 



and have reduced response inhibition (i.e., be more impulsive) than controls. Our preliminary 
results reveal that rats tested under both circadian disruption conditions were equally less 
attentive (had a reduced percent accuracy in responding to visual cues) than control rats. 
Furthermore, there was a differential effect of circadian disruption on response inhibition. Dark-
phase tested rats that experienced a pulse of light had significantly greater premature responding 
on 5-CSRTT than light-phase tested rats, and both groups were significantly more impulsive 
compared to control rats. Sex-related differences in behavior were not detected. To summarize, 
our findings demonstrate that different forms of circadian disruption can affect attention and 
differentially affect response inhibition, the latter being an effect not previously reported. While 
acetylcholine (ACh) is an important modulator of circadian rhythms and attention, dopamine is a 
key modulator of response inhibition. Thus, as we begin to investigate underlying mechanisms 
responsible for our findings, we hypothesize that an interaction between ACh and dopamine 
systems is important in the relationship between circadian rhythmicity and cognitive functions 
such as attention and response inhibition, particularly in the prefrontal cortex, where nicotinic 
ACh receptors (nAChRs) modulate dopamine release. We will also present early results from 
pharmacologic challenges examining the response to combinations of ACh and dopamine 
agonists and antagonists on 5-CSRTT performance as we proceed to examine the hypothesized 
ACh-dopamine interaction. 
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Abstract: To effectively interact with the environment, it is essential to monitor the 
consequences of our visually guided behavior and make appropriate adjustments. Despite much 



investigation on this topic the mesoscopic circuit mechanisms accomplishing these processes 
remain poorly understood. To investigate this, we sampled neural activity from primate 
supplementary eye field (SEF), an agranular cortical area that contains neural signals related to 
error and reinforcement, using linear electrode arrays. During recordings monkeys performed a 
countermanding saccade paradigm where on~50% of trials they made saccadic eye movement 
towards a visual stimulus (correct; rewarded) but on a proportion of trials (~25%) made 
erroneous saccades despite an instruction to stop (error; unrewarded). After a short delay 
following the saccade an auditory tone was presented which indicated the absence or presence of 
an upcoming juice reward. Spiking activity (N = 293 units), field potentials, and current source 
density from 16 sessions with perpendicular electrode penetrations into the gray matter (three 
sites in two monkeys) were analyzed to determine the laminar structure of three signal types: 
visual, error, and reinforcement. Our analyses revealed that task-related visual signals were 
largely confined to L2/3 and L5. Error signals had the shortest latency in intermediate layers 
(lower L3 and upper L5) with a later appearance in upper (L2/3) and lower layers (L6). 
Reinforcement-related signals were observed throughout cortical depth but exhibited different 
spatial profile during different task epochs. Entirely predictive units (modulated following the 
tone but before juice) were mainly concentrated in depths spanning lower L3 to L6b while those 
that also modulated following juice delivery were mainly observed in upper layers L2/3 and L5. 
Furthermore, reinforcement units that were positively modulated for reward (L5 and upper L6) 
showed a complementary (and inverse) distribution to those that were negatively modulated 
(L2/3 and lower L6). Overall, these data are inconsistent with a general canonical cortical 
microcircuit derived from sensory areas, and they contribute to understanding the contributions 
of laminar-specific cortical and subcortical as well as feedforward and feedback processes, and 
to constraining circuit-level models of executive control. 
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Abstract: Our theoretical framework for understanding striatal responses and striatal-medial 
temporal lobe (MTL) interactions during conditional motor associative learning is that motor 
learning proceeds in a gradual transition between two parallel but cooperative phases within the 
striatum. In the early, more flexible phase, spatial sequences are coded in visuospatial 
coordinates that is subserved by a cortical-striatal loop involving the associative striatum. The 
MTL constitutes a parallel and cooperative learning pathway for conditional motor associative 
learning that is primarily involved in the “flexible” early phase of learning and specializes in 
learning new associations between arbitrary elements in memory. This framework predicts that 
early in new associative learning the striatum together with the MTL provide different kinds of 
parallel and cooperative learning signals: we predict the strongest interaction in the form of 
coordinated activity and strong functional correlations will be seen between the MTL and both 
the limbic striatum and the associative striatum. In contrast, we predict little or no interaction 
between the MTL and the sensorimotor divisions of the striatum. Young adults performed an 
associative learning task using kaleidoscopic images in two conditions: 1) images with high 
perceptual similarity and 2) images with low perceptual similarity. Participants learned to 
associate an arbitrary response pairing with each image, resulting in a continuous probability 
correct measure across learning: a learning slope that reflects memory strength. We found robust 
hippocampal and nucleus accumbens (a core part of the striatum) activity that varied across 
memory strength, regardless of high vs. low similarity. In order to evaluate the functional 
relationship between the hippocampus and MTL with the limbic, associative, and sensorimotor 
striatal systems, we performed a seed-based functional connectivity analysis in both the low and 
high similarity conditions. Interestingly, we found that functional connectivity between the 
hippocampus and MTL with the associative striatal system was modulated by high vs low 
similarity, bilaterally. These data suggest that the interactions between memory systems are very 
dynamic and may reflect competition between memory systems, which may be exacerbated 
when pattern separation demands are high. 
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Abstract: Sharp wave/ripples (SWRs) are brief high frequency events (<100 msec; 80-150 Hz in 
humans), occurring in hippocampus during non-REM sleep and quiet wakefulness. SWRs are 
considered to represent the temporal windows for efficient hippocampal-cortical communication 
during memory reactivation, potentially orchestrating activity of anatomically disparate brain 
structures, which store different aspects of recent and consolidated memory. Therefore, 
information on the dynamics of SWR-triggered activity throughout the human brain would 
improve understanding of the role of SWRs in memory consolidation. Functional magnetic 
resonance imaging (fMRI) revealed SWR-triggered increases in hemodynamic signal throughout 
cortex (Logothetis et al., 2012). The patterns of SWR-triggered cortical hemodynamic responses 
also depend on the SWR waveform signature and phase coupling to hippocampal delta or sharp 
waves (Ramirez-Villegas et al., 2015). However, the more precise interpretation of these results 
was hampered by the relatively slow temporal resolution of fMRI. The high frequency (300-900 
Hz) local field potential (HF-LFP) represents a reliable indirect measure of neuronal spiking 
activity (Wilber, Skelin et al., unpublished). Taking advantage of excellent spatiotemporal 
resolution of electrophysiological recordings, as well as the ability to simultaneously record from 
large number of subcortical and cortical structures in human epileptic patients undergoing pre-
surgical evaluation, we recorded hippocampal SWRs and SWR-triggered HF-LFP in the 
amygdala, frontal, cingulate, temporal and parietal cortices from 4 patients, during 8 overnight 
sleep sessions. The HF-LFP power in amygdala, temporal and parietal cortices was increased 
around the time of SWRs, with the ipsilateral increases present both before and after SWRs and 
contralateral increases following SWRs. We also observe delta-phase dependent SWR-triggered 
effects on HF-LFP power in cingulate cortex. In addition, we observed that the relative 
proportions of SWRs locked to different delta or sharp wave phases are stable across multiple 
days, but differ between the hippocampal locations. The present data reveals hemispheric 
differences in SWR-triggered cortical activity, as well as hippocampal location-dependent 
patterns of SWR phase locking to delta or sharp waves. 
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Abstract: The case report of patient H.M. and a series of subsequent works have revealed that 
the medial temporal robe (MTL) including hippocampus is critical for forming memory. 
Meanwhile, many animal studies have uncovered that memory trace is stored in cortical regions 
which are responsible for processing specific information. However, how the MTL and each 
cortex interact to form new memory remains to be elucidated especially in human. We aimed to 
investigate interaction between the MTL and cortical regions during associative memory 
formation in human using fMRI (functional magnetic resonance imaging). We scanned thirteen 
healthy participants with a 3 tesla MRI scanner while they performed a face-name association 
task. During encoding blocks, participants viewed serially presented unknown faces which were 
paired with names. They were instructed to commit pairs to memory. In recall blocks, 
participants viewed the faces only and attempted to answer the associated names. To prevent rote 
rehearsal between encoding and recall blocks, we used the Odd/Even Digit task in which 
participants were shown single digits and asked to indicate whether the digit was odd or even. 
We performed PPI (psycho-physiological interaction) analysis to see the effect of memory 
formation process on the functional connectivity between the MTL and related cortices. The 
result showed that functional connectivity between the hippocampus and fusiform gyrus, which 
is thought to be specialized for the perception of faces, was enhanced during both encoding and 
recall sessions although activation of the hippocampus decreased with repetition of the same 
pair. The present result lend support to the view that the hippocampus and neocortical regions 
which engage in processing specific information interact dynamically and wire together to form 
new associative memory. 
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Abstract: Memory is influenced by motivation, such as a promise of future monetary reward for 
remembering an event. Reward-based memory modulation has been shown to rely on 
interactions between brain structures sensitive to reward, such as the midbrain, and those 
supporting episodic memory, such as the medial temporal lobe (MTL), during motivated 
encoding. Here, we tested whether intrinsic connectivity between the memory-related (MTL) and 
reward-related (midbrain, striatum, orbitofrontal cortex) regions during rest can predict reward 
modulation and if these connections increase as a function of motivated encoding. Subjects 
underwent resting-state functional MRI before and after a monetary incentive encoding task in 
which a potential monetary reward cue (penny, dime, or dollar) was followed by a pair of objects 
to be remembered. The associated monetary value was awarded to the subject for each correctly 
recalled object pair. Resting-state fMRI revealed that MTL connectivity with reward regions 
significantly increased from pre- to post-learning, specifically driven by MTL-midbrain and 
hippocampus-striatum connectivity. These findings suggest that interactions between reward and 
memory systems can be upregulated in response to a motivated encoding task. Intrinsic 
connectivity further tracked individual differences in reward modulation, such that subjects who 
demonstrated greater sensitivity to reward also showed significantly greater intrinsic MTL-
orbitofrontal connectivity when collapsed across the pre- and post-learning scans. These results 
suggest that intrinsic connectivity between reward- and memory-related regions underlies 
individual differences in reward modulation and highlight the dynamic interactions between 
these systems that extend beyond the period of learning. 
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Title: Changes in memory representations are related to features in prior night's sleep 
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Abstract: Theories of systems memory consolidation posit that memories are stabilized as they 
become more distributed throughout the cortex. Sleep has been linked with successful memory 
consolidation, and evidence suggests particular features in the architecture of sleep may relate to 
sleep-dependent memory enhancements. Recent evidence suggests a 24-hour delay promotes 
more distributed memory traces, as measured by greater hippocampal-cortical functional 
connectivity, in a manner predictive of subsequent behavioral resistance to forgetting, indicating 
a specific role in memory stabilization. However, it remains unknown how aspects of sleep 
architecture might be related to the representation of memory traces the next day, and how this 
relates to behavioral measures of memory. To investigate this relationship, we designed a three-
day experiment utilizing overnight polysomnography recordings, fMRI, and behavior. Subjects 
encoded two lists of word-image pairs twice, either with an intervening period of overnight sleep 
(Sleep List), or a brief wakeful period (New List), such that the lists differed in the opportunity 
for consolidation processes. During the re-study session, subjects were presented with the 
previously seen word-image pairs, and a new list of pairs (Single Study List) while in the 
scanner. Cued source recall was probed immediately following the scan and after a 24-hour 
delay, providing a measure of memory stability over time. Univariate analyses revealed that for 
the Sleep List in particular, time spent in NREM sleep is positively related to greater activation 
in the hippocampus. Using multivariate pattern similarity analysis, we examined the 
representations of trials from each encoding list. Within the anterior hippocampus, later 
remembered Sleep List pairs were represented more distinctly compared to those later forgotten, 
while in posterior hippocampus, remembered pairs were more similar compared to forgotten. 
This significant interaction was not observed in either of other encoding lists, indicating a 
potential dissociation along the long-axis of the hippocampus that develops with sleep. 
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Abstract: We have used BOLD fMRI extensively to characterize behavioral and neural 
(structural and functional) profiles of neurocognitive aging in the context of the medial temporal 
lobe (MTL) memory system. However, the spatial and temporal limitations of BOLD are well 
known and appreciated, as are the limitations imposed by the fact that it is fundamentally a 
contrastive measure (e.g., Condition X vs. Y vs Z). The effect of this contrastive nature of BOLD 
is magnified greatly by the fact that factors clearly outside of cognitive or neural changes can 
alter the BOLD signal. Here, we investigated a functional variant on magnetic resonance 
imaging spectroscopy (fMRS) that collects metabolite data while participants engage in various 
cognitive tasks, dynamically measuring excitatory transmission during a memory task by 
quantifying a composite measure of glutamate and glutamine (Glx) while simultaneously 
measuring BOLD fMRI at the same location. We scanned 20 young adults during 30 second 
blocks of 4 conditions: 1) viewing novel images of scenes, 2) viewing familiar images of scenes, 
and 3) a perceptual baseline task, and 4) unconstrained rest. We collected both BOLD and MRS 
data from two large voxels: one in the right parahippocampal cortex (PHC) (~12mL) and one in 
the right hippocampus (~3.75mL). Consistent with previous findings from standard BOLD 
fMRI, we observed greater BOLD activity for novel images than for familiar ones (i.e. the 
repetition suppression effect) in both the hippocampus and PHC. Likewise, we found decreased 
BOLD signal for the perceptual baseline task and a modest decline for rest. Thus, our proxy for 
BOLD is consistent with prior results using more typical BOLD fMRI scans. NAA and Cr 
concentrations served as negative controls and, as expected, showed no task modulation, but Glx 
concentrations showed clear task modulations, demonstrating a reliable functional MRS signal. 
In both regions, novel and familiar pictures elicited higher levels of Glx than rest. In the 
hippocampus, the perceptual baseline was associated with very low levels of Glx while in the 
parahippocampal cortex, Glx levels were elevated. Thus, in both BOLD and Glx, novel and 
familiar pictures elevated their respective measures of activity. Yet, clear differences emerged. In 
particular, our two control conditions (simple rest and perceptual baseline) differed dramatically 
in the parahippocampal cortex (highest levels of Glx vs. lowest levels of BOLD). Therefore, 
even in a healthy, young population, there are both clear points of contact between these two 
measures of activity and clear points of departure, providing us with an interesting new tool for 
evaluating neural activity. 
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Abstract: In primates and humans, the development of the hippocampus and surrounding cortex 
facilitated an axial change which resulted with an elongated, longitudinal shape whose posterior-
to-anterior axis corresponds to the dorsal-to-ventral axis of the rodent hippocampus. Despite its 
distinct uniform structure, the hippocampus may not, in fact, function as such, but rather consists 
of distinct sub-structures along its long axis. Given the apparent diversity of sub-hippocampal 
functionality, the computational principles of the hippocampus as a whole remain to be 
elucidated. Here we suggest two anatomically-guided functional connectivity methods aimed at 
delineating cortical and sub-cortical networks that are specifically co-active with discrete sub-
hippocampal areas. These methods were run on resting-state blood-oxygenated-level-dependent 
(BOLD) data of 31 healthy volunteers from the publicly available NKI Enhanced dataset. 
Following the parceling of the anatomical MRI datasets using FreeSurfer 
(http://surfer.nmr.mgh.harvard.edu), each participant's hippocampi were delineated for further 
analysis. Next, BOLD signal time-courses were extracted for each and every voxel of the entire 
brain, and Pearson correlations were computed between the time-courses of each voxel in the 
brain and the time-courses of each and every voxel in the hippocampi. Finally, each brain voxel 
was assigned the relative location along the anterior-to-posterior hippocampal axis with which it 
was maximally correlated. Results of this analysis demonstrate that distinct brain networks co-
activate with distinct hippocampal regions, such that posterior hippocampus highly co-activates 
with primary sensory and motor regions (including primary visual, auditory, and taste cortices), 
the anterior hippocampus is preferably connected with amygdala, temporal poles, and 
ventromedial prefrontal cortex, whereas the middle hippocampus is highly correlated with core 
regions of the default-mode network (DMN). Corroborated by converging findings using an 
anatomically-guided seed-based general linear model approach, these results provide direct 
evidence as to the distinct cortical and sub-cortical networks that converge into sub-
compartments of the hippocampus, arguing in favor of a functional segregation along the long 
axis of the hippocampus. 
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Abstract: Travelling waves are present in different brain structures at different frequency ranges 
and in different species. The relationship of the phase of the traveling waves with neuronal firing 
or other oscillations is thought to represent a mechanism to code information by means of the 
expression of different phases along the same structure or between structures at the same time. 
Traveling waves have been shown in the theta range in the hippocampal formation of rodents 
traveling along the long-axis (Lubenov & Siapas, 2009; Patel et al., 2012). Similar patterns were 
found in humans . We report iEEG recordings along the long-axis of the hippocampus from 
epilepsy patients. We used a version of the Von Restorff paradigm. Participants studied pictures 
of faces and houses shown in grayscale against a red or green background. While the majority of 
items came from expected category, a small proportion belongs to unexpected category. We used 
a fine grained analysis, including the traditional convention in humans for different delta, theta, 
alpha and beta frequency ranges. We confirm the existence of theta traveling waves along the 
long-axis of the hippocampus and go beyond previous work by showing that this frequency 
range extends to the alpha band. We did not see a modulation of the travelling wave patterns by 
novelty processing suggesting that hippocampal activity shows similar anterior to posterior phase 
differences regardless of unexpectancy. If encoding is more likely to occur at the peak of the 
theta signal and retrieval at the trough and if the place field size increases from posterior to 
anterior hippocampus in humans - as has been shown in rodents -, the existence of a theta 
traveling wave suggests that while the tail is experiencing a peak (representing small place field 
size -details- and encoding state) the head is experiencing a trough (representing big place field 
size -context- and retrieval state) and vice versa. This suggests that the hippocampus puts details 
into context and contextualizes details every ~200ms. 
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Abstract: When individuals try to select the recently studied (and familiar) item during a 
multiple-choice memory test, they direct a greater proportion of viewing time towards the 
selected item when their choice is correct than when their choice is incorrect. Thus, for both 
correct and incorrect choices, individuals indicate that the chosen item is old, but viewing time 
differentiates between old and new items. What kind of memory supports this preferential 
viewing effect? One possibility is that automatic, hippocampus-independent memory supports 
this effect because viewing time differentiates old items from new items independently of overt 
behavioral choice. Alternatively, conscious, hippocampus-dependent memory might support this 
effect. If so, the preferential viewing effect should be related to established measures of 
declarative memory (i.e., accuracy scores, confidence ratings, and response times). In two 
experiments, we tested whether the preferential viewing effect reflects conscious memory or 
unconscious memory (Experiment 1, 30 young adults) and whether the effect is dependent on the 
medial temporal lobe (Experiment 2, 5 patients with damage limited to the hippocampus or 
limited to the medial temporal lobe and 6 age-matched, older controls). In Experiment 1, 
participants made three-alternative, forced-choice, recognition memory judgments for targets 
(200 photographs of scenes studied 30 min earlier) and foils (each target was presented together 
with two thematically-related novel scenes). We replicated the preferential viewing effect: 
individuals looked longer at the selected item when it was correct than when it was incorrect. 
Importantly, the effect was stronger when individuals were more confident in their decisions and 
when their response times were shorter. Moreover, the size of the preferential viewing effect was 
strongly correlated with overall accuracy scores. Thus, the preferential viewing effect reflects 
conscious memory for which items are old and which items are new. In Experiment 2, 
participants made recognition memory judgments for targets (100 photographs of scenes studied 
1 min earlier) and foils. Patients exhibited impaired declarative memory. Specifically, they were 
less accurate and exhibited smaller differences in confidence ratings and response times for 
correct versus incorrect trials. The controls exhibited the preferential viewing effect, but the 
patients did not. Taken together, these findings suggest that the preferential viewing effect 
reflects conscious, medial temporal lobe-dependent memory. 
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Abstract: The Other-Race Effect (ORE) is a social phenomenon in which people are better at 
recognizing individuals within their own, relative to other races. While behavioral research 
suggests the ORE is due to extensive experience with one’s own race group, the neural 
mechanisms underlying the effect remain unclear. We believe that the enhancement in same-race 
(SR) recognition typical of the ORE, is due to enhanced mnemonic discrimination (MD), a 
process driven by pattern separation of similar inputs. In the present study, we sought to identify 
unique MD response profiles for subjects performing an encoding and memory task for faces of 
several different races. During encoding blocks, subjects viewed and were asked to remember a 
series of computer generated Caucasian, Asian, and Black faces. During the following test, 
subjects made 'Old'/'New' judgements, if they believed to have seen the faces before, or not, 
respectively. Some of the faces shown in test were parametrically altered so that the dissimilarity 
between encoded and test faces could be quantified. This allowed us to tax mnemonic 
discrimination selectively for numerous levels of interference between stimulus presentations. 
Given prior results in the lab, we anticipated performance for SR recognition accuracy to be 
sigmoidally tuned as a function of face similarity, and OR accuracy to increase linearly with face 
dissimilarity. This may reflect differences in mnemonic strategies employed for SR vs OR 
recognition. To further expound upon the role of experience in tuning these mnemonic strategies, 
subjects are being trained in OR faces, and will subsequently be re-evaluated for SR and OR 
recognition performance. We expect to see a tuning in the post-training MD function for OR 
faces, such that it approaches the sigmoidal function synonymous with SR recognition. This will 
serve as mechanistic evidence that experience alters the efficacy of discrimination in the face of 
overlapping face inputs. 

Disclosures:  J. Yaros: None. D.A. Salama: None. M.A. Yassa: None. 

Poster 

338. Human Long-Term Memory: Medial Temporal Lobe 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 338.11/UU18 

Topic: H.02. Human Cognition and Behavior 

Support: MEXT Special Funds 1111501004 

 JSPS Grant HFH27016 



 JSPS Grant 23240091 

 NIH Grant R01 MH102392 

 NIH Grant R21 AG049220 

 NIH Grant P50 AG16573 

Title: Acute mild exercise improves memory by enhancing hippocampal-neocortical 
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Abstract: While a growing number of studies have demonstrated that physical exercise has 
beneficial effects on hippocampal functions especially on spatial memory, there are few studies 
on pattern separation associated with the dentate gyrus (DG). Additionally, the most effective 
exercise regimen (e.g., intensity) for improving hippocampal functions is undetermined. We 
recently showed that acute mild-intensity exercise without any stress responses has the potential 
to activate hippocampal neurons including those in the DG (Soya et al., BBRC, 2007) and that 
such mild training regimens cause neurogenesis (Okamoto et al., PNAS, 2012, Inoue et al., PLoS 
One, 2016). This led to the hypothesis that acute mild exercise may also enhance DG-mediated 
pattern separation, a hypothesis supported in part by our recent findings in humans that acute 
moderate-intensity exercise improves the performance of a mnemonic discrimination task 
designed to selectively tax pattern separation (Suwabe et al., Hippocampus, 2017). Using the 
same experimental protocol, here we aimed to investigate whether acute mild exercise improves 
hippocampal memory, and if so, to explore the exact neuronal substrate in terms of functional 
activation in the medial temporal lobe (MTL) using high-resolution functional MRI. Healthy 
young adults underwent a mnemonic discrimination task after 10 minutes of very light intensity 
exercise (30% VO2peak; corresponds to “very light” in the ACSM’s definition) on a recumbent 
cycle ergometer or rest (control) on separate days in randomized order. We compared neural 
activity between exercise and control conditions in the pattern separation contrast (lure correct 
rejections minus lure false alarms). Moreover, we explored cortical regions that were 
functionally correlated with the hippocampal subfield activity using psychophysiological 
interaction (PPI) analysis. Exercise improved mnemonic discrimination performance and 
enhanced fMRI activity in the DG/CA3 and surrounding neocortex. Exercise also enhanced the 
functional connectivity between the DG/CA3 and cortical regions including the 
parahippocampal, fusiform and angular gyri, regions that are involved in representing high-
precision memories. Critically, the magnitude of the enhancement in functional connectivity 
predicted the extent of behavioral enhancement at the individual subject level. Thus, we 



concluded that acute very light intensity exercise, which is comparable to traditional oriental 
bodywork such as Yoga and Tai Chi, is capable of enhancing hippocampal memory, and 
enhancement of the DG/CA3-neocortical functional connectivity is likely the neuronal substrate 
underlying the effects. 
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Abstract: When interpreting an ambiguous facial expression, the context or “emotional” 
background provides situation specific cues to resolve ambiguity and guide interpersonal 
behavior. Thus contextual processing allows the meaning of a facial expression to be understood 
according to the emotional backdrop in which it is retrieved. We examined the spatiotemporal 
dynamics of contextual face processing by presenting a neutral face against a background scene 
from the International Affective Picture System (IAPS) that varied parametrically by emotional 
valence (positive, negative, neutral). During the task, the subject was asked to rate the emotional 
valence of the facial expression, which was displayed immediately after the IAPS background 
image. We recorded local field potentials (with high temporal and spatial resolution) from depth 
electrodes implanted in the orbitofrontal cortex (OFC), amygdala (AMYG) and hippocampus 
(HPC) of 5 patients undergoing evaluations for epilepsy surgery. We quantified how high 
gamma (HG, 70-250Hz) activity encoded different task-related factors at a single trial level 
(Fixation, Background IAPS Image, Face, Valence Rating). We found that: 1) the subjects’ 
valence ratings of facial expression were positively correlated with the IAPS valence ratings; 2) 
electrodes from different brain regions were selective to distinct computational factor at different 
task stages and exhibited a systematic temporal propagation from AMYG to HPC to OFC; 3) 



Single stacked trials (N=120) of high gamma activity in the OFC sorted by response time 
showed that the peak latency of the high gamma activity correlated with reaction time. These 
findings provide evidence of a circuit-level interaction within AMYG-HPC-OFC network that 
supports contextual processing of facial expressions. 
Support: NINDS R3721135 and UCI School of Medicine Bridge Fund 
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Abstract: The ability to learn novel associations is a critical feature of episodic memory. 
Accumulating evidence suggests that this ability involves local processing within the medial 
temporal lobe (MTL) and prefrontal cortex (PFC) as well as functional interactions between 
these two regions. However, the ways in which the MTL and PFC contribute to associative 
learning in humans as well as the dynamics of MTL-PFC interactions are still not well 
understood. To address this question, we tested pre-surgical epilepsy patients with depth 
electrodes implanted in both the MTL and PFC using a spatial learning task in which subjects 
attempted to learn object-location associations over the course of three training blocks. During 
encoding, thirty objects were presented at different locations on a computer screen and subjects 
were asked to try to remember the location of each object. For each training block, the same 
objects were presented at the top of the screen and subjects were asked to use the mouse wheel to 
move the object to where it appeared during encoding. After subjects finished placing each 
object, the object was shown in the correct location for one second as feedback. Following the 
three training blocks there was a final test during which no feedback was given. During retrieval, 
we found that there was a greater increase in gamma (40-100 Hz) power in the MTL and PFC for 



highly precise trials. In contrast, at feedback there was a greater increase in MTL gamma power 
for low precision trials. Together, these results suggest that while MTL activity during retrieval 
reflects the precision of an association, activity during feedback signals the amount of error. We 
also examined theta (3-8 Hz) activity in the MTL-PFC network during retrieval and feedback 
and found that both power and phase synchronization predicted spatial memory precision. 
Overall, these data suggest putative mechanisms for the learning of object-location associations. 
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Abstract: Developing cognitive tasks and biomarkers that are sensitive to the earliest stages of 
decline in Alzheimer’s disease (AD) are one of the highest priorities for research. MRI studies in 
humans have shown that entorhinal cortical (EC) thinning is a highly sensitive measure of 
structural change in both mild cognitive impairment (MCI) and AD. Recent studies have 
suggested that human EC can be divided into functional subdivisions: the anterolateral EC 
(alEC) is thought to comprise an object/item information pathway, whereas posteromedial EC 
(pmMEC) is thought to comprise a spatial/contextual information pathway. In this study, we 
tested a sample of cognitively normal (MMSE 25 to 30) older adults using high resolution 
structural MRI and a novel cortical thickness segmentation pipeline as well as a suite of 
behavioral tasks that selectively tax mnemonic discrimination (pattern separation) of object 
identity or spatial location. The EC was subdivided into alEC and pmEC using expert anatomical 



segmentations on a set of atlases that were propagated to the study cohort using a joint label 
fusion (JLF) and SyN diffeomorphic registration implemented within Advanced Normalization 
Tools. Behaviorally, we found poorer performance in object relative to spatial discrimination, 
replicating our prior work. We next calculated the magnitude of difference between performance 
on each task to establish a measure of asymmetry in response (i.e. an object vs. spatial 
performance bias), and found that this bias metric was a reliable predictor of scores on the Mini 
Mental State Exam (MMSE), a measure of global cognitive function. The higher the asymmetry, 
the more intact the participants’ MMSE, suggesting that early changes in impairment are indexed 
by decreasing asymmetry. We also observed a relationship between performance on the object 
task and thickness of the alEC, which was not the case in the spatial task or the pmEC, linking 
alEC decline specifically to memory deficits for object/item information. These findings support 
the idea that deficits in object memory manifest prior to spatial memory, and that asymmetry in 
performance may be linked to earlier stages of cognitive decline. Thus, the contrast of object and 
spatial memory performance on a task designed to test these specific computations may serve as 
a useful behavioral assay in identifying subtle neurocognitive changes related to 
neurodegeneration. The results additionally suggest that alEC thickness may be an early 
biomarker that is associated with these cognitive changes. The combination of sensitive 
cognitive assay and biological marker offer promise for optimizing diagnosis and/or outcomes 
for clinical trials. 
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reactivation during learning 
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Abstract: Efficient learning requires encoding of both detailed information from individual 
events and generalities across related experiences. In service of these goals, it is hypothesized 
that the hippocampus can create distinct, orthogonal memory representations through pattern 
separation or form integrated representations that code the common features among memories. 
To optimize learning, it is critical to identify how these seemingly opposing representational 
strategies coexist within the hippocampal network, as well as to determine the conditions that 
promote each type of representational strategy. One factor that may influence whether the 
hippocampus integrates or separates related memories is the strength of memory reactivation 
during new learning. Recent evidence indicates that when individuals learn about new events that 
overlap with past experience, they reactivate memories about related events. Such reactivation 
has been shown to promote integration of the new information into existing memory 
representations. Other data suggest, however, that memory reactivation during learning may lead 
to competition between co-active memories, thus requiring pattern separation to mitigate 
interference. Here, we test the hypothesis that the strength of memory reactivation may be an 
important determining factor in whether new events are integrated with or separated from 
reactivated memories within hippocampus. Participants initially studied a set of associations (AB 
pairs comprised of face-object or scene-object pairs), and then during fMRI scanning, they 
encoded overlapping associations (BC object-object pairs). Both prior to and immediately after 
learning, participants also viewed images (A and C) in isolation during scanning. We used 
representational similarity analysis to assess whether activation patterns for indirectly related 
images (A and C) become less similar (i.e., pattern separated) or more similar (i.e., integrated) in 
hippocampal subregions after learning. Additionally, we used a pattern classifier to measure the 
reactivation of related memories (A items) in ventral temporal cortex during overlapping event 
(BC) learning. Consistent with our hypothesis, we found that the degree of memory reactivation 
in neocortex predicted whether indirectly related memories were pattern separated or integrated 
in hippocampus after learning. Furthermore, this relationship between reactivation and 
representational change differed across hippocampal subregions. Together, these findings 
provide insight into the basis of the divergent yet complementary neural codes formed by the 
hippocampal memory system. 
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Abstract: Interleaving the presentation order of complex information is important for learning 
useful representations of its structure, but waking experience does not normally offer such an 
optimized exposure order. The Complementary Learning Systems theory (McClelland, 
McNaughton, O’Reilly, 1995, Psychol Rev) argues that sleep provides this function, helping the 
cortex uncover structure through interleaved replay of hippocampal traces. We tested this idea by 
exposing participants to information in a suboptimal order and assessing whether subsequent 
periods of sleep and wake result in differential understanding of the underlying structure. 
Participants learned visual and verbal features of three categories (A, B, and C) of “satellite” 
objects, where satellites in the same category shared most of their features. At the very end of 
this training, we exposed them to two additional satellites, each composed of a combination of 
features from categories A and B. These satellites provided a bridge between the two categories, 
supporting the potential generalization that other combinations of features from A and B could 
also produce plausible satellite objects. Because the satellites were presented after the categories 
were already learned, it should be difficult to update category representations to accommodate 
this new information without going back and revisiting already-learned objects. We reasoned 
that if sleep helps interleave information offline, participants who sleep should improve in their 
generalization to novel objects combining features from A and B, relative to participants who do 
not sleep, and relative to objects that combine features from categories B and C or categories A 
and C. Our tests of generalization involved asking if a novel satellite 1) had been previously 
viewed and 2) seemed like it would be “functional.” Testing occurred immediately after training 
and again 12 hr later. Our predictions were supported for both test questions: Participants in the 
sleep, but not wake, condition showed increased generalization to novel combinations from the 
bridged categories in the second test session, falsely believing they had seen these satellites 
before, and judging them to be more functional. However, we additionally found differences in 
first session performance between the sleep and wake conditions, suggesting a potential 
influence of circadian factors. Contributions of sleep features and stages to learning based on 
high density EEG and PSG sleep recordings will also be discussed. The results provide evidence 
in support of the theory that sleep is important for interleaving information in order to better 
understand its structure. 
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Abstract: The medial temporal lobe (MTL) is essential for the formation of long-term 
(declarative) memory. There has been interest in the idea that the MTL might be especially 
important for spatial processing and spatial memory. We tested the proposal that the MTL has a 
specific role in topographical memory as assessed in tasks of scene memory where the viewpoint 
is shifted from study to test. Building on materials used previously for such studies and 
generously provided by Neil Burgess, we administered three different tasks in a total of nine 
conditions. Participants studied a scene depicting four hills of different shapes and sizes and 
made a choice among four test images. In the Rotation task, the correct choice depicted the study 
scene from a shifted perspective. MTL patients succeeded when the study and test images were 
presented together but failed the moment the study scene was removed (even at a 0-sec delay). In 
the No-Rotation task, the correct choice was a duplicate of the study scene. Patients were 
impaired to the same extent in the No-Rotation and Rotation tasks after matching for difficulty. 
Thus, an inability to accommodate changes in viewpoint does not account for patient 
impairment. In the Nonspatial-Perceptual task, the correct choice depicted the same overall 
coloring as the study scene. Patients were intact when test images were presented together with 
the study scene and also when the test image was presented 2 sec after the study scene was 
removed, but failed at longer, distraction-filled delays. We suggest that the impairment in these 
tasks reflects a broad deficit in the ability to remember both spatial and nonspatial material. We 
further suggest that the different results for the spatial and nonspatial tasks are related to 
differences in demand on working memory. 
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Abstract: The response to an upcoming salient event speeds up when the event is expected 
given the preceding events – i.e. a temporal context effect. For example, naming a picture (e.g. 
“boat”) following a strongly constraining temporal context (e.g. “We sailed in a wooden”) is 
faster than naming the picture after a weakly constraining context (e.g. “He looked at a 
wooden”). The human hippocampus represents mnemonically expected stimuli in their absence. 
Using intracranial electroencephalogram (iEEG) from the human hippocampus (n = 5), we tested 
if the hippocampal representation of expected stimuli emerges prior to the stimuli onset and if 
this pre-activation predicts behavior. Participants named pictures that were preceded by 
incomplete sentences presented auditorily. In each trial, naming the picture completed the 
sentence. The sentence manipulated the expectation on the upcoming picture. We observed more 
power in the hippocampal high-frequency band activity (50-250 Hz) prior to the picture onset 
(pre-picture interval) of strongly expected pictures than of weakly expected pictures (p = 0.014). 
We then applied pattern similarity analysis on the temporal pattern of hippocampal high 
frequency band activity in single contacts. We observed that the similarity between the pre-
picture interval and the expected picture interval predicted the picture-naming latencies (p = 
0.008). Additional pattern similarity analyses indicated that the hippocampal representations 
reflect a semantic cognitive map. We conclude that hippocampal pre-activation of expected 
stimuli is a facilitating mechanism underlying the powerful contextual behavioral effect. 
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Abstract: Regular physical exercise enhances memory functions and neurogenesis in the 
hippocampus. In animals, a single session of physical exercise boosts BDNF (Brain Derived 
Neurotrophic Factor) levels, with parallel increases in neurogenesis and plasticity in the 
hippocampus. Furthermore, acute exercise promotes the release of endocannabinoids (especially 
anandamide, AEA), which are small lipophilic molecules that affect dopaminergic transmission 
and also enhance BDNF release. Whether these effects are also observed in humans and how 
they influence memory remain unknown. Here we combined blood biomarkers, behavioral 
measures and fMRI to assess the impact of medium and high intensity acute physical exercise on 
memory and underlying biomechanisms in humans. We hypothesized that medium intensity 
exercise improves memory consolidation and enhances hippocampal activity via BDNF and/or 
endocannabinoid signaling, while high exercise intensity causes physical stress detrimental to 
cognitive functioning. We tested associative memory performance in twenty healthy participants 
across three visits: each visit consisted of a learning and a test part performed in fMRI separated 
by a period of exercise (moderate or high intensity) or rest. All participants also came back for a 
single retest session three month after the last visit. Two blood samples were taken at each visit 
before and after the exercise or rest periods. Our results show a general increase in memory 
performance (measured by accuracy, reaction times, and confidence) after exercise at moderate 
intensity but not high intensity, compared to after rest. Levels of BDNF and AEA were higher 
after exercise compared to rest. Crucially, AEA increase after medium and after high exercise 
correlated with hippocampal activity during retrieval suggesting that AEA may have an acute 
effect on synaptic plasticity in human. Finally, long-term memory at retest was significantly 
better for elements learnt during the medium exercise visit than during rest or high exercise 
visits. Overall, these findings demonstrate that a single session of medium intensity exercise 
enhances long-term associative memory and shed light on the biomechanisms underlying the 
beneficial influence of acute physical exercise on human cognitive functions. 
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Abstract: A fundamental component of episodic memory is the generation of discrete memory 
representations for unique events. Because we frequently encounter highly similar events (e.g., 
eating breakfast today versus yesterday), accurate memory depends on our ability to dissociate 
these memory representations, termed mnemonic discrimination. Numerous functional magnetic 
resonance imaging (fMRI) studies have revealed that the hippocampus, and specifically the 
dentate gyrus subfield, is involved in this type of mnemonic discrimination. However, few 
studies have assessed neural activity associated with mnemonic discrimination in regions beyond 
the medial temporal lobe. Therefore, the current study examined brain-wide fMRI activity in 11 
younger adults (19-23 years, 3 female) during performance of a mnemonic discrimination task. 
In the incidental encoding phase, participants made “indoor”/“outdoor” judgments to a series of 
to-be-remembered objects. In the test phase, they made “old”/“new” judgments to a series of 
probe objects that were either repetitions from the memory set, similar to objects in the memory 
set, or novel. Behavioral results revealed that participants correctly endorsed repeated objects as 
“old” and novel objects as “new”. Mnemonic discrimination was observed as a decrease in “old” 
responses as objects became less similar to those in the memory set. Mnemonic discrimination 
was also seen as a significant difference in sensitivity (d’ > 0) when comparing distributions of 
“old” responses to repeated versus similar objects. Imaging data during the test phase were first 
examined during three task conditions (“old”|repeated, “old” or “new”|similar, “new”|novel) 
relative to a baseline condition. Results revealed that both repeated and similar objects elicited 
significant activity in bilateral hippocampus, occipital cortex, and medial frontal cortex. 
Mnemonic discrimination-related activity was then assessed by comparing these task conditions, 
which revealed a trend for greater activity to similar versus repeated objects in these regions. 



These preliminary findings add to a growing body of work suggesting that mnemonic 
discrimination is mediated by a broader memory network that extends beyond the hippocampus. 
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Abstract: Converging evidence suggests a relationship between aerobic exercise and 
hippocampal neuroplasticity that is centered on adult neurogenesis in the dentate gyrus (DG) 
subregion of the hippocampus. In humans, this relationship has not been elucidated at the level 
of the hippocampal subregions, nor has it been examined functionally. Using structural MRI and 
a hippocampal-dependent behavioral task requiring disambiguation of similar stimuli, we tested 
the hypotheses that 1) aerobic fitness levels are positively associated with volume and function 
of DG/CA3 in humans, and 2) a 12-week exercise intervention will increase the volumes of the 
entorhinal cortex and DG/CA3 and increase disambiguation task accuracy. Healthy young adults 
(ages 18-35) participated in either an aerobic or resistance training intervention three times per 
week for twelve weeks. Changes in aerobic fitness were determined via a submaximal, 
incremental treadmill test using a modified Balke protocol prior to and following the 
intervention. We conducted volumetric analysis following manual segmentation of T2-weighted 
MR images with high in-plane resolution (0.4 mm2; Philips 3 T Achieva). At baseline, greater 
aerobic fitness was associated with greater volume in the entorhinal cortex and anterior 
subregions of the hippocampus (DG/CA3 and subiculum). Aerobic fitness at baseline did not 
correlate with disambiguation task accuracy. Following the exercise intervention, results show 



that an increase in fitness percentile selectively predicted greater volume change in the left 
anterior DG/CA3. Behaviorally, individuals who were lower fit at baseline showed a positive 
correlation between increased changes in fitness percentile and improved corrected accuracy for 
trials requiring the highest level of disambiguation. Extending our previous work (Whiteman et 
al. 2016), this suggests that improving fitness may lead to increased volume within the 
hippocampus in young adults, and lower-fit individuals may receive the most cognitive benefit. 
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Abstract: Questions are addressed in the current investigation about the neural correlates of 
memory decisions that are made in the face of conflict, which requires increased cognitive 
control. Participants in this experiment studied several scene-face pairs and were tested with 
three-face displays preceded by studied scene cues. The associate of the scene cue was either 
present in the three-face display (target-present trials) or not (target-absent trials). On every trial, 
participants were to indicate whether the trial was target-present or -absent by making a button 
press. Half of the participants (controls; n=20) were instructed to perform optimally and the 
remainders were told to simulate memory impairment (simulators; n=20). fMRI and eye tracking 
data were acquired during encoding and test, and a final post-test, on which all of the participants 
were instructed to perform their best, was completed outside of the scanner. Consistent with 
instructions, simulators performed at chance levels when they were asked to make present/absent 
decisions during the test phase; controls outperformed simulators, as expected. In contrast to 
these between-groups differences in explicit recognition decisions, early eye movement behavior 
was comparable - participants from both groups spent a disproportionate amount of time looking 
at associates (target-present trials) within 500-750ms of 3-face display onset. Results from 
preliminary fMRI analyses show that activity differences in the hippocampus during presentation 



of the scene cue predicted early high viewing of the associate, even when explicit recognition 
decisions were incorrect, among simulators. Activity differences associated with explicit 
recognition performance during presentation of the 3-face display distinguished the two groups. 
While hippocampal activity was greater for correct than incorrect present/absent decisions 
among controls, the opposite pattern was evident in simulator data. This pattern - activity 
differences greater for incorrect than for correct responses - was also evident in anterior cingulate 
cortex for simulators, an outcome that likely reflects conflict between memory retrieval and 
decision making. Together, these results indicate that participants can successfully conceal 
memory in explicit recognition responses, but that eye movements and hippocampal recruitment 
are sensitive to retrieval of learned associations none-the-less. Furthermore, during the decision 
making process, the act of simulating memory impairment results in recruitment of brain regions 
implicated in cognitive control. 
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Abstract: Correctly using contextual information to predict aversive events from environmental 
cues is a critical ability that protects from overgeneralization of fear responses. Animal models 
demonstrated the importance of spatial context representations within the medial temporal lobe 
(MTL) in contextualization of fear learning. In humans, this relationship has not been 
investigated. We hypothesized fear generalization is a result of a weak context representation. 
The present study was designed to test this hypothesis in humans using functional MRI and a 
virtual environment. Twenty-four healthy participants underwent a context training paradigm 
within the virtual environment. This environment involved a rich landscape including two 
buildings the participants were able to enter. The buildings had distinct features from the outside, 
but were identical on the inside. Within this environment, participants underwent a differential 



delay contextual fear conditioning paradigm with spatial context as occasion setter. Two 
different cues (CS+ and CS-) were presented in both buildings in the same way, but the CS+ was 
consistently (reinforcement rate of 100%) paired with a mild electric shock in the threat context, 
but never in the safe context. The CS- was never paired with a shock. To confirm the 
effectiveness of our fear conditioning paradigm, we analyzed skin conductance responses (SCR) 
in response to the CS+ and CS- in both contexts. We found stronger SCR amplitudes for the CS+ 
compared to CS-. As expected this differential response was stronger within the threat compared 
to the safe context, but also present within the safe context. Similarly, we observed robust 
differential BOLD responses in regions commonly (de)activated in fear conditioning paradigms. 
These were stronger in the threat compared to the safe context, but also still present in the safe 
context. These results indicate that differential fear generalized across contexts. Further analyses 
should reveal whether interindividual differences in fear generalization can be explained from 
poor spatial context representations. These representations will be estimated using a linear SVM 
classifier that we will train on MTL patterns obtained during context training and test during fear 
conditioning. Higher classification accuracies can be interpreted as a stronger context 
representation. In conclusion, we successfully developed a paradigm that allows us to investigate 
spatial context-dependency of fear learning by combining neuroimaging with virtual reality. This 
is relevant because deficits in suppressing fear responses in safe contexts is a hallmark of fear-
related disorders. 
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Abstract: The Medial Temporal Lobe (MTL), which is comprised of the hippocampus (HC) and 
MTL cortex, is critical for the processing of episodic memory. Human fMRI studies support a 
framework in which anterior and posterior MTL cortex act as parallel pathways processing 
object-related and spatial memory components, respectively, which are then integrated by the 
HC. A complementary line of research has established a functional loop between the HC and the 



dopaminergic midbrain as crucial for the formation of new memories, and human fMRI studies 
show that these regions interact during reward-related memory encoding. However, it is 
unknown whether reward differentially modulates the encoding of distinct memory components 
(e.g., object-related vs. spatial) in anterior vs. posterior MTL cortex. 
To address this, healthy adult participants (n=22, 8 male, mean age 25, range 18-32) solved a 
novel encoding task crossing category and reward while undergoing fMRI (Siemens 3T, 2x2x2 
mm EPI sequence, TR 1.8s, multiband factor 2). In each trial, they deduced the value (high vs. 
low) of a stimulus from a combination of stimulus category (object vs. scene) and frame color 
(blue vs. yellow) (counterbalanced over blocks). Correct identification of the value resulted in 
immediate high vs. low reward feedback for that stimulus. The next day, participants returned for 
a surprise recognition test. FMRI encoding data were analyzed using a 2x2x2 model with the 
factors category (object vs. scene), reward (high vs. low), and subsequent memory (remembered 
vs. forgotten). We expected differential effects of high reward on encoding activity in anterior 
vs. posterior MTL cortex for objects vs. scenes, respectively. 
Behaviorally, reward enhanced memory (F=17.4, p<.001), which was more pronounced for 
objects than scenes (F=13.6, p=.001). On the neural level, reward modulated memory encoding 
in a category-independent manner in the anterior MTL cortex (-26 -5 -33, t=3.86), posterior 
MTL cortex (29 -26 -26, t=3.27) and HC (-25 -30 -9, t=3.44). Importantly, category-specific 
subsequent memory effects complemented the behavioral asymmetry: successful scene encoding 
in the posterior MTL cortex (-31 -38 -11, t=5.00) and HC (-34 -25 -11, t=4.55) was not 
modulated by reward, while successful object encoding was enhanced by reward in the anterior 
MTL cortex (15 0 -42, t=3.15) (all p<.001 unc.). 
To our knowledge, this is the first study investigating the differential effects of reward on 
category-specific MTL memory encoding. Our data suggest that, on both the behavioral and 
neural level, reward enhancement of memory is not independent of the stimulus category. 
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Abstract: In humans, the anterolateral entorhinal cortex (alERC) is of particular importance, as 
it overlaps with regions where Alzheimer’s disease pathology first appears (Braak & Braak, 
1991; Khan et al, 2014). Further, its volume is reduced in participants who perform poorly on 
neuropsychological tests selective for AD (Olsen, Yeung, et al, in press). However, few human 
studies to date have investigated its cognitive role. Based on experimental findings in rodents 
and its anatomical connections, we hypothesized that it may play a role in configural processing 
for items. To test this hypothesis, we took high resolution (0.43x0.43mm in-plane) structural 
scans of the medial temporal lobes of a group of 40 older adults. We performed manual 
segmentation following the Olsen-Amaral-Palombo protocol (Olsen et al, 2013), supplemented 
by the protocol of Maass et al (2015) - which subdivides the entorhinal cortex based on 
functional connectivity with other MTL regions - to obtain structural volumes for the alERC and 
neighboring MTL regions. We then compared these structural measures to behavioral 
performance on two eyetracking-based incidental viewing paradigms designed to test intra-item, 
and inter-item configural processing. In the first study, participants viewed conjunctive objects 
with distinct top and bottom halves. We showed that among all the MTL regions we assessed, 
only alERC volume was associated with the proportion of fixations directed to the configurally-
important central region, which served as a measure of intra-item configural processing. In the 
second study, participants studied scenes associated with one particular critical object, and were 
subsequently shown either repeated scenes, manipulated scenes (where the critical object has 
been moved), and novel scenes. We showed that alERC and parahippocampal cortex volumes 
were selectively related to the proportion of fixations directed to the critical object previously 
associated with a particular scene in the manipulated condition only, a behavioral measure of 
inter-item configural processing. Together, these two studies suggest that the alERC may play a 
cognitive role that includes configural processing for the spatial relations between the parts of a 
single object, as well as its spatial relations relative to other objects. 
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Abstract: Learning about category membership can alter representations of individual items 
resulting in increased perceived similarity of items within a category and decreased perceived 
similarity of items from different categories. The current study aimed to investigate changes in 
subjective similarity ratings and neural pattern representations before and after category learning. 
Stimuli were faces constructed as 50/50 blends of never-seen “parent” faces. Across two 
experiments, two or three parent faces were selected to determine category membership, 
presented as a family surname. These family surname-relevant faces were blended with other 
parent faces, to generate face stimuli for presentation. Pairs of faces could share a parent face 
relevant for family membership, a parent face irrelevant for family membership, or not share a 
parent face. Participants first passively viewed the stimuli during functional MRI and then rated 
the similarity of pairs of faces prior to category learning. The same passive viewing and 
subjective similarity ratings were repeated after participants were trained to categorize the face 
stimuli into families (categories). Prior to category learning, subjective similarity ratings were 
the same for pairs of faces from the same category as for pairs of faces from different categories 
that had a common parent. After category learning, similarity ratings for items within a category 
increased, while rated similarity of faces that shared a common parent but belonged to different 
categories decreased. Similarity ratings for faces that had no shared features also decreased. 
Similar changes in perceived similarity within vs. across categories was observed even for a 
separate group of participants that were trained to remember item-specific information (face-
unique full name) where category information (a common surname) was present but not 
emphasized. Preliminary fMRI data suggest the behavioral effects may be mediated by the 
formation of category representations in the ventromedial prefrontal cortex, where distributed 
neural patterns differentiated faces belonging to different families after learning but not before. 
These findings elucidate the neural mechanisms underlying the changes in item representations 
resulting from category learning. 
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Abstract: Individual memories are thought to be stored by ensembles of neurons that are 
reactivated during recall. However, it remains unclear how a given ensemble of neurons can 
contribute to more than one memory without causing confusion at the time of recall. Here we 
show evidence to suggest that inhibition plays a critical role in protecting overlapping memories 
from interference. Using non-invasive methods in humans, we first train subjects to acquire two 
memories that are context specific but otherwise overlapping. We then assess interference 
between these two memories at both a behavioural and neural level. By combining ultra-high 
field MR spectroscopy, fMRI and transcranial direct current stimulation (tDCS), we then show 
that confusion between overlapping memories can be induced when neocortical GABA is 
reduced using brain stimulation. These results are consistent with evidence to suggest that 
neocortical excitation and inhibition are tightly calibrated except during sensory exposure or 
memory recall. Furthermore, the data suggest that deficits in inhibitory gating may underlie 
hallucinatory experiences observed in clinical conditions such as schizophrenia where the precise 
balance between excitation and inhibition is poorly maintained. 
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Abstract: Previous work shows that hippocampus (HPC) and prefrontal cortex (PFC) support 
the formation of relational memory networks. Such networks can be created during encoding 
itself, when related memories are linked to, or integrated with, current experience. It is known 
that adults bring related memories to mind during encoding to form integrated memories, and 
that doing so results in increased behavioral flexibility. Yet, how existing knowledge impacts 
encoding over development remains virtually unstudied. Both HPC and PFC undergo continued 
structural change well beyond childhood, with PFC maturation in particular continuing into 
adulthood. Children also show less memory flexibility than adults, suggesting that they may not 
retrieve and link related knowledge during learning. Whether adolescents show similarly rigid 
memory signatures remains to be seen. Here, human participants aged 7-30 years encoded AB 
and XY object-object associations across three study repetitions during high-resolution 
functional MRI scanning. Participants also studied related BC pairs, which included an object 
(B) that was part of an AB pair, as well as a new C item from one of two visual categories (face 
or scene). We used a pattern classifier to measure reactivation of related (C) memories across the 
three AB study repetitions. Adults showed sustained reactivation of related content through the 
third repetition, while children show no reactivation at all. Interestingly, both younger and older 
adolescents showed an intermediate pattern, with initial reactivation followed by decreases as 
learning continued. The relationship between reactivation and behavior—specifically, the ability 
to link indirectly related A and C items—also changed with age, with sustained reactivation 
slowing performance early and speeding performance later in development. These results suggest 
important developmental differences in the tendency to bring to mind related knowledge during 
new events. In particular, the intermediate signature observed in adolescents might suggest that 
when HPC-driven reactivation is mature but PFC control is not, suppressing an initially 
reactivated memory is beneficial. This adaptive suppression may protect adolescents from 
interference among related memories. In a broader sense, our results highlight the importance of 
considering that differences in neural mechanism may still be present during adolescence, even 
when adult-like memory behavior has been reached. These data also open the door to future 
investigations that use memory models to quantify developmental shifts in the neural strategy 
deployed during specific encoding events. 
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Abstract: Over the past few decades, neuroscience research has illuminated the neural 
mechanisms supporting learning from reward feedback, demonstrating a critical role for the 
striatum and midbrain dopamine system. Simple feedback learning paradigms are increasingly 
being extended to understand learning dysfunctions in mood and psychiatric disorders as well as 
addiction (“computational psychiatry”). However, one potentially critical characteristic that this 
research ignores is the effect of time on learning: human feedback learning paradigms are 
conducted in a single rapidly paced session, while learning experiences in the everyday 
environment and in animal research are almost always separated by longer periods of time. 
Recent work has shown that rapidly paced learning sessions rely predominantly on short-term 
working memory. Importantly, spacing is also known to have strong positive effects on item 
memory across species and in reward learning in animals, suggesting a quantitative or qualitative 
shift in the underlying learning mechanisms. Remarkably, the effect of spaced training on human 
reinforcement learning has not been investigated. In our experiments, we examined reward 
learning distributed across weeks vs. learning completed in a traditionally-paced single session. 
Participants learned to make the best response for landscape stimuli that were either associated 
with a positive or negative expected value. In our first study, as expected, we found that after 
equal amounts of extensive training, performance was near ceiling and equivalent between the 
spaced and massed conditions. Critically, in a final online test 3 weeks later, we found greater 
value association discrimination for spaced-trained stimuli. Our fMRI results suggest that in 
contrast to spaced value associations, massed associations elicited greater PFC engagement and 
differential putamen activity. In our second study, we found a significant positive relationship 
between early learning performance and working memory, supporting a role for short-term 



memory in single-session tasks. Further, spaced training again showed a benefit: the rating 
difference for reward and non-reward stimuli in spaced-trained stimuli was maintained at a level 
of over 89%, versus only 31% for massed-trained stimuli. Our results indicate that single-session 
tasks may not lead to the kind of robust value associations that are characteristic of “habitual” 
value associations. Overall, these studies begin to address a large gap in our knowledge of 
fundamental processes of reinforcement learning, with potentially broad implications for our 
understanding of learning in mood disorders and addiction. 
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Abstract: Working memory is a dynamic process - it unfolds over periods of seconds to minutes 
and memories become less accurate with time. The nature of these dynamics places significant 
constraints on the nature of working memory representations and the neural mechanisms 
supporting working memory. Here, we combine psychophysical methods and computational 
modeling to precisely describe the dynamic forces governing working memory. We show that 
the accumulation of error in working memory over time is not random but reflects underlying 



attractor dynamics. Furthermore, these dynamics are modulated by memory load. To identify 
these attractor dynamics, we trained both monkeys and humans to perform a continuous-report 
working memory task. In brief, subjects were asked to remember 1 to 3 colored squares. After a 
short memory delay, subjects had to report the color of a cued stimulus on a continuous color 
wheel. Dynamic models fit to the behavioral responses of both monkeys and humans showed 
random diffusion dominated the dynamics at low memory load but strong attractors dominated 
dynamics at high memory load. In other words, memory dynamics are load-dependent: attractor 
depth increased with the number of items in working memory. These results provide a 
mechanistic explanation of the severely limited capacity of working memory - - the observation 
that as the number of items to be remembered (memory load) is increased, the accuracy of 
memory reports is reduced (Bays, Catalao, & Husain, 2009; Luck & Vogel, 1997; van den Berg 
et al., 2012; Zhang & Luck, 2008). Furthermore, the finding of increasing attractor depth with 
memory load may provide a normative way of reducing interference among memory items when 
memory load is high. 
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Abstract: Prefrontal cortex (PFC) is sensitive to the complexity of incoming information and 
theoretical perspectives suggest that a core function of PFC is to build efficient codes that 
highlight goal-relevant features by filtering out irrelevant content. At the heart of these accounts 
is the hypothesis that during learning, medial PFC (mPFC) performs data reduction on incoming 
information, compressing less critical features to emphasize encoding of goal-relevant 
information structures. Although emerging evidence suggests that goal-specific representations 
occur in the rodent PFC, such coding in human PFC remains poorly understood. Here, we 
directly assess the data reduction hypothesis by leveraging an information-theoretic approach to 
measure how learning is supported by neural compression processes. Participants learned to 
classify the same insect images composed of three features across three different problems. 
These problems were defined by rules for which 1, 2, or 3 stimulus dimensions had to be 
considered to successfully classify. By varying the number of relevant dimensions, we 
manipulated the complexity of the problems’ conceptual spaces. For example, whereas a 1-
dimensional rule that depends on the insects’ leg width means the dimensions of antennae length 
and pincer shape are irrelevant and should be compressed during learning, a 3-dimensional rule 
requires that all stimulus dimensions are represented with no compression. Critically, this design 
allowed us to test the prediction that learning shapes the dimensionality of neural concept 
representations: Brain regions that learn to compress will represent simpler problems with fewer 
dimensions. We recorded fMRI data while participants learned the three problems and measured 
the degree that multivoxel activation patterns were compressed through learning using principal 
component analysis. Throughout the entire brain, only mPFC showed the predicted relationship 
between compression and conceptual complexity: Greater neural compression was found for 
problems with lower dimensional concepts, and importantly, this effect emerged over learning. 
Furthermore, by leveraging a computational learning model, we found that individual differences 
in neural compression predicted attentional strategies to the stimulus dimensions. Specifically, 
learners with greater problem-specific neural compression showed more optimal attention such 
that relevant dimensions were attended to and irrelevant dimensions ignored. These findings 
support the view that mPFC is critical for transforming information into low-dimensional 
representations useful for the task at hand. 

Disclosures:  M.L. Mack: None. A.R. Preston: None. B.C. Love: None. 

Poster 

339. Computational Approaches to Understanding Interactions Between Short- and Long-
Term Memory 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 339.05/UU39 

Topic: H.02. Human Cognition and Behavior 

Support: R01-EY025275 



 R01-EY019882 

 R01-MH110378 

 P30-EY08126 

 T32-EY007135 
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Abstract: Automaticity allows us to perform tasks in a fast, efficient, and effortless manner after 
sufficient practice. Theories of automaticity propose that across practice processing transitions 
from being controlled by working memory to being controlled by long-term memory retrieval. 
Recent event-related potential (ERP) studies have sought to test this prediction, however, these 
experiments did not use the canonical paradigms used to study automaticity. Specifically, 
automaticity is typically studied using practice regimes with consistent mapping between targets 
and distractors and spaced practice with individual targets, features that these previous studies 
lacked. The aim of the present work was to examine whether the practice-induced shift from 
working memory to long-term memory inferred from subjects’ ERPs is observed under the 
conditions in which automaticity is traditionally studied. We found that to be the case in 3 
experiments, firmly supporting the predictions of theories. In addition, we found that the 
temporal distribution of practice (massed versus spaced) modulates the shape of learning curves. 
The ERP data revealed that the switch to long-term memory is slower for spaced than massed 
practice, suggesting that memory systems are used in a strategic manner. This finding provides 
new constraints for theories of learning and automaticity. 
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Abstract: Though interactions between high-level perception and memory are commonplace in 
real life, they are typically studied separately in neuroscience. However, recent experimental 
findings have indicated that processes dependent on both long-term memory and short-term 
memory significantly alter high-level perception in complex manners. Specifically, the classical 
perceptual phenomenon of Beauty in Averageness (BiA), in which a face morphed from two 
original faces is typically judged by humans to be more attractive than the originals, significantly 
diminishes when the original faces are recognizable (based on long-term memory), or when the 
attractiveness judgment is preceded by a judgment of the similarity of the morph to the two 
original faces (based on working memory). A previous qualitative account of these results 
hypothesized that a negative affect associated with the difficulty of “disfluency” of categorizing 
morphed faces (either explicitly by being asked to make similarity judgments, or implicitly by 
automatically matching morphed faces to well-known faces) is misattributed by subjects to be 
associated with the attractiveness perception, thus resulting in a diminution of the BiA. However, 
this disfluency account cannot explain why performing the similarity judgment leads to a 
subsequent increase in the perceived attractiveness of the original faces, nor the original BiA 
effect. Here, we propose a statistical theory of how humans use a latent low-dimensional 
representation of intrinsically high-dimensional data (e.g. faces) to efficiently perform high-level 
perceptual judgments (attractiveness rating), utilize working memory to compare such items 
(similarity judgment) and encode and retrieve such items in long-term memory (celebrity 
recognition). Essentially, the model assumes that the extent to which a face typifies or represents 
the faces stored in memory contributes positively to the perceived attractiveness of the face and 
that a concurrent perceptual categorization task selectively enhances the importance of certain 
featural dimensions in the typicality judgment, thus differentially modulating the perceived 
attractiveness of different faces. This model explains both the original BiA effect, as well as its 
modulation by short-term and long-term memory-dependent categorization processes. It also 
gives hints as to the nature of the neural representation of complex sensory data, as well as its 
transformation under top-down modulation of concurrent cognitive processes. 
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Abstract: A primary question in memory research is how different forms of memory interact. 
Previous work has shown episodic memory (EM) supports short-term memory tasks when 
working memory (WM) is overloaded or maintenance is interrupted (e.g., Brown, 1958; Peterson 
& Peterson, 1959). However, EM reactivation can occur automatically, regardless of its 
relationship to immediate behavioral goals (Gupta et al., 2010). We hypothesized that these 
ongoing EM reinstatements could affect WM maintenance, even in the absence of interference. 
We used a distraction-free delayed non-match to sample (DNMS) task. While accuracy in such 
tasks is typically at ceiling, we reasoned that response times might reveal the influence of EM. 
Four target words were followed by an 18 second delay, after which participants were asked 
whether a probe word matched the targets. Word stimuli used in the task were pre-trained in sets, 
each associated with a different context (face or scene picture). Temporal context models of 
memory predict that triggering one memory from a given context, or the context itself, will lead 
to other recalls from the same context (Howard & Kahana, 2002). We predicted that reinstating 
the context associated with the probe word during the delay period would introduce the probe 
word into WM, even if it was not one of the target words. We predicted that this errant presence 
of the probe in WM would slow response times when participants were asked whether the probe 
word was one of the targets (i.e., whether it matched the contents of WM) when it was not. 
To measure the influence of context reinstatement on performance in a specific trial, we used 
multivariate pattern analysis of fMRI BOLD signal in ventral temporal cortex to generate a trial-
by-trial measure of which specific contexts were reactivated during the delay period. We 
modeled WM search at response as a thresholded evidence accumulation process using drift 
diffusion models (Ratcliff, 1978). Using this approach, we fit a model in which drift rate 
(reflecting the consistency of information in WM) varied with neural evidence for context 
reinstatement, compared it to several alternative, behavior-only models, and found that the neural 
model provided a superior fit (p=0.01). 
These results reveal a previously hidden effect of EM on WM, opening new questions about both 
WM representations and the adaptive benefits of EM replay. 
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Abstract: Our memory systems leverage the statistical structure of our experience (context) to 
organize and store incoming information and retrieve previously stored information. Here we 
explore the extent to which (and the circumstances under which) these processes may be 
manipulated, and how they are similar and different across individuals. We developed a series of 
word list learning paradigms that enabled us to systematically manipulate the context in which 
each word is learned. Each word was imbued with a set of features (word category, size of the 
object the word referred to, location on the screen, word length, starting letter, font color, etc.). 
In Experiment 1, we had participants study a series of 16 lists. The words on the first 8 lists were 
presented in an order sorted along one feature dimension (e.g. words presented alphabetically), 
and the words on the second 8 lists were always studied in a random order. We could then ask: 
how does imposing this structure on early lists affect memory performance for those early lists, 
and to what extent do those effects linger on later lists where that structure is no longer 
maintained? In Experiment 2, we had our participants study a series of randomly ordered lists to 
estimate each person’s tendency to organize their recalls along each feature dimension. For 
example, even though all of the words on those lists were presented in a randomized order, some 
participants were more likely to group their recalls by the word categories, others were more 
likely to recall the words in alphabetical order, etc. Given the participants’ tendencies, we 
adapted the presentation orders of subsequent lists. We found that when participants studied 
words in an order that matched their recall tendencies on previous lists, they remembered more 
words overall. We also present preliminary data showing that people’s memory tendencies may 
be decoded from electrophysiological data recorded as they study each word, suggesting that 
neuroimaging data might be incorporated into adaptive learning experiments to further enhance 
memory. 
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Abstract: Healthy memory function involves both the ability to remember specific details of 
prior events and the ability to integrate common event features to form generalized concepts.The 
ventromedial prefrontal cortex (VMPFC) has been shown to support the latter integrative 
memory function in episodic memory tasks. However, formation of integrated representations in 
these tasks is dependent on specific memory for individual components to be integrated. Whether 
this dependence is always the case has been of considerable debate. Some computational models 
of concept learning have proposed that abstract information is extracted from individual 
instances and need not be maintained as a distinct representation (exemplar models). Other 
models propose that representations of central tendency form separately or in the absence of 
exemplar representations (prototype models). We used a category-learning task to 
simultaneously measure abstract and event-specific representations that may dissociate. 
Participants were trained to sort exemplars into two categories, then underwent fMRI during a 
generalization test that probed for category knowledge applied to novel exemplars. Exemplar and 
prototype models were fit to behavioral data in individual subjects and then used as regressors in 
neuroimaging data to identify the neural correlates of each. Results showed predominant 
prototype use in behavior accompanied by robust prototype correlates in the VMPFC. Further, 
the strength of prototype representations in behavior correlated with the strength of category 
representations detected in VMPFC. Despite weaker exemplar model fits to behavior, exemplar 
correlates were found in visual and lateral prefrontal regions. Thus, results suggest that neural 
mechanisms supporting memory integration do so across memory domains and that multiple 
memory representations may be detected even when one dominates behavior. 
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Abstract: Prospective memory describes the ability to remember to perform goal-relevant 
actions at an appropriate time in the future. The multiprocess view of prospective memory posits 
that two separable control mechanisms underlie this ability: proactive control, which involves 
maintenance of goal information in working memory and monitoring of the environment for 
relevant cues; and reactive control, involving the formation of cue-response associations which 
are later automatically retrieved from episodic memory. Individuals will often engage proactive 
and reactive control strategies appropriately when the demands of the task environment are 
stable. For instance, individuals tend to rely on reactive control in situations with a high 
cognitive load, whereas proactive control is favored in situations with fewer cognitive demands 
(Lewis-Peacock, Cohen, & Norman, 2016). When task demands vary, sub-optimal strategy use 
can lead to performance costs and memory failures. Being able to adaptively implement control 
strategies in response to changing task demands is important, but little is known about if and how 
people accomplish strategy flexibility. Here, we sought to characterize the flexibility of control 
strategy use for prospective remembering in situations with rapidly varying task demands. 
Participants were asked to identify the reappearance of picture targets (a small set of faces and 
scenes, one per trial) while at the same time performing an orthogonal visual search task that 
fluctuated in difficulty. After the experiment, participants were given a surprise memory test for 
the target items. Behavioral results indicate that the degree to which subjects adapted their 
control strategy on a moment to moment basis (e.g., switching from a proactive strategy to a 
reactive strategy for the target when the search task became more difficult) predicted better 
delayed execution of goals and better long-term retention of those goals. Conversely, sticking 
with a non-adaptive strategy hurt both performance metrics. Preliminary neural results, using 
multivariate pattern analyses of fMRI data to track working memory use during each trial, 
corroborated the behavioral findings; subjects allocated cognitive resources in response to 
changing task demands in a fluid and flexible manner. Moreover, neural decoding of working 
memory content also demonstrated that the degree to which individuals adaptively adjusted 



strategies was linked to improvements in memory performance. These results highlight an 
important link between cognitive control and memory, and motivate the use of adaptive 
cognitive flexibility as a target for cognitive training paradigms. 
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Abstract: The execution of planned action demands adaptive interaction between noisy streams 
of memory and perception. We propose a normative approach to modelling and understanding 
the strategic use of long-term memory (LTM) and working memory (WM) in planned dual tasks. 
We formulate such tasks as problems of computational rationality, asking how a rational agent 
would integrate information across noisy perceptual and memory streams to maximize goal-
directed task performance. For instance, successful realization of non-immediate plans typically 
requires the organism to hold on to a future plan while accomplishing other intermediate 
activities, a capacity known as prospective memory. Thus we have selected a number of classic 
human experimental findings on prospective memory (PM), where the agent performs an 
ongoing task while monitoring the environment for rare goal states (target stimuli) upon which 
the agent performs a planned prospective task. We present a model of a dual-task setting 
involving a prospective memory task and an ongoing working memory task and assess model 
predictions against human performance reported in the prospective memory studies. To solve the 
WM-EM strategic allocation problem in these tasks, we adopt a Bayesian optimal control 
formulation in which both probabilistic task structure and bounds on the agent’s memory and 
perception determine optimal behavior. We address the computational challenges of finding 
optimal behavioral policies using reinforcement learning algorithms, and explore the 
implications of varying the constraints on memory, perception, and policy space. The normative 
model offers a principled framework for understanding how LTM and WM should be used to 



realize planned action. However, the nature of optimal behavior may vary across populations 
with different WM capacities, neural impairment, or memory disorders. Our approach can be 
extended to study model parameters that govern the bounded rationality of memory use in 
planned action in neuroimaging data, and across different populations. 
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Abstract: When the statistics of our experiences change, our memory is updated by weakening 
(“pruning”) unreliable memories that generate automatic, but incorrect, predictions (Kim et al., 
2014). Here, our goal was to determine how the precision of context-based memory predictions 
(i.e., item vs. category) impacts memory pruning. We hypothesized that contexts that tend to 
generate specific predictions (e.g., “that striped tiger”) would produce prediction errors that lead 
to pruning of those memories when an unexpected item appeared instead (e.g., a breakfast taco). 
However, contexts that tend to generate broader predictions (e.g., “some kind of animal”) would 
not lead to pruning of the previous memory if the unexpected item satisfied the broader 
prediction. We tested this hypothesis by asking observers to make subcategory judgments (e.g., 
female vs. male) on a sequence of items for which we manipulated the transition probabilities. 
During this incidental learning task, certain items (“cues”) appeared four times followed each 
time by a new item. Cues were either followed always by an item from a different category (e.g., 
Beyonce-tiger, Beyonce-taco, etc.), or followed by items from a single category (e.g., the cue is 
followed by “animals” such as Adele-deer, Adele-owl, etc.). We reasoned that when the 
reappearance of a cue reliably predicted the category of the following item, the precision of 
context-based predictions generated from this cue would broaden from item to category, and thus 
item-specific prediction errors would decrease. Consistent with our hypothesis, we found that 
cues which generated item-specific predictions led to pruning of the predicted items more often 
than when a cue reliably predicted the category of the upcoming item. fMRI results indicated that 



only for cues in the different-category condition that were followed by new items from new 
categories did stronger predictions of previous items lead to more forgetting of those items. This 
suggests that pruning occurs based on the prediction errors between specific items. These results 
also suggest that when memory predictions are broadened from item to category, as in the same-
category condition, prediction error decreases and memory of the previous items are more likely 
to be preserved. However, once the predictions were broadened, this also reduced the encoding 
specificity and later recognition of the subsequent items, highlighting a tradeoff between 
preserving old memories and building new ones. 
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Abstract: Context (such as our location or current goal) can inform our decisions by predicting 
upcoming stimuli and relevant responses. However, we often face a trade-off between 
developing predictions that maximize reward for specific contexts vs. priors that generalize 
across contexts. We investigated this trade-off in a simple decision-making task (AX-CPT) in 
which a contextual cue (A or B) signals the correct response (left or right) to a probe (X or Y) 
that appears seconds later (AX or BY => right, BX or AY => left). To test when people form 
specific priors for each cue, subjects were given different probabilities of seeing X and Y 
depending on the cue. For A cues, all subjects saw X more frequently than Y (pressed the left 
button more). For B cues, some subjects saw more X’s (pressed the right button more) while 
others saw more Y’s (pressed the left button more). We hypothesized that subjects who pressed 
the left button more often for B would form a general expectation to press left, while subjects 
who pressed the right button more often for B would develop separate priors adapted to each cue. 



Our hypothesis was partially correct. Using a drift diffusion model we had built, we measured 
people’s priors (tendency to expect the left response) as a function of the cue. We found that 
response priors were averaged across A and B cues when they made sufficiently similar 
predictions, sacrificing reward rate in the service of simplicity. This averaging of response 
probabilities across cues was consistent with their explicit reports of the trial frequencies during 
debriefing. Explicit probability reports also revealed that, when A and B predicted the same 
probe but different responses, subjects did not form distinct priors for each cue as we had 
predicted: instead, they now averaged the probability of seeing X, instead of the probability of 
pressing left, across cues. In other words, subjects appeared to organize observations differently 
depending on which dimension was most predictive. To verify that this averaging reflected their 
internal representation of the task, we ran a follow-up study in which the probabilities of X / Y 
for B cues changed in the middle of the experiment. This study showed that subjects continued to 
group their observations according to the same dimension they learned earlier in the experiment, 
even when the environment no longer favored such groupings. Our work helps dissociate the 
contributions of across-trial learning from within-trial context memory to behavior on this task, 
which has been used to diagnose working memory deficits while leaving contributions from 
long-term memory unexplored. 
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Abstract: Recent theoretical models suggest that rapid, temporary changes in effective synaptic 
connectivity (i.e., synaptic facilitation) might form a powerful potential substrate for working 
memory (WM) maintenance. According to these models, incoming information to be maintained 
in WM results in a rapid reorganization of the connectivity pattern of the neural network. The 
resulting WM-specific connectivity pattern will cause any future input to be processed according 
to the previous stimulation history, thus enabling present behaviour to be flexibly guided based 
on past input. Such a WM substrate is energy-efficient, robust to interference, and elegantly 
bridges short- and long-term memory systems. 
Despite theoretical appeal, however, directly testing these models remains difficult, as it requires 
the simultaneous recording of large numbers of neurons and their connectivity strengths. A 
robust estimate of synaptic connectivity is particularly hard to obtain in populations of sparsely 
firing PFC neurons. We now overcome these challenges by (1) pooling data from a large archive 
of experiments involving simultaneous spiking recordings from multiple neurons of non-human 
primate PFC; and (2) developing a novel method for the detection of latent synaptic connectivity 
states in such recordings. 
Our method to extract connectivity patterns from spike train recordings is based on Bayesian 
inference for generalized linear modelling (GLM) of stochastic point processes. We demonstrate 
that our method is highly sensitive in recovering latent connectivity states, even in the presence 
of considerable noise and potentially confounding fluctuations in firing rate. Furthermore, the 
GLM aspect of our approach enables the straightforward characterization of dynamics in the 
latent states, over and above ‘static’ connectivity. 
Applying this novel method to our database of neural recordings, we discovered a significant 
subset of neurons that modulate their synaptic connectivity pattern as a function of WM contents. 
We thus identify, for the first time, an important role for short-term synaptic facilitation in the 
maintenance of WM. Our findings thereby extend classical models of WM maintenance based 
solely on persistent changes in firing rate. 
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Abstract: Memories are not formed in isolation, but rather are learned in the context of a vast 
store of existing knowledge. In order to use this store of information flexibly, the memory 
system is thought to code information about relationships between different events. Formation of 
relational memories may be facilitated by complementary processes of memory integration, 
where existing memories are updated with information about related events, and active 
separation, where competing memories are stored with distinct codes to limit interference during 
retrieval. Recent evidence suggests that a network of regions within medial prefrontal cortex 
(MPFC), ventrolateral PFC (VLPFC), and hippocampus supports these complementary 
processes. To examine the role of memory integration and active separation in encoding of 
related events, we first had participants learn initial face-object and scene-object (denoted AB) 
pairs. Then fMRI data were collected while participants learned overlapping object-object (BC) 
associations, where one object (B) overlapped with the initial set of pairs. Finally, participants 
performed an associative inference task where they were tested on associations between A and C 
items, which were related indirectly through their association with the same B item. Prior 
evidence suggests that retrieval of indirect associations is faster when memories have been 
integrated into a relational network. Using multivariate pattern analysis, we found evidence of 
reactivation of initial pair memories during learning of overlapping object-object associations; 
the degree of reactivation predicted individual differences in reaction time on the inference test, 
consistent with our prediction that memory reactivation would support successful memory 
integration, facilitating flexible use of memory. We compared models of potential links between 
reactivation and accuracy on the inference test, and found that intermediate levels of reactivation 
were associated with decreased performance. Taken together, our findings suggest that 
intermediate levels of memory reactivation may lead to active separation of related memories, 
while higher levels of reactivation support memory integration. We also found that MPFC, 
VLPFC, and hippocampus were more active during indirect test trials where there was greater 
memory reactivation during encoding of the corresponding object-object (BC) association. This 
network of regions may serve an important role in organizing memories of related events. 
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Abstract: Morphological processing, the ability to extract information about the internal 
structure of words, is an essential component of skilled reading. For example, recognizing the 
morpheme govern inside the word government facilitates access to its meaning. Functional MRI 
studies have identified several cortical regions involved in morphological processing, yet the 
white matter underpinnings of this skill remain largely unknown. We analyzed the relationship 
between microstructural properties of white matter pathways, identified using diffusion MRI 
(dMRI), and behavioral sensitivity to written word structure, in adult English readers (N=49). To 
this end, we used the morpheme interference paradigm (Crepaldi et al., 2010) that quantifies 
sensitivity to real morphemes within invented stimuli (e.g., *addment = add+ment; compare 
with *addmant = add+*mant). We hypothesized that morphological processing relies primarily 
on ventral reading pathways, as morphemes provide cues for mapping between print and 
meaning. Accordingly, we targeted the inferior fronto-occipital fasciculus (IFOF), inferior 
longitudinal fasciculus (ILF) and uncinate fasciculus (UF). We further analyzed two dorsal 
pathways: the long and anterior segments of the arcuate fasciculus. Participants completed dMRI 
scans at Royal Holloway (3T Siemens scanner, b=1000 s/mm2, 64 diffusion directions, voxel 
size: 2x2x2mm3) and a behavioral battery that included the morpheme interference task and 
measures of phonological and orthographic processing. Tracts of interest were identified 
bilaterally, using deterministic tractography and automatic tract segmentation (Yeatman et al., 
2012). Fractional anisotropy (FA) and mean diffusivity (MD) profiles were calculated along each 
pathway, and Spearman’s correlations were calculated between these profiles and morphemic 
sensitivity. Significant negative correlations were found between morphemic sensitivity and FA 
in the IFOF, bilaterally. Additionally, significant positive correlations were found between 
morphemic sensitivity and MD in the left UF and left ILF. Post-hoc analyses revealed that these 
effects all stemmed from positive associations with radial diffusivity. The correlations remained 
significant after partialling out nonword repetition scores, suggesting some level of cognitive 
specificity. Morphological processing thus appears to rely on ventral pathways, primarily in the 
left hemisphere. The results support the contribution of morphological processing to recognition 
and comprehension of complex words. 
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Abstract: Sentence comprehension processes would be expected to require humans to exert 
verbal working memory operations in addition to semantic and syntactic processing. We 
attempted to dissect cortical activities attributable to verbal working memory from those 
involved in answering simple auditory questions. We studied 19 patients who underwent 
electrocorticography recording, and measured cortical high-gamma activity during both sentence 
comprehension and working memory tasks. The sentence comprehension task consisted of overt 
naming of an object (e.g.: ‘Bird’) relevant to a spoken question (e.g.: ‘What flies in the sky?’). 
The working memory task, consisting of brief maintenance of a verbally provided set of two or 
four letters followed by deciding whether a subsequent target letter had been included, 
effectively allowed us to identify regions involved in verbal working memory maintenance and 
scanning processes. Superior-temporal high-gamma activity was augmented bilaterally during 
stimulus presentation commonly in both tasks. Left inferior precentral high-gamma activity 
began to be augmented in the middle of question stimuli and gradually built up afterwards in the 
sentence comprehension task, whereas activity was augmented throughout the maintenance 
period in the working memory task. Around the stimulus offset of the sentence comprehension 
task and during the scanning period of the working memory task, high-gamma activity was 
augmented commonly in widespread areas of the left temporal-parietal-frontal association 
neocortex. High-gamma augmentation specific to the sentence comprehension task was noted in 
the inferior-temporal gyrus, fusiform gyrus, occipital lobe as well as pars orbitalis of the inferior-
frontal gyrus of the left hemisphere. In summary, early left inferior-precentral high-gamma 
augmentation during the sentence comprehension task may be, in part, attributed to working 
memory maintenance function. Substantial proportions of subsequent high-gamma augmentation 
in the left temporal-parietal-frontal association neocortex may be attributed to working memory 
scanning function. High-gamma augmentation in the left ventral visual pathway following 



question offset cannot be attributed to verbal working memory function and may reflect 
processing of mental images semantically relevant to the task. High-gamma augmentation in the 
pars orbitalis of the left inferior-frontal gyrus may reflect syntactic or semantic processing of 
sentence questions. 
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Abstract: Object concepts fall naturally into easily identifiable and distinct categories such 
animals, tools, furniture, flowers and the like. In contrast, our large corpus of abstract concepts 
do not easily fall into distinct categories. In order to make progress on understanding the neural 
underpinnings of abstract concepts it seems that the first questions that must be addressed 
concern distinctions among abstract concepts. Do abstract concepts show a categorical structure? 
Do clear boundaries exist between these different categories? In this study we sought to address 
these questions using a novel behavioral sorting paradigm and a measure of automatic semantic 
priming. 
We completed two experiments. In the first experiment, subjects (n=20) performed a 
computerized clustering task using 35 words that referred to abstract concepts. All words were 
rated very low on concreteness and imageability based on standard published norms (Coltheart, 
1981; Brysbaert et al., 2014). Participants were presented with the words randomly distributed 
around a circular array on a computer screen and asked to group them in any way they saw fit. A 
k-means clustering analysis identified four consistent and robustly separated abstract word 
clusters, which we called: 1) cognition and thoughts, 2) negative qualities, 3) morality and 
personality, and 4) aesthetics and morals. When compared to chance (determined through 
random shuffling of rows/columns for each individual subject in permutation testing, 5000 
iterations), within-cluster distances were all significantly smaller than chance (P<.0002, for all) 
and between-cluster distances were larger than chance (P<.002, for all but cluster 2 with cluster 
3, P<.13). These results indicated that abstract concepts can be reliably categorized. 
We then used these clusters in an automatic semantic priming paradigm with 15 new subjects in 



order to determine whether they were behaviorally relevant and automatically processed. Prime 
words were briefly presented (100 msec), pattern masked (50 msec followed by 100 msec blank 
screen), with the probe word presented for 250 msec and participants judging whether the probe 
was a concrete or abstract word. The prime-probe relationship did indeed influence response 
time, but not in the expected direction: within-cluster pairs yielded significantly slower, rather 
than faster responses relative to the across-cluster pairs (paired t-test: t=3.259 (df=14), P<.01). 
We are currently evaluating this inhibitory effect using different priming paradigms (e.g., lexical 
decision) and different subsets of abstract words. 
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Title: Decoding how the human brain parses continuous speech into linguistic representations 

Authors: *L. GWILLIAMS, J.-R. KING, D. POEPPEL 
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Abstract: Language is generally described with multiple levels of description, building from 
speech sounds (e.g. /d/, /k/) to lexical items (e.g. dog, cat) to syntactic structures (e.g. dogs 
[SUBJECT] chase [VERB] cats [OBJECT]). How does the human brain encode and combine 
these hierarchical representations to ultimately derive meaning from continuous speech? Twenty-
one native English participants listened to four fictional narratives that were fully annotated - 
from speech sounds to syntactic structures - such that each of these levels could be correlated 
with brain activity. This naturalistic but controlled setup allowed us to decode, localise and track 
phonemes, part of speech (POS) and syntactic operations from magnetoencephalography 
recordings (MEG) using machine learning algorithms. First, low-level phonetic features (e.g. 
voicing, manner, place of articulation) can be successfully discriminated from a sequence of 



neural responses unfolding between ~100 ms to ~400 ms after phoneme onset. Second, POS (e.g. 
verb, noun, adjective), indicative of lexical processing, can be decoded between ~150 ms and 
~800 ms after word onset. Third, we could decode and track both syntactic operations (e.g. 
number of closing nodes) and syntactic states (e.g. depth of tree) as predicted by theoretical 
linguistics. Interestingly, some of these syntactic representations are clearly present several 
hundreds of ms before word onset, whereas others maximally peak ~300 ms later. Overall, these 
sustained and evoked MEG responses show that the human brain explicitly represents each level 
of description, as proposed by linguistic theories. The corresponding neural assemblies overlap 
in space and time, which suggests that speech comprehension is implemented with a cascade 
architecture. Additionally, our study illustrates how the combination of machine learning and 
traditional statistics can bridge the gap between spatiotemporally-resolved neuroimaging data 
and rich but tractable naturalistic stimuli. 
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Abstract: In everyday conversation, various types of information need to be brought together. 
When processing a sentence, we understand ‘who is doing what to whom’ not only by the words 
used, but also by how the utterance is spoken. Both word forms and speech melody (prosody) 
establish which words belong together, creating syntactic boundaries between different parts of a 
sentence. For example, words can be grouped by syntactic cues (a particular word form) or by 
prosodic boundaries (a sentence pause). The neural correlate of how these different types of 
information contribute to sentence comprehension are yet to be specified. We used fMRI to 
address this issue, hypothesizing that if a prosodic boundary is processed as a syntactic boundary 
rather than only as a prosodic event this would lead to left hemispheric activation, possibly in the 
inferior frontal gyrus (IFG). In our experiment, we measured the processing of different types of 
utterances in which the message was established by either the word form, a sentence pause, or a 
combination of these. Subsequently, participants made a decision about which role a particular 
agent fulfilled in the action in the sentence, basing their response either on the syntax or the 



prosody. Our results show that the contribution of the left IFG to speech processing depends on 
the information that is available and required for sentence comprehension. We found that task-
related activity in the left IFG was increased when the syntactic boundary was marked by only 
one element (either syntactic or prosodic), as contrasted to sentences in which both syntactic and 
prosodic elements were marking the boundary. In accordance to the literature, a strong 
contribution of the left IFG was revealed when the syntactic cue was decisive for sentence 
meaning. As hypothesized, when a sentence boundary was indicated by a prosodic boundary 
only, the main activation was also found in the left IFG, as opposed to the right hemispheric 
activity commonly found for purely prosodic events. Our results suggest an involvement of the 
left IFG in function of the processing demands during sentence comprehension, regardless of 
whether a listener relies on what is being said, or how it is said. 
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Title: The neural bases of syntactic processing in American Sign Language: Evidence from 
fMRI and MEG 
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Abstract: Language does not consist merely of sequences of words, but rather hierarchical 
linguistic structure. Previous research has illustrated that despite the fact that signed languages 
use a different modality than spoken languages, they involve the same syntactic properties. 
Neuroimaging studies on spoken languages using magnetoencephalography (MEG) and 
functional magnetic resonance imaging (fMRI) have routinely identified a core combinatorial 
language network consisting of left hemisphere brain regions, including the posterior and 
anterior temporal lobe and the inferior frontal gyrus by contrasting linguistically structured with 
unstructured stimuli. However, to date, the neural network for syntactic processing in signed 
languages is unknown. The present study investigated the neural bases of combinatorial 
linguistic processing in American Sign Language (ASL) in a group of congenitally deaf native 



signers (N = 13). We conducted a parametric study of the processing of hierarchical linguistic 
structure using fMRI and MEG. The stimuli were sequences of six signs presented at three levels 
of syntactic complexity: unstructured word lists, simple two-word sentences, and six-word 
complex sentences. Stimuli were presented in blocks of three, six-word sequences. During both 
the fMRI and MEG experiments, participants determined whether a probe picture presented 
following a stimulus displayed the meaning of a sign in the sequence. We predicted increased 
activity for higher linguistic complexity in the same left hemisphere regions that have been 
identified in previous studies on spoken languages. The fMRI results showed that activity in both 
anterior and posterior portions of the left superior temporal sulcus increased parametrically with 
degree of structure. The MEG results showed the contrast of six-word sentences minus 
unstructured word lists to display increased activity for sentences in the temporal pole within the 
N400 time window (300–500 ms). These results are the first to demonstrate that the underlying 
neural basis of abstract syntactic processing is not altered by the sensory-motor channel of 
language reception and expression. 
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Abstract: Introduction: We previously reported1 an impairment in the phonological loop2 
component of working memory (WM) in affected members of the KE family (aKE), who have a 
verbal and orofacial dyspraxia resulting from a FOXP2 point mutation3. We now report the 



relationship between this deficit and volumes of the caudate nucleus and cerebellar Crus I, 
regions with pronounced structural/functional abnormalities in aKE members4,5. 
Methods: We assessed the WM of 5 aKE members with a test6 based on the Baddeley and Hitch 
WM model2. We calculated their Crus I and caudate nucleus volumes (T1-weighted MRIs), and 
correlated these volumes with their verbal (backward digit recall; counting recall; listening 
recall; word list recall; word list matching; digit recall) and non-verbal WM measures (block 
recall; mazes memory). 
Results: Verbal WM scores were selectively lower for aKE members, and negatively correlated 
with their caudate nucleus and Crus I volumes. Non-verbal WM scores showed no decrement or 
correlation with those volumes (fig. 1). 

 

Fig. 1: Crus I and caudate nucleus volumes correlate negatively with verbal (a-d) but not non-
verbal WM (e-g); *: p < .05. 
Discussion: Our results suggest an association between impaired articulatory rehearsal in WM1 
and the cerebellar/striatal abnormalities in aKE members4,5, consistent with early FOXP2 
expression in these structures3 and their reciprocal connectivity7. Our findings are in line with 
previously reported negative correlations of both volumes with measures of complex non-word 
repetition4,5, and may reflect ontogenetic compensatory mechanisms resulting in abnormally 
increased GM density in basal ganglia structures of aKE members (e.g. putamen4). 
References 
1. Schulze, K., et al. SfN 2011 Abstracts. 
2. Baddeley, A. D., & Hitch, G. J. In: G. A. Bower (Ed.) Vol. VIII (1974): 47-89. 
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Abstract: Efference copies are the internal representations of the perceptual consequences of a 
motor action. This copy is thought to be a crucial link between sensory and motor systems, 
however its top-down role in higher level perceptual processing remains overlooked. Recently 
Tian and Poeppel (2013) demonstrated an early role of efference copies in speech processing 
using overt and covert (imagined) production of single spoken syllables. Similarly, the current 
study investigated the role of efference copies in visual word recognition using event-related 
potentials (ERPs). Thirty participants viewed 40 trials in which they were cued to do nothing or 
produce speech (either overtly or covertly) of a repeated or unrelated monosyllabic three-letter 
word. This was split into two blocks, an overt block (say) or a covert (imagine saying) block. 
Results showed reduced negativities to repeated words as early as 150ms only if participants 
produced speech (either overtly or covertly; p = .02). Additionally, repeated words produced less 
negativity throughout the N400 (p < .01) and this effect was larger if either overt or covert 
speech was produced (p < .01). No statistical differences were found between overt and covert 
production. Overall, the results suggest an early, perhaps amodal, top-down influence of spoken 
word efference copies, comparably elicited via speech or imagined speech, on the perception of 
written words. 
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Abstract: The starting and stopping of movement plays a central role in many human behaviors. 
Previous research has revealed that starting and stopping motor behavior relies on a complex 
cortical-subcortical circuit involving, among others, the Sub-Thalamic Nucleus (STN), the Right 
Inferior Frontal Gyrus (RIF), and the pre-Supplementary Motor Area (pre-SMA). However, 
these conclusions are based almost exclusively on tasks that require manual responses (e.g., Aron 
et al., 2014). Here we examined the involvement of these areas in the starting and stopping of 
human speech using a verbal response task. We examined the temporal dynamics and functional 
connectivity between areas using a novel fMRI technique that permits the extraction of a more 
accurate and high temporal resolution BOLD signal (Slice-Based fMRI; Janssen et al., 
submitted). 
We examined starting and stopping behavior in a blocked naming task in which 30 participants 
produced the names of objects presented at a high frequency (1.25 Hz). The high demands of this 
task required quick starting and abrupt stopping behavior. We first verified the involvement of 
various cortical and sub-cortical areas among which the STN, RIF, and pre-SMA in the task by 
extracting standard whole-brain activation maps during the start and stop periods. We then 
examined the temporal dynamics of processing in each area by obtaining time-relevant measures 
from Gaussian curve-fitting to the BOLD signals in start and stop periods. Finally, we used an 
AAL parcellation of the brain to examine the task-based functional connectivity and hierarchical 
clustering between the three areas and the rest of the brain at high temporal resolution (0.954 
ms). 
Our results revealed that whereas subcortical areas such as Caudate Nucleus, Putamen, and STN 
and cortical areas such as Primary Motor Cortex, RIF, and pre-SMA were active during both 
starting and stopping, only STN, RIF, and pre-SMA were more active during stopping than 
during starting. In addition, Gaussian curve fits revealed that the STN had an early time-to-peak 
that was similar to the RIF, while the pre-SMA had a slower time-course. Functional 
connectivity analyses revealed clusters in which STN and RIF were interconnected with areas 



involved in motor control (putamen, thalamus, cerebellum, operculum), whereas pre-SMA was 
connected to areas involved in response evaluation (caudate, mid-cingulum, amygdala). Together 
these results provide evidence for a system of starting and stopping that generalizes across 
response modalities, and speak to on-going debates on the neural implementation of response 
inhibition (e.g., Duann et al., 2009; Forstmann et al., 2008; Wiecki & Frank, 2013).  
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Abstract: Cortical neural oscillations in response to speech were found to show theta activity 
which is synchronous to the syllabic rhythm (Luo and Poeppel, 2007), yet the exact mechanism 
which triggers this synchronisation is yet to be discovered. One hypothesis is that the onset of the 
syllable provides an ‘acoustic edge’ to which neural populations may preferentially 
respond. These edges would act as landmarks in the speech stream, triggering phase locking 
between the sound and neural oscillations. In the current experiment, we manipulated the 
strength of the syllable edge by varying the nature of the consonant in the syllable onset: ‘strong’ 
stop consonants: 'b’, ’d’, ’g’, ’k’, ’p’, ’t’ vs. ‘weak’ fricatives or approximant consonants: ‘f’, ’l’, 
’r’, ’s’, ’v’, ’z’. This manipulation yielded Strong-edge and Weak-edge conditions respectively, 
that contained length- and stress-matched sentences consisting of words in which every syllable 
started strong vs weak consonant. 
Participants listened to four repetitions of 40 Strong-edge and 40 Weak-edge sentences while 
their EEG activity was recorded.  Half of the sentences were in English, half in Russian, a 
language not understood by the participants.  The sentences were recorded in the lab by a 
bilingual English-Russian speaker. In line with previous findings (Doelling et al, 2014), we 
predicted more entrainment in the Strong-edge then Weak-edge condition (see Figure 1), as well 
as more entrainment between the speech stream and the EEG signal when the language is 
understood by the participant (Peele and Davis, 2012). Entrainment will be assessed in terms of 
the phase coherence between the EEG signal and the envelope of the acoustic signal. The results 
will outline the importance of the acoustic quality of the syllable edge in resetting the theta 



rhythm, and potentially shed light onto the mechanisms of theta-gamma coupling during speech 
perception. 
Figure 1. 
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Abstract: Cognitive studies have suggested that bilingualism plays an important role in the 
development of cognitive control, specifically in that bilingualism has been found to promote 
cognitive domains in switching and inhibition. In recent years functional neuroimaging studies 
suggest that bilingual experience changes neural activity in the cognitive control network. The 
present study used resting-state functional connectivity (RSFC) to explore the impacts that 
bilingualism, especially language proficiency, had on the networks of executive function. Seed 
regions centering on different components were selected for the RSFC analysis. Our RSFC 
analyses of high versus low proficiency bilinguals show that bilingualism has effects on distinct 
components of executive control. Specifically, significant differences were observed in the left 
anterior cingulated cortex (left ACC) for cognitive switch, but in the right middle frontal gyrus 
(rMFG) for inhibition. No difference was found for components of working memory. Thus, 
language proficiency could be interpreted to cause changes on some but not others components 
of cognitive control in the neural network. Finally, our findings indicate decrease in the strength 
of functional connectivity in the cognitive control network in high proficiency bilinguals, 
suggesting that higher proficiency in the second language results in less effortful processing and 
lower cognitive effort. 
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Abstract: In the last two decades, neuroimaging research has provided important insights into 
structure-function relationships in the human brain. Recently, however, the methods and 
software used for analyzing fMRI data have come under increased scrutiny with studies 
questioning the cross-software comparability1-3, the validity of statistical inference4-6 and 
interpretation 7, as well as the influence of the spatial filter size on fMRI (and PET) analysis8-10. 
Here, we use a spatial multiscale analysis with a range of Gaussian filters from 1-20 mm at full-
width half maximum (FWHM) in analyzing fMRI data from a speech repetition paradigm in 25 
subjects with the widely used software “Statistical Parametric Mapping” (SPM). 
We show that analyzing the fMRI data over a range of Gaussian filter kernels ranging from 1 to 
20 mm FWHM reveals substantial variability in neuroanatomical localization as well as the 
average signal strength (Fig. 1A) and size (Fig. 1B) of suprathreshold clusters depending on the 
filter size. We also demonstrate how small spatial filter kernels bias the results towards 
subcortical and cerebellar activation clusters and that the atlas-based anatomical assignment of 
suprathreshold clusters shifts in relation to the filter size. Furthermore, we found substantially 
different scale-dependent cluster size dynamics between cortical and cerebellar clusters (Fig. 1C 
and D). 
Each of the different ensembles of regions at any given filter size could be discussed along the 
existing literature on speech processing. The vast majority of fMRI studies, however, only use a 
single filter for analysis within narrow range of filter sizes. Our findings suggest that this single-
filter approach seems to severely constrain the interpretation of individual fMRI studies and the 
validity of meta-analyses based on this body of studies. The limited multiscale analysis used here 
may inform the interpretation of structure-function relationships in analyzing fMRI data. We 
propose to develop true spatial multiscale analyses to fully explore the deep structure of the 
BOLD signal in Gaussian scale space. 
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Title: Modular reconfiguration of brain networks underlying word masking 
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Abstract: While dynamic brain modularity has recently been proposed to explain the neural 
basis of consciousness it still remains unclear how modular networks specifically reconfigure to 
optimize their functional operation for conscious and non-conscious processing. Here we 
measure brain network flexibility by the allegiance of nodes to modules during a word masking 
procedure and show that the visibility of target words is characterized by shifts of certain nodes 
between three task-related modules recruited respectively for perception, action, and 
coordination. In our paradigm, participants were randomly presented with masked words, visible 
words, or corresponding control trials where word stimuli were replaced by blank screens, and 
asked to make a forced choice to categorize each stimulus as affectively positive or negative. 
Applying graph theory analysis to functional magnetic resonance imaging data, we defined 
individual voxels of activated clusters as nodes, functional connections between nodes as edges, 
and interconnected nodes as modules, and employed the modular allegiance of nodes as the 
index of dynamic reorganization of modular networks. Three modules were identified under each 
task condition and more importantly certain nodes updated their allegiance to modules as a 
function of task states. With words masked these flexible nodes, located mainly in the dorsal 
anterior cingulate cortex, were organized in the coordination module whereas they were 
reassigned to either the perception or action module when words were visible. These results 
suggest that the dorsal anterior cingulate cortex may act as a key region implicated in switching 
between conscious and non-conscious contexts. The masking-dependent reconfiguration of 
functional modules revealed in this study provides a novel insight into brain mechanisms 
supporting conscious access. 
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Abstract: The use of language as a means of social communication in humans requires more 
than the comprehension of the meaning of the individual words and their syntax, it involves 
understanding the intentions of the speaker, and the context in which the words are uttered. In 
addition, the listener may need to decode additional meaning present in the indirect or pragmatic 
language used by the speaker. Thus, we proposed the hypothesis that comprehension of diverse 
forms of pragmatic language would implicate activation of social cognition and theory of mind 
brain areas. To test this hypothesis, we did a meta-analysis of 39 studies published between 2006 
and 2017 available through databases that reported the results of contrasts between the pragmatic 
forms (PF) of interest versus literal language, in healthy adults, and that used fMRI scanning 
throughout the whole brain. The PF included speech acts, metaphor, idiom, irony, and sarcasm. 
We used the software Signed Differential Mapping (SDM version 5.12; Radua & Mataix-Cols, 
2012) for creating a SDM map for each study within a mask of gray matter. With the aim of 
finding the mean of the voxel values of the areas involved in the processes of interest, a “mean 
analysis” and “subgroup analysis” were performed; the comparisons between PF, and between 
natural languages were performed with the general linear model analysis; and the consistency of 
the results was tested with the jacknife analysis. We present the results according to the cluster 
center. For the contrast pragmatic>literal language, our results showed significant activation of 
the superior and inferior frontal gyrus (left; BA 32, 45); middle temporal gyrus (bilateral; BA21, 
22), and inferior frontal gyrus (right; BA 45). The contrast speech-acts>all PF showed significant 
activation of the superior and inferior frontal gyrus (right; pre somatomotor area BA8, and 
orbital, BA47), and inferior frontal gyrus (left, triangular BA45); for idioms>all PF, significant 
activation of the inferior frontal gyrus triangular (BA46), and for the contrast irony + 
sarcasm>all PF, significant activation of the superior frontal gyrus, rostro medial prefrontal 
cortex (right; BA11). Metaphors did not show significant activation in comparison with all other 
PF. We also observed differences between the areas recruited by different natural languages, for 
instance the Japanese language only recruited paralimbic areas (left paracingulate gyrus, BA 24). 
These results suggest that pragmatic language comprehension recruits the extended language 
network more than literal language, as well as cortical areas involved in social cognition, 
emotion processing, and theory of mind. 

Disclosures:  M. Giordano: None. E. Valles-Capetillo: None. A. Reyes-Aguilar: None. 

Poster 

340. The Human Language Singularity 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 340.15/UU64 



Topic: H.02. Human Cognition and Behavior 

Support: National Natural Science Foundation of China 81401869 

 Natural Science Foundation of Guangdong Province China 2016A030313327 

Title: Phonological but not orthographic awareness is related to oral performance in post-stroke 
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Abstract: The activation of right hemisphere was proposed to represent a compensatory 
visual/orthographic strategy when language networks were damaged in patients with post-stroke 
aphasia. Given that Chinese is a logographic language which emphasize orthography deeply, it is 
reasonable to hypothesize that aphasic patients speaking Chinese prefer to retrieve their ability of 
oral communication by switching toward visual/orthographic strategy following stroke. 
However, this hypothesis has not been confirmed and it remains unclear whether 
visual/orthographic strategy allows fully recovery of oral performance as what the original 
audio/phonological pathway dose. Here we addressed these questions by exploring a negative-
going event-related potential at ∼400 ms (N400) indicating orthographic and phonological 
awareness in 18 post-stroke aphasic patients and 15 controls. Participants viewed line-drawing 
pictures of objects followed by a word in Chinese or a sound of speech for two respective 
session, being required to decide whether the word or the sound matched the picture. Results 
showed that the magnitude of N400 elicited by picture-word matching task (N400w) was larger 
than that of N400 acquired in picture-sound matching task (N400s), suggesting that both aphasic 
patients and control subjects speaking Chinese rely more on visual/orthographic pathway when 
they process semantic information. Although both tasks were finished with high accuracy, only 
N400s magnitude was positively correlated with patients' verbal production and speech fluency. 
Besides matching tasks, patients were required to name the same objects that were used in event-
related-potential experiments. We found that N400s existed for the objects that could be named 
successfully and was absent for those could not be named, whereas N400w failed to demonstrate 
this pattern. The association between oral performance and phonological but not orthographic 
awareness even in a logographic language suggests that visual/orthographic strategy could be an 
inefficient alternation of the neural mechanisms following stroke. The preservation and re-
activation of the audio/phonological pathway should be emphasized in order to recover a higher 
oral performance of aphasic patients. 
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Abstract: Abstract Tests of verbal fluency have been widely used to assess the cognitive 
functioning of persons, and are typically classified into two categories (semantic and 
phonological fluency). While widely-distributed divergent and convergent brain regions have 
been found to be involved in semantic and phonological fluency, the anatomical connectivity 
underlying the fluency is not well understood. The present study aims to construct a 
comprehensive white-matter network associated with semantic and phonological fluency by 
investigating the relationship between the integrity of 22 major tracts in the whole brain and 
semantic fluency (measured by 3 cues) and phonological fluency (measured by 2 cues) in a 
group of 51 stroke patients. We found five left-lateralized tracts including the anterior thalamic 
radiation (ATR), inferior fronto-occipital fasciculus (IFOF), uncinate fasciculus (UF), superior 
longitudinal fasciculus (SLF) and frontal aslant tract (FAT) were significantly correlated with the 
scores of both semantic and phonological fluencies. These effects persisted even when we ruled 
out the influence of potential confounding factors (e.g., total lesion volume). Moreover, the 
damage to the first three tracts caused additional impairments in the semantic compared to the 
phonological fluency. These findings reveal the white-matter neuroanatomical connectivity 
underlying semantic and phonological fluency, and deepen the understanding of the neural 
network of verbal fluency. 
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Abstract: Autism Spectrum Disorder (ASD) is characterized by communication deficits and 
repetitive motor behaviors and routines. One core component of ASD relates to learning—with 
impaired word learning a central feature. Often, the delayed onset of first words is a parent’s 
earliest concern and is a key factor in securing a diagnosis. Words are a crucial building block 
for language because they connect concepts, word forms, and articulatory movement. While 
behavioral measures of concepts and word forms are well established, there is no current 
quantification of the distinction in the learning associated changes in the structure of underlying 
articulatory movement in children with ASD compared to their neurotypical peers. In our study, 
we apply kinematic analyses to continuously collected articulatory movements to quantify 
changes in underlying features of movement as children with ASD and their typically developing 
peers acquire new words. To keep information in the recording, we did our analyses without 
manipulating or averaging the articulatory kinematic data. Three phases were included in the 
paradigm: a pretest, a learning phase, and a posttest. Kinematics of lip/jaw movements were 
continuously recorded using a Northern Digital camera system. We extracted lower lip and jaw 
movement while children produced six new words multiple times each. We evaluated learning 
phase effects by calculating the correlations between pretest and posttest and further quantified 
pattern changes across the two phases. Findings were that children with ASD, although they 
produced the words accurately, did not acquire the differentiated movement patterns 
demonstrated by their neurotypical peers. This lack of motor change during tasks of word 
learning in children with ASD may be contributing to the delayed language development in these 
children; it is well-established in the motor learning literature that responsivity to change (i.e., 
variability) during initial learning leads to greater gains in later learning and retention. If children 
with ASD lack speech motor pattern change during their earliest experiences with new words, 
gains in language learning, retention, and generalization will be more difficult later. 
In summary, our findings reveal that application of complex signal processing approaches 
provides critical insights into the process of word learning at the sensorimotor level, as well as 



the underlying link between the core diagnostic features of ASD, namely communication delays 
and repetitive motor behaviors. Additionally, our study establishes an approach to measurement 
of articulatory change that is applicable generally to future speech learning studies. 
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Abstract: When children with Autism Spectrum Disorder (ASD) are nonverbal (NV) or 
minimally-verbal (MV), it is a challenge to assess how much language they perceive and 
comprehend. It is known that to acquire language, children must build phonemic maps of their 
native language, assemble a lexicon, and learn word-object associations by mapping auditory 
words to visual objects. This latter process consists of relating each object’s features to its 
corresponding semantic information, including the object’s name. Nine-month old infants 
understand word meanings and are also able to use visual cues of objects to facilitate phonetic 
and phonological learning. In a recent event-related (ERP) study using a picture-word matching 
paradigm, 4- to 7-year-old NV/MV children with ASD showed relatively intact early sensory 
processing but abnormal lexical-semantic processing compared to age/gender-matched controls. 
However, it is not clear whether the limited ability to express and perhaps comprehend language 
that is observed in NV/MV children with ASD is related to absent or deficient cortical 
representations of objects’ features and/or deficits in linking an object with its semantic 
information. To investigate the oscillatory underpinnings of ERP responses to visual information 
source generators of the sensory/perceptual response were identified and peak amplitude and 
latency of the sources examined. In addition, inter-trial phase locking analyses were conducted 
within source space. During early (0-200 ms) and late (250- 500 ms) visual processing, 3 
sources, located in left and right occipital cortices and frontally at the level of anterior cingulate 



cortex (ACC), explained ~93% of variance. We found that as compared to typically developing 
controls, the ASD group exhibited smaller amplitudes and longer latencies particularly during 
late visual processing in the left occipital source, and smaller theta phase coherence during both 
early and late visual processing for all three sources. Reduced phase coherence in the ACC 
indicates the ASD group may allocate less attentional resources to process visual stimuli. These 
results also suggest that children with ASD may have difficulties encoding stimulus features and 
then mapping objects with their related information. We propose that poor memory 
representations of common objects accompanied by diminish attentional allocation could be a 
factor that might explain linguistic differences observed in ASD groups. Furthermore, these 
results may well advance our basic understanding of the neural mechanisms that support both 
typical and atypical visual processing in children. 

Disclosures:  S. Ortiz-Mantilla: None. T. Realpe-Bonilla: None. A.A. Benasich: None. 

Poster 

340. The Human Language Singularity 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 340.19/UU68 

Topic: H.02. Human Cognition and Behavior 

Support: Vanderbilt Institute for Clinical and Translational Research VR23988 

Title: Investigating neural bias to speech using auditory event-related potentials in children 

Authors: *A. WHITTEN, A. P. KEY, A. S. MEFFERD, J. W. BODFISH 
Hearing & Speech Sci., Vanderbilt Univ., Nashville, TN 

Abstract: Several previous studies have found that infants and children exhibit a preference for 
speech over other types of sounds using behavioral paradigms. The present study sought to 
determine whether neural evidence could be found for this bias using EEG/ERP in a sample of 
23 eight – twelve-year-old children. In the first experiment, we measured the N1 and P2 sensory 
auditory ERPs and the P3a orienting ERP response to a rarely presented synthetic speech vowel 
and complex tone in a passive oddball task. We hypothesized a neural bias to speech would be 
evidenced by faster latency of the N1, P2, and P3a ERPs to the speech sound as well as larger 
P3a mean amplitude to the speech sound. In contrast to our hypotheses, we found a significantly 
longer latency of both N1 and P2 to the synthetic speech compared to the non-speech tone (N1: 
t(22) = 5.23, p < .001; P2: t(22) = 3.3, p < .01), and no significant differences in the P3a latency 
or mean amplitude. We concluded that our results may not have replicated the behavioral 
findings because our study (like many EEG studies) used synthetic speech rather than natural 
speech, and thus the behavioral findings may reflect a bias to the human voice in general, rather 
than the linguistic content of the speech signal. In the second experiment, we tested this theory 



by measuring N1, P2, and P3a auditory ERPs to a naturally spoken vowel /a/ compared to an 
acoustically and complexity-matched cow utterance. Here, we found support for a neural bias to 
the natural speech over the non-speech with a significantly shorter latency of the N1, P2, and P3a 
ERPs to the natural speech (p <.05 for all contrasts). Our results provide neural evidence for a 
bias to natural speech, but not synthetic speech, that occurs within the first ~300 ms of cortical 
auditory processing. These findings have implications for theories of language acquisition in 
which an early bias for listening to speech is driven by a preference for the human voice. In 
addition, our results suggest that future studies should compare neural differences in the cortical 
processing of synthetic vs. natural speech in order to determine whether synthetic speech is a 
valid proxy for natural speech in EEG/MEG studies. 
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Abstract: Resting state α-oscillations as recorded using electroencephalography (EEG) have 
been proposed to be related to the excitability/inhibition status of cognitive processes. However 
the role of α-oscillations in the development of language abilities is less well understood. The 
objective of this study was to explore the relation between resting state α-oscillations in typical 
language development in order to establish a standard for the understanding of language 
disorders. 
Resting-state EEG was recorded in forty-one children with typical development (4 years, n = 12; 
5 years, n = 14; 6 years, n = 15). Data were recorded while children had their eyes either open or 
closed (three minutes each). All participants scored within normal limits on standardized 
measures of language (Clinical Evaluation of Language Fundamentals–4) and Performance IQ 
(Wechsler Abbreviated Intelligence Scale). We explored three measures of posterior α-
oscillations (7-10 Hz): α-spectral power, α-band long-range temporal correlations (using 
detrended fluctuation analysis; DFA), and fluctuation/flexibility of α-frequency over time. The 
difference between eyes-closed and eyes-open conditions (α-spectral, α-band long-range 
correlations and α-frequency) was entered into regression analyses using age, language ability, 



and Performance IQ as predictors. Regression analyses showed that all three α-measures were 
predicted by participants’ language ability. Higher language scores correlated with: lower α-
power, longer α-band long-range correlations, and greater fluctuations in α-frequency. α-
measures were not predicted by age or by IQ (with the exception of a significant IQ effect for the 
temporal correlation measure). 
To our knowledge, this is the first study exploring the relation between α-oscillations and 
language ability in 4–6 year old children with typical language development. Our findings 
revealed a unique relationship between language ability and resting state α-oscillations that is 
independent of chronological age and global cognitive development. Our current findings 
suggest that α-oscillations, which have received limited attention thus far in language 
development studies, may be a useful biomarker for developmental language disorders. 
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Title: Evidence of maturational processes in linguistic brain (fNIRS) and physiological 
emotional (Thermal IR) responses in hearing infants to signing virtual humans 
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Abstract: Sensitivity to linguistic patterns depends on brain development and undergoes rapid 
change between ages 6 to 12 months (Petitto et al., 2012). Younger infants engage linguistic 
processes when exposed to any linguistic input (e.g. phonetic discrimination, activation of classic 



language systems) regardless of native language (e.g. Kuhl, 2010), and signed vs spoken 
modalities (Baker, Golinkoff, Petitto, 2006, Petitto et al., 2011). By ~12 months, universal 
processes attenuate to sensitivity to infants’ native language(s). Infants with reduced linguistic 
exposure within this developmental period are at risk for phonological, linguistic, and reading 
deficits (Petitto et al., 2016). (1) Can a Virtual Human (VH) using American Sign Language 
(ASL) be effective as an augmentative linguistic partner for all infants, even those without 
signed language experience (Petitto et al., 2017)? (2) Can ASL input from VHs (vs other types of 
human and non-human biological movements) engage the same neural sites associated with 
linguistic processing in infants and emotional arousal responses, and developmental change? 
Methods. 9 hearing babies (5 boys); 2 age groups: 6-7 mo. (5) and 10-11 mo. Three conditions: 
1) Language: VH signing an ASL nursery rhyme (+human form, +language), 2) Dancer: 
Producing gentle arm movements (+human form, -language) 3) Cat: A cat playing (-human, -
language). Novel integration of time-locked neural (fNIRS, block design) and 
psychophysiological (Thermal IR) responses were measured. Results. Only the Language 
condition showed age-related changes and yoked neural activity and physiological responses. 
Younger infants showed significantly left-lateralized IFC activity, indicative of linguistic 
processing that co-occurred with a peaked psychophysiological response (parasympathetic) 
typical of social engagement. Older babies showed bilateral IFC activity and no peaked 
emotional responses to the Language condition. Hearing babies’ sensitivity to language patterns 
even in a silent sign language to which they were never exposed, and even with a VH, supports 
the hypothesis that babies are predisposed to core patterns in language (Petitto et al., 2016). VH 
learning tools may be effective as argumentative language partners for young infants at risk of 
minimal language exposure, particularly deaf infants. However, our first-time discovery of linked 
higher cognitive (language) neural activity and physiological (emotional) responses typical of 
linguistic processing in younger vs older infants suggests that the human language learning 
system involves a more powerful neural circuitry than was previously understood in child 
language history. 
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Abstract: The neural basis of high-level language function has been studied using natural story 
listening and telling, but reading comprehension has seldom been studied using natural stimuli. 
Particularly, besides our prior study, functional areas associated with subtle article properties 
such as genre and level of readability still remain unexplored. In this study, we presented articles 
of fiction/non-fiction contents translated from English to Chinese by human and machine to 
subjects and BOLD-contrast fMRI was measured. We identified spatial distributions of inter-
subject correlation (ISC) modulated by texts of fictional/non-fictional contents and 
machine/human translations. In the inter-genre contrast, reading news articles resulted in 
significant decrease in ISC at ventral PCC (BA 23), right somatosensory cortex (BA 1-3), 
bilateral secondary visual cortex (BA 18), bilateral fusiform gyrus (BA 37), bilateral precuneus 
(BA 7), bilateral anterior insulas, and right dorsal aTL (BA 38). No cortical area was found with 
significantly increased ISC value. In the inter-translation contrast, reading machine translation 
resulted in significant decrease in ISC at right precuneus only. Significant increase in ISC was 
observed at bilateral primary motor cortex (BA4), ventral anterior cingulate cortex (BA32), right 
inferior frontal gyrus (BA45). The result of the inter-translation contrast is in accordance with 
the coarse coding hypothesis and the gradient salient hypothesis. The right IFG may be related to 
the comprehension of less readable articles. Moreover, the result of the inter-genre contrast 
implies that the left aTL processes a natural article by directly associating language inputs to 
their semantic meaning; on the contrary, the right aTL associates language inputs to elements 
beyond their literal meanings.Distributed brain activation clusters in our data suggest that 
reading comprehension is a multi-modal task. Complex brain processes related to natural reading 
is hopefully to be further elucidated by our experimental design and analysis. 
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Abstract: Click-detection during segmentation of continuously presented nonwords has been 
proposed as an online measure of statistical learning during language acquisition. In such a task, 
subjects are instructed to respond to clicks superimposed over a stream of tri-syllabic nonwords. 
In a previous study, reaction times (RT) to clicks paired with syllables within words (syllable 2, 
S2) slowed more rapidly than clicks paired with syllables between words (syllable 1, S1; Gomez 
et al., 2011), over a 4 min exposure period. Later work (Franco et al., 2015) demonstrated that it 
is unclear if this effect is a reflection of statistical learning of word boundaries or of competing 
attentional demands during active or passive word segmentation. It is also unclear if post-
exposure measurements of statistical learning directly represent the efficiency of the 
segmentation process, subjects’ short-term auditory memory, or a combination of both. 
Participants in this study listened to a stream of concatenated tri-syllabic non-words and were 
asked to detect clicks that were either placed between words (S1) or within words before the 
third syllable (S3), for which the composite within-word predictability is highest (previous 
studies placed within-word clicks before S2). The exposure time was also increased to 6 minutes 
to test the stability of statistical learning. The shift in click position to S3 was motivated by 
additional exploration of target detection during word segmentation: under explicit and implicit 
learning conditions, during which subjects were instructed to actively segment word boundaries, 
RTs were fastest during detection of target syllables occurring as the last in a trisyllabic word 
(Batterink et al., 2015). Here, we show that detection of S3 clicks is faster than S1 clicks during 
explicit learning, replicating the behavior observed in syllable detection tasks (Batterink, 2015), 
but contradicting previous studies comparing clicks at positions S1 and S2 (Gomez et al., 2011; 
Franco et al., 2015). This suggests that one syllable is insufficient to trigger learning-guided 
shifts in attentional demand, but two syllables, when part of a statistically generated model, have 
an immediate salience effect. We also find that in the 2AFC word recognition stage, accuracy is 
correlated with the relative changes in S1 and S3 RTs, and that differences in S1 vs. S3 RTs 
diminished during minutes 5-6. References: Batterink LJ, Reber PJ, Neville HJ, Paller KA. 
(2015). J Mem Lang 83: 62-78. Gomez DM, Bion RAH, and Mehler J (2011). Language and 



Cognitive Processes 26: 212-223. Franco A, Gaillard V, Cleeremans A (2015). Behav Res 47: 
1393-1403. 
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Abstract: Syntactic priming is a unique manifestation in psychological linguistics and has been 
proven in many experimental paradigms and in or across several languages, but the neural 
mechanism behind this phenomenon remains unclear. In this study, functional near infrared 
spectroscopy (fNIRS)-based hyperscanning was employed to measure brain activities of two 
communicators simultaneously during face-to-face communication with eye contact, face-to-face 
communication without eye contact, and back-to-back communication. The two communicators 
either produced the same syntactic structure [Double-Object(DO) or Prepositional-Object(PO) 
separately]] or different syntactic structures (DO and PO alternately, as a control task). Results 
showed that, in both face-to-face with eye contact condition and without eye contact condition, 
there was a significant increase of interpersonal neural synchronization (INS) in the DODO task 
relative to the control task in the left pSTC. The face-to-face with eye-contact condition 
additionally recruited the left SMC, whereas the task without eye contact additionally recruited 
the right TPJ. There was no significant increase of INS in the back-to-back condition. Also, no 
significant results were found for the POPO task in any conditions. In addition, the increase of 
INS correlated significantly with the accuracy of task performance in the DODO task, but not in 
the POPO task. These findings suggest that neural synchronization may underlies the alignment 
of syntax representation during communication, and different types of syntax representation 
corresponds to different level of neural synchronization. Thus, the neural synchronization can be 
considered as a neural marker of syntax representation in communications. 
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Abstract: This study examines the neural basis for understanding the intention of a speaker in 
verbal communication. In a daily conversation, a speaker often expresses his/her intention 
indirectly, and the comprehender understands the implicit intention by pragmatic inference. For 
example, we often use an interrogative for asking something to others ('Will you open the 
window?'). To examine the neural activity elicited by pragmatic inference, we visually presented 
three types of Japanese discourse to participants to record the electroencephalogram. The 
discourses were manipulated in three ways: 1) control discourses in which the intentions of 
speakers were directly expressed, 2) experimental context-explicit discourses in which the 
contexts to derive the intentions from were given explicitly, and 3) experimental context-implicit 
discourses in which the relevant contexts were implicit. The recorded EEG was analyzed time-
locked to the onset of the presentation of the utterance that required the participants to 
understand the intention of a speaker. As a result, negative event-related potentials were broadly 
observed around the latency of 500 ms for the two types of experimental discourse against the 
control discourses, but their amplitudes were greater and their topographies were broader in the 
context-implicit than the context-explicit discourses. We localized the generators of the 
negativity by dipole fitting to examine the relationship between the pragmatic inference and the 
ability for mind-reading (Theory of Mind (ToM)). The sources of the negativity of the two 
experimental discourses against the control discourses were localized in the medial frontal 
region, which is often pointed out to be a region of ToM. These localizations of the dipoles for 
the experimental discourses suggest a close relationship between the mechanisms of pragmatic 
inference and ToM. However, the sources corresponding to the difference in the negativity 
between the context-explicit and the context-implicit discourses were localized in the left frontal 
region. Moreover, the dipoles corresponding to the contrast between the context-explicit and the 
control discourses were localized in the right temporal region. Our results thus suggest that the 



neural networks for pragmatic inference can vary according to the characteristics of the context, 
and that some part of pragmatic inference can be independent of ToM. 
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Abstract: Major depression and schizophrenia are mental health problems associated with 
stressful events in life based on certain genetic background. Cannabinoid system seems to have 
an important role in stress induced psychiatric disorders, and also each kind of stressor develops 
those disorders differently. In addition, there must be certain periods in life when brain neural 
network show fragility and dysfunction to the stressors. High incidence of polymorphisms in the 
Cannabinoid CB2 Receptor gene (CNR2) which related to low function of the receptors were 
found in both of schizophrenia, depression and alcoholism in Japanese population. We further 
examined a functional relationship between stressors and those molecules using those knockout 
mice as schizophrenia and depression models, as we had confirmed that neither Cnr2 knockout 
mice did not show any difference in PPI and in Zero maze test. Thus, the CB2 receptor has 
behavioral roles in response to pharmacological, immunological and psychological stresses 
possibly via HPA axis and neuroimmune system. We tested several stressors in mice models. 
Methamphetamine was injected to those mice to examine their locomotion as acute response and 
as acquired reverse tolerance. The Cnr2 knockout mice showed more locomotive activity after 
the acute treatment and also dramatic enhancement in locomotion after development of reverse 
tolerance. Poly-IC was injected i.p. to Cnr2 knockout mice, and their locomotor activity was 
measured 72 hours after the injection and compared with those of the wild type controls. The 
heterozygote mice relatively reduce their locomotion in the test cage. Also heterozygote Cnr2 
knockout mice show more anxiety in Zero maze than wild type after Poly-IC injection. In those 



model mice for psychiatric disorders, HPA or neuroimmune system related molecules could 
show similar changes in psychiatric patients. As results, Fkbp5 and some cytokines’ in Cnr2 
heterozygote knockout mice brain were expressed differently in comparison to wild type mice 
brain. It was interpreted that mice with those genetic dysfunctions develop psychiatric behaviors 
when they experienced certain stress and correspondent responses in HPA and immune system. 
Further studies are required to determine specific fragile age to the stressors based on each 
genetic background in the etiology of those psychiatric diseases. 
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Abstract: Schizophrenia (SCZ) is a neuropsychiatric disorder associated with a deficiency in 
social behavior, among other deficits. Loss of Calcium-Calmodulin Dependent Kinase II alpha 
(CaMKIIα) impairs hippocampal synaptic development, leading to behavioral symptoms of SCZ. 
However, since CaMKIIα is involved in NMDAR-mediated synaptic plasticity, and 
inflammation, it is important to ascertain whether upstream receptors involved in specific aspects 
of synaptic function, and inflammation might be involved in altering CaMKIIα during NMDAR 
hypofunction SCZ. This study was aimed at evaluating the expression of hippocampal CaMKIIα 
in NMDAR hypofunction SCZ. Furthermore, we highlighted the role of neural IGF-1R and 
TLR4 in determining the fate of CaMKIIα in this model. We found that WT-NMDAR 
hypofunction SCZ mice were deficient in sociability and social novelty tests. In addition to a loss 
of hippocampal CaMKIIα (p<0.001), there was a significant decrease in IGF-1R versus the 
control (p<0.01). Subsequent analysis showed that the frequency of action potentials was 
reduced in SCZ neurons compared with controls (p<0.01). SCZ neurons showed a gap firing 
pattern, and a prolonged hyperpolarization leak current when compared with WT-control 



(p<0.001). Since this current involves the movement of K+ ions, we also found an increase in 
KCa2.2 expression in SCZ neurons versus the control (p<0.001). Owing to the role of TLR4 in 
synaptogenesis, we ask whether TLR4 contribute to the dysregulation of IGF-1R/CaMKIIα 
during NMDAR hypofunction. To elucidate this mechanism, NMDAR hypofunction was 
induced in TLR4loxp/loxp and TLR4Cre/- mice as described for WT. We found that IGF-
1R/CaMKIIα loss was prevented in the hippocampus of TLR4Cre/-, but not TLR4loxp/loxp mice, 
after NMDAR hypofunction. Additionally, NMDAR hypofunction TLR4Cre/- neurons showed no 
prominent change in the frequency of action potentials when compared with the control (WT). 
Likewise, KCa2.2-mediated AHP was attenuated. Ultimately, the TLR4Cre/- mice recorded no 
substantive change in social interaction behavior when compared with a WT control. Taken 
together, the outcomes of this study indicate that loss of hippocampal CaMKIIα, and an increase 
in KCa2.2-mediated currents are characteristic of NMDAR hypofunction SCZ. Furthermore, the 
fate of hippocampal CaMKIIα is dependent on upstream neurotrophin receptor (IGF-1R) - 
required to preserve CaMKIIα- and TLR4 - which facilitates its depletion in NMDAR 
hypofunction. 
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Abstract: Clozapine, one of the representative atypical antipsychotics, has superior efficacy and 
is used for the treatment of severe psychotic disorders. Therefore, studies on the action 
mechanisms of clozapine are important to unravel the therapeutic mechanisms of psychosis. 
Adenosine monophosphate-activated protein kinase (AMPK) is a serine-threonine kinase that 
plays a major role in maintaining metabolic homeostasis. Unc-51-like kinase (ULK1) is 
phsphorylated by AMPK and activates beclin1 which results in the activation of autophagy 
process. In this study, we have examined the effects of clozapine on AMPK-ULK1 and 
autophagy signaling in the rat frontal cortex. Clozapine (10 mg/kg) administration increased 
AMPK phosphorylation at Thr172 in rat frontal cortex at 1, 2, and 4 hr after injection, as we 
have previously reported. Phosphorylation of ULK1 at Ser317 and that of beclin1 at Ser93 was 
also increased at 2 and 4 hr after clozapine administration. At the same time, protein level of 



LC3-II and ATG5-ATG12 conjugation were increased, which represent the activation of 
autophagy process. To investigate the involvement of AMPK in the clozapine-induced 
autophagy, the effect of intracerebroventriular injection of compound C, an AMPK inhibitor, 
was examined. Intrabrain administration of coumpond C efficiently inhibited the 
phoshporylation of AMPK substrates indicating the effective inhibition of AMPK pathway in the 
brain. In this condition, compound C attenuated the clozapine-induced increase in the 
phosphorylation of ULK1 and beclin1, LC3II, and ATG5-ATG12 in the rat frontal cortex. Taken 
together, clozapine induces autophagy signaling through AMPK-ULK1 signal pathway in the rat 
frontal cortex. 
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Abstract: Early postnatal administration of NMDA receptor antagonist induces long-term 
psychotomimetic behavioral changes in adult period, which have been used as one of the 
neurodevelopmental animal model of psychotic disorders. The model could provide the tool to 
understand the time-dependent alterations in the brain through the evolving process of psychosis 
development. In this study, we have examined the effects of MK-801 treatments on postnatal 7 
day (PN7) of rats on the long-term changes in the gene expression and in the rat frontal cortex at 
PN60, and, subsequently, the effects of repeated treatments of electroconvulsive seizure (ECS) 
on these changes were investigated. MK-801 1.0 mg/kg was injected twice 8 hr apart at PN7. 
The rats showed reductions in the weight gain through developmental process, and showed 
dysfunctions in sensorimotor gating at PN60 as evidenced by prepulse inhibition (PPI). DNA 
microarray analysis using frontal cortical tissues at PN60 revealed that transcript of transthyretin 
gene was most highly up-regulated in MK-801 group compared to control group. Quantitative 
realtime PCR confirmed the increased expression of mRNA level of transthyretin in the rat 
frontal cortex of early-MK-801-treated group. Repeated ECS treatments for 10 days (E10X) 
were applied during PN50-PN59 period after MK-801 treatments at PN7, and the effects of ECS 
on MK-801-induced changes at PN60 were investigated. Reduced PPI in MK-801 group was 



ameliorated by E10X and PPI in MK-801/E10X showed no significant difference compared to 
control group. In this condition, increased expression of transthyretin by MK-801 was reduced 
by E10X that mRNA level of transthyretin reached to the level in control group. AP-1 protein is 
involved in the transcriptional regulation of transthyretin. mRNA level of Egr1 and c-Fos, but 
not c-Jun, showed similar pattern of changes. In addition, expression of neprilysin gene which 
expression is regulated by histone acetylation concurrently with transthyretin is increased in MK-
801 group and reduced to control level when E10X was applied. The findings suggest that 
transthyretin might play the important role in psychotomimetic behavioral changes induced by 
early postnatal treatment of NMDA receptor antagonist, and the investigations on underlying 
regulatory mechanisms could enhance the evolving process of psychotic disorders. 
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Abstract: The mismatch negativity (MMN) component of the auditory event-related potential 
(AEP) is a key biomarker for the study of auditory sensory dysfunction in schizophrenia and 
other neuropsychiatric disorders. MMN reflects pre-attentive processing and is elicited clinically 
by an auditory oddball paradigm in which a physically different, deviant (‘oddball’; DEV) 
stimulus occurs infrequently and unexpectedly within a sequence of repetitive identical stimuli 
(‘standards’, STD). Here we developed a system whereby we utilized the Data Sciences 
International telemetry system to provide the flexibility of wireless recording up to 8 male SD 
rats simultaneously in sound-attenuated chambers with the robust data handling and 
timestamping capabilities of the Cambridge Electronic Design micro1401 processor. A custom 
sequencer file enabled Spike2 software to generate tonal stimuli delivered to all rats 
simultaneously and timestamp the EEG data with digital precision. Rats were subjected to a 
standard oddball paradigm using 6kHz and 8kHz tones. This protocol elicited significantly larger 
components of the AEP during DEV than STD, specifically in the regions defined as equivalent 
to the clinical N1 and P2. Component values were calculated on the Difference Waves (DIFF) 
which were generated by subtracting STD from DEV. After validating rats elicited a robust 
MMN, we also set forth to demonstrate that the MMN could be pharmacologically impaired 



using the NMDA antagonist MK-801. Given that NMDA receptors have a central role in the 
generation of the MMN, we hypothesized that MK-801 would impair MMN. Here we present 
this data. Under pre-drug conditions rats exhibited similar peak amplitudes for N1 (30-60ms after 
stimulus) and P2 (50-150ms) components of the difference wave. Between 40-60 minutes after 
administration vehicle-treated animals retained robust MMN, with DIFF wave component values 
for the N1 and P2 of -10.6±1µV and 10.0±1µV, respectively. The MK-801 0.1mg/kg, s.c. dose 
elicited a slight, non-significant decrease in the DIFF wave (N1: -8.1±1µV; P2: 7.5±1µV). Most 
importantly, however, MK-801 at 0.3mg/kg, s.c. significantly reduced the DIFF wave in 
comparison to vehicle, thereby demonstrating impaired MMN. Following 0.3mg/kg the DIFF N1 
was -4.6±1µV and P2 was 5.1±1µV. The 0.5mg/kg, s.c. dose elicited similar results as the 
0.3mg/kg dose. In conclusion, we have demonstrated that rats have a clear electrophysiological 
correlate to clinical MMN and further that this potential can be impaired with NMDA 
antagonism. This establishes a key translational tool in the effort to detect novel therapeutics 
targeting the NMDA receptor to treat neuropsychiatric disorders. 
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Abstract: Patients with schizophrenia experience a range of cognitive deficits that are strongly 
correlated with functional outcome but are not well treated by available therapeutics. The Dot-
Pattern Expectancy Task (DPX) isolates a specific cognitive deficit in patients. First, a cue 



stimulus is presented, followed by a delay, and then a probe stimulus that triggers a response. 
The cue provides contextual information that is required to properly respond to the probe. The 
four categories of ‘Cue-Probe’ pairs are ‘AX’, ‘AY’, ‘BX’, and ‘BY’. ‘AX’ trials, 67% of the 
total trials, require a target response. The three other trials require a non-target response. Patients 
with schizophrenia perform selectively worse on ‘BX’ trials. Target brain areas associated with 
cognitive control and hypoactive in schizophrenia include the dorsolateral prefrontal cortex 
(dlPFC), the mediodorsal nucleus of the thalamus (MD), and the anterior cingulate cortex 
(ACC). These three brain regions are also intricately connected, creating a cognitive control 
network that may be directly affected in patients. Previous work in our lab has demonstrated that 
monkeys exhibit the ‘BX’ impairment when given an injection of Ketamine or Phencyclidine 
(PCP), N-methyl-D-aspartate receptor antagonists during DPX performance. The current study 
attempts to define the neural correlates of cognitive control in relation to DPX at baseline in the 
MD, dlPFC, and ACC, to further delineate the specific roles each of these brain structures play in 
cognition. Using 32 channel multi-electrode arrays, we recorded in two brain regions 
simultaneously, either MD-PFC or ACC-PFC, during DPX performance. Generally, task-related 
modulations in neural firing rate were found in parallel between the MD, dlPFC, and ACC, with 
some subtle differences. MD thalamus was strongly activated during the task, and MD neurons 
exhibit a ‘switch’ pattern of activity preferring B-cues during the cue period and A-cues during 
the probe period that we previously found was a hallmark of PFC activation in this task. MD 
neurons showed a prominent tendency to ramp to the response, and more neurons preferred the 
target (habitual) response in MD relative to PFC. This was found in ACC as well, where neural 
responses preferred target response over nontarget. Cue-selective and delay responses were 
notably weaker in ACC relative to the other two areas. Our results indicate an overarching 
distribution of DPX task-defined signals across MD, PFC and ACC with differences evident at 
the population level indicative of differential contributions to cognitive control, which may be 
affected in schizophrenia. 
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Abstract: Non-competitive N-methyl-D-aspartate receptor (NMDAR) antagonists impair 
neurobiological functions and induce psychotomimetic effects. Although pharmacological 
models of schizophrenia using NMDAR antagonists (e.g. MK-801) have been widely studied, 
brain regions responsible for the behavioral alterations are not well understood due to the 
ubiquitous expression of NMDARs. To explore the candidate brain regions responsive to 
NMDAR antagonists, we performed mapping of neuronal activation induced by MK-801 using 
Arc-dVenus reporter mice, in which a fluorescent protein, dVenus is driven by an Arc promoter. 
MK-801 increased dVenus expression in various cortical regions, and the most activated regions 
included the orbitofrontal cortex. Chemical lesions of this region attenuated the MK-801-induced 
hyperlocomotion without affecting the basal locomotor activity in the novel environment. We 
also performed whole-brain imaging of Arc-dVenus mice treated with MK-801 or 
methamphetamine, and compared the brain-wide activation patterns between these mice. The 
activation pattern induced by MK-801 was significantly different from that by 
methamphetamine, especially in the orbitofrontal cortex. We then examined the effects of 
antipsychotics on the MK-801-induced neuronal activation and found that the dVenus expression 
in the orbitofrontal cortex was effectively suppressed by an atypical antipsychotic, clozapine, but 
not by a typical antipsychotic, haloperidol. These results indicate that the orbitofrontal cortex is 
involved in the NMDAR-induced hyperlocomotion, and that the suppression of this region could 
be related to the therapeutic effects of clozapine. These findings will contribute to a better 
understanding of neural mechanisms for psychotic symptoms associated with NMDAR 
hypofunction. 
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Abstract: Impaired executive function is a core feature of many neurological and psychiatric 
disorders, including schizophrenia. Cognitive flexibility is a component of executive function 
that is highly predictive of outcome for patients with these disorders, making it an important 
target for drug development. The rat digging version of the attentional set-shifting task (ASST) is 
a validated measure of cognitive flexibility, but it is labor and time-intensive. Here we present a 
modified ASST protocol for testing cognitive flexibility. We validated our new protocol as a 
reliable assay for drug development using multiple catechol-O-methyltransferase (COMT) 
inhibitors. Our version of the ASST is a three-day protocol using adult, male Sprague Dawley 
rats. The first day consists of habituating rats to the testing room, task apparatus, and ensuring 
reliable digging for rewards. During day two, rats are trained to perform simple discriminations 
based on two perceptual dimensions (odor/digging medium). ASST testing occurred on day 
three, in which rats perform all seven stages of the task. Previously published habituation and 
training schedules were adapted in our task. These changes included a more structured 
habituation period and less restrictive time limits during training trials. Using neurochemical 
correlates of dopamine metabolism, we selected a couple of compounds to assess the utility of a 
COMT inhibition strategy as a means of increasing cognitive flexibility. Tolcapone, a potent 
COMT inhibitor, shows efficacy in a different version of the ASST and we used it as a positive 
control. Rats consistently dug for food rewards and learned positive environmental cues, 
allowing for a pre-testing dropout rate of <10%. The decrease in dropout rate did not affect 
group performance in the ASST as scoring in test stages was similar to those from previously 
published versions of the odor/medium ASST. Importantly, COMT inhibition increased 
cognitive flexibility measured as improved performance in the extradimensional shift stage, but 
did not affect performance in other stages, as had been previously reported. These results 



confirm that COMT inhibition is a viable strategy for increasing cognitive flexibility in rats and 
the ASST is a useful screen for the procognitive effects of therapeutic candidates. 
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Abstract: Catechol-O-methyltransferase (COMT) is a critical enzyme that metabolizes 
dopamine and other catecholamines in the periphery and central nervous system (CNS). COMT 
inhibitors have served as an adjunct treatment in Parkinson’s disease (PD). COMT inhibitors 
boost central L-DOPA levels by inhibiting its peripheral metabolism in PD patients. COMT is 
also present in the brain and regulates dopaminergic function there, but the current FDA-
approved COMT inhibitors have limited brain penetration. One COMT inhibitor, tolcapone, is 
able to cross the blood-brain barrier and exploratory, proof of concept studies have indicated that 
high doses may improve cognition in multiple neurological and psychiatric disorders. However, 
tolcapone has multiple disadvantages as a long-term treatment option. The brain to plasma ratio 
for tolcapone is 1:100. Due to a poor pharmacokinetic profile, tolcapone requires three doses a 
day and long-term use is associated with high risk for fatal liver toxicity. The limitations of 
tolcapone highlight the need for brain-penetrant COMT inhibitors with improved safety and 
efficacy profiles to determine if COMT inhibition is a viable strategy for cognitive enhancement. 
Here we describe novel brain-penetrant COMT inhibitors that are structurally distinct from the 
nitrocatechol inhibitors (tolcapone, entacapone, opicapone), but produce similar effects on 
peripheral and central dopamine metabolism. We utilized direct sampling of cerebrospinal fluid 
(CSF) and microdialysis within the medial prefrontal cortex (mPFC) of rats and our novel 
COMT inhibitors increased the concentration of 3,4-dihydroxyphenylacetic acid (DOPAC) and 
decreased the concentration of homovanillic acid (HVA). These changes in DOPAC and HVA 
indicate that our compounds significantly inhibit central COMT activity. Our compounds also 
inhibit the degradation of L-DOPA in the periphery, suggesting that these new COMT inhibitors 



would also be effective as adjunctive therapies in PD patients. Taken together, these results 
indicate that the novel brain-penetrant COMT inhibitors may provide the same benefits as 
peripherally-restricted inhibitors with additional potential in the treatment of cognitive 
dysfunction and other indications modulated by central dopaminergic neurotransmission. 
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Abstract: We have previously found nigral and tegmental glutamate decarboxylase (GAD) 
mRNA to be correlated with chronic haloperidol (HAL)-induced vacuous chewing movements 
(VCM), a rat model for tardive dyskinesia (Bachus et al., Behav. Brain Res. 231:323, 2012). 
Here we have measured GABA-A alpha-1 mRNA in tegmentum in this cohort, to explore the 
possibility that altered tegmental GABA receptor expression might mediate the effect of HAL on 
tegmental GAD activity. 
Group housed male Long-Evans rats, with starting body weights of 90-165g, were treated for 24 
weeks with HAL (28.5mg/kg/ml, i.m.: n=43) or vehicle (sesame oil: n=21) injections every 3 
weeks. VCM were counted for each rat for 2 minutes weekly, for 7 weeks prior to HAL 
treatment and then throughout HAL treatment, by observers blinded to treatment group. Over the 
final 2 weeks, 4 samples were rated under both quiet (only ambient air-conditioning) and noisy 
(constant loud music and key-rattling) conditions. Cryostat-cut sections from fresh-frozen brains, 
containing the nigrotegmental projection field, were assayed by in situ hybridization 
histochemistry with oligonucleotide probes complementary to the GABA-A alpha-1 subunit 
mRNA, or a mis-sense control probe. 
There was a non-significant trend toward an increase in tegmental GABA-A alpha-1 expression 
in HAL treated rats (t=-1.26, p=.21). Tegmental GAD mRNA was highly negatively correlated 
with tegmental GABA-A alpha-1 mRNA (r=-.59, p<.005) among controls, suggesting that there 
is normally an inverse relationship between these variables, but not among HAL-treated rats (r=-
.23). Nor was tegmental GABA-A alpha-1 expression significantly correlated with VCM among 
HAL-treated rats. Interestingly, among HAL-treated rats, previously measured nigral tyrosine 
hydroxylase mRNA was highly correlated with tegmental GABA-A alpha-1 expression (r=.41, 



p<.006), suggesting that chronic HAL can upregulate tegmental GABA-A alpha-1 expression in 
HAL-treated rats in which nigral tyrosine hydroxylase is upregulated. However, altered 
tegmental GABA receptor expression does not appear to mediate the neural changes responsible 
for chronic HAL-induced VCM. 
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Abstract: Mismatch negativity (MMN) is a validated, objective measure of central auditory 
processing and has become a key clinical biomarker in schizophrenia and holds utility in other 
neuropsychiatric disorders. MMN is an auditory evoked potential (AEP) elicited clinically by an 
auditory oddball paradigm in which a different, deviant (‘oddball’; DEV) auditory (tonal) 
stimulus occurs infrequently and unexpectedly within a sequence of repetitive identical tonal 
stimuli (‘standards’, STD) and reflects pre-attentive processing dependent upon NMDA receptor 
function. Here we demonstrate back-translatability of this AEP in Sprague-Dawley (SD) rats and 
show that NMDA receptor antagonism can impair rat MMN. First, we developed a system 
whereby we utilized the Data Sciences International (DSI) telemetry system to provide the 
flexibility and high-throughput nature of wireless recording up to 16 SD rats simultaneously in 
sound-attenuated chambers with the robust data handling and timestamping capabilities of the 
Cambridge Electronic Design (CED) micro1401 processor. A custom sequencer file enabled 
Spike2 software to generate tonal stimuli delivered to all rats simultaneously and timestamp the 
EEG data with digital precision. Rats were subjected to a standard oddball paradigm using 6kHz 
and 8kHz tones and assessed 40-60min following MK-801 treatment. Vehicle-treated rats had a 
significantly larger response to DEV than STD as measured by the N1 peak (between 20-60ms) 
and the area under the curve (AUC) for N1 (30-60ms) while the N1 and N1-AUC for STD and 
DEV did not differ after MK-801 (0.3 mg/kg), revealing clearly inhibited AEPs after NMDA 
antagonism. Further, the Difference Waves (DIFF), generated by subtracting STD from DEV, 
revealed MK-801 significantly suppressed both N1 and P2 (between 50-150ms) peak amplitudes 
and AUCs. Showing clear dose-dependency, MK-801 (0.1 mg/kg) had intermediate effects but 
did not demonstrate as robust an impairment of MMN as 0.3mg/kg. This work further validates 



that rats have a MMN correlate to that of the human and that this biomarker is dependent upon 
NMDA receptor function. Further, we demonstrate the ability to perform this in a higher-
throughput manner necessary for drug discovery, which will lead to the further work needed to 
validate the translatability and predictive validity of the rat MMN. 
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Abstract: Rapastinel (GLYX-13), a novel NMDAR modulator with rapidly-acting 
antidepressant (RAD) properties, lacks the psychotomimetic and cognitive impairing effects that 
sometimes occur with ketamine, another RAD under development. We have previously reported 
that rapastinel (i.v.) significantly prevented ketamine-induced deficits in novel object recognition 
(NOR), a test of episodic memory, in mice (Rajagopal et al., Behav Brain Res. 299:105-110). 
The antidepressant effects of rapastinel and ketamine are mediated by synaptic effects, 
suggesting neuroplasticity, which have been reported to be blocked by the mTOR signaling 
pathway inhibitor, rapamycin. The subchronic phencyclidine treatment produces an enduring 
deficit in NOR and other cognitive functions in rodents, mediated in part by the effects on 
GABAergic neurotransmission, which can be reversed both transiently and for several weeks by 
atypical antipsychotic drugs (AAPDs) and selective ligands which restore synaptic function (e.g., 
the 5-HT1AR partial agonist, tandospirone and the 5-HT7R antagonist SB269970). We now report 
that rapastinel (1 mg/kg sub cut), administered to subchronic PCP-treated C57BL/6J mice 30 min 
before acquisition trial, can restore NOR transiently, while rapastinel, (1 mg/kg b.i.d sub cut for 
3 or 5 days), can restore NOR for 7 and >9 weeks, respectively, the most prolonged rescue by 
any drug we have observed. A single dose of rapastinel (1 mg/kg), was also able to restore NOR 
to normal levels following the wearing off of beneficial effects of 3 days of rapastinel b.i.d. 



treatment. Rapastinel, tested 30 min, but not 24 h, post-injection restored cognitive flexibility, as 
measured by reversal learning (RL) in subchronic PCP-treated mice. These effects are 
comparable to those of AAPDs such as lurasidone. The ability of rapastinel (1 mg/kg sub cut) to 
restore NOR and RL in subchronic PCP-treated mice was blocked by rapamycin (0.2 nM, given 
ICV). The effects of rapastinel, PCP, and ketamine on neurotransmitter efflux in mPFC and 
hippocampus were compared. Rapastinel selectively enhanced DA efflux in the mPFC, while 
ketamine and PCP produced marked increases in efflux of glutamate and other neurotransmitters 
in both regions. DA and glutamate efflux were increased in the cortex and hippocampus during 
NOR in mice treated for 5 days with rapastinel b.i.d. and studied 8-10 weeks post-treatment. 
These results suggest rapastinel may improve cognitive impairment in mood disorders and that 
intermittent treatment schedules may be effective for both depression and cognitive impairment. 
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Abstract: Schizophrenia (SZ) is a complex neuropsychiatric disorder with heterogenous 
symptoms, characterized by abnormalities in sensory processing and cognition. Several 
postmortem studies in SZ patients postulates GABAergic transmission dysfunction in the limbic-
lobe circuitry, that consists of interconnected brain regions such as dorsolateral prefrontal cortex, 
hippocampus, basolateral amygdala, anterior cingulate cortex (ACCx) etc. In previous studies, 
when a noncompetitive GABAA receptor antagonist, picrotoxin was stereotaxically infused in the 
basolateral amygdala (BLA) in rats, it resulted in decrease in inhibition in BLA and increase in 
excitatory output from BLA to hippocampal formation and ACCx. Consequently, a decrease in 
density of glutamate decarboxylase 65 and 67 immunoreactive terminals was observed in sub-
regions of hippocampus, specifically CA3 and CA2 regions in these rats. These changes mimics 



postmortem findings and GABA defects implicated in SZ pathophysiology. 
In the present study, we used this "partial" rodent model for neural circuitry abnormalities based 
on postmortem findings in schizophrenia to assess various schizophrenia-like behavior including 
cognitive dysfunction. Seven days after infusion of picrotoxin into the BLA and postsurgical 
recovery, the rats were subject to test battery consisting of open field test, social interaction test 
and pre-pulse inhibition to assess locomotor activity, social withdrawal and sensorimotor gating, 
respectively. Following assessment in test battery, two separate cohorts were used to assess long 
term effects of picrotoxin infusion in BLA on cognitive functions in these rats. One cohort was 
used to assess working memory deficits using radial arm maze task and another cohort was used 
to assess episodic memory deficits using Morris water maze task. 
The rats infused with picrotoxin in BLA did not show locomotor hyperactivity; however, we 
could demonstrate deficits in social interaction and pre-pulse inhibition. When tested in working 
memory and episodic memory based tasks such as 8-arm baited radial maze task and Morris 
water maze task, respectively, these rats did not show cognitive deficits and results were 
comparable to that of control rats. The neural circuitry abnormalities found in this rodent model 
may be more specifically responsible for social cognition as we could demonstrate deficits in 
social interaction. However, episodic memory (spatial learning and memory) and working 
memory were spared, as this is predominantly hippocampal and prefrontal cortex dependent task, 
respectively and may not be affected by the changes found in the neural circuitry in this rat 
model. 
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Title: The metabolites clozapine-N-oxide (CNO) and N-desmethylclozapine (NDMC, 
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Abstract: The atypical antipsychotic drug clozapine has two major metabolites: clozapine-N-
oxide (CNO) and N-desmethylclozapine (NDMC, norclozapine). NDMC is considered to be the 
“active” metabolite and we have previously demonstrated that it shares discriminative stimulus 
properties with its parent compound clozapine in both mice (Philibin et al 2009; Wiebelhaus et al 
2011, 2012) and rats (Prus et al 2009). In contrast, CNO is considered to be an “inactive” or 
“inert” metabolite of clozapine and has been utilized in many studies as an inert molecule to 
activate DREADDs (Designer Receptors Exclusively Activated by Designer Drugs). This has 
been called into question as MacLaren et al (2016) recently demonstrated that CNO reduced 
acoustic startle reflex and significantly attenuated d-amphetamine-induced hyperlocomotion in 
rats that lacked DREADD receptor expression. The present study examined the discriminative 
stimulus properties of CNO in both mice and rats trained to discriminate 1.25 mg/kg clozapine 
from vehicle in a two-lever drug discrimination paradigm. After clozapine discrimination was 
established, substitution tests with CNO (1.0 - 40.0 mg/kg) revealed that CNO partially 
substituted for the clozapine stimulus in both species. When CNO was tested in combination 
with low NON-generalizing doses of clozapine, partial to full substitution for clozapine’s 
discriminative cue was obtained. These data replicate previous findings with NDMC and 
demonstrate that BOTH major metabolites of clozapine share discriminative stimulus properties 
with the parent drug. Thus, these data demonstrate that CNO is a behaviorally active compound 
in both mice and rats lacking DREADD receptors trained to discriminate clozapine. These 
results, along with recent findings by others, emphasize the need for appropriate control groups 
in studies employing DREADDs. 
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Title: A critical role for NF-κB in the HDAC2-dependent control of synaptic remodelling and 
antipsychotic-related behaviours 
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Abstract: Antipsychotic drugs, including both typical such as haloperidol and atypical such as 
clozapine and risperidone, were first described in the mid-twentieth century, yet they still remain 
the current standard of care for schizophrenia. Despite showing relatively tolerable effectiveness 
in treating hallucinations and delusions, chronic antipsychotic drug exposure leads at present to 
either persistent or exacerbated cognitive deficits in both clinical studies and preclinical animal 
models. However, the underlying molecular mechanism of antipsychotics’ negative effects on 
cognition remains enigmatic. Here we identify functional dysregulation of the NF-κB pathway as 
a principal mediator responsible for deleterious effects of chronic antipsychotic drug treatment 
along numerous behavioural and physiological traits. Chronic treatment with atypical 
antipsychotics selectively enhanced NF-κB (p65) translocation into the nucleus of pyramidal 
neurons in mouse frontal cortex—trafficking event that was triggered via serotonin 5-HT2A 
receptor and MAPK/ERK-dependent down-regulation of expression of the NF-κB repressor 
IκBα. Such up-regulation of NF-κB activity occurred in association with its increased binding at 
the promoter region of the Histone deacetylase 2 (Hdac2) gene, thereby augmenting Hdac2 
transcription. This paradoxical increase in Hdac2 expression was impeded by either 
pharmacological or genetic inactivation of NF-κB. Notably, selective deletion of HDAC2 
function in forebrain pyramidal neurons prevented the unfavourable effects of chronic 
antipsychotic treatment on cortical synaptic remodelling and cognitive processes. Conversely, 
virally mediated activation of cortical pyramidal NF-κB-dependent transcriptional activity 
minimized the formation of mature spine structures, decreased synaptic plasticity, and 
exacerbated psychosis-related behaviours and cognitive deficits through a signaling mechanism 
that required up-regulation of HDAC2. Together, our results suggest that activation of the NF-κB 
pathway by chronic atypical antipsychotic treatment increases HDAC2-dependent negative 
effects on synaptic plasticity and behaviour. These observations may aid in efforts to develop 
therapeutic strategies that improve the currently poor outcome in schizophrenia patients. 
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Abstract: Schizophrenia is a severe psychiatric disorder associated with a range of cognitive 
deficits. Studies in patients with schizophrenia and preclinical animal models have demonstrated 
abnormal synchronized high-frequency network activity and a dysfunction of parvalbumin-
containing (PV+) GABAergic interneurons, both of which are critical for cognitive processing. 
Inhibitory fast-spiking PV+ interneurons coordinate synchronized activity (30-80 Hz) by firing at 
gamma frequencies and entraining large populations of cortical pyramidal cells. The fast spiking 
properties and temporal fidelity of PV+ interneurons are endowed by the selective expression of 
Kv3 channels on these cells. Thus, targeting Kv3 channels, and enhancing the activity of PV+ 
interneurons, has potential as a pharmacological treatment for cognitive symptoms of 
schizophrenia. Using the sub-chronic phencyclidine (PCP) rodent model of schizophrenia, we 
examined a range of concentrations of a novel Kv3 modulator (AUT00206) in vitro. Prior to 
brain slice in vitro studies, animals were behaviourally tested in the novel object recognition task 
to confirm cognitive deficits in PCP treated animals versus vehicle treated rats. 
Kainate/carbachol induced gamma oscillations were recorded from the prelimbic (PrL) region of 
prefrontal slices obtained from both groups of animals. We also examined the effect of 
AUT00206 in slices of human neocortical tissue. Non-epileptic tissue was obtained during 
tumour debulking procedures. Gamma frequency oscillations were elicited by the bath 
application of kainate (400-600 nM).The results show that higher concentrations of AUT00206 
(10 and 20 μM) significantly increased the area power of gamma oscillations in PrL region in 
slices from PCP treated animals (10 μM: 250 ± 59 μV2 v. 301.7 ± 88 μV2, 21.4 ± 8.9 %, p = 
0.02, n = 15; 20 μM: 148.6 ± 71 μV2 v. 157.6 ± 59 μV2, 27.2 ± 10.2%, p = 0.037, n = 10). Slices 
from vehicle treated animals showed a significant reduction in gamma area power at 20 μM 
AUT00206 (209.1 ± 99 μV2 v. 131.7 ± 57 μV2, -29.5 ± 7.3%, p = 0.016, n = 8). In human slices 
the power of kainate evoked gamma oscillations was unaltered by 10 μM AUT00206 (-8.5 ± 4.9 



%, n = 9). In slices exposed to kainate and 10 μM PCP, the power of gamma oscillations was 
increased by the drug (35.15 ± 10.5 %, p = 0.016, n = 7). Our results suggest that modulation of 
Kv3 channels by AUT00206 may have the potential to correct aberrant neuronal oscillations in 
patients suffering from schizophrenia by augmenting gamma frequency oscillations. 
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Abstract: The anterior cingulate cortex (ACC) plays a role in remote spatial memory, attention 
and executive functions. These cognitive functions are associated with network oscillations in 
the beta (20-30 Hz) and gamma (30-80 Hz) range. We have recently demonstrated that in vitro 
bath application of kainate can generate both beta and/or gamma oscillations either alone, or in 
combination, in the deep and superficial layers of ACC (Adams et al 2017). Changes in cortical 
beta and gamma frequency activity occur in patients with schizophrenia which may be linked to 
changes in NMDA function. We therefore wished to investigate the effects of NMDA 
modulation on both beta and gamma frequency activity in the ACC. 
Following transcardial sucrose perfusion in anaesthetised rats ACC slices 450 uM thick were 
prepared from normal adult animals. Slices were transferred to an interface chamber for 
recording. Network oscillations were evoked using bath application of kainate (800 nM) for 1-3 
hours until oscillation magnitude stabilised. 
Following application of kainate beta and/or gamma frequency oscillations were observed in 
ACC. In slices in which beta frequency only activity was present acute application of the non-
competitive NMDA receptor antagonist phencyclidine (PCP 10 microM) caused a dramatic 
increase in the power of the beta oscillations with an increase in the power of 110 ± 42% (n = 5). 
There was also a significant slowing of the frequency of the oscillation in the beta band from 25 



± 1.2 Hz to 20.6 ± 0.5 Hz (P<0.05, n = 5). In contrast, in slices in which only a gamma frequency 
oscillation was present, PCP reduced the power of the gamma activity (n = 6). Interestingly the 
effects of PCP on network oscillations were considerably greater than those seen with either 
ketamine, MK-801 or DAP-5. 
These results suggest that in the ACC NMDA blockade with PCP has different effects on beta 
and gamma frequency oscillations. 
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Abstract: Schizophrenia (SZ) is a debilitating condition wherein those afflicted experience 
positive symptoms, including hallucinations and delusions, as well as negative cognitive and 
social symptoms. Antipsychotic pharmacotherapies targeting dopaminergic dysregulation are 
effective in alleviating positive symptomology of the disorder, but these drugs are unsuccessful 
in addressing the cognitive deficits. The glutamate hypofunction hypothesis of SZ asserts that the 
pathology of SZ primarily results from suppression of hippocampal NMDA receptor input, 
inciting imbalances in neurotransmitter release to striatal and cortical regions pertinent to 
cognitive processing. Orexin-A (OxA), an excitatory neuromodulator principally involved in 
wakefulness, has been suggested to potentiate NMDA receptor activity and enhance cognition. In 
the present study, the effects of OxA on attentional performance were examined in a NMDA 
receptor antagonist model of SZ. Male Fischer 344 Brown Norway F1 Hybrid rats received both 
intraperitoneal injections of MK-801 (0, 0.075, 0.125mg/kg) and intranasal administration of 
OxA (0, 5, 10nM) prior to placement in a sustained attention task requiring differentiation 
between signal trials (500, 100, and 25ms illumination of a central panel light) and non-signal 
trials (no light illumination). Following a dose-dependent impairment in both signal and non-
signal trial performance as well as an increase in trial omissions induced by MK-801 
administration, OxA modestly improved detection of the 500 and 100 ms signals at the highest 



and lowest doses of MK-801, respectively. OxA also reduced trial omissions following the 
smallest MK-801 concentration. However, at the highest dose of MK-801, OxA administration 
diminished relative correct rejection rates. Systemic NMDA receptor blockade and OxA are 
known to elevate cortical acetylcholine, a neurotransmitter that is necessary for performance in 
this attentional task. Thus, the decrease in correct rejections may be due to overstimulation of 
cortical cholinergic inputs. Taken together, despite potential overexcitation of prefrontal cortical 
neurons, OxA may have some beneficial impacts on cognition for individuals with conditions 
stemming from a hypofunctioning NMDA receptor system. 
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Abstract: Neuroactive steroids are endogenously synthesized cholesterol-derivatives with 
multifaceted effects on brain function. Converging evidence implicates neuroactive steroids in 
the behavioural manifestations of mood disorders and their treatment. Recent research has shown 
that inhibitors targeting the 5α-reductase enzyme, such as Finasteride, have potential therapeutic 
efficacy in schizophrenia. 5-α reductase is the rate-limiting enzyme of one of the three major 
metabolic pathways in brain steroidogenesis, and converts progesterone into 5-α-
dihydroprogesterone. Inhibition of 5α-reductase depletes brain levels of allopregnanolone, whilst 
increasing brain levels of progesterone and its downstream metabolites. These changes can alter 
behaviour. Here, we investigate the effects of Finasteride on the abnormal behaviours of two 
mouse models of schizophrenia; the dopamine transporter knockout (DAT-KO) mouse and the 
MK-801-treated mouse. The DAT-KO mice exhibit hyperdopaminergic tone due to their 
inability to reuptake dopamine from the synaptic cleft. These mice exhibit hyperactive and 
stereotypic behaviours, and recapitulate some schizophrenia-like behaviours, such as 
psychomotor agitations and sensorimotor gating deficits. MK-801 is a non-competitive 



antagonist of the N-Methyl-D-aspartate receptor. When administered, MK-801 causes 
schizophrenia-like behaviours in mice, including hyperactivity and disrupted sensorimotor 
gating. 
An single dose of 50mg/kg Finasteride was intraperitoneally administered to DAT-KO mice, 
0.1mg/kg MK-801-treated mice, and their respective controls. The animals were then subjected 
to the open field and prepulse inhibition tests, to examine the effect of Finasteride on locomotor 
activity and sensorimotor gating, respectively. In the open field test, Finasteride normalized the 
hyperlocomotion of DAT-KO and MK-801-treated mice. The locomotor activity of control mice 
were not affected by Finasteride treatment. In the prepulse inhibition test, Finasteride rescued the 
sensorimotor gating deficits of DAT-KO mice, but only partially rescued the sensorimotor gating 
deficits of MK-801-treated mice. Finasteride did not affect sensorimotor gating in controls. Our 
findings join a growing body of literature suggesting that Finasteride has antipsychotic 
properties. [Supported by funds from NMRC/BNIG/2018/2014 to P.W.] 
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Abstract: Epidemiological evidence implicates maternal immune activation (MIA) as a risk 
factor for developing neuropsychiatric disorder in later life, including bipolar disorder, autism, 
and schizophrenia. We investigated whether tianeptine treatment might function therapeutically 
on behavioral activity impairment and protein expression in offspring induced by MIA. 
Polyriboinosinic-polyribocytidilic acid (PolyI:C, 5 mg/kg) was administered intravenously to 
pregnant dams at gestational day 9. Adolescent offspring received daily injection of tianeptine 
(10 mg/kg i.p.) and clozapine (5 mg/kg i.p.) for 30 days starting on postnatal day 35. Changes in 
sensorimotor gating, forced swim test, open field test, and social interaction test and 



neurodevelopmental protein expression were measured. Exposure to Poly I:C in early, gestation 
resulted in transient impairments in social interaction and sensorimotor gating deficits. Several 
neurodevelopmental proteins were downregulated in medial prefrontal cortex of MIA model. 
Chronic administration of tianeptine recovered sensorimotor gating deficits in MIA offspring. 
Additionally, the administration also reversed the downregulations of protein induced by MIA. 
Our results provide initial evidence that in MIA-induced model of schizophrenia, the 
disturbances in behavioral patterns and neurodevelopmental protein expressions were affected by 
the tianeptine administration. 
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Title: Region specific effects of astrocyte DISC1 on cognitive behaviors in mice 
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Abstract: Background: DISC1, which is expressed in both neurons and astrocytes, has been 
identified as a genetic risk factor associated with major psychiatric disorders, including 
schizophrenia. Neuronal Disc1 in the hippocampus and the prefrontal cortex has been implicated 
in cognitive function. However, the role of Disc1 in astrocytes, which have increasingly been 
shown to play a role in normal cognition, has not been evaluated. We hypothesized that 
decreased expression of DISC1 in astrocytes in the hippocampus or prefrontal cortex would 
impair cognitive behavior in mice. 
Methods: Mice were injected with the vector AAV1-GFAP::GFP-miR30-DISC1 (Disc1 KD) in 
the hippocampus or prefrontal cortex (PFC) to knock down DISC1 in astrocytes, or the 
scrambled control vector AAV1-GFAP::GFP-mir30-Ctrl (Ctrl). 2 weeks following injections, 
mice were tested in anxiety related measures including elevated plus maze and the open field, as 



well as several complex cognitive behaviors, including social interaction, Barnes maze and trace 
fear conditioning. 
Results: Injection of AAV1-GFAP::GFP-miR30-DISC1 led to significant reduction of DISC1 
expression compared to mice injected with the control vector. DISC1 KD in hippocampal or 
prefrontal cortex astrocytes did not alter locomotor activity or anxiety related behavior. DISC1 
KD in astrocytes in the hippocampus, however, significantly decreased social preference and 
reduced preference for a novel mouse in the social interaction test. Additionally, DISC1 KD in 
hippocampal astrocytes impaired performance in the Barnes maze and reduced cue-dependent 
freezing in in trace fear conditioning. While DISC1 KD in PFC astrocytes also impaired 
performance in the Barnes maze, no significant effects of this KD were observed on cue-
dependent freezing in trace fear conditioning. We found that DISC1 KD altered astrocyte 
morphology through increased branch diameter. 
Conclusion: Reduction of DISC1 expression in brain astrocytes leads to brain region-dependent 
deficiencies in complex cognitive tasks. Changes in astrocyte morphology following DISC1 KD 
suggests that astrocytic dysfunction likely contributes to the cognitive deficits. Further 
understanding of the role DISC1 has in astrocyte function in relation to cognitive behaviors will 
allow us to improve treatment of cognitive symptoms in patients with major psychiatric 
disorders. 
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Abstract: Social behavior is a complex function mediated by multiple brain regions and neural 
circuits, which is crucial for animals’ survival and development. Neuropsychiatric diseases such 
as schizophrenia and autism are characterized by social dysfunctions, and there is growing 
enthusiasm concerning the potential use of intranasal oxytocin (OXT) for the treatment of social 
deficits. However, clinical and preclinical findings are warning that OXT might not be 
indiscriminately beneficial, but could even produce detrimental effects in healthy subjects. There 



is then a need to understand the brain mechanisms at the base of such variability. Here, we 
explored the hypothesis that clinically-relevant dysbindin-1 genetics might indicate a 
subpopulation of subjects positively responding to intranasal OXT. Genetic variations reducing 
dysbindin-1 in mice results in social deficits and alterations in the OXT system. Following 
intranasal OXT, we observed improved social responses in dysbindin-1 mice, while in control 
mice we confirmed the socially detrimental effects previously described. Recent studies from 
both humans and mice reported that intranasal OXT strongly activates the prefrontal cortex 
(PFC), a brain region involved in social functioning. Thus, we performed in vivo single-unit 
electrophysiological recordings in the medial PFC (mPFC) of wild-type and dysbindin-1 
heterozygous mice treated with either vehicle or intranasal OXT during free social interactions. 
We found an increased activity of the mPFC before the onset of social behaviors in wild-type 
mice treated with vehicle. This effect was abolished after intranasal OXT treatment. Remarkably, 
dysbindin-1 mice treated with vehicle showed an increased basal activity of the mPFC compared 
to control mice with no modulation by social contacts. In contrast, intranasal OXT recapitulated 
a similar pattern of mPFC activation as that observed in wild-type mice treated with vehicle. In 
summary, we found a divergent effect: in wild-type mice OXT induced alterations in PFC 
neuronal patterns and social deficits; in dysbindin-1 mice OXT restored PFC neuronal patterns 
and rescued social deficits. These findings provide initial evidence on how intranasal OXT might 
tightly regulate social behaviors and associated mPFC activity depending on different genetic 
backgrounds. 
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Abstract: Advances in tissue clearing and molecular labelling methods are enabling 
unprecedented optical access to large intact biological systems. These advances fuel the need for 



high-speed microscopy approaches to image large samples quantitatively and at high resolution. 
The Light Sheet Microscopy (LSM) approach of illuminating a sample with a thin sheet of light, 
and detecting the emitted signal with an orthogonally arranged detection arm provides two main 
advantages: minimal energy load and high imaging speed. However, LSM as a general approach 
has been restricted in the lateral dimension of image volumes because the illumination light sheet 
enters from the side of the sample, and needs to penetrate the entire sample and the working 
distance of the illumination objective places a hard physical limit of the imaging volume. In 
addition, physical tissue expansion approaches for achieving high imaging resolution are 
producing even larger samples. To address these challenges, we developed a conceptually 
distinct imaging framework, called Light Sheet Theta Microscopy (LSTM). As for LSM, LSTM 
is based on planar illumination, but achieves this goal by using non-orthogonally arranged 
illumination objectives to produce light sheets that intersect the detection plane in a line profile, 
which is then synchronously (along with line-by-line detection of sCMOS camera) scanned 
along the detection plane. An immediate advantage of such a configuration is that it alleviates the 
restrictions on lateral sample dimensions, while providing uniform image quality for achieving 
true quantitative imaging. We found that a strategy of simultaneous 2-axes illumination (i.e. 
along and perpendicular to light sheet propagation) provided the best imaging performance. In 
comparison to LSM, LSTM allows imaging of larger samples such as a ~2 cm wide and ~5mm 
thick rat brain slice - with high uniform resolution across the entire sample. Moreover, LSTM is 
uniquely compatible with live imaging of highly motile samples, which undergo non-isomorphic 
change 
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Abstract: Advances in tissue clearing and molecular labelling techniques are enabling 
unprecedented optical access to large intact biological systems. The current imaging approaches, 



however, are limited in capabilities to quantitatively image large specimens, such as a rat or large 
human brain slice, with uniform high-resolution and high-speed. To address these limitations, we 
recently developed a high-speed and high-resolution quantitative microscopy framework, called 
Light Sheet Theta Microscopy (LSTM). By building upon the principles of Light Sheet 
Microscopy (LSM), LSTM allows for rapid quantitative high-resolution imaging of large 
biological systems while maintaining the imaging depth and speed. Building upon this work, we 
have also developed a highly optimized integrated pipeline, including optimal clearing, imaging 
and data analytics, for high-resolution and high-content mapping of large biological systems. We 
validate the pipeline with several large-scale example datasets, including from rodent and human 
brains. These methods can enable a detailed three-dimensional view of normal and abnormal 
tissue architecture to facilitate deeper understanding of the structure-function relationships of 
highly complex organs such as the brain. 
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Abstract: Recent advances in genetic engineering and optical microscopy have allowed 
neuroscientists to label sparse populations of neurons and image their arbors in 3D on the scale 
of the entire brain. At present, semi-manual tracing is the only reliable way of extracting 
information about the layout of axonal arbors of individual neurons from such imaging data. 
However, semi-manual tracing is extremely time consuming, can be prone to user bias, and, 
therefore, it is unsuitable for high-throughput experiments. In this study we describe an 
automated algorithm which has the potential to overcome the challenges of semi-manual tracing. 
This algorithm consists of four major steps. In the first step, a feed forward artificial neural 
network is trained on optimized, semi-manual traces of expert users to segment neurites. Our 
result show that one or two hidden layers in the network trained with the stochastic gradient 
descent method are sufficient to produce satisfactory segmentation results. In the next step, seed 
points are detected in the segmented image by using the multi-scale Laplacian of Gaussian filter. 
These points are subsequently connected all-to-all with the minimum cost paths generated with 



the A* algorithm. In the third step, multiple trees are produced by sampling the seed points and 
applying the Minimum Spanning Tree algorithm to the matrix of costs associated with 
connecting the sampled seeds. These trees are then combined with the modified RANdom 
SAmple Consensus method. Finally, topological errors in the branching pattern of the combined 
trace are corrected by using a specifically designed Support Vector Machine. The described 
automated tracing approach produces results comparable to semi-manual traces in terms of 
accuracy, while providing tremendous improvement in tracing time. 
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Abstract: The ability to map neural circuits on the scale of an entire brain is critical for 
advancing our understanding of brain functions. Circuit mapping can be based on whole-brain 
imaging of sparsely labeled populations of neurons with 3D confocal or two-photon microscopy. 
Such an imaging experiment, if applied to the mouse brain, will result in tens of thousands of 
image stacks, totaling several terabytes of data. Registration of these image stacks is the first step 
on the way to accurate, automated circuit mapping. Because, imaging is generally done with 
small overlaps between neighboring stacks, the information contained in the stack overlap region 
can be used for registration. Here, we describe an automated registration method which consists 
of the following steps. First, multi-scale Laplacian of Gaussian filter is used to detect small 
features in all stacks associated with background fluoresce. Second, for all overlapping stack 
pairs we compute a matrix describing similarity for features detected in the stacks. This 
similarity matrix is then used as an input to the Hungarian algorithm to establish initial 
correspondence between the features. Third, Random Sampling Consensus algorithm is 
employed to eliminate outliers from the initial set of corresponding features. Fourth, global 
optimization is performed to find the best rigid or non-rigid transformation for simultaneously 
registering the entire set of stacks. Finally, the registered stacks are resampled into non-
overlapping tiles that can be used for visualization and neuron tracing. Accuracy of the proposed 



algorithm was tested by tracing multiple axons in individual stacks and calculating the distances 
between traces of same axons in the stack overlap regions before and after the registration. 
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Title: Computational anatomy methods for registration of high resolution mouse brain histology 
images using multichannel LDDMM 
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Abstract: New developments in histological brain sectioning techniques have enabled histology 
imaging at sub-micron resolution, creating a need for computational methods for large scale 
imaging data. This work describes the development of a pipeline for registering histology 
volumes of different imaging modalities to an atlas and presents an application in mouse brain 
connectivity analysis. 
Brain sections are downsampled and reconstructed into volumes using a variational method 
which simultaneously optimizes the position of all slices along with a regularizing prior to 
weight the relationship between slices against global distortions. Bayesian template estimation is 
used to compute a population average atlas. Mapping of the estimated atlas’ coordinate systems 
onto each reconstructed brain is computed by the multichannel LDDMM algorithm, wherein 



multiple high-dimensional matching markers arising from image intensity and the convex hull of 
brain structures are defined and their sum of squared error minimized, producing the optimal 
diffeomorphic mapping. Cross modality registration is driven by non-MSE metrics for cases 
where a corresponding atlas modality may not exist. Due to the smooth, 1-to-1 properties of 
diffeomorphisms, the resulting transforms can be upsampled back to native resolution where 
they retain these desirable traits. 
The pipeline has been applied in collaboration with the Mouse Brain Architecture Project to 
register 600+ high resolution mouse brains for connectivity analysis. Brains in this dataset had 
been injected with fluorescent tracer prior to being sectioned at 20 um. Sections were alternately 
Nissl stained and fluoro imaged at 0.46 um coronal resolution. 
Each of the full resolution reconstructed MBA volumes were mapped onto a common atlas 
space, with the resulting segmentation viewable online through the MBA Portal’s online viewer. 
The viewer overlays the Nissl and fluorescence image data with the registered atlas 
segmentation, and provides interactive cell-counting tools for connectivity studies. Workflow 
and sample results are shown in the figure. 
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Title: Tape-transfer enabled 3D digital histology for whole human brains with MRI co-
registration 
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Abstract: High-fidelity 3D neuro-histological reconstructions of whole brains with light 
microscopic resolution have not yet been achieved for human. Our laboratory previously 
standardized a tape-transfer based, high-throughput method for 3D digital histology in Mouse, 
Rat, Zebrafinch, and Marmoset. We present an extension of this method for processing 
hemisphere slabs of human brain that will permit histological processing and imaging of entire 
coronal sections without tissue blocking. This is the first step in a larger effort for creating a 
pipeline for whole human brain digital histology. 
Processing of neuroanatomical tissue is subject to many forms of distortion. Some are due to the 
sectioning method, others to the handling of the tissue through embedding, and blocking tissue to 
fit on traditional histology slides. In most cases, these result in damage to select regions of a 
given histological section with distortion of the tissue morphology that causes problems in 
applications that require the co-registration of 2D sections and subsequent 3D reconstruction. A 
fixed hemisphere slab of brain tissue of a TBI subject imaged at 7T postmortem was processed to 
capture every section onto large format slides (100x130mm or larger). Brain tissue was sectioned 
at 20μm using a custom tape-transfer system; mounted sections were stained with H&E and 
Iron/Prussian blue. A third series was kept for additional stains. All sections are scanned using a 
whole-slide imager at 0.46μm/pixel. This large-format approach studies the morphology of 
traumatic vascular injury seen in human post-mortem tissue and adds microscopic details to 
findings on the in-vivo MRI. Mechanical forces acting on the parenchyma are suspected to cause 
direct injury to the vasculature; microbleeds can be seen on T2* weighted or SWI MR images of 
patients. It is suggested that iron accumulates along the track of the vessel and surrounds the 
neighboring area. Pathology demonstrates iron-laden macrophages in perivascular space, along 
small and large vessels associated with the damage site along with disruptions in cellular 
structure and myelination. We create a brain stack by aligning images within a reference frame 
via 2D rigid transformations. The stack is registered to the MRI by optimizing correspondences 
between the volumes through a nonlinear transformation. The transformation is computed using 
the large deformation diffeomorphic metric mapping algorithm with a mutual information cost 
metric suitable for cross-modality matching, producing smooth and 1-to-1 deformations inherent 



to diffeomorphisms. The aligned 3D-stack is further processed to yield reconstructed intensity 
projections in each plane. 
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Abstract: We developed a new, scalable strategy of volumetric imaging with single beam 
scanned illumination and perpendicular planar detection that achieves 0.5*0.5*5µm voxel 
resolution imaging of an entire mouse brain structure within 3 hours. We also developed an 
optimized pipeline of thick brain slice sample preparation as well as automated 3-D 
reconstruction and image analysis. The whole procedure from sample preparation to cell 
counting for activity mapping of multiple mouse brains with antibody-based cell type 
identification could be completed within 5 days. 
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Abstract: Fluorescence in situ hybridization (FISH) in intact tissues has potential to provide 
vital spatiotemporal information for molecular characterization of heterogeneous neuronal 
populations. At present, mainly two fluorescent methods are available for detecting mRNA-
probe hybridized complex: 1) Peroxidase catalyzed tyramide amplification method- using 
Digoxigenin/biotin/FITC labelled oligo/cRNA probes. This method however fails to give 
uniform signal across the depth in tissues thicker than 300-500 µm which is mainly due to the 
rapid deposition of reactive tyramide on the superficial layers. Additionally, this method is not 
fully compatible with CLARITY or iDISCO clearing methods. 2) The Hybridization chain 
reaction (HCR) method - where binding of single stranded cDNA probes to the target mRNAs 
initiate chain reactions in which metastable fluorophore-labeled DNA hairpins self-assemble into 
tethered fluorescent amplification polymers (Choi et al., 2014). Although HCR method has been 
shown to work with CLARITY, it remains unexplored with clearing methods like iDISCO or 
CUBIC which depending upon molecular targets and tissue type can yield better volumetric 
staining and visualization. Hence, we investigated the compatibility of HCR-FISH with different 
clearing methods- iDISCO and CUBIC along with CLARITY. Following the tissue processing 
and FISH, slices were imaged on confocal/COLM systems and quantified for the uniformity of 
cellular labelling and S/N ratio across the tissue depth and region. Based on our preliminary 
results, iDISCO showed the most uniform labelling of cells and high S/N ratio for FISH in fresh 
frozen slices thicker than 2 mm, whereas with CLARITY (<400 µm) or CUBIC (<100 µm) 
failed to show comparable staining. The combination of two simpler methods-HCR and iDISCO 
provides the best opportunity for high resolution intact tissue FISH. However, generation of 
functional 50-mer DNA probes flanked by initiator sequence appears to be the most challenging 
part of this method. 
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Title: Novel variants of adeno-associated virus type 2 provide enhanced anterograde trans-
synaptic gene delivery 

Authors: *A. PLANUL1, M. DEROSIERS1, C. NGUYEN2, F. MARTI2, D. DALKARA1 
1Thérapie génique et modèles animaux des maladies neurodégénératives, Inst. De La Vision, 
Paris, France; 2Neurophysiologie et Comportements, Inst. de Biologie Paris-Seine, Paris, France 

Abstract: Viral tracers are widely used tools to study the neural circuitry of the brain. Adeno-
associated viruses (AAVs) are particularly versatile vectors as they are non-pathogenic and 
display low immunogenicity. Despite the success of new AAV variants for retrograde trans-
synaptic labeling; no such variant exists for anterograde trans-synaptic transport. The only 
available vectors capable of anterograde axonal spreading are the toxic rabies and HSV1 viruses 
and to some extent AAV serotypes 1 and 9. However, AAV1 and 9 are not efficient enough and 
need amplification of the transported transgene to be useful. Thus, we lack an efficient, non toxic 
vector capable of trans-synaptic anterograde transport. Here we used a high-throughput screening 
approach, called directed evolution on AAV serotype 2 (AAV2) to find new AAV variants with 
enhanced trans-synaptic anterograde transport abilities. Because the anterograde trans-synaptic 
transport capacity depends on the viral capsid, three random DNA libraries of the cap2 gene 
coding the viral capsid of AAV2 have been created. Then, 3 random viral libraries were made on 
which we applied 6 consecutive cycles of selection. For each selection cycle, viral libraries 
transporting their own cap gene were injected into the eye and the cap genes found into visual 
regions of the brain were amplified. After 4 cycles, a convergence toward two modified capsids 
was observed. These variants were able to do efficient trans-synaptic anterograde transport and 
provide strong reporter gene expression in post-synaptic neurons after delivery in the brain. Our 
data suggests that we were able to improve the anterograde trans-synaptic transport properties of 
AAV2. These new variants open many new opportunities to study brain circuits. Currently, we 
are in the process of evaluating them for functional studies. Indeed, if these variants are capable 
of sufficient trans-synaptic expression of reporter genes like GCamP, we would be able to 
measure simultaneously the activity and the connectivity of neuronal networks without toxicity 
impairing the signal. We anticipate these variants will also be useful in gene therapy approaches 
where efficient spreading of regenerative factors in connected brain regions is necessary. Trans-



synaptic gene delivery might limit the number of injection sites in gene therapy approaches for 
diseases like Parkinson’s disease. 
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Title: Dendritic anatomy analysis using oblique light sheet tomography 
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ALBEANU1, P. OSTEN1 
1Cold Spring Harbor Lab., Cold Spring Harbor, NY; 2Grossman Ctr. for the Statistics of Mind, 
Columbia Univ., New York City, NY 

Abstract: Oblique Light Sheet Tomography (OLST), which operates on the principle of light 
sheet fluorescence microscopy, is a whole brain volumetric imaging platform. The oblique 
orientation, in which the illumination/detection paths are oriented obliquely (45°) with respect to 
the tissue surface, allows for imaging the surface of the brain upto ~400 μm depth in an x-y 
raster pattern. Once the raster scan is completed, the brain is translated to an integrated 
vibratome to section the imaged portion of the tissue. The raster scan and automated sectioning is 
repeated iteratively to obtain whole brain coverage. Since tissue scattering limits the light 
penetration depth, we modified and optimized a clearing protocol based on the CUBIC protocol 
for clearing the brains. Clearing removes the lipids in the tissue, making the brain structurally 
soft. We developed a novel gelatin based embedding to improve the rigidity of the brain so that it 
can be sectioned in our integrated vibratome. Based on the current instrument configuration, a 
cleared adult mouse brain is imaged within ~14 hrs at 0.4 x 0.4 x 2.5 μm voxel resolution with 
overlapping regions for image registration and reconstruction. We use this custom built OLST to 
understand the somatodendritic morphology and axonal projections of pyramidal cells in the 
mouse neo-cortex. This is achieved by sparse labeling of the pyramidal cells (Emx-Cre) using 



intra-venous injections of Cre dependent reporter viruses. Manual annotation of neuronal 
morphology is time consuming and labor intensive. To overcome these problems and to process 
the large volumes of data that our OLST platform generates, we developed a supervised machine 
learning-based approach: deep neural networks are trained to enhance binarize the raw 
microscopy images to and subsequently obtain the skeletons of neuronal arbors automatically. 
This framework allows us to study branching and positioning patterns of cortical neurons at an 
unprecedented scale, which is a prerequisite for robust identification of cell types. 
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Title: A spherical aberration free microscopy system for live brain imaging 

Authors: *Y. UE1,2, H. MONAI3,2, K. HIGUCHI1,2, D. NISHIWAKI1,2, T. TAJIMA1,2, K. 
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Abstract: The high-resolution in vivo imaging of mouse brain for quantitative analysis of fine 
structures, such as dendritic spines, requires objectives with high numerical apertures (NAs) and 
long working distances (WDs). However, this imaging approach is often hampered by spherical 
aberration (SA) that results from the mismatch of refractive indices in the optical path and 
becomes more severe with increasing depth of target from the brain surface. Whereas a revolving 
objective correction collar has been designed to compensate SA, its adjustment requires manual 
operation and is inevitably accompanied by considerable focal shift, making it difficult to acquire 
the best image of a given fluorescent object. To solve the problem, we have created an objective-
attached device and formulated a fast iterative algorithm for the realization of an automatic SA 
compensation system. The device coordinates the rotation and the z-position of an objective, 
enabling correction collar adjustment while stably focusing on a target. The algorithm provides 
the best adjustment on the basis of the calculated contrast of acquired images. Together, they 
enable the system to compensate SA at a given depth. As proof of concept, we applied the SA 
compensation system to in vivo two-photon imaging with a 25×water-immersion objective (NA, 
1.05; WD, 2 mm). It effectively reduced SA regardless of location, allowing quantitative and 



reproducible analysis of fine structures of YFP-labeled neurons throughout the mouse cerebral 
cortical layers. 
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Title: Contributions of lipid extraction, RI-matching and size expansion in tissue clearing 
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1Anat., Col. of Medicine, Korea Univ., Seoul, Korea, Republic of; 2Brain Korea 21, Korea Univ., 
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Abstract: Tissue clearing techniques, such as CLARITY and ACT (active CLARITY 
technique), have received great attention for deep (brain) tissue imaging and for the potential 
application to the diagnosis in recent years. In principle, tissue clearing is achieved by a simple 
combination of extracting lipids, tissue swelling, and matching refractive indices (RI) between 
imaging solution and a cleared tissue whose main component is cellular and extracellular matrix 
(ECM) proteins. However, the contributions of major factors in tissue clearing, lipids extraction, 
tissue swelling and RI matching, have not been evaluated systematically yet. Interestingly, we 
found that four organs (brain, liver, kidney, and lung) shows different contribution of three 
factors during the ACT process in this study. While matching RI which depends on the volume 
of collagen in the tissue contributes to reducing light scattering, lipid extraction is expected to 
greatly improve antibody staining in a thick tissue, affecting the diffusion rate of the molecules 
into the tissues. We estimated the optimal time for the completion of lipid removal by measuring 
diffusion rate of RI matching solution into the tissue, which could be utilized for the Q/C process 
during the tissue clearing. Finally, we propose that the changes in the tissue clearing properties 
can be used as diagnostic measures. Our preliminary proof-of-concept results with traumatic 
brain injury (TBI) model will be presented. 

Disclosures:  J. Kim: None. J. Choi: None. E. Lee: None. W. Sun: None. 



Poster 

342. Connectomics: Anatomical Techniques 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 342.13/VV26 

Topic: I.03. Anatomical Methods 

Title: Novel modernisation of Golgi‐Cox stain and its optimisation of tissue clearing 
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Abstract: High resolution neuronal information is extraordinarily useful in understanding the 
brain’s functionality. Development of the Golgi-Cox stain allowed observation of the neuron in 
its entirety with unrivalled detail and remains still one of the best ways to visualise a neuron. 
However, the Golgi-Cox method is restricted by tissue transparency, so imaging is typically 
200μm in depth using confocal microscopes 
Within recent years, modern tissue clearing techniques such as CLARITY and CUBIC have been 
used to great effect, completely clearing tissue. Currently, there is no literature on the 
combination of Golgi‐Cox and modern tissue clearing. The application of a Golgi‐Cox stain to 
cleared brain tissue would allow complete neurons to be 3D rendered within intact biology, 
offering the most accurate data on neuron morphology. 
We will show modernisation the Golgi-Cox stain, by combining with modern clearing 
techniques, and visualization with multiphoton microscopy, which has the advantage of deeper 
laser penetration, penetrating up to 2 mm. This will rectify the restrictions currently imposed by 
the Golgi-Cox stain and lead to even greater neuron resolution, allowing for improved 3D 
rendering and morphology visualisation.   
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Title: Improved uDISCO clearing for 3D imaging of the nervous system 

Authors: *A. J. PARRA-DAMAS, R. CAI, C. PAN, M. TODOROV, B. FÖRSTERA, A. 
ERTÜRK 
Inst. for Stroke and Dementia Res., Muenchen, Germany 

Abstract: Tissue clearing technologies provide substantial advantages over conventional 
histology and tissue sectioning approaches in terms of preserving structural three-dimensional 
information as well as increased time and cost efficiency. Imaging transparent specimens with 
single plane illumination (light-sheet) ultramicroscopy has become a golden standard for system 
biology level analysis of tissues in entire organs and organisms, including mammalian brains. 
We recently developed the ‘ultimate DISCO’ (uDISCO) clearing method, which preserves signal 
from fluorescent proteins over months while reducing the size of the specimens up to 65%, 
allowing to image not only whole organs but also entire rodent bodies. Here we present an 
uDISCO-based approach to simultaneous image neurons, glia and vasculature through the intact 
skull, thus preserving not only the deep brain vasculature but also meningeal vessels. 
Importantly, our protocol is also compatible with standard immunolabeling once the brain tissue 
has been rehydrated after clearing and imaging, expanding the possibilities for further 
phenotypic characterization of the specimens. Thus, this new clearing method can provide novel 
insights about the neurovascular environment, which would not be possible using standard 
histology protocols based on tissue sectioning. 
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Title: Lipid-preserving index matching for prolonged imaging depth 

Authors: *Y. LIU1, A. M. ROLLINS1, M. WATANABE2, M. W. JENKINS2 
1Biomed. Engin., 2Pediatrics, Case Western Reserve Univ., Cleveland, OH 

Abstract: Light scattering limits the imaging depth in microscopy. Recently, several optical 
clearing techniques have been developed to reduce scattering and increase imaging depth 
enabling imaging of large regions of interest. These techniques are especially attractive for 3-D 
imaging of complex morphology in the nervous system. Here, we introduce a new optical 
clearing method called lipid-preserving index matching for prolonged imaging depth (LIMPID). 
Because LIMPID contains no detergent or organic solvent, it maximally preserves the cell’s lipid 
bilayers. In addition, it has a higher clearing capability than most water soluble optical clearing 
agents due to a high refractive index (1.47). Low viscosity and optimal osmolarity properties 
reduce tissue processing time and minimize tissue distortion. We have also verified its 
compatibility with some common fluorescent proteins and antibodies. A significant benefit of 
LIMPID over other clearing methods is its simplicity. The clearing solution is easy to make and 
the clearing process only requires one step (immersion of the labeled sample in the clearing 
agent before imaging). Using LIMPID, we are able to investigate the organization of the 
peripheral nervous system and the state of innervation in different embryo tissues in 3D with 
fluorescent confocal microscopy. 
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Title: Parafilm assisted microdissection: An alternative and effective technique for the 
microdissection of the mice nucleus accumbens 
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C. R. SARTORI, A. S. VIEIRA 
UNICAMP, Campinas, Brazil 

Abstract: The Nucleus Accumbens (NAc) is a fundamental structure for the reward system and, 
therefore, influences several types of behavior. The literature shows several studies that highlight 
the importance of NAc in conditions like drug addiction, depression, nociceptive behavior and in 
conditioned behaviors in general. However, many of these studies fail to deepen into the real 
importance of NAc in these conditions because they have difficulty in accessing molecular 
changes that may occur in this structure. A major limitation in accessing such changes is the lack 
of knowledge and studies that describe how to identify and perform the microdissection of the 
NAc in a simple and inexpensive way. Therefore, the objective of this work is to describe the 
parafilm assisted microdissection procedure, a simple and inexpensive technique to 
microdissection the mouse NAc. We first described the best way to perform the mouse 
euthanasia and how to remove the brain from the skull without damaging the tissue. Next we 
describe how to prepare the slides with parafilm that will be used to receive the slices of the 
brain. In the next step we describe in detail how to position the brain in the object holder of the 
cryostat, how to align the cerebral hemispheres and how to identify the beginning and the end of 
the NAc. We also describe how to perform the staining and the dehydration of the slices, a 
critical step to facilitate the identification of the structure for the microdissection and also to 
preserve protein, DNA and RNA molecules from the sample. In the final step of this procedure 
we describe how to identify the anatomical limits of the NAc in each slices made in the cryostat 
and, finally, we also describe how to perform the microdissection of the structure. The 
microdissection is performed in a simple way, using a scalpel that the researcher will use to cut 
the tissue belonging to the NAc. This technique allows the researcher specifically collect the 
NAc tissue, from which intact RNA and proteins can be extracted to perform real-time PCR and 
Western Blot as well as others molecular analysis. 
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Title: FAST, High-speed serial-sectioning imaging for whole brain analysis with high scalability 
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Japan; 9Primate Res. Inst., Kyoto Univ., Inuyama, Japan 

Abstract: Subcellular resolution imaging of the whole brain and subsequent image analysis is 
prerequisites for understanding anatomical and functional brain networks. We have developed a 
high-speed imaging apparatus based on automated mechanical sectioning and confocal imaging, 



named FAST (block-FAce Serial microscopy Tomography), and image data processing pipeline 
for 3D image construction without tissue-clearing techniques. FAST acquires submicrometer-
resolution images of whole mouse brain in a speed range comparable to those of light-sheet 
fluorescence microscopy. FAST allows unbiased quantitative comparisons between normal and 
disease model brain based on the cell numbers obtained from 3D image analysis. Moreover, 
FAST is scalable to the brains of nonhuman primates, which visualizes neuronal projections in 
the whole brain of an adult marmoset. Thus, FAST provides new opportunities for global 
approaches to gain a better understanding of brain systems. 
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Title: Brain mapping and stainless staining for computed digital histopathology using vibrational 
hyperspectral imaging 
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Abstract: The brain consists of billions of cells that are organized in a large number of 
distinctive regions which have specific functional properties. In case of mammalian brain, the 
“cytoarchitecture” assembly is diverse and still remains to be significantly explored. In each 
brain region many different cells types are present, such as oligodendrocytes, astrocytes, 
microglia, and neurons along with an extensive blood vessel network. The cells are organized 
into localized multicellular units, in the vast cortical cell layers, and the “niches” of neural stem 
cells. Overall, a comprehensive mapping of the whole brain using combined optical microscopy 
and spectroscopy tools has not yet been achieved, and much remains unknown about the brain’s 
structure illuminated by this technology. Here we report on rat brain chemical maps using 
vibrational hyperspectral spectroscopic imaging and high-performance computing. We report 



two different methods: 1. Fourier Transform Infrared (FTIR), and 2. Stimulated Raman 
Scattering microspectroscopies. Both methods measure the fundamental vibrational modes of 
molecules to provide multiplexed chemical information on major classes of molecules (lipids, 
proteins, etc) and microscopic (micron and submicron) morphological details. The spectroscopic 
data obtained from these methods are the foundation of developing a chemical brain map based 
on computational methods and signal processing techniques. Another goal of our research is to 
develop a digital staining method from the hyperspectral IR data by combining high-performance 
computing to quantify the cytoarchitecture in the brain and pathophysiological conditions studies 
in the near future. The chemical map will provide the chemical and molecular details to capture 
the molecular specificity and structural complexity of brain tissue that are not possible to obtain 
from other histological imaging methods. 
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Abstract: Anatomical location is a key parameter for interpretation and comparison of 
neuroscientific data. Location is typically determined by looking up diagrams in anatomical 
reference atlases, communicated using anatomical terms, and shown in representative images. 
But the documentation provided varies considerably among scientific publications. Essential 
information about nomenclature and reference atlases, or criteria used to define boundaries of 
structures is often missing. This lack of accuracy limits the opportunities for comparing and 
integrating data from different publications, and could lead to failure in replicating scientific 



experiments. To clarify and address this challenge, we have investigated current practice for 
assigning and documenting anatomical location for different categories of experimental 
neuroscience data reported in > 120 articles investigating the rodent brain. Our findings show 
that the specificity and accuracy of anatomical documentation in most cases can be considerably 
improved with relatively simple procedures. We here suggest some general and method-specific 
recommendations for such improvements, and discuss how these steps may contribute to 
increase the accuracy of anatomical descriptions and data interpretation. We demonstrate how 
new three-dimensional rodent brain reference atlases, and associated software tools for spatial 
registration of brain image data to a common anatomical space, offer new opportunities for 
efficient integration and comparison of neuroscience data. 
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Abstract: [Introduction]PET plays a crucial role in evaluating brain glioma, and a number of 
PET tracers are investigated to validate clinical application. Among these, the mitochondrial 
translocator protein (TSPO)-ligand is a novel and promising biomarker for brain glioma, but 
little is known about glioma occurring in spinal cord. The purpose of this study is to evaluate 
spinal cord glioma in mouse xenograft model using PET imaging with TSPO-ligand, (18F-
FEDAC). [Method]Adult female NOD-SCID mouse received a transplantation of human 
glioblastoma multiforme cell line U-251 MG (GBM group) or phosphate-buttered saline (PBS 
group) into the tenth level thoracic spinal cord. U-251 MG cells were cultured and labeled with 
firefly luciferase (ffLuc) genes via lentiviral transduction. Three weeks after transplantation, 
gadolinium-enhanced MRI was performed. PET imaging was performed with 18F-FEDAC 
(TSPO-ligand) within 24 hours after MRI and selective uptake of 18F-FEDAC in the transplanted 



site was measured. Then the animals were immediately sacrificed and the spinal cord was 
dissected for autoradiography. The correlation between in vivo imaging data and 
immunohistochemistry was evaluated for the expression of TSPO.[Result]Gadolinium-enhanced 
MRI showed enhancing lesions in the transplanted site of the GBM group compared with the 
PBS group. In vivo dynamic TSPO-ligand PET imaging revealed an increase in tracer uptake in 
the transplanted site compared with the PBS group. These results were consistent with enhancing 
area of MRI. Autoradiography confirmed the high affinity and specific 18F-FEDAC bindings in 
the transplanted site of the GBM group compared with the bindings of the PBS group. 
Immunohistochemistry showed a high level of TSPO expression in the transplanted site of the 
GBM group. These cells were human nuclear antigen antibody-positive .[Conclusion]18F-
FEFDAC PET imaging can elucidate the area of increased TSPO expression that can be 
visualized and quantified in vivo after transplantation. These results suggest that TSPO-ligand 
PET could be a promising in vivo imaging modality to visualize spinal cord glioma as well as 
brain glioma. In the future, we will evaluate the FEDAC-PET against spinal cord glioma in 
clinical settings. 
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Abstract: One of the main goals of modern neuroscience is to understand how communication 
between different brain regions facilitates complex sensory processing and behavior. While 
much is now known about the gross anatomical connectivity between different brain areas, there 
is still a lack of information regarding how individual neurons within a brain region differ in 
their projection targets. Here, we combined a custom tissue clearing technique with serial two-
photon tomography to image labeled neurons throughout the entire mouse brain with sub-micron 
precision. This allowed us to fully reconstruct the neuronal morphology of hundreds of 



individual neurons in several key output areas of the brain: motor cortex, thalamus, 
hypothalamus and subiculum. We found that neurons within a brain area, which would 
classically be described as belonging to the same projection class, showed significant variation in 
their projection targets and axonal branch patterning. Reconstructed neurons will be made 
available in an online database that includes extensive search features and 3d visualization 
capabilities. By sharing these resources and techniques with the wider neuroscience community 
we hope to facilitate new insights into the fundamental properties of neuronal connectivity in the 
mammalian brain. 
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Title: Reversible clearing of rat brains for interrogation of histopathology using visikol histo 
approach 
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Abstract: Since the introduction of the CLARITY tissue clearing technique in 2013, interest in 
tissue clearing techniques and three-dimensional tissue imaging has increased dramatically. 
While current tissue clearing techniques (CLARITY, iDISCO, Scale, CUBIC) result in highly 
transparent samples for 3D imaging, these processes irreversibly alter underlying tissue 
chemistry (e.g. hyperhydration and denaturation of proteins, extraction of lipids and/or cross-
linking to polyacrylamide) and result in tissues that cannot be subsequently analyzed by 
traditional section-based histological processes. As such, these techniques, while showing great 
promise in an academic setting, cannot be directly validated against the gold-standard 
histological approaches, and as such have limited scope beyond basic research. Furthermore, 
while these techniques have been successfully applied to mouse tissues of all types, difficulty has 
been reported with rat tissues due to their size and extent of myelination. Many experimental 



models of epilepsy, stroke and traumatic brain injury are performed in rats, and as such there 
exists a need for a histology-preserving tissue-clearing technique suitable for use in rat brains. To 
this end, the Visikol HISTO clearing technique was employed in conjunction with 
immunolabeling to obtain three-dimensional image stacks for large sections (>1 mm) and 
hemispheres of rat tissue highlighting vasculature, neurons, and astrocytes. The distribution of 
distance to nearest vessel was calculated for neurons and astrocytes. After clearing and imaging, 
tissues were subsequently un-cleared and sectioned for H&E and Nissl stain, to afford traditional 
histopathological correlation to 3D datasets. 
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Title: Towards unified mouse brain atlas anatomical segmentation: Paxinos label on Allen 
common coordinate framework 
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Abstract: Anatomical brain atlas is essential to study anatomical and functional organization of 
the brain. For mice, most widely used atlases include Paxinos and Franklin’s The Mouse Brain in 
Sterotaxic Coordinates (Paxinos), and Allen Institute for Brain Science’s the Allen Mouse Brain 
Atlas (Allen). By utilizing Nissl staining for a single mouse brain, Paxinos and Franklin created 
120 micrometer spaced 2D atlas with unique abbreviations and boundaries. In addition, the Allen 



Institute recently created 10 micrometer spaced 3D digital atlas with another set of labels and 
boundaries. With two different atlases used, labeled regions and their boundaries are inconsistent 
with one another. Moreover, nomenclatures of brain regions differ significantly between the two 
atlases. This caused confusion and misinterpretation of brain regions in many studies. As an 
initial step to reconcile the two different atlases, Paxinos labels were manually imported into 
latest Allen common coordinate framework within matching coronal z planes. Thus, we created a 
digital adult mouse brain atlas with 2 independent labels merged into a single atlas framework. 
We compared the anatomical borders and names of brain regions, and identified significant 
discrepancy between the two atlases on the same 2D plane. We envision that the converged atlas 
will provide an important bioinformatical platform for future neuroanatomical studies. 
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Abstract: Brain has many anatomically identified regions with specific functions. For the 
comparative studies of brains from different animals, brain draft map plays an important role. 
However, in previous studies, specific brain regions are generally identified by the 
cytoarchitectures visualized by several staining methods, and their borders have been arbitrarily 
determined. In this study, we propose a new method for identifying specific brain regions and 
generating the draft of brain map rationally and automatically by using the triple florescent 
imaging and Voronoi tessellation. This new method enables us to divide a brain preparation into 
sub-regions (Voronoi polygons) by vertical bisectors among cell nuclei. The advantage of 
Voronoi tessellation is that it divides the brain preparation into Voronoi polygons uniquely. 
Furthermore, their area and distribution of Voronoi polygons should reflect anatomical 
information for the density of cells. 
We applied this method to the brain of zebra finch (Taeniopygia guttata). The whole brain was 
coronally sliced as more than 200 sections. Cell nuclei, myelin and cell bodies of neurons were 
fluorescent stained by DAPI, fluoro-myelin and fluoro-nissl (NeuroTrace), respectively, by the 
method used for visualization of brain regions in previous studies (Karten et al., 2014). The 
coordinates of cell nuclei were determined from DAPI images, and Voronoi tessellation was 



applied to them in each brain section. Each section was divided into about tens of thousands of 
Voronoi polygons. The fluorescent intensities of myelin and nissl were assigned to each Voronoi 
polygon to integrate multiple information of brain cytoarchitecture. Furthermore, we visualized 
relationship between the mean fluorescent intensities of myelin and nissl in each Voronoi 
polygon by the scatter plot. Each Voronoi polygon was grouped into three clusters: nissl-rich, 
myelin-rich and the others. This method could identify both nissl-rich and myelin-rich brain 
regions rationally and automatically. We succeeded in identifying brain regions of the zebra 
finch by multiple brain tissues and Voronoi tessellation. 

Disclosures:  S. Inoue: None. K. Hotta: None. K. Oka: None. 

Poster 

342. Connectomics: Anatomical Techniques 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 342.25/VV38 

Topic: I.03. Anatomical Methods 

Support: NIH U01 

 IARPA Microns 

Title: Multi-scale volumetric imaging of whole mouse brains using correlated x-ray 
microtromography, magnetic ressonance imaging and electron microscopy 
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Abstract: The mammalian brain has the most complex cellular architecture of any known 
biological tissue. Neurons can span great distances (several centimeters in the human brain) but 
connect with each other at the nanoscale. Fully characterizing this architecture and the web of 
directional connections would allow for an hierarchial understanding of the nervous system and 
its potential pathologies. However, no existing imaging approach can span the six orders of 
length-scale magnitude required to bridge those levels of understanding. At low resolution scales 
(e.g. mm voxels), magnetic resonance imaging (MRI) techniques allow for in vivo or ex vivo 
mapping of neuronal tracts through a combination of diffusion-weighted imaging techniques and 
post-imaging computational tractography. While powerful, they cannot achieve the nanometer-
scale resolution required to identify neuronal connections. Moreover, they have never been 
thoroughly validated against ground truth high-resolution data. At the highest resolution scale 



(e.g. nm voxels), recent efforts at automated electron microcopy (EM) provide synapse-level 
resolution (3 nm) but are currently limited to brain volumes of the size of a grain of sand and 
face serious computational challenges scaling to even 2 pixels of MRI data at 1 mm resolution 
(i.e. almost 2 petabytes of EM data). This unresolved mismatch between these imaging 
modalities (and others) partitions our understanding of the brain into ‘silos’ divided by resolution 
scales with little to no cross validation. The strengths of each modality are not leveraged for a 
more comprehensive understanding of the brain. This problem is only exacerbated since brains 
potentially operate at multiple scales in parallel (from communication via individual connections 
between neurons to communication between brain regions). Multi-resolution multi-modal brain 
maps are critically necessary for a more complete understanding of the brain. We propose to use 
synchrotron-based micro-CT (uCT) to fill this gap, bridging the resolution divide between MRI 
and EM by providing intermediate resolution (e.g. micron voxels) over entire brains and with 
sample preparation conditions compatible with MRI and automated EM on the same brains. We 
propose to use uCT as a ‘Rosetta Stone’ enabling mapping of complete neuronal paths, allowing, 
for the first time, validation of dtMRI, and identifying areas of interest in both coarser resolution 
modalities for subsequent nanometer reconstructions with automated serial EM. 
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Abstract: In recent years, pigs have become popular as large animal models in translational 
neuroscience as the feasible substitute for non-human primates. However, the anatomy of the pig 
brain is not well described. Minipigs are often used in such research and to our knowledge, there 
are no published cytoarchitectonic atlases describing the Göttingen minipig brain. We present 
accordingly an Internet based atlas describing cytoarchitecture of the Göttingen minipig 
telencephalon. The Atlas was built using 24 consecutive Nissl stained sections with depictions of 
the cortical and deep brain structures. Sections used in the atlas were derived from female 
Göttingen minipigs aged 10-14 months as approved by the Danish Animal Experiments 
Inspectorate and following the ‘‘Principles of laboratory animal care’’ (NIH). The animals were 
4% PFA perfused and the brains were removed. To obtain sections presented in the atlas, one 
brain was paraffin embedded in toto, sectioned into serial 15 µm thick coronal sections and 
stained with Nissl or myelin (autometallographic) staining. Additional brains (n=17) were frozen 
and sectioned on cryostat into 40 µm (coronal) or 100 µm (horizontal or sagittal) thick sections 
followed by Nissl, myelin or DARPP32 staining. Sections from both frozen and paraffin 
embedded brains were used for preparation of the atlas descriptions. The atlas web page is 
accessible on http://www.cense.dk/minipig_atlas/. It was constructed using HTML and CSS, 
ensuring easy transferring to the server as well as off-line work. To enable a magnified view of 
the sections, the JQuery library and a freeware Image Zoom plugin was used. The atlas was built 
using two pictures of every section, full sized one (6836 x 8223 pixels) for magnified view, and a 
small one (650 x 782 pixels) for presenting on web page. We tried to keep navigation through 
atlas simple. The section can be selected either using the thumbnails, or on the drawing 
presenting sagittal cross-section of the brain with embedded sectioning planes. For every atlas 
section, its own list of abbreviations can be shown. Additional full lists of all abbreviations, 
sorted in alphabetical order or grouped according to the brain anatomy, include the links to the 
first atlas page where the structure appears. The unique feature of our atlas is the presentation of 
the approximate borders between various cortical areas, which may serve as a great help in 
planning animal experiments. The structure of the atlas web page is open and allows subsequent 
addition of detailed information about various brains structures. Likewise, the analysis of the 
brain connections using DTI and addition of the MRI pictures to the atlas are in progress. 
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Title: Methods and applications for magnetic resonance imaging in hamsters: Characterization 
of sex differences through DTI and T2-weighted imaging 
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Abstract: The Syrian hamster is a research model most widely used in studies focusing on sleep, 
aggression, and hormone regulation. Most recently, the Syrian hamster has been developed as a 
model of Ebola and Marburg hemorrhagic fever due to its superiority over other rodent models 
regarding its many similarities to human clinical signs and pathology. Despite its usefulness, the 
Syrian hamster remains an underutilized model that possesses a highly translatable 
neuroanatomy and behavioral repertoire that parallels (and in some cases supersedes) that of 
mice and rats. Magnetic resonance imaging (MRI) techniques are a virtual toolbox of analytic 
modalities that allow for the imaging of changes in the brain and identification of novel 
biomarkers associated with genetic variation, disease states, and the dynamic effects of 
pharmacotherapeutics. With these methods, it is possible to repeatedly and reliably scan an 
individual animal throughout its lifetime to follow changes in neurobiology and physiology 
brought on by any number of genetic and/or environmental insults. Using images from high-
resolution T2-weighted scans we developed 3D segmented and annotated MRI atlases for both 
male and female hamsters with over 140 brain regions in each. When data from different 
imaging protocols e.g. BOLD, functional connectivity, manganese enhanced MRI, from multiple 
animals are registered to the atlas it is possible to reconstruct distributed and integrated neural 
circuits that constitute virtual “fingerprints” of brain activity. In this example, we applied 
diffusion weighted imaging (DWI) and quantitative morphometry to identify differences in grey 
matter microarchitecture and region specific differences in brain volumes between sexes. The 
tools and data we have generated are of great value to pre-clinical researchers that currently use, 
or are interested in working with the Syrian hamster model. Moreover, to our knowledge, this is 
the first imaging study using the Syrian hamster thus highlighting an important addition to the 
wider pre-clinical animal imaging field. 
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Abstract: Organ-on-a-chip systems are designed to recapitulate the microenvironment of human 
tissue and organ systems, and hold promise in evaluating new drugs, characterizing toxicants, 
and to aid in elucidation of disease mechanisms. Multi-electrode arrays (MEAs) provide a means 
of non-invasively interrogating neuronal health and function, and are traditionally used to assess 
cultured networks of purified primary neurons. While these primary cultures can provide key 
insights into neuronal response and function, they fail to recapitulate the cellular complexity in 
vivo as they lack supporting glia including astrocytes, microglia, and oligodendrocytes. In this 
study, we have developed a complex in vitro system which incorporates these other cell types 
using primary rat cortical neurons and glial cells on a MEA device. Flow cytometry was used to 
identify cell-type specific populations. Immunocytochemistry was used to identify each cell type, 
evaluate cell morphology, and assess the phenotypic state of supporting microglia, 
oligodendrocytes, and astrocytes. Electrophysiology measurements were compared between 
complex and simple neuronal cultures over several weeks in vitro. Significant differences in 
electrophysiology responses were observed as neuronal complexity increased, including an 
earlier firing response and increased burst rate. These results suggest that complex neuronal/glial 
cultures may provide additional insight and relevance when evaluating the effects of new drugs 
and toxicants on primary neurons. This work was performed under the auspices of the U.S. 
Department of Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-
07NA27344 through LDRD award 17-SI-002. 
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Title: Ex vivo electrical imaging of retinal and hippocampal layers using CMOS-based high-
density microelectrode arrays 
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Abstract: Electrical imaging refers to the mapping of electrical activity in neural networks at 
high spatial (~ 10 µm) and temporal (~ 20 kHz) resolution. The technique has been used to 
evaluate (i) signal propagation in dissociated cultured networks, (ii) the functional diversity in 
the ganglion cell layer of mammalian retinas and (iii) the interplay of field potentials and single 
unit activity in brain slices. Two conceptually different microelectrode techniques are currently 
in use, one employing metal-based electrodes, the second technique using capacitive electrodes 
insulated by a thin dielectric. 
Here, we first compare the recording performance of the two techniques by analyzing the signal-
to-noise (SNR) ratio from identified ganglion cells in the mouse retina under equivalent 
experimental conditions. For the two techniques signal amplitude and recording noise differ by 
about an order of magnitude; however the SNR ratio are undistinguishable. Secondly, we apply 
CMOS-based MEAs with capacitive electrodes to electrically image signal propagation in brain 
slices (hippocampus and retina) over a wide temporal range. Spectral analysis of the 
hippocampal recordings reveals spatially segregated signal power in frequency bands ranging 
from the alpha regime up to sharp-wave ripples (200 - 500 Hz). Electrical imaging in retinal 
slices reveals signal propagation across layers from outer nuclear layer to ganglion cells but also 
horizontal signal spreading within layers. 
The presented experiments demonstrate the power of electrical imaging using high-density 
microelectrode arrays for the investigation of signal propagation across different neural layers 
and reconcile the two approaches of electrical imaging using metal-based or capacitive 
electrodes. 
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Abstract: Pathophysiological investigation of CNS-related disease, such as epilepsy or 
neurodegenerative disorders, largely relies on histological studies on human post mortem tissue, 
tissue obtained by biopsy or resective surgery and on studies using disease models including 
animal models, heterologous expression systems or cell culture based approaches. However, in 
general it remains elusive to what extent results obtained in model systems can be directly 
translated to the human brain, calling for strategies allowing validation or even primary 
investigation in live human CNS tissue. In the work reported here, we prepared human 
organotypic slice cultures from access tissue of resective epilepsy surgery. Employing different 
culture conditions, we systematically compared artificial culturing media versus human 
cerbrospinal fluid (hCSF), obtained from patients with normal pressure hydrocephalus (NPH). 
Presented data demonstrates sustained cortical neuronal survival including not only maintenance 
of typical cellular electrophysiological properties and activity, such as robust action potential 
generation and synaptic connectivity, but also preservation of tonic and phasic network activity 
up to several weeks in vitro. As clearly delineated by immunocytochemistry, single cell patch 
clamp- and extracellular recordings, we find that in contrast to artificial culturing media, hCSF 
significantly enhances neuron viability and maintenance of network activity. 

Disclosures:  H. Koch: None. N. Schwarz: None. U. Hedrich: None. F. Bedogni: None. H. 
Schwarz: None. N. Dammeier: None. E. Aufenberg: None. H. Lerche: None. H. Pa: 
None. J.B. Honegger: None. T.V. Wuttke: None. 

Poster 

343. Electrophysiological Techniques 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 343.04/VV44 

Topic: I.04. Physiological Methods 

Support: Military Operational Medicine, JPC-5 

Title: Feasibility of brain slice electrophysiology in the swine 

Authors: *J. G. ROHAN1, S. M. MCINTURF1, M. K. MIKLASEVICH1,2, N. M. GARGAS1,2, 
P. M. SHERMAN3, K. L. ARMSTRONG4, K. L. MUMY5 
1Naval Med. Res. Unit Dayton, Wpafb, OH; 2Henry Jackson Fndn. for Military Res., Bethesda, 
MD; 359 MDW - USAFSAM/FH, San Antonio, TX; 4AFMC 711 HPW/RHDV, Wpafb, OH; 
5Naval Med. Researh Unit Dayton, Wpafb, OH 



Abstract: The swine model is becoming a popular alternative to nonhuman primates in 
translational neuroscience research mainly because of the reduced cost and ethical liability, 
especially when performing large cohort studies. Unlike brains from small animals such as 
rodents, swine brains are gyrencephalic and are believed to better represent the human brain. 
There has been a recent surge in neuroscience-related studies in swine that utilized non-invasive 
imaging technologies such as positron emission tomography (PET) and magnetic resonance 
imaging (MRI), as well as behavioral testing to characterize neurological impairments. However, 
to our knowledge, there has been no documentation reporting electrophysiology recordings on 
viable brain slices from swine. Electrophysiological (EP) recordings provide critical information 
pertaining to the integrity of synapses throughout the brain. Its use in neuroscience research is 
vital not only in understanding the mechanisms of various neurological disorders but also in 
developing therapeutics that target various ion channels, receptors, enzymes and other synaptic 
proteins. A major difficulty in performing electrophysiology work in swine is obtaining rapid 
access to the brain while maintaining neuronal viability. Unlike rodents, swine possess a very 
thick skull that is extremely difficult to penetrate. Here, we describe how to quickly harvest the 
brain from the swine while maintaining neuronal viability and how to prepare functional 
hippocampal slices. Two different strains of female minipigs at different ages were used. The 
first is the Yucatan strain, ages 9-11 months weighing 41-57 kg. The second is the Sinclair strain, 
ages 3-4 months, weighing approximately 15 kg. We were able to obtain signals from a majority 
of intact slices, and recordings can be made for hours following brain harvest. From these slices, 
we were able to collect spontaneous spiking data, input/output relationship plots, and short term 
plasticity assessments using paired pulse stimulation protocol. 
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Abstract: Microelectrode arrays (MEAs) monitor and manipulate cultured cell activity in vitro, 
providing insight into neuronal network interactions to inform “disease-in-a-dish” models, stem 
cell characterization, toxicology screening, and drug safety and development. Recently-
developed multiwell MEA systems, such as the Maestro, enable high-throughput assessment of 
functional endpoints at greatly reduced time and cost. While network activity may be monitored 
under spontaneous conditions, stimulation of neural activity allows evaluation of evoked activity 
measures, reduces variability across wells, reduces assay duration by increasing activity levels, 
and enables creation of application specific protocols to assess features of network connectivity. 
Optogenetics integrates fast, light-activated channels (opsins) that allow targeted, precise 
manipulation of cellular activity, and provides advantages such as targeting of specific cell types, 
the ability to suppress activity, minimal stimulus artifact, and uniform stimulus delivery across a 
culture. Here, we demonstrate the application of Lumos, a commercial multiwell optical 
stimulation system, to characterize the use of opsins for in vitro neurophysiology assays. ChR2, 
Chronos, Chrimson, and Jaws were evaluated at multiple light intensities across four 
wavelengths (470nm, 530nm, 612nm, 655nm) to assess spectral separation in the neural 
response. As expected, ChR2 exhibited a greater evoked response for 470nm light than other 
wavelengths, whereas Chronos was slightly green-shifted, with consistent evoked response for 
470nm and 530nm wavelengths. Chrimson had the broadest activity across wavelengths, but the 
peak response occurred for the 612nm wavelength. Additionally, stimulation frequency was 
varied to quantify the effect of opsin kinetics on neural response, with Chronos exhibiting the 
highest precision. Finally, measures of evoked neural response were used to quantify changes in 
activity induced by pharmacological manipulation with carbamazepine and picrotoxin, which 
produced significant decrease and increase, respectively, in the evoked response. These findings 
demonstrate the potential of optically-integrated multiwell MEA systems to improve assessment 
of neuropharmacological effects. 
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Abstract: Multi-Electrode Array (MEA) devices present a noninvasive experimental approach 
for long-term interrogation of neuronal networks. Often, a monolayer of purified primary 
neurons is used to form these spontaneously active networks in vitro, in the absence of neuroglia. 
In this regard, it is not fully understood how supporting glial cells influence the neuronal network 
and bioelectrical activity in a more complex culture system. We have recently developed a 
complex culture system using primary rat neurons and glial cells (i.e. astrocytes, oligodendrocyte 
precursor cells, and microglia) on a poly-d-lysine (PDL)-coated MEA device. Preliminary work 
has shown an earlier firing response (e.g. firing rate, burst events) with complex cultures versus 
neuronal cultures alone. However, this system lacks tissue-like features. Hydrogels have been 
used to mimic, to some extent, the extracellular matrix found in the brain. In this study, we used 
electrophysiology and imaging techniques to investigate the effects of natural and synthetic 
hydrogels on primary rat mixed neuron and glial cells for long term cultures in vitro. We 
compared electrical activity of the neuronal-glial networks grown on the 2D scaffold interfaced 
to a PDL-coated MEA device to the PDL-MEA device alone. Immunocytochemistry was used to 
identify the cell-type specific populations, examine cell morphology, and characterize the 
phenotypic state of astrocytes and microglia. Preliminary results show that the 2D construct 
represents a reproducible and reliable method to study the complex neuronal-glial network, and 
can be further enhanced to recreate a 3D tissue model relevant to the brain. 
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Title: Multi-region recordings from the hippocampus of free-moving rats with a Parylene-based 
multi-electrode array 
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Abstract: The hippocampus is crucial for the formation of long-term declarative memories. 
Unitary activities recorded from the hippocampus of free-moving animals can provide valuable 
insights into understanding how short-term memories are transformed into output signals for 
long-term storage by hippocampal sub-regions. In order to target different regions of the 
hippocampus simultaneously a multi-electrode array with a complex layout and high spatial 
resolution is necessary. In this work, we developed a 64-channel, flexible, penetrating electrode 
array which uses Parylene-C, a polymer with the highest USP biocompatibility rating, as its 
structural material. The layout of the electrode array was designed to conform to the cell body 
layer of the rat hippocampus. Temporarily reducing the effective length of the Parylene probe 
with a dissolvable polyethylene glycol (PEG) brace increases the probe buckling threshold and 
enables the successful implantation of the probe into the desired hippocampal region. 
Immunohistochemistry (IHC) staining performed one month post-implantation verified the depth 
of insertion (>4 mm). No severe immune response was observed around the Parylene probe. 
Neural activities were monitored both during the implantation and after the animal recovered. 
Unitary activities with amplitudes greater than 200 µV were recorded from both the CA1 and 
CA3 region of the rat hippocampus during the implantation. After the animal fully recovered, 
spike activities from the CA1 and CA3 region were recorded while the animal ran freely in an 
open field. Complex spikes with maximum signal to noise ratios (SNR) of up to 12 were 
recorded with the Parylene probe. Units with an average SNR of 3 to 4 were successfully 
recorded with the Parylene probe over the period of one month after implantation. 
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Abstract: Over the last decade, significant advancements in CMOS electrode array devices 
permitted neuroscientists to start monitoring with cellular and sub-millisecond resolutions the 
electrical activity of large neuronal networks and brain circuits in-vitro. These devices 
counterpart recent developments in optogenetics and biotechnology (such as iPS cells, cellular 
reprogramming, organoids), thus enabling to face fundamental questions in neuroscience and 
brain diseases with innovative experimental designs exploiting large-scale neuronal activity 
recordings. An ongoing challenge consists in advancing this CMOS-MEA technology to realize 
implantable devices capable of large-scale neuronal activity recordings in-vivo. With this aim, 
we are developing a novel generation of micro-structured microelectronic neural probes 
integrating hundreds of densely integrated microelectrodes on single-shafts. Here we will present 
the design of the current platform and acute recordings obtained from anesthetized and behaving 
mice. Current probes were designed in a standard CMOS technology based on the active pixel 
sensor concept. They provide low-power circuits for 512 active sensing electrodes, including in-
pixel circuits for amplification underneath each electrode site and on-chip circuits for reading out 
the whole-array at 20 kHz/electrode using time division multiplexing. The whole sensing area 
occupies an area of 96 µm × 6 mm (W x L) and it provides an electrode density >1000 
electrodes/mm2 (electrode size of 15 µm × 15 µm, centre-to-centre pitch of 29 µm). For 
implantation, silicon micromachining techniques were used to shape the CMOS devices and to 
reduce their thickness from 500 µm down to 40-50 µm. To manage potential issues that might 
arise from power dissipation and heating we also implemented a dynamic power scheduling 
solution and we achieved a power consumption of < 3 mW, well below the limit of 40 mW 
reported in the literature. Electrodes were post-processed by electrodepositing platinum, gold or 
PEDOT and the resulting impedances (< 1 MΩ at 1.1 kHz) and noise performances were 
assessed with electrical testing. To operate these devices we realized a complete hardware and 
software platform. Preliminary in-vivo results confirmed that these devices are able to resolve 
biological signals in a frequency band including both LFPs and spikes (amplitudes ranging from 
100uV up to 400uV) and that these CMOS-probes provide adequate mechanical properties for 
multiple implantations and recordings. 
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Abstract: A better understanding of the nervous system requires accurate electrophysiological 
recordings necessary for diagnostic purposes and for brain-machine interfaces. State-of-the-art 
recordings are currently performed with microfabricated arrays of metal electrodes (silicon 
probes, Utah arrays and tetrodes), which capture the local field potentials (LFPs). Such probes 
are also being used in the clinic to improve diagnosis and treatments. A key parameter for such 
electrodes is the impedance, which should be as low as possible in order to achieve high signal to 
noise ratio. Organic electronic devices constitute a promising class of devices because of their 
mixed ionic/electronic conductivity, mechanical flexibility and biocompatibility, making them 
ideal to interface with brain tissues. The use of conducting polymer-coated metallic electrodes 
have shown to decrease the impedance of metallic electrodes by one order of magnitude, leading 
to a higher resolution signal. To further improve the resolution of the signal, one can use organic 
electrochemical transistors (OECTs). In the same way than a transistor, OECTs are devices with 
an inherent amplification property, leading to higher intensity signal. It has been shown than 
using an ECOG made of OECTs lead to higher signal to noise ratio compared to an ECOG made 
of conducting polymer coated metallic electrodes. The quality of the signal achieved was of the 
same magnitude than the one obtained using state-of-the-art depth silicon probes. However, to 
further improve the accuracy of the recordings, one needs to go deeper into the brain. We 
developed a depth probe made of OECTs to achieve high signal to noise ratio recordings of the 
brain activity. We fabricated OECTs on a flexible parylene substrate, which was later on 
attached on a laser-cut glass capillary (25 um x 115 um). Passive conductive polymer electrodes 
were also fabricated and located near the OECTs to compare the performance of both kinds of 
electrodes. The sharp tip obtained thanks to the laser cutting insured smooth implantation in the 
brain. The electrophysiological signals were first recorded from the hippocampus of anesthetized 
rats. We also investigated the stability of the signal over time in chronic experiments. The quality 



of the signals obtained, both for LFPs and single-unit recordings, with the OECTs, makes them 
promising candidates for accurate electrophysiological recordings. 
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Abstract: Neuroscience research and clinical brain-machine interfaces require safe and efficient 
neural sensing and stimulation. To-date, most of the neural stimulation systems have relied on 
sharp metal microelectrodes with poor electrochemical properties that induce extensive damage 
to the tissue and significantly degrade the long-term stability of implantable systems. Therefore, 
efficient and durable electrophysiological sensing and stimulation without penetrating brain 
tissue is of great research interest. Here, we demonstrate a flexible cortical microelectrode array 
based on porous graphene. Microelectrodes based on porous graphene show low impedance and 
high charge injection capacity, which is critical for high efficiency cortical sensing and 
stimulation. We demonstrate that porous graphene microelectrodes exhibit no physical 
delamination or degradation after 1 million biphasic stimulation cycles, confirming long-term 
endurance. Moreover, porous graphene is easy to fabricate with direct laser pyrolysis, providing 
great potential for large area fabrication and commercialization. In in vivo experiments with 
rodents, same porous graphene array is used to sense brain activity patterns with high spatio-
temporal resolution and to control leg muscles with high precision electrical stimulation from the 
cortical surface. Flexible porous graphene array offers a minimally invasive but high efficiency 
neuromodulation scheme with potential applications in cortical mapping, brain-computer 
interfaces, treatment of neurological disorders, where high resolution and simultaneous recording 
and stimulation of neural activity are crucial. 

Disclosures:  D. Kuzum: None. Y. Lu: None. A.G. Richardson: None. T.H. Lucas: None. 



Poster 

343. Electrophysiological Techniques 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 343.11/VV51 

Topic: I.04. Physiological Methods 

Support: 1U01NS094375-01 

Title: Fabrication and validation of a low pitch and high channel count carbon fiber electrode 
array using a minimal and stackable silicon support structure 

Authors: *P. R. PATEL1, D. EGERT2, E. J. WELLE1, J. D. BERKE2, C. A. CHESTEK1 
1Biomed. Engin., Univ. of Michigan, Ann Arbor, MI; 2Neurol., UCSF, San Francisco, CA 

Abstract: Our group has shown that arrays of ~8µm carbon fiber electrodes can record 
chronically from rodent motor cortex for at least 5 months and cause minimal damage (Patel 
2016), essential properties for future implanted microelectrodes in humans. Those arrays were 
built by manually securing bare fibers to exposed gold traces on a printed circuit board (PCB) 
using silver epoxy, then encasing the fibers in poly(ethylene-glycol) to facilitate insertion. 
However this approach has limited capacity for further enhancements in electrode density, 
length, and channel count above 16. To improve on the existing arrays, we have developed a 
silicon support structure that allows for more accurate assembly, range of target depths, and ease 
of insertion. 
Fabrication of silicon supports starts with a bare 4” silicon wafer. The wafer undergoes a deep 
reactive-ion etching (DRIE), creating two trenches. The first is a narrow trench (10 x 11um (h x 
w)), designed to hold the carbon fiber, with length depending on the target brain region. 
Connected to the backend of this trench is a larger trench (11 x 100 x 290µm (h x w x l)) for the 
silver epoxy. Next, the wafer undergoes a deep boron diffusion step followed by insulating layers 
of silicon oxide (1585Å) - nitride (487Å) - oxide (1506Å). Then, a stack of chrome/gold 
(300/3000Å) is deposited and patterned, creating a connection from the larger trench, with the 
silver epoxy - carbon fiber bond, to a bond pad at the device periphery. A final DRIE defines the 
shape of the device including shank length (1.5-9mm) and width, which starts at 25µm at the 
base of the device and tapers to 15µm for the last 300µm of the shank. The devices are released 
from the wafer using a wet etch. 
We have successfully fabricated a 4-layer cortical version of this device with 16 1.5mm long 
shanks (pitch=80µm) per layer. Each shank was populated with a carbon fiber that extended past 
the device by 500um and stayed well aligned. Two preliminary non-functional 64-channel 
devices were inserted 1.5mm into rodent motor cortex. To our knowledge this is the highest 
density array able to self-insert without a shuttle. To perform a preliminary functionality test, a 
single fiber was insulated with parylene-c, the tip re-exposed with a laser, and then wire bonded 



to the PCB. This device was implanted in motor cortex and able to detect activity from two units 
with amplitudes of 162µV & 77µV. While placement of the silver epoxy and carbon fibers is 
still done manually and will require further refinement, the support structure vastly improves the 
scalability, accurate placement, and ease of insertion of our carbon fiber electrodes. 

Disclosures:  P.R. Patel: None. D. Egert: None. E.J. Welle: None. J.D. Berke: None. C.A. 
Chestek: None. 

Poster 

343. Electrophysiological Techniques 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 343.12/VV52 

Topic: I.04. Physiological Methods 

Support: Welch Foundation Grant C-1668 

Title: A bilayer insulation scheme for carbon nanotube fiber neural microelectrodes 

Authors: *S. PAMULAPATI1, F. VITALE3, R. G. BRYANT4, C. KEMERE2, M. PASQUALI1 
1Dept. of Chem. & Biomolecular Engin., 2Dept. of Electrical & Computer Engin., Rice Univ., 
Houston, TX; 3Ctr. for Neuroengineering and Therapeut., Univ. of Pennsylvania, Philadelphia, 
PA; 4Advanced Materials and Processing Br., NASA Langley Res. Ctr., Hampton, VA 

Abstract: Neural electrode implants hold great potential for the diagnosis and treatment of 
neurological disorders such as Parkinson’s disease and epilepsy. Recently, high performance 
carbon nanotube fibers (CNTfs) were employed as multifunctional neural electrodes [1,2]. 
However, the longevity and consistent performance of these CNTf electrodes heavily relies on 
the properties of insulation material used in the design. An ideal insulation is one that is 
conformal, stable, and biocompatible with good dielectric and impermeable barrier properties. 
Commonly used insulation materials like parylene, silicon nitride, and silicon carbide either tend 
to show a dramatic degradation and water penetration under in vivo and in vitro aging conditions 
or require high deposition temperatures [3, 4]. Here, we present a hermetic insulation scheme for 
CNTf microelectrodes using a bilayer encapsulation of polyimide (PI) over aluminum oxide 
(Al2O3), which is highly conformal and biocompatible with superior dielectric, chemical and 
moisture resistance properties. The inner Al2O3 layer serves a powerful moisture barrier, while 
the flexible outer layer of new solution-based PI acts as an excellent external water and ion 
barrier in addition to providing overall structural stability [5,6]. Individual single filament CNTfs 
were insulated with Al2O3 using atomic layer deposition (ALD) and then PI by dip coating 
technique at low deposition temperatures. The electrochemical properties and integrity of the 
bilayer insulation and individual layers were assessed using electron microscopy, leakage current 
and impedance measurements. Further, we evaluated the long-term stability of bilayer coated 



CNTf electrodes using longitudinal impedance analysis under in vitro electrode aging tests 
against commercial platinum-iridum (PtIr) metal electrodes. The impedance of PtIr electrodes at 
1 kHz decreased by 45% and 77% after second and ninth weeks respectively. However, 
impedance of bilayer-CNTf electrodes at 1 kHz increased by 10% after first week and remained 
consistent suggesting a reliable and stable electrode performance. High coating conformality, 
low leakage current and stable long-term insulation impedance prove the bilayer encapsulation as 
a promising insulation scheme for chronic implantable neural electrodes. 
References 
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Abstract: Different functional neuroimaging modalities are currently used for in-vivo studies of 
brain function and dysfunction. While blood-oxygen- level-dependent functional magnetic 
resonance imaging (BOLD-fMRI) currently provides neuroscientists with the highest quality, 
noninvasive whole-brain readout in animal models as well as humans, it can only give 
information about areas of changing blood flow in the brain, and leaves substantial guesswork as 
to the underlying electrical neural activity patterns that constitute the communication mechanism 
of the nervous system. Novel methods to perform direct whole-brain readouts of neural activity 
would address this limitation, and allow for the elucidation of the neural basis of 
neuropathological disorders, as well as have an enormous effect in basic neuroscience. Here, we 



present a novel strategy by which nanofabricated electrical components can be used as fMRI 
contrast agents that are specifically coupled to neural activity. We describe the synthesis of 
voltage sensitive probes that convert electrical neural activity to detectable magnetic field 
perturbations that can be measured using MRI. This strategy will ultimately allow for the non-
invasive detection of neural signals and provide an unprecedented tool for the study of brain 
function and dysfunction in neurodevelopmental disorders, as well as normal cognition and 
behavior. 
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Abstract: Development of a bio-flexible electrode for neural measurement is one of our interest. 
We reported previously usage of a conductive polymer, poly(3,4-ethylenedioxythiophene) based 
compound improved the biocompatibility and the electrical characteristic of the electrode. We 
used this type of electrode for biological activity measurement, such as neural development. 
Here we report the flexible silk electrodes using as for a wearable/ implantable electrode. The 
conductive polymer modified silk allowed us for a higher biocompatibility and longer 
measurement capability. Neural activities and/or muscle activities of mouse and chick were 
measured. Stable signal detection has been achieved. Detected activities were used for 
controlling machinery movement. As the conductive silk electrode is a flexible and stable 
measurement, activity-based interaction could be achieved for a primary evaluation of activity -
dependent interface. 
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Abstract: A goal of modern neural instrumentation is to capture streams of time stamped data 
from enough sites within interconnected circuits so that ongoing logic operations can be 
determined. A key desired feature is the need to expand the traditional computer workstation to 
control capture of analog and digital signals from a very large number of multiple sensor types. 
Our aim has been to establish the framework for a parallel acquisition system on a local network 
that can grow and accommodate use of new high site density recording probes and other devices. 
The new system has three major components. A first is a configuration service based on 
Microsoft .net framework that allows members of a cluster to be recognized by a master control 
CPU and assign functions to each. Separate machines on a network can operate for control, data 
acquisition, or storage and real time analysis. A second feature is an advanced use of precision 
time protocol that allows all acquisition processors to share a common high precision clock. A 
third feature is use of a real time state machine software module installed on all cpus in the 
cluster to pace data collection, time output to stimulation devices, and control behavioral 
protocols. This system is linked to a cascade of parallel field programmable gate arrays (FPGAs) 
with internal ARM processors. These units process bit streams or frames from groups of 24 ADs, 
16 bit ADs, SPI interfaces (from IntanTechnologies VLSI recording interface), or other DIGIO 
devices. Interfaces include ability to capture data flow with signals processing from most 
available imager devices. We are interfacing this system with one or more experimental 
chambers to collect data over many days in behaving rats from multiple imagers for light field, 
mini-microscopes, multiple compressed video streams, light-field, tissue voltages from 
microwire arrays, arrays of carbon fibers, or other probes with modified surfaces as chemical 
sensors for tissue oxygen, dopamine, etc. Real time control and timing is provided for output of 
timing pulses, waveform generation, or HD video displays. This enhanced workstation provides 
a platform for very high throughput behavioral neurophysiology. NIAAA 2 R44 AA02067 
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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. Despite 
tremendous advances, technologies for high-resolution electrical recording and modulation of 
neural activity at the cellular level still rely on rigid metal or silicon components which poorly 
match soft brain tissue and cause extensive acute and chronic injury. 
Flexible electrodes and ultra-small microwires have been shown to significantly reduce neural 
damage during chronic implantation and increase the quality and longevity of neural recordings. 
However, flexible electrodes require stiffening agents to overcome the buckling force upon 
implantation. These agents increase the device footprint and potentially cause additional damage 
to the brain during implantation. 
To overcome this challenge, we have developed a novel technology to precisely actuate and 



implant high-performance soft carbon nanotube fiber (CNTf) microelectrodes without using 
stiffening agents. Instead, our technology uses fluid flow in a microfluidic device to drive 
electrodes into tissue. The device’s hydraulic design with embedded valves enables precise 
control of the CNTf position with minimum fluid output. In vitro experiments in brain phantoms 
show that microfluidic-actuated CNTf electrodes can be implanted up to a 4 mm depth with 30 
µm precision, while keeping the total volume of fluid injected below 0.5 µL. 
To demonstrate the feasibility of this technology as a tool for recording neural signals in vivo, 
we performed acute anesthetized recordings in rats. We used the microfluidic drive to insert 
CNTf electrodes into the left parietal cortex to a depth ranging from 0.5 to 4 mm. After insertion, 
the microdrive can be retracted, leaving the CNTf inserted in the brain. Following device 
retraction and electrical connection, we were able to record spike waveforms from neurons in the 
cortex and deeper brain regions such as hippocampus. These waveforms were stable across 
minutes of recording, with firing patterns that varied with the depth of the probe. Future work 
will focus on chronic stability of electrical recordings in comparison to standard insertion 
strategies of flexible electrodes. 
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Abstract: Transcranial Electrical Stimulation (tES) targets brain networks and shows promise in 
the treatment of multiple neurological disorders and in cognitive enhancement. Application of a 
current during tES produces an edge effect at the electrode-skin interface (ESI). This edge effect 
is a high current density at the edge of the ESI with a low concentration in the center of the 
contact surface. The edge effect arises from a difference between the conductivity of the 
electrode and the skin. Common complications in tES include unpleasant skin sensations and 



redness. Partially or fully mitigating this edge effect may reduce these complications. We 
investigated the edge effect with Finite Element Analysis (FEA) using Solidworks, Simpleware 
ScanIP, and COMSOL. Our model included a Ag-AgCl electrode, electrode gel to serve as an 
electrically conductive medium between the electrode and skin, and an acrylonitrile butadiene 
styrene (ABS) plastic housing to hold the electrode and gel. The conductivity of the electrode 
was set to 654.50 S/m, skin 0.45 S/m, Signagel 4.00 S/m, and ABS Plastic 1.00*10-16 S/m. Our 
baseline housing was circular with a diameter of 20.32 mm, height of 8.64 mm, a right angle at 
the ESI, and a sparse internal structure of three ridges to hold the Ag-AgCl electrode in place. 
The team made modifications to the internal geometry of the ABS electrode housing to alter the 
path of current through the electrode assembly to reduce edge effect during tES. Seventy 
variations of the baseline housing were created. FEA of the baseline housing showed the peak 
current density (PCD) was 7.41 A/m2 at the edge of the ESI. Our designs ranged from greater 
than 30 A/m2 to 5.04 A/m2 as the PCD at the edge of the ESI. We observed that small holes and 
sharp angles at the ESI increased PCD. The creation of an obtuse angle at the base of the 
electrode housing lowered the PCD at the edge of the ESI. Varying the diameter of the gel 
column immediately under the Ag-AgCl electrode also decreased the PCD. The most effective 
design, 5.04 A/m2, at reducing edge effect consisted of a 6.00 mm central hole ending 1.00 mm 
above the ESI. The cavity between the ESI and the bottom of the central hole had a lofted cut 
0.88 mm high and 4.42 mm in length with a 6.00 mm radius fillet at the edge of the ESI. 
Variations in the internal geometry can alter the PCD at the ESI. Our best design improved the 
overall PCD by 32% at the edge of the ESI. However, some designs increased the PCD by over 
400%. Our results indicate exotic electrode shapes should be used with caution. Future human 
testing of the housings will determine if decreased PCD at the ESI reduces tES complications. 
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Abstract: As the size of neural networks in simulations and experiments increases, analysis 
algorithms need to consistently and efficiently identify a range of activity patterns including 
tonic spiking and bursting across large datasets. Visual classification can be time consuming and 
subjective as baseline firing rates change. Algorithmic approaches focus mainly on detecting 
bursts and classify activity using inter-spike interval (ISI) thresholds based on the ISI 
distribution. Depending on the mixture of neural activity, however, ISI distributions of a spike 
train vary. Consequently, visual inspection and burst detection algorithms yield variable results 
across datasets that contain different activity patterns. The Extended Hill-Valley (EHV) method 
builds off of concepts used in the Hill-Valley analysis technique. EHV detects both bursting and 
bouts of tonic spiking using a smoothed, history-dependent analysis signal derived from a spike 
train. Because events are classified based on the height-to-width ratio of peaks and troughs, EHV 
can accurately classify activity across a large dataset consisting of a range of activity patterns 
without recalibration. The performance of EHV was compared to two other methods, including 
the Poisson Surprise method, based on events identified by visual inspection. EHV outperformed 
both algorithms across a range of activity patterns after an initial calibration. EHV can also be 
used to identify hierarchical features, such as phasotonic bursts that occur when a neuron fires a 
burst and then spikes at a lower, constant frequency. EHV objectively identified bursts and bouts 
of tonic spiking across a range of neural activity and can be used to qualitatively classify the 
activity of individual neurons or networks of neurons in large datasets. 
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Abstract: Brain-computer interfaces rely on recordings from a large number of neurons 
consistently for long durations. Carbon fiber electrodes have a diameter of ~8µm and have been 
shown to cause minimal scarring in the brain and record high fidelity signals when coated with 
PEDOT (Patel et al., 2015). However, PEDOT-coated carbon fiber electrodes often only record 
single units for several months after implant (Patel et al., 2016). One possible explanation for 
this decrease in recording ability is PEDOT degradation over time. In a previous study from our 
lab, PEDOT-coated carbon fibers were soak tested in 1x PBS at 60°C for 35 days, and it was 
found that the 1kHz impedance values significantly increased over time by 151% (p < 0.001, 
n=16) indicating PEDOT degradation. 
To better analyze coating integrity, a model of the complex impedance behavior of these 
electrodes was developed using nonlinear least squares fitting. This model was used to determine 
the resistivity of the Warburg-like element of the electrode, where parameter α denotes a how 
resistive or capacitive the element is in the range of 0-1, with the aim of a more resistive 
recording electrode (Otto et al., 2006). This model was applied to PEDOT-coated carbon fibers 
and α values were found to significantly increase over time by 11.1% (p < 0.001, n=16) 
indicating PEDOT degradation and an increase in capacitive behavior. 
Therefore we have begun exploring other more robust surface treatments and coatings, beginning 
with verifying single unit recording ability acutely in vivo. We first attempted to roughen the 
surface of the carbon recording site using oxygen plasma treatment after laser removal of 50-
100µm of parylene. This process reduced impedance, but increased recording surface area. High 
α values of 0.87 (n=26) for oxygen plasma treated probes indicated that the electrodes were 
acting in a capacitive manner, although single units were still detectable. We also tried two 
additional coatings: platinum iridium (Pt-Ir) and electrodeposited iridium oxide (EIROF) 
(Petrossians et al., 2011, Meyer et al., 2001). The impedance of these two coatings at recording 
sites of ~40µm2 were 182 kOhm (n=16) and 2.11MOhm (n=15) respectively. For comparison, 
the impedance of PEDOT was 140kOhm (n=83). The α values of both coatings, 0.640 and 0.635 
respectively, were similar to that of PEDOT at 0.609. 
All electrodes achieved functional recording of single units at depths of 1.2mm, 1.3mm, and 
1.5mm in rat M1 with average amplitudes of 173µVp-p for oxygen plasma (n=15 units, 7 fibers), 
308µVp-p for Pt-Ir (n=5 units, 1 fiber), 193µVp-p for EIROF (n=8 units, 2 fibers), and 243µVp-p 
for PEDOT (n=53 units, 14 fibers). Soak tests are currently on going. 
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Abstract: Optimal sampling of EEG scalp potential fields typically calls for bilateral symmetry 
and uniform spatial density, i.e., fixed spacing within a coverage area. The adequacy of 
particular spatial densities for a given purpose (such as source estimation) needs more study, 
which needs, in turn, a method to generate uniform arrays with arbitrary inter-electrode spacing. 
The International 10-20 electrode system (Jasper, 1958; Klem et al., 1999)--a proportional 
landmark-based nomenclature that accommodates 74 locations--was extended to a 5% system 
that accommodates 345 locations (Oostenveld and Praamstra, 2001). Using combinatorial 
optimization, we sought nearly uniform subsets of the 5% locations for specific numbers of 
locations, but found this approach to be infeasible. An alternative approach based on icosahedral 
geometry was designed expressly for uniform sampling of a sphere (Tucker, 1993); but arbitrary 
spacing is not supported because each refinement of triangles cuts the spacing by one half. 
We devised an algorithm that generates nearly uniform arrays with any specified target spacing 
(see rows of the figure) on a given scalp wireframe (here, MNI average head) for a defined 
coverage area (here, we digitized the boundary of a cap designed to extend coverage on the back 
and sides of the head). From a central seed point (here, 12 mm anterior to FCz), sagittal midline 
points at the target spacing are generated to the boundaries. Parasagittal rows have either 
hexagonal or orthogonal spacing relative to the midline. A parallelogram rule generates a new 
point from three existing points; a triangle rule may generate one more point near the boundary 
from two existing points; and a skip rule keeps spacing within a percentage (here, 80%) of the 
target. The parallelogram rule supports intermediate arrangements between hexagonal and 
orthogonal. 
Electrode arrays of various densities may used for both modeling and experimental studies of 
optimal spatial sampling. Of note, the algorithm can generate custom layouts for developmental 
(e.g., infant) research and for highly-studied individuals. 
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Abstract: Microscale electrode arrays with small cross-sectional dimensions provide potential 
alternatives to avoid adverse tissue reactions over time, thereby improving their ability to reliably 
record single-unit and multi-unit extracellular potentials. These arrays also permit recording of 
neural spikes with high spatial resolution and present the potential of using novel current steering 
patterns for stimulating neural activity using subthreshold current densities. Along these lines, 
previously reported sub-cellular scale carbon fiber multielectrode arrays (MEAs) with cross-
sectional area less than 50 µm2 have provided chronically stable and high fidelity neural 
recordings with reduced immune response overtime. However, carbon fiber assembly are not 
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amenable to large scale manufacturing processes thereby impeding design flexibility, scaling and 
control of the geometric surface area (GSA). To this end, we investigated the development of 
MEAs based on photopatternable thin-film amorphous silicon carbide (a-SiC) with shank cross-
sectional area similar to carbon fiber. We demonstrated functionality of a 16 channel, 150 µm2 Pt 
electrodes by recording decoupled neural signals in zebra finches basal ganglia. Translation and 
feasibility in mammalian animal models is yet to be evaluated. Here, we investigated similar 
electrode arrays with GSA of 50 µm2 in the motor cortex of rat brain for their chronic reliability. 
The MEAs were fabricated using plasma enhanced chemical vapor deposited a-SiC as the sole 
substrate and insulator to conformably encapsulate a thin layer of Au on both sides. Electrode 
sites and bond pads were defined in the top a-SiC layer using SF6 reactive ion etching 
techniques. Additionally, we sputter-deposited iridium oxide films on the electrode sites to 
reduce the electrode impedance and improve the charge storage and charge injection capacities 
of the electrode. The arrays were then evaluated in motor cortex for recording and stimulation 
properties. Our preliminary acute testing showed successful implantation into rat motor cortex 
using PEG 2000 stabilized tips. We also observed a 56% yield for recording single/multi-unit 
activity under anesthetized preparations. We are currently investigating the reproducibility in a 
larger number of animals. Moreover, we also plan to evaluate the chronic performance of such 
electrode arrays for rodent cortical interfacing over a period of 4 months by periodically 
assessing the in-vivo recording stability, electrochemical properties and charge injection limits. 
In summary, this study aims to address the implementation of ultra-microscale a-SiC MEAs for 
chronic rodent cortical interfacing. 

Disclosures:  F. Deku: None. E. Shih: None. A. Kanneganti: None. A. Joshi-Imre: None. J.J. 
Pancrazio: None. S.F. Cogan: None. 

Poster 

343. Electrophysiological Techniques 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 343.22/VV62 

Topic: I.04. Physiological Methods 

Support: UT BRAIN Seed grant 365459 

 DoD Grant W81XWH-16-1-0580 

Title: Chronic tracking of neuronal clusters using ultraflexible electrode arrays 

Authors: *H. ZHU1, X. LI1, Z. ZHAO1, X. WEI1, L. LUAN2,3, C. XIE1 
1Biomed. Engin., 2Dept. of Physics, The Univ. of Texas At Austin, Austin, TX; 3Biomed. Engin., 
The Univ. of Texas at Austin, Austin, TX 



Abstract: The ability to reliably record and track an ensemble of neighboring neurons over 
months and longer are of great importance to basic and clinical neuroscience, as a large number 
of brain functions are realized by coordinated activation of a local neuronal population. Assorted 
Multi-site dense electrode arrays have been designed based on conventional structures, but their 
chronic recording capacity is often compromised by the instability of the tissue-probe interface. 
Ultraflexible, cellular-dimensioned neural electrodes have recently demonstrated seamless 
integration with brain tissue and reliable recording of individual neurons for several months. 
Here we design dense electrode arrays with oversampling capacity on the ultra-thin (1 µm) and 
flexible architect to achieve chronic tracking of neuronal clusters. Recordings were performed on 
head-constrained awake behaving mice who received intracortical implantation in somatosensory 
or motor cortices for over three months. The oversampling electrodes maintained stable 
impedance, single-unit yield, and single-unit amplitude during the experiment period. Klusta, a 
multi-channel spike sorting software was used to detect and isolate unit activities. After 
extracting the mean waveform of every unit, a semiautomatic program that evaluated the mean 
square error in the pair-wise comparison between longitudinal recording sessions was used to 
track the same unit. Multiple units were repeatedly identified and tracked over three months as 
shown in Figure 1. Repeated in vivo two photon imaging was performed to verify the minimal 
relative displacements between electrodes and neurons. These results show that the novel 
electrode design improves from previous studies for the simultaneous recording of closely 
spaced neuronal populations with minimal tissue damage and stable long-term recording 
performance. 
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Abstract: Magnetoencephalography (MEG) is a unique, non-invasive technology that allows for 
studying biomagnetic signals. A major criticism of MEG is centered on the assumption that 
biomagnetic signals recorded from the brain are distorted due to the complexity of the brain’s 
cytoarchitecture. Convolutions in the cortex are thought to distort dipoles, nuclei are assumed to 
be very difficult to localize due to irregular distribution of axons, and signals from deep sources 
with distance from the MEG sensors. Prior work has suggested that we are able to accurately 
induce oscillatory current into a non-human primate brain using optogenetics (“OptoMEG”). We 
stereotaxically injected 5μL AAV10-CaMKIIα-ChR2-eYFP into CA3 of hippocampus and 
separately into the arcuate sulcus in the prefrontal area of a vervet monkey. After 3 weeks of 
recovery, we stimulated optically through a 400μm diameter implanted fiber optic while 
simultaneously performing MEG scans. Analyses revealed that we were able to localize both 
superficial and deep sources of activity in a spatially- and temporally- precise manner using the 
beamforming technique synthetic aperture magnetometry (SAM). Optical pulse stimuli, pulse 
trains, and sinusoidal modulation produce distinct and reproducible oscillatory MEG activity 
consistent with the stimulus type. Our ability to localize both superficial and deep brain regions 
provides evidence that SAM can aid in detecting relevant sources of magnetic flux. To further 
understand the contribution of complex oscillatory activity, we performed dual-site stimulation 
of CA3 and arcuate sulcus simultaneously in an anesthetized preparation while recording MEG. 
Stimulation consisted of fast and slow modulation of sinusoidal optical input as well as ongoing 
sinusoidal stimulation in hippocampus with pulsatile stimulation in cortex. We were able to 
detect temporal and oscillatory components at both stimulation sites using magnetic source 
imaging. OptoMEG permits a novel kind of functional brain mapping that relies on whole brain 
recording of experimenter-determined signals introduced into discrete areas of the brain - these 
may include oscillatory activity within physiological ranges (e.g. beta, gamma, etc) or 
pathological patterns of activity (e.g. interictal spike-like discharges). This method allows the 
stimulation and recording of coordinated brain activity to study the complexity of brain 
networks, with possible extension to pathological oscillations that underlie seizures and epilepsy. 
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Abstract: The ability to observe and manipulate, with single-cell precision, the activities of large 
neuronal populations is an essential step toward better understanding of the nervous system. 
However, conventional approaches in electrophysiology is fundamentally unable to achieve 
simultaneous, cellular-resolution recordings at scale, while providing sufficient signal-to-noise-
ratio (SNR). This is due, in particular, to the need for low-pass anti-aliasing filters at each 
recording channel front-end, where at-scale electrophysiological systems experience the highest 
density constraints. In the simplest form, these filters are RC-networks, consisting of a capacitor 
and resistor. We show that, with high-quality, foundry-grade capacitors in today’s advanced 
microelectronic processes, these RC-filters cannot be made smaller than approximately 20-times 
the size of the average mammalian neuronal soma, thus limiting the scalability of 
electrophysiology. 
We present an acquisition paradigm, based on compressed sensing, that obviates the need for 
these spatially inefficient, per-channel filters. To prevent aliasing, the spectral content 
contributed by the under-sampled thermal noise is digitally constructed, and removed, from the 
sparsely-sampled channel data. We built an extracellular electrophysiology platform with 65,536 
simultaneously recording and stimulation electrodes, with cellular-resolution electrode pitch of 
25.5 µm. The platform is able to record with 10 uV rms input referred noise over the spike 
waveform bandwidth, providing greater than 2- to 5-fold SNR improvements over existing high-
channel count systems. When recording from the whole-mount mouse retina, the system senses 



single-unit activities from more than 34,000 electrodes - 10-fold more than the best existing 
attempts. 
In conjunction with a high-performance processing pipeline, built from GPU-based streaming 
multiprocessors, the platform automatically sorts and classifies in excess of 1700 retinal ganglion 
cells (RGC) following visual stimulation over a 1-mm spot in the mouse retina, including 
automated identification of rare RGC types. 
Using the voltage-based, capacitive stimulation capability built into each recording front-end, we 
show that the system is able to evoke activities from single neurons, while providing the ability 
to simultaneously track activities across the entire retina. This capability opens the possibility to 
examine the relationship between stimulus strength and focal activation, at a higher 
spatiotemporal resolution than previously achievable. 
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Abstract: An implantable neuromodulation device is described which provides on-the-fly 
reconfiguration of sensing and stimulation across 32 electrodes in a highly miniaturized sub- 1cc 
hermetic package. While useful for a wide variety of neuromodulation applications, this poster 
describes the use of the system to control and deliver sensory feedback from a sensorized 
neuroprosthetic limb in amputees. Each implantable module is 14mm in diameter and less than 
5mm in height, allowing surgical placement of multiple systems within the arm adjacent to 
electrodes. Close proximity to electrodes enables high-resolution recordings with noise <1uV 
RMS, sampling rates up to 100ksps, and selectable referencing. The system can deliver 
stimulation ranging from 200nA to 100mA with 1us waveform resolution. Complete ISO-14708 
human-implant safety is maintained through custom ASIC safety circuits. A percutaneous 
version of the system is wired to an EIC60601-clinic-capable controller through flexible helical 



cables for durability. Results from benchtop, non-human primate, and human studies will be 
presented. 
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Title: jULIEs: ultra-low impedance neural probes for minimally invasive in-vivo recordings in 
the mouse olfactory bulb 
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Neurophysiol., The Francis Crick Inst., London, United Kingdom 

Abstract: Simultaneous, stable, scalable and minimally invasive interrogation and interaction 
with electrogenic cell populations of behaving animals is of fundamental importance for the 
advancement of our understanding of how different neural systems interact. Extracellular 
recordings using electrical charge sensing probes are considered the most powerful techniques 
capable of addressing this issue. Technical challenges in neural probe size, recording capability, 
channel count have limited our understanding of brain function. To overcome these challenges, 
we introduce a modular, flexible, insulator-ensheathed metal microwire platform with ultra-low 
interfacial impedance recording sites compatible with industry standard read-out electronics. At 
the center of this approach are glass-ensheathed cast microwires with outer diameter of 25µm ± 
2µm and inner diameters of 1µm ± 0.2µm, resulting in minimal stray capacitance (<0.1pF/mm 
length). These wires have been semi-automatically polished at an angle of <30° to facilitate brain 



insertion and penetration. Interfacial impedance was reduced by modification of the recording 
sites with nanostructured iridium oxide (IrOx) to achieve coupling capacitances above 1pF/µm2 
with the extracellular space. Bundles containing 16 individual microwires have been assembled 
into DIL connectors through a low-ohmic connection (100Ω±2Ω). Site impedances have been 
determined using electrochemical impedance spectroscopy between 1Hz and 200kHz by 
applying a 10mV since-wave around the open circuit potential in 150mM PBS. Advantages of 
jULIEs are their recording sites which are up to 50x smaller than in conventional electrodes 
(1.3µm2±0.05µm2) designed to result in reduced tissue displacement and damage as well as in 
highly localized, high signal-to-noise recordings. To test jULIE properties in-vivo we performed 
recordings in the olfactory bulb (OB) of anaesthetized mice (4-6 weeks old) using conventional 
amplifiers. Action potentials were reliably recorded with amplitudes of up to 1.6mV. When 
jULIEs were lowered several mm into the brain and returned to a superficial recording position, 
extracellular units were reliably obtained throughout the OB. Confirming the predicted minimal 
damage to the tissue, jULIEs were found to be exceptionally suited for recording both large 
amplitudes (300-1500µV), well isolated units (20-30µm) and multicellular activity throughout 
the travelled vertical distance. We conclude, that the combination of glass-ensheathed metal 
wires with nanostructured surface modifications provides a versatile platform for minimally 
invasive, highly localized neural recordings. 
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Abstract: Visualization of complete neuronal networks in the brain is an important goal of 
neuroscience. To this end chemical clearing and recording of mouse brains with light sheet 
microscopy has become increasingly popular in recent years. Several microscopic setups have 
been developed for light sheet microscopy but normally there is a trade-off between speed and 
resolution of the recording. 
This is due to the fact that Gaussian light sheets have either a thin beam waist then with a short 
Rayleigh range or a long Rayleigh range but with a thick beam waist. If one wants to record the 
brain at high resolution this necessitates the recording of many small tiles with the thin part of 
the light sheet and subsequent cumbersome aligning and stitching of the single recorded tiles. 
We therefore developed new optics creating a light sheet with submicron thickness and a vastly 
extended Rayleigh range. The diffraction limit according to Abbe`s formula is normally cited for 
illumination with high numerical aperture (NA). It applies however also to low NA beams. As 
our new long light sheet is already rather thin when it leaves the last lens of the light sheet 
generator our results indicate that we broke the diffraction limit by a large factor. With the new 
light sheet we were able to image whole mouse brains quickly with one single stack of images 
giving isotropic resolution. 
For recording we used commercial low magnification air objectives with a dipping cone which 
we optically corrected for imaging in clearing solutions. Apart from brains we also imaged adult 
GFP labelled drosophilae and cm large pieces of human cancers in autofluorescence. 
We expect that this breakthrough in optics will become pivotal for the recording of large samples 
with highest resolution. 
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Abstract: Intracranial electrode implantations for deep brain stimulation and seizure localization 
are common functional neurosurgical procedures. In order to refine therapeutic targets and 
meaningfully interpret electrophysiological data, intracranial electrodes need to be accurately 
localized. There is a demand for efficient methods to localize implanted electrodes as the volume 



of these procedures continues to increase. In this study, we aimed to build a semi-automated, 
user-friendly pipeline (SEURAT) to determine electrode locations. 
The pipeline integrates MATLAB and FSL to determine the centroids of potential electrode 
contacts. If all contacts are not localized through the automated algorithm, users have the ability 
to interpolate contacts on depth electrodes and to manually choose to add or remove contacts. 
These contacts are localized in patient-CT space, but can be mapped on to the patient-MRI space 
and standard-MNI space in order to draw relevant insights. 
We tested SEURAT on imaging data from epilepsy patients (n=16) who underwent electrode 
implantation. Without using the manual option in the pipeline, we localized 1427 contacts out of 
1520 implanted. We attribute this discrepancy to low image-quality or to some contacts being 
outside the brain; the toolbox defines a search area based on patient-specific brain extraction. 
Within-patient accuracy for the number of contacts localized was 94.5% (Figure 1). Visual 
inspection, validated with clinical implant maps, demonstrated that contacts were localized and 
mapped on to correct brain regions.  
SEURAT is an accurate and user-friendly pipeline that will be useful to clinicians who need to 
identify the anatomical location of intracranial electrodes, and for basic science investigations 
that require an understanding of the relationship between contact location and physiology. 
Compared to similar open access methods, this pipeline requires minimal user input, which 
reduces time and error. This pipeline allows for seamless analysis of surgical targets with the 
potential to inform image-guided surgical protocols. 
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Abstract: One of the biggest challenges in neuroscience is to understand how neural circuits in 
the brain process, encode, store, and retrieve information. Meeting this challenge requires tools 
capable of recording and manipulating the activity of intact neural networks in freely behaving 
animals. Head-mounted miniature fluorescence microscopes are among the most promising of 
these tools. Taking advantage of the past decade of advancements in fluorescent neural activity 
reports and miniaturization of high quality imaging sensors, these microscopes use wide-field 
single photon excitation to image activity across large populations of neurons in freely behaving 
animals. They are capable of imaging the same neural population across months and in a wide 
range of different brain regions. 
Here we present the current status of our open-source miniature fluorescence microscope project, 
Miniscope.org. This project aims at accelerating innovation of miniature microscope technology 
while also extending access to this technology to the entire neuroscience community. Through 
online guides and in-person workshops, over 250 labs across 18 countries have begun building 
and using the Miniscope system. Functioning as a robust imaging system as well as a miniature 
microscope development platform, labs are able to building on the open-source design, extending 
its use to new areas of interest. We have built and tested a wire-free Miniscope powered by a 
LiPo battery that is capable of recording for over 20 minutes in large behavioral assays. Our 
current work ranges from adding optogenetic stimulation and wire-free operation to 
simultaneous optical and electrophysiology recording. With a fundamental redesign of the 
Miniscope system, we are adding additional imaging modalities to the platform while making the 
entire system smaller, lighter, and more flexible. Through continued optimization and 



innovation, miniature microscopes will likely play a critical role in extending the reach of 
neuroscience research and creating new avenues of scientific inquiry. 
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Abstract: Memories are dynamic in nature. A cohesive representation of the world requires 
memories to be altered over time, linked with other memories and eventually integrated into a 
larger framework of sematic knowledge. In an attempt to unravel these questions, our laboratory 
has recently demonstrated that two contextual memories encoded close in time are stored by 
overlapping hippocampal CA1 neuronal ensembles and the recall of one can lead to the recall of 
another, i.e. the two memories are linked (Cai et al. 2016). Although, learning- and CREB-
dependent changes in intrinsic neuronal excitability most likely facilitate the co-allocation of 
memories in overlapping ensembles, very little is known regarding how this plasticity biases 
neurons to be preferentially recruited for memory formation. Similarly, we do not know whether 
memories are linked due to overlap in neuronal ensembles in certain key brain regions, such as 
hippocampus for contextual memories, or the entire neural circuit involved in contextual 
memory formation displays this neuronal overlap. We addressed this question by investigating 
the overlap in neuronal ensembles encoding contextual memories at varying time intervals within 
the retrosplenial cortex, a brain structure necessary for spatial and contextual information 
processing. Using head-mounted miniature microscopes (UCLA Miniscopes), we imaged 
GCaMP6f-meadiated calcium dynamics in retrosplenial cortical neurons of mice that explored 
distinct contexts. We found greater overlap in the neuronal ensemble activated in response to two 
distinct contexts when the contexts were explored 5h vs. 7d apart. These data indicate that 
retrosplenial cortex can mediate temporal memory linking by recruiting a shared neuronal 
ensemble for memories encoded within the day. In addition to time, we also wanted to 
investigate the role of context similarity in neuronal ensemble overlap. In order to do this, we 



measured calcium dynamics while mice explored the same context 5h or 7d apart. As before, we 
found greater overlap between the neuronal ensembles activated when the contexts were 
explored 5h vs. 7d apart. We are currently investigating whether neuronal overlap is greater 
when the same, or a distinct context is explored 7d apart. Our data indicate that co-allocation of 
neuronal ensembles encoding temporally proximate contextual memories may be a generalized 
mechanism, and memory linking may be mediated by many brain structures. 
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Title: Breakdown of spatial coding and neural synchronization in epileptic mice 
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Abstract: Epilepsy causes significant cognitive deficits in both humans and rodent models yet 
the circuit mechanisms leading to cognitive dysfunction remain unknown. We first developed a 
wireless miniature microscope (Miniscope) for in vivo calcium imaging to examine the spatial 
representation of freely behaving epileptic and control mice running on a linear track. Following 
pilocarpine-induced status epilepticus, chronically epileptic mice had reduced precision of CA1 
place fields which completely remapped across days. Next, using silicon probes to record 
hippocampal interneurons during head-fixed virtual navigation, we found that epileptic mice had 
profound deficits in theta and gamma power and coherence, and altered phase preferences to 
ongoing theta oscillations. In particular, dentate hilar interneurons had a similar magnitude of 
theta phase modulation of their firing rate, but the preferred phase of these cells as a group was 
highly dispersed and shifted to a later phase of theta. Finally, we transplanted embryonic 
interneuron precursors from the medial ganglionic eminence into the hippocampus of epileptic 
mice and found a partial rescue of theta power. Together, these results support the role of circuit 
dysfunction in poor spatial processing in epileptic mice. 
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Title: The Crystal Skull: A chronic mouse preparation providing long-term optical access to 
neurons across the dorsal neocortex 
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Abstract: A major technological goal in neuroscience is to enable the interrogation of individual 
cells across the live brain. By creating a curved glass replacement to the dorsal cranium and 
surgical methods for its installation, we developed a chronic mouse preparation, termed the 
‘Crystal Skull’, that provides optical access to an estimated 800,000-1,100,000 individual 
neurons across the dorsal surface of neocortex. Post-surgical histological studies revealed 
comparable glial activation as in control mice. In behaving mice expressing a Ca2+ indicator in 
cortical pyramidal neurons, we performed Ca2+imaging across neocortex using an epi-
fluorescence macroscope and estimated that 25,000-50,000 individual neurons were accessible 
per mouse across multiple focal planes. Two-photon microscopy revealed dendritic 
morphologies throughout neocortex, allowed time-lapse imaging of individual cells, and yielded 
estimates of >1 million accessible neurons per mouse by serial tiling. The Crystal Skull 
preparation supports a broad range of imaging and optogenetic methods, is compatible with 
many different behavioral assays for head-fixed mice, and enables studies of cells across >30 
neocortical areas. Thus, we expect that this preparation will facilitate a wide variety of 
experiments probing the interactions between multiple brain areas in awake behaving mice. 
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Abstract: The brain mediates our interaction with the external world by performing complex 
computations undertaken by highly interconnected brain regions spread across several 
centimeters. There is a need for tools to measure and manipulate the activities of these 
widespread brain regions at the single cell resolution, and at multiple timescales. We are 
engineering a suite of technologies that enable wide-field, cellular resolution neural interfacing 
with the rodent cortex. We have implemented a precise computer numerically controlled (CNC) 
surgery robot to excise very accurately and precisely, arbitrarily shaped skull sections for 
replacement with a morphological conformant cranial implant or ‘brain window’. The brain 
windows allow optical access to the surface of the whole dorsal cortex and can be implanted for 
long durations (>100 days). Preliminary histology experiments indicate little or no immune 
response to chronic implantation. We have established an easy to configure design methodology 
that allows the brain windows to be adapted for both high resolution imaging using two photon 
(2P) microscope in head fixed animals, as well as mesoscale cortical activity mapping in head 
fixed and freely moving mice. We have performed cellular resolution 2P imaging through the 
windows implanted on transgenic mice expressing the calcium indicator GCaMP6f, in the 
somatosensory, visual and granulate cortices. Building upon the brain windows we are 
developing a suite of technologies that enable wide field activity mapping in awake, freely 
behaving animals. These devices are easy to fabricate using readily available laboratory tools. 
Finally, the flexibility of the device architecture allows numerous modalities to be incorporated 
within the windows for multi-modal, bidirectional, brain wide neural interfacing. 
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Abstract: Many in vivo neuroscience techniques require access to the mouse brain through the 
skull, which is often obtained by performing craniotomies by a skilled experimenter. With the 
advent of optogenetics and wide field calcium imaging using 2-photon microscopy, scientists are 
moving towards excising increasingly large sections of the skull for such experiments. Such 
operations are challenging to perform and great care must be taken to ensure the underlying dura 
and brain tissue are not perturbed unnecessarily. Accordingly, progress has been made in 
automating the process of opening craniotomies. Pak and colleagues (Pak et al J 
Neurophysiology 2014) recently reported on a closed-loop robotic system for craniotomies using 
impedance sensing demonstrating the utility of using robotics for performing precise surgical 
operations in mice. A potential limitation of the impedance sensing approach is the detection of 
false positives due to the presence of vasculature in some parts of skull. Here, we demonstrate an 
alternative, generalizable and robust approach using surface profiling and iterative depth milling 
that enables craniotomies to be opened throughout the mouse dorsal cortex. We first 
automatically profile the outer surface of the skull in three dimensions using a simple mechanical 
surface probe mounted on a robotic three-axis stereotaxic robot, a technique common in 
industrial coordinate inspection tools. Our initial characterization demonstrates that our profiling 
technique achieves accuracy on the order of single micrometers, which is well within the 
requirements for ultra-precise, large area craniotomies in mice. Using this 3D profile of the skull, 
we next map the desired craniotomy contour to the individually measured 3D geometry of the 
mouse. Finally, we use the three-axis stereotaxic robot to mill the craniotomy contour at 
precisely controlled iterative depths until the skull fragment can be excised by the experimenter. 
All of this can be accomplished with a sub-$1000 lab-built stereotaxic robot. The robot is fully 
open source, utilizing inexpensive stepper motor electronics and control software with active 
online development communities. The setup is easy to build, requiring minor technical skills. We 
are currently working on including robotic manipulators for soft tissue manipulation, perfusion 
apparatus and computer vision guidance to fully automate the rodent surgery procedure. 
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Abstract: An estimated 20% of the general population suffers from chronic pain. The 
mechanisms underlying this highly debilitating condition are not fully understood and the most 
effective therapeutic options, such as opioids and analgesic, simply numb the pain without 
addressing its root causes. There is therefore a strong need to understand the molecular 
mechanisms that give rise to pathological pain in order to identify novel approaches for treating 
or reversing it. The study of pain pathways in the spinal cord has been limited, in part due to a 
lack of in vivo strategies for studying sensory processing at the cellular level in freely-moving 
animals. We have recently developed a new miniature microscope which improves upon existing 
in vivo imagining technology by enabling multi-site imaging to facilitate the study of neuronal 
activity across receptive fields of the spinal cord dorsal horn. The miniature imagining 
microscope uses flexible, customized endoscopic fibers and implantable micro-objectives to 
enable chronic measurement of fluorescence activity in freely-behaving mice. This design of the 
microscope does not impair animal mobility, enables the animal to participate in normal 
behaviors, and does not impede experimental conditions. The goal of this project was to 
implement the novel miniature fluorescence microscope to study the circuitry of sensory 
plasticity as it relates to pathological pain in the spinal cord of freely behaving mice. 
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Title: Three-dimensional imaging of neural activity in freely-behaving mice by a head-mounted 
two-photon fiber-coupled microscope with electrically tunable focus 
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Abstract: Two-photon microscopy is increasingly used for imaging brain activity in head-fixed 
animals due to the benefits of higher imaging depth compared with single-photon widefield 
imaging. At the same time, there is a desire to image neuronal activity in freely-behaving 
animals to expand the types of behavior studies that can be done. Head-mounted single-photon 
microscopes are commercially available for freely-moving studies, however they are unable to 
resolve true three-dimensional information. Two-photon head-mounted microscopes have also 
been described but typically do not incorporate active focusing. We present a miniature two-
photon fiber-coupled microscope (TP-FCM) for neuronal imaging in freely-behaving mice with 
active axial focusing enabled with a miniature tunable electrowetting lens. A high-density 
imaging fiber-bundle is used to achieve lateral scanning when coupled to a laser-scanning two-
photon microscope system. Axial scanning is performed by changing the voltage applied to the 
electrowetting lens incorporated in the miniature microscope distal to the fiber-bundle. The head-
mounted miniature microscope is made using a precision 3D-printed housing with a total weight 
less than 4 g. The working distance of the microscope is 450 μm with an additional 200 μm of 
active axial focusing. The resolution is ~1.5 μm laterally and ~10 μm axially with a field-of-view 
of 220 μm. For imaging, the microscope is attached to a baseplate that is permanently affixed to 
the mouse above a cranial window. After the imaging session, the microscope is detached. The 
reproducibility for repeated imaging was measured to be stable over four weeks, enabling 
repeated imaging of the same brain region over time. We acquired multiphoton images of 
GCaMP6s fluorescence showing calcium transients in layer 2/3 neurons in the motor cortex 
while the mouse was freely-behaving. We recorded distinct neuronal activity from multiple focal 
planes in the same imaging session. Our TP-FCM demonstrates true three-dimensional two-
photon neuronal imaging enabled for freely-behaving animals. 
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Title: Ultrafast two-photon microscopy for high-speed brain imaging in awake mice 

Authors: *O. HERNANDEZ1, R. CHRAPKIEWICZ1, T. ZHANG1, A. S. SHAI1, M. J. 
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Abstract: Laser-scanning two-photon microscopy is a mainstay technique for optical brain 
imaging and normally provides frame-acquisition rates of ~10-30 Hz. However, it has often been 
challenging to track fast biological events by two-photon microscopy with millisecond-scale 
temporal resolution, due to the limitations of the existing mechanisms for laser-scanning. 
Considerable past research has sought faster two-photon microscopes, and much of this has 
focused on developing faster scanning mechanisms; however, attaining kilohertz-scale image 
frame acquisition rates requires not just fast optical scanners but also sufficient fluorescence 
photons to support high-speed imaging. Here we present a two-photon microscope based on 400 
illumination beams that can sample 45,000-135,000 µm2 specimen areas at rates up to 1 kHz. 
Using this microscope, we visualized microcirculatory flow, fast bridging vein constrictions, and 
Ca2+ spiking by neocortical pyramidal and cerebellar Purkinje neurons with millisecond-scale 
timing resolution in the brains of awake mice. When combined with state-of-the-art neural 
activity indicators, the superior temporal resolution of our two-photon microscope offers new 
means of probing the fine temporal features of neural coding by identified cell types. 
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Title: Multifocal two-photon microscopy for high speed functional circuit imaging 
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Abstract: We present our implementation of a multifocal two-photon microscope for high 
temporal resolution functional imaging of neural activity. Understanding neural microcircuit 
function depends on monitoring large numbers of neurons with high temporal and spatial 
resolution. Two-photon point scanning (TPPS) systems spatially resolve signals deep in 
scattering tissue but are limited in temporal resolution due to the serial nature of each frame’s 
acquisition. Monitoring large numbers of neurons with TPPS is achieved through the use of 
slower calcium sensors that allow lower sampling rates. In order to capture neural circuits’ full 
dynamics, faster calcium or voltage indicators need to be used and better imaging methodologies 
developed to fully exploit their potential. Single point scanning strategies, such as traveling 
salesman scanning or fast acousto-optic targeting require a priori knowledge of signal location 
and sacrifice full coverage of the field of view to increase acquisition rates. Signals of interest 
from calcium and especially voltage indicators are distributed throughout neurons’ dendritic 
trees and are often not fully sampled. Parallelising two-photon microscopy by using multiple 
excitation foci allows increased frame rates and dense spatial sampling without sacrifice of 
emission photons necessary to resolve small and fast functional signals. This comes at the loss of 
depth penetration due to the need to image the resulting fluorescence onto a spatially resolved 
detector, which is vulnerable to image degradation due to scattering. We have implemented a 
spatially sparse multifocal two-photon microscope using a micro lens array and a commonly 
used TPPS laser, the Mai Tai HP. Our implementation resolves cellular-resolution calcium 
transients at 200Hz with a field of view of 110 × 200 µm in Cal-520 AM loaded mouse cortical 
slices. We present our implementation and assess its performance, relative merits and 
disadvantages compared to single point scanning systems for use with a mouse brain slice 
preparation. We compare achievable signal to noise ratio and scattering resistance for different 
excitation foci and scanning patterns. We also discuss the factors limiting the achievable imaging 
depth, which will determine the accessibility and adaptability of this technique to other users and 
systems. This technique could prove particularly useful for cell-resolved two photon voltage 
imaging and we will assess the outlook for this application. 
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Abstract: Our perception of the world is shaped by our behavioral states. Such context-specific 
sensory processing is achieved through integration of external inputs and internal states. 
Determining how this process occurs at the level of cells and synapses in defined circuits 
remains a central goal in neuroscience. Recent in vivo two photon imaging studies in mice that 
were engineered to express genetically encoded Ca2+ indicators specifically within astrocytes 
have revealed that cortical astrocytes are significantly activated by neuromodulators such as 
norepinephrine (NE) and acetylcholine (ACh). As a single astrocyte contacts tens of thousands of 
synapses and neighboring astrocytes are extensively coupled through gap junctions, astrocytes 
could serve as an amplifier through which sparse neuromodulatory inputs convey internal 
behavioral states to shape local neural output. However, restraining mice beneath a microscope 
restricts behavior and increases stress, which may profoundly alter internal states. Head mounted 
microscopes have been developed to enable visualization of neuronal and glial cell activity in 
freely moving animals; however, the low resolution of epifluorescence-based systems limits 
presents significant challenges for analyzing subcellular activity. To address these challenges, we 
developed a high-resolution fiber optic endoscope that allows two-photon imaging in freely 
moving mice. This system consists of: (i) a Ti:Sapphire laser pre-chirped by a single mode fiber 
plus a grating pair, (ii) a piezoelectric actuating tube that enables spiral laser scanning, (iii) a 
noise-reduced double-clad fiber to enhance light collection, (iv) a compound lens probe with a 
working distance of 280 µm, and (v) a head-mounted three- axis manipulator for 
micropositioning. This fiberscope achieved a lateral resolution of <1 µm and an axial resolution 
of ~7 µm. Moreover, the working distance is sufficient to resolve individual axons, dendrites and 
glial cell processes in Layer I and II/III through a 50 µm-thick cranial window. The spatial and 
temporal resolution of the fiberscope was sufficient to detect dynamic activity of individual 
noradrenergic and cholinergic axons (induced to express membrane anchored GCaMP6s) in mice 
during locomotion. Neuronal dendritic and astrocytic microdomain Ca2+ signals were also clearly 
resolved in the upper layers of the visual cortex. This novel high- resolution imaging platform, 



when combined with cell specific manipulations, will help assess the intricate interplay between 
long-range neuromodulatory projections and local neuron-astrocyte communication in state-
dependent cortical processing. 
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Abstract: Cranial windows and viral reporters are commonly used to image cortical neuronal 
activity through two-photon microscopes in head-fixed animals. Recently, head-mounted 
miniaturized one-photon microscopes have been developed to image neuronal activity in freely 
behaving animals. However, dura membrane overgrowth and inflammation beneath the cranial 
window often decrease the optical clarity of chronic windows, and variation in viral spread and 
damage by intracortical injection add further challenges for imaging cortical neurons with head-
mounted microscopes. Here, we describe an improved cranial window technique to enhance the 
yield of successful imaging experiments. We used a glass pipette with large tip diameter to attach 
to the brain surface and injected virally encoded calcium indicator AAV-GCaMP6 into the 
cortex without pipette penetration. Immediate after virus injection and window implantation, we 
sutured the scalp skin over the implanted window to facilitate postoperative recovery. After a 
couple of weeks, we removed the suture and attached a miniature microscope to image cortical 
neuronal activity in freely behaving mice. We found that cortical surface virus injection 
efficiently and selectively labeled neurons in superficial cortical layers. Compared to traditional 
open-scalp surgical recovery method, skin suturing decreased the tissue growth underneath the 
optical window and improved its clarity. Together, these improvements in labeling and surgery 
procedures significantly increased the success rate of cortical neuron imaging by head-mounted 
microscopes in freely moving animals. Our high-yield cranial window technique may be also 
applicable to other in vivo optical techniques such as two-photon imaging and optogenetic 
perturbation. 
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Abstract: Understanding how collective neural activities give rise to complex behaviors has 
long been a central question in systems neuroscience. Larval zebrafish has emerged as a 
powerful vertebrate model system for investigating the neural basis of sensorimotor behaviors 
due to its small size, optical transparency and genetic tractability. In particular, whole brain 
calcium imaging of head fixed larval zebrafish in virtual reality [1], where visual sensory 
feedback can be accurately controlled, has provided significant insight into motor learning and 
optomotor behaviors. 
On the other hand, freeing the fish from the Matrix while monitoring neuronal activity would be 
an ideal strategy for investigating more sophisticated behaviors, when the animal is interacting in 
a more meaningful way with its natural environment and when all sensory feedback loops are 
intact and active. However, imaging whole brain activity with sufficient spatiotemporal 
resolution in a speeding brain is very difficult. 
Here we have made a step towards this goal, by developing a novel volume imaging and 3D 
tracking technique that performs whole brain imaging of neural activities in a freely swimming 
larval zebrafish. Whole brain neuronal activities over a volume of 800 μm × 800 μm × 200 μm 
can be simultaneously monitored at ~ 3.4 μm × 3.4 μm × 5 μm spatial resolution and at 77 Hz 
volume rate, a technique we call eXtended field of view Light Field Microscope (XLFM). 
Armed with XLFM tracking microscope, we were able to capture, for the first time, whole brain 
neural activities during the entire prey capture process in larval zebrafish. Our technique 
provides a new window into the brain dynamics during animal’s natural behaviors at 
unprecedented resolution. 
[1] Ahrens, M.B., et al., Brain-wide neuronal dynamics during motor adaptation in zebrafish. 
Nature, 2012. 485(7399): p. 471-7. 
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Abstract: Optical techniques have become indispensable tools for neuroscience, but their depth 
reach is limited by scattering. Aberration correction and scattering compensation techniques can 
deliver improved image quality, but only within a certain field of view (FOV). This limitation 
arises from the spatial variation of the inhomogeneities that light encounters while scanned 
around the focus location. The corrected FOV area can be increased considerably by conjugating 
the wavefront-shaping device to the dominant scattering layer rather than the back pupil of the 
microscope objective. Although the conjugation of the wavefront-shaping element to the 
dominant scattering layer can be implemented by a physical movement of the wavefront-shaping 
device within the optical path of the microscope, such an implementation is limited only to one 
particular layer. Here, we overcome this limitation by developing and demonstrating a method 
for dynamically conjugating the wavefront-shaping element to different depths inside the 
inhomegeneous medium without the need for the physical movement of the wavefront shaper 
inside the optical path. Our method, conjugate F-SHARP microscopy, allows us to change the 
conjugation distance between the wavefront shaper and the imaging depth in real time. We 
demonstrate the power of conjugate F-SHARP microscopy by performing volumetric imaging 
with an increased FOV through the thinned mouse skull in vivo. 
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Abstract: The advancements in the field of microscopy has been instrumental in three 
dimensional imaging of thick tissues and whole organs circumventing the need to mechanically 
section, stain, image and re-construct the 3-D image. This has been facilitated by the ever 
growing list of clearing techniques that renders the sample’s refractive index to match with the 
mounting medium and optics. Regardless of the clearing techniques used, the sample has to be 
immunostained with the antibodies of interest for fluorescent imaging. Immunostaining, 
especially in thick tissues, has many issues including prolonged incubation, limited penetration 
depth of antibodies and the need for exposure to high temperature and/or strong detergent 
concentrations. To address this, mainly focusing on the brain, we created a transgenic mouse 
model that express distinct fluorophores in different cell types. Here we present the application 
of this mouse model in thick tissue imaging utilizing previously developed clearing methods and 
studying cellular response to an injury model of cortical implant. For clearing studies, tissues 
were processed with slight modifications from previously developed clearing methods. Brains 
were cut into thick sections of varying thickness and imaged using various imaging modalities. 
We were able to detect endogenous fluorophores in thick samples cleared using the CLARITY 
protocol. Currently, we are investigating if the fluorophores will be retained using other clearing 
techniques. For implant studies, silicon microelectrodes were implanted in the somatosensory 
cortex and sacrificed at 3 different time points. We observed an increase in microglial cells 
around the implant at earlier time points and a subsided response a later time point whereas the 
astrocytic response was progressive. Both of these observations are in line with previous studies 



that were carried out in wild type mouse and rat models. Together, these data highlight the 
compatibility of our mouse model with recently developed volumetric imaging modalities. This 
mouse model, in addition with emerging microscopy, helps to increase efficiency of experiments 
both in normal and injury models (cortical impact, stroke, etc.) where neuroinflammation 
cascade is perturbed. 
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Abstract: In vivo two-photon calcium imaging currently allows us to observe the activity of 
multiple neurons up to ~900 µm below the cortical surface without cortical invasion. However, 
many other important brain areas are located deeper than this. Here, we used a 1100 nm laser, 
which underfilled the back aperture of the objective, and red genetically encoded calcium 
indicators to establish two-photon calcium imaging of the intact mouse brain and detect neural 
activity up to 1200 μm from the cortical surface. This imaging was obtained from the medial 
prefrontal cortex (the prelimbic area) and the hippocampal CA1 region. We found that the neural 
activity related to reward timing is higher in the prelimbic area than in layer 2/3 of the secondary 
motor area, while it is negligible in the hippocampal CA1 region. Reducing the invasiveness of 
imaging is an important strategy to reveal the brain processes active in cognition and memory. 
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Abstract: Infrared neural stimulation (INS) has been reported as a promising modality for 
evoking neural response during cerebral activation. Optical imaging is an effective tool for 
measuring the activated dynamics and responses. In contrast to conventional optical intrinsic 
signal imaging (OISI) modality that provides two-dimensional, depth-integrated maps of 
stimulus-evoked dynamic activation, we used optical coherence tomography (OCT) to provide 
depth-resolved, cross-sectional images of functional cerebral activation by INS. In this study, 
0.5s-lasting pulsed infrared light (central wavelength 1.875 μm, pulse width 250 μs and fiber 
diameter 200 μm) was utilized to stimulate the cortex of anesthetized rats with different radiant 
exposure (0~1 J/cm2) and different repetition rates (50~200 Hz), respectively. Temporal 
fractional OCT signal change was calculated to evaluate INS efficacy. It revealed statistically 
significant depth-resolved signals, comprised of both positive and negative responses. These 
responses were detectable at cortical depths of >1 mm during functional activation. This suggests 
that OCT is a promising in vivo imaging method for mapping functional cortical responses along 
the depth axis, and may provide a method for further investigating functional neural coupling in 
neuroscience research. 

Disclosures:  P. Li: None. P. Li: None. W. Xi: None. E. Akshay: None. A.W. Roe: None. 



Poster 

344. Large-Scale, Deep, and High-Speed Functional Light Microscopy 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 344.18/VV86 

Topic: I.04. Physiological Methods 

Support: NIH grant U01NS099689 

 Wellcome Trust 

 ERC 

Title: Multimodal two-photon random access pointing and scanning to any 3D position or 
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Abstract: To understand brain function it is essential to identify how information is represented 
by the firing patterns of large neuronal populations and establish how synaptic inputs are 
integrated and transformed by individual neurons within microcircuits. This requires monitoring 
activity in large numbers of neuronal compartments distributed in 3D space at high spatio-
temporal resolution in awake animals. In order to meet these requirements, we (and others) have 
previously developed 3D random access acousto-optic lens (AOL) two-photon microscope 
technology that can focus to any arbitrary position and scan a laser beam within the imaging 
volume within 12-40 microseconds. Our AOL design consists of 4 acousto-optic crystals, wave 
plates and polarizers arranged in a compact unit (12cm x 12cm x 22cm). To simplify its 
integration into existing and new microscopes, we have developed a new opto-mechanical design 
for easier alignment and new controller box with state-of-the-art FPGA and custom DAC boards. 
The FPGA-based AOL control system, which generates the radio frequency (RF) signals for the 
AOD transducers, supports 5 different imaging modes. High-speed raster scan volume imaging 
(Z stacks), multiple subvolume imaging, multiplane x-y imaging, multiple x-y patch, and serial 
pointing mode. All these imaging modalities are achieved with linearly ramped RF waves fed 
into the acousto-optic crystals. In experiments on awake animals, tissue brain movement can be 
problematic. The high speed random access functionality enables our system to image reference 
objects allowing brain movement to be tracked. By feeding back this information to the AOL 
controller we have previously developed a real time 2D movement correction system. However, 
the use of linear ramps limits the raster scanning to a single x-y plane, precluding fast tracking of 
axial movement and thus correction for movement in 3D. Here, we describe and demonstrate the 
use of non-linear ultrasound ramps to achieve both axial scanning and real-time movement 



correction in 3D, and new imaging modalities based on raster scanning in arbitrary 3D angles 
(e.g., ‘skeleton scanning’). This technology enables movement-stabilized, high-speed random 
access pointing and line scanning along fine neuronal structures in vivo. In conclusion, our 
prototype compact AOL module not only adds real-time movement correction in 3D and axial 
scanning, but it is also smaller, more adaptable and can be fabricated at a relatively low cost. 

Disclosures:  V. Griffiths: None. T. Fernandez-Alfonso: None. G. Konstantinou: None. N. 
Nadella: E. Ownership Interest (stock, stock options, royalty, receipt of intellectual property 
rights/patent holder, excluding diversified mutual funds); Inventor on patents owned by UCLB. 
P. Kirkby: E. Ownership Interest (stock, stock options, royalty, receipt of intellectual property 
rights/patent holder, excluding diversified mutual funds); Inventor on patents owned by 
UCLB. A.M. Valera: None. H. Ross: None. F. Lanore: None. A. Silver: E. Ownership Interest 
(stock, stock options, royalty, receipt of intellectual property rights/patent holder, excluding 
diversified mutual funds); Inventor on patents owned by UCLB. 

Poster 

344. Large-Scale, Deep, and High-Speed Functional Light Microscopy 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 344.19/VV87 

Topic: I.04. Physiological Methods 

Support: NIH 1U01NS094263-01 

 IARPA D16PC00002 

 Marie Curie FP7-PEOPLE-2011-IIF 

 WWTF VRG10-11 

Title: Large volume functional imaging in the mouse brain 
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Abstract: Unlocking the mystery of how the complex dynamics of neurons in the brain give rise 
to cognition, perception and behavior is not only of paramount importance to science but may 
also affect the treatment of neurological diseases impacting hundreds of millions of people 
around the world. Seminal breakthroughs like multiphoton microscopy, fluorescent indicators 
and optogenetics have positioned optical microscopy as a key technology in modern brain 
research. The next frontier in neuroscience is to interrogate neuronal dynamics of large 
populations in awake, behaving animals in real time in order to unravel the complex interactions 



of neurons that underlie cognitive function and behavior. Here, we will introduce a technique 
termed light sculpting microscopy which was pioneered in our laboratory. It is based on temporal 
focusing which allows an effective decoupling of the axial and lateral confinement of the 
excitation volume combined with the advantage of high penetration depth and low scattering of 
two-photon excitation. The ability to tailor the three-dimensional spatial distribution of light 
within biological samples allows to maintain optical sectioning while introducing parallelization 
of excitation and thereby obtain high-speed acquisition rates. We will present different in vivo 
applications of this method including large-scale calcium imaging of neuronal networks in 
mouse brain using our latest approach termed scanned temporal focusing (s-TeFo). By 
optimizing the signal-to-noise ratio using a one-pulse-per-voxel excitation and synchronized 
detection scheme, we demonstrate unbiased high-speed single plane recordings of mouse 
posterior parietal cortex (PPC) expressing GCaMP6m of > 0.5 x 0.5 mm field of view at > 200 
Hz frame rate. We also demonstrate dual-plane calcium imaging from two > 0.5 x 0.5 mm field 
of views at different depths and at > 10 Hz frame rate. Furthermore, we show volumetric calcium 
imaging of large volumes (> 0.5 x 0.5 x 0.5 mm) at single-cell resolution and fast volume rates 
(> 4 - 6 Hz) from mouse hippocampus CA1 and across cortical layers 1-5 in PPC with 
GCaMP6m/s and jRGECKO1a labeling. These advances allow for near-simultaneous in-vivo 
recording of the calcium dynamics from several thousand active neurons across cortical layers 
and in the hippocampus of awake behaving mice. We will discuss the challenges, future 
developments and applications of our technique in fundamental neuroscience questions. 
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Abstract: The etiology of chronic neuropathic and inflammatory pain remains incompletely 
understood, creating serious challenges to the development of new, non-addictive medications. 
Pain drug discovery has had very limited success in translation from animal models to humans. 
Some have proposed that animal models have limited ability to predict analgesia in humans, and 
there has been a call for new approaches that better predict clinical analgesic efficacy. We have 
developed a novel preclinical discovery strategy, which relies on human sensory neurons isolated 
from organ donors. In the current study, we describe the high content imaging-based profiling of 
human sensory neurons under normal as well as inflammatory conditions. Human DRG neurons 
isolated from organ donors were loaded with Fluo-8-AM and the intracellular calcium dynamics 
elicited by electrical and chemical stimuli were investigated. By sequentially stimulating the 
cells with electrical fields, capsaicin, allyl isothiocyanate (AITC), and cold, we were able to 
define, for each individual sensory neuron tested, the array of functional expression of voltage 
gated sodium channel subtypes, as well as different TRP channels. When cells were activated 
with carefully calibrated electric field stimulations (EFS) delivered at two different voltage 
intensities and frequencies, all responses were blocked by lidocaine, indicating that EFS-induced 
activities were purely dependent on voltage gated sodium channels (VGSC) but not voltage 
gated calcium channels (VGCC). The observed intracellular calcium dynamics were therefore 
the result of EFS-induced activation of VGSC, which led to cell depolarization and consequent 
activation of VGCC and calcium release from internal stores. Using these EFS protocols we 
were able to identify two major classes of cells based on: 1) the EFS activation threshold and, 2) 
the maximal firing frequency. Interestingly the two classes of cells also exhibited differential 
sensitivity to TTX. We also observed that the inflammatory agents bradykinin and prostaglandin 
E2 (PGE2) exerted different effects on the two cell classes, whereby the firing frequency was 
increased in one class of cells, while the other showed increased expression of TTX-R VGSC. 
The strategy described in the present work has the potential to significantly advance preclinical 
drug profiling by allowing the human-specific profiling of new drug candidates’ selectivity for 
functionally defined sub-populations of cells therefore improving the ability to select human-
active drugs for clinical trials. 
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Abstract: Astrocytes sense neuronal inputs and in turn modulate synapses and blood vessels via 
intracellular Ca2+ signaling. Despite their importance, the properties of astrocytic Ca2+ signals are 
not well understood. 
Most of the astrocytic structure presents functional barriers to intracellular Ca2+ propagation, 
with the result that Ca2+ events are highly compartmentalized throughout the cell, and exhibit 
large variability in amplitude and duration, as well as spatial spread. It is difficult to reliably 
study Ca2+ events because only an absolute minority, at best ~5%, of the total astrocyte lies 
within a given 2-photon focal plane. 
We report here our recent success in performing fast 3D volumetric imaging, monitoring entire 
individual astrocytes in adult hippocampal and cortical slices, and in vivo. Morphology of 
individual astrocytes was visualized using SR101 dye uptake, while genetically-encoded 
indicator GCaMP6f was used to monitor Ca2+ elevations. Both optically resolved (core) structure 



of the astrocyte, and optically sub-resolved fine processes (gliapil) were analyzed using two 
independent strategies. 
By visualizing the whole astrocyte, we were able to correctly capture and describe the full gamut 
of Ca2+ events and their properties, including duration, kinetics, and spread volume. Majority of 
the observed events were three-dimensional, and would not be otherwise properly captured in 
2D. Moreover, we were able to simultaneously compare activity across all individual processes 
on the same cell: something previously impossible due to the limitations of 2D microscopy. We 
found that most of the activity lies outside the soma, and is concentrated in the processes and 
endfeet. A large portion of this activity is highly compartmentalized and asynchronous. 
As a further practical application of the 3D method, we were able to study functional interactions 
between astrocytes and axons, and between endfeet and blood vessels, as well as astrocytic 
population activity in vivo. 
Our volumetric imaging and analysis method has important implications outside the glial Ca2+ 
field. While independently surveilling tens of thousands of um3 per cell, we identified the 
presence of multiple “hot” and “cold spots,” and observed a large diversity of highly 
compartmentalized Ca2+ signals happening within a single astrocyte, as well as functional 
“coupling” between some but not other “voxels”. This is methodologically comparable to 
monitoring and analyzing the connections between thousands of neuronal cell bodies within a 
brain circuit/network. We believe our methods and strategies will therefore be useful also for 
neuronal network Ca2+ analysis. 
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Abstract: Traditionally, the cerebellum has long been known to coordinate movement on short 
time scales. In addition, recent evidence suggests that it may also modulate flexible and social 
behavior. To monitor cerebellar activity during complex behavior, we monitored calcium and 
delivered optogenetic perturbations in Purkinje cell (PC) dendrites in freely-moving mice using a 
Doric head-mounted miniature microscope to perform wide-field fluorescence microscopy and 
deliver light to optogenetic probes. In Pcp2-Cre mice, which express Cre in PCs, we injected 
cerebellar vermal lobule VI with Cre-inducible adeno-associated virus (AAV2/1-CAG-DIO) 
coding genetically encoded calcium indicator (GCaMP6f) or optogenetics probes (ChR2 or 
ArchT). Identified regions of interest showed rapid transients with rise times of 91 ± 4 ms and 
half-decay times of 189 ± 7 ms, and occurring at a rate of 0.7 ± 0.1 Hz, consistent with prior 
studies of PCs using two-photon microscopy in awake head-fixed mice (Ozden et al. 2012, PLoS 
ONE 7(8):e42650). Simultaneous with optical measurements and perturbation, animal behavior 
was recorded with two cameras, a low-speed, low-resolution, depth-sensitive 3D camera and a 
high-speed, high-resolution 2D camera, which together can be used to capture poses of the head, 
body, limbs, and tail. We identified behavioral correlates of PC activity using unsupervised 
computational methods to classify animal poses and movements. Together, pose classification 
and imaging with miniature microscope allow us to explore the fine details of behavior in a more 
natural setting on subsecond time scales. 

 

Top, GCaMP6f signals from Purkinje cell dendrites. Bottom, sample ethogram of six identified 
features of behavioral activity. 
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Abstract: In conventional 2-photon microscopy, a fluorophore is excited by the simultaneous 
absorption of two photons of the same energy within the near infrared (NIR) spectrum, derived 
from the same pulsed laser beam. This is called “degenerate” 2-photon excitation, D-2PE. 
Alternatively, the same energy needed for the transition to the excited state can be delivered via 
absorption of two photons of different energy (i.e., different color) [1]. In this “non-degenerate” 
2-photon excitation (ND-2PE) regime, the first laser beam can be tuned within the standard NIR 
range of excitation wavelengths used in conventional 2-photon microscopy, placing the second 
laser beam within the infrared (IR) wavelengths range for excitation of visible emission 
fluorophores. Recently, we experimentally demonstrated that, under ND-2PE, an increase in the 
IR power can be used to compensate for the scattering losses of NIR power, achieving deeper 
excitation in scattering media [2]. Here, we provide additional data from phantoms and 
biological samples to support this conclusion and demonstrate another advantage of ND-2PE: an 



increase in the excitation cross section leading to more efficient fluorophore excitation. 
We used both D-2PE and ND-2PE to characterize the 2-photon absorption cross sections of 
several fluorophores widely used for brain imaging, including eGFP, eYFP, mCerulean, 
mCitrine and fluorescein. When compared to the optimal D-2PE case, up to 3x enhancement in 
brightness was observed for this selection of fluorophores over an excitation wavelength range of 
740-870nm, for the NIR beam, and 1000-1400nm, for the IR beam (see figure). The enhanced 
fluorescence brightness combined with a reduction in laser attenuation positions ND-2PE 
microscopy as a competitive alternative to conventional 2-photon microscopy and, possibly, 3-
photon microscopy, for deep imaging applications. 
[1] P. Mahou, et al., Nat. Methods, vol. 9, no. 8, pp. 815-818, Jul. 2012. 
[2] M. Yang, et al., Opt. Express, vol. 24, no. 26, p. 30173, Dec. 2016. 
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Abstract: In brain slices, resolving Ca2+ fluorescence signals from submicron structures, such as 
spines, terminals or small dendritic and axonal branches, is typically achieved using two-photon 
or confocal microscopy by scanning the recording region of interest. Yet, the condition for a 
signal to be above the photon noise sets a limit to the number of recording sites at a given 
acquisition rate, since the required number of collected photons is inversely proportional to the 
number of scanned points. Here, we present a novel multiplexing confocal system based on a fast 
spinning disk and a rapid high-resolution CMOS camera that overcomes the limitations of 
scanning confocal microscopy. The spinning disk, running at 20,000 rpm, has a custom-designed 
spiral pattern that maximizes light collection while rejecting out-of-focus fluorescence to 
discriminate the smallest neuronal compartment. The spinning disk is fed with a 1W multimode 
laser providing a laser line at 470 nm. Using a 60X objective and no magnification, the novel 
CMOS camera permits acquisitions of tens of thousands of pixels at the virtual resolution of 240 
nm per pixels in the kHz range with a digital depth of 14 bits. By focussing the laser onto a 60 
µm diameter spot, we demonstrated the ability of our system to resolve fluorescence signals of 
the order of 1% from submicron structures positioned 20-40 µm from the slice surface, using the 
low affinity Ca2+ indicator Oregon Green BAPTA-5N. In particular, we monitored Ca2+ 
transients at 0.25-1.25 kHz in single trials or through averages of less than ten recordings from 
dendritic spines and small parent dendrites in cerebellar Purkinje neurons, following either the 
stimulation of the climbing fibre or of parallel fibre inputs. Altogether, the unprecedented high 
spatiotemporal resolution of these Ca2+ recordings is obtained with a relatively simple and 
economical implementation. Thus, we expect that the present approach will be adopted in several 
laboratories for projects where multisite monitoring of physiological signals from submicron 
structures is required. 
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Abstract: Precise 3D neuronal targeting and data mapping in electrophysiology and imaging 
experiments requires the use of motorized micro-positioners. Most commercially available 
positioning devices have sub-micron resolution, but they are subject to a variety of positioning 
artifacts and errors. One particularly important aspect is the ability to consistently reach the same 
3D position. We found that, with some equipment, the errors in this regard can be up to 10 
microns, which may be unacceptable for certain studies. While normal backlash is corrected by 
the hardware controller, this re-positioning error is not. We have mathematically modeled this 
error and added correcting code to our QuB software for 3D data mapping and real-time 
experimental control. With this correction, the same 3D target can be repeatedly reached with 
improved resolution. 
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Abstract: Understanding how synaptic inputs are integrated within complex 3D dendritic trees 
requires fast recordings of patterns of activity across many dendritic branches. While recordings 
from individual dendritic branches projecting in the x-y plane is straightforward with 
conventional galvanometer-based 2-photon technologies, accessing the complete 3D dendritic 
tree is much more challenging. Acousto-Optic Lens (AOL) 3D two-photon microscopes can 



randomly access up to 40000 points or lines per second in a 3D space, with an inertia-free 
focusing system. However, the linear acoustic drives typically used to date only permits line-
scans in the x-y plane. Here we show how non-linear drive of the AOL can be used to create 
line-scans in any arbitrary direction, enabling us to rapidly image the complex 3D branching 
structures of dendritic trees unprecedented speed. We have developed a software tool chain to 
image, trace and segment the morphology of a neuron during the experiment. This enabled us to 
generate a 3D ‘skeleton’ representation of the neuronal morphology and to calculate the non-
linear AOL drives required to image it with a series of line-scans. This ‘skeleton scanning’ 
approach allows the 3D dendritic tree of a neuron to be imaged at high rates. We have tested the 
performance of skeleton scanning by imaging L2/3 cortical pyramidal cells in acute slices patch 
loaded with Alexa594 and Fluo4. Our preliminary experiments show that skeleton scanning can 
be used to monitor [Ca2+] across the dendritic tree at frequencies between 100 and 150 Hz. 
Local, spontaneously occurring [Ca2+] transients could be detected, as well as more widespread 
increases induced by backpropagating action potentials triggered by somatic current injection. 
The ‘Skeleton Scan’ can be extended to multiple contiguous lines allowing both dendrites and 
spines to be monitored, confirming that the technology has the capacity to measure both the 
activity of dendritic branches and spines at high temporal resolution. We are currently working 
on integrating this technology with real-time movement correction in order to image GCaMP6f 
expressing-L2/3 pyramidal neurons in visual cortex of behaving animals. 
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Abstract: A significant proportion of corneal sensory nerves lie beneath the anterior corneal 
epithelium within the subbasal nerve plexus (SBP). The morphology of these nerves is altered by 
keratopathy and refractive surgery. Corneal Confocal Microscopy (CCM) is an imaging modality 
used to image and quantify corneal nerves. There are two barriers that currently limit the use of 
CCM as a diagnostic modality: the small-scale field of view given by individual CCM images 
and the time required to quantify nerves in collected images. We present here a modified 
OpenCV image stitcher and a vector quantification method to map and obtain measurements of 
SBP nerve morphology. The stitcher uses feature detection to stitch CCM frames into wide-field 
maps of the SBP. Our method takes 3-5 minutes to stitch and quantify 40-100 CCM frames on an 
Amazon EC2 Micro instance. The vector quantification method is a novel, proof-of-concept 
algorithm that can quantify montages of SBP nerves. The method is more rapid and user-friendly 
than previous iterations of similar corneal nerve mosaicking software and proposes a new 
method to quantify CCM morphological parameters. 
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Abstract: For decades, patch-clamp recording has been the gold-standard technique for high-
quality electrophysiological measurements and morphology reconstruction of single cells. 
However, it is a highly manual, laborious technique that requires extensive training to master. 
Here we present the patcherBot, a robotic system that permits walk-away automation of in-vitro 
patch-clamp recording. This is enabled by two key innovations: (1) pipette cleaning which 



enables immediate reuse of the pipette and (2) machine vision for accurate pipette positioning. 
The patcherBot is the first system that can patch-clamp multiple cells sequentially without 
human intervention, enabling multi-hour user-free operation. The system was tested in cultured 
cells and in brain tissue slices. In cultured Human Embryonic Kidney (HEK293) cells, the 
patcherBot achieved a medium-high success rate of whole-cell recording (median: 80%; range: 
60 to 100%; n=70 patch-clamp attempts) over a combined user-free operation of over 5 hours. In 
mouse VI cortical tissue slices, the patcherBot achieved lower success rate (median: 55%, range: 
22 to 67%; n = 44 patch-clamp attempts), commensurate with the increased difficulty of patch-
clamp in brain slices. Combining the patcherBot with existing single-cell activity imaging 
techniques could open the door to “circuit mappers”, generalizable tools for profiling 
electrophysiology, morphology, and synaptic connectivity patterns in the brain on a single-cell 
level. 
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Abstract: Whole-cell patch clamping in vivo often requires a recording electrode, a pipette, to 
travel through several millimeters of heterogeneous brain tissue. During this process, called 
regional pipette localization, the tip of the pipette can encounter obstructions including the dura, 
pia, blood vessels, and ventricular membranes. When these obstructions are encountered, they 
often contaminate the pipette tip, preventing the formation of a gigaseal. Application of high 
positive pressure to the pipette to prevent contamination introduces intracellular solution to the 
extracellular space, causing high osmotic pressure on nearby cells as well as off-target staining if 
a contrast agent is present in the solution. To overcome these limitations we have developed 
several methods to maintain the cleanliness of pipette tips, including a method to avoid obstacles 



encountered during regional pipette localization in vivo. Here, we present a reversible cap to 
protect the pipette tip during regional pipette localization. We demonstrate in vitro that this cap, 
a polymer microsphere, can be reversibly attached to the tip of a pipette with the application of 
suction, that under atmospheric pressure the microsphere remains attached to the pipette, and that 
the microsphere remains attached when moved through slices of brain tissue. We demonstrate 
that when a cell is penetrated with a freshly pulled pipette in vitro, it contaminates the pipette tip 
(visible as an increase in pipette tip resistance), which prevents this same pipette from 
gigasealing onto a second cell (0 gigaseals, 5 attempts). However, when a cell is penetrated with 
a capped pipette, there is no contamination following removal of the microsphere (no increase in 
pipette tip resistance) and gigaseals are reliably formed on subsequent cells at a rate similar to 
traditional in vitro slice patching (4 gigaseals, 5 attempts). These results indicate that a reversible 
cap may protect sensitive pipette tips from contamination during regional pipette localization. 
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Title: Cell membrane tracking in live brain tissue with differential interference contrast (DIC) 
microscopy 

Authors: *J. LEE, I. KOLB, C. R. FOREST, C. J. ROZELL 
Georgia Inst. of Technol., Atlanta, GA 

Abstract: Differential interference contrast (DIC) microscopy is a practical imaging modality 
for live-cell experiments. However, DIC microscopy of thick tissue samples (>100 μm) is 
notoriously challenging for automatic cell segmentation due to the low signal-to-noise ratio 
(caused by increased probability of light scatter due to tissue thickness) and unclear cell 



boundaries due to the presence of surrounding organic tissue. Real-time detection of cell 
boundaries is desirable for automating electrophysiology experiments, and current algorithms are 
unable to reliably detect DIC cell boundaries under such demanding conditions. We present the 
first DIC deconvolution and cell-segmentation algorithm to track membrane locations in DIC 
imagery of living brain tissue with high fidelity. The proposed algorithm is formulated as a 
regularized least-square optimization that incorporates (1) a filtering mechanism that effectively 
and efficiently suppresses boundary-corrupting cellular interference, and (2) a robust edge-
sparsity regularizer that exploits dynamical information with edge-tracking capabilities. Our 
algorithm was applied on the experimental setting of patch-clamp recording in brain tissue and it 
demonstrated state-of-the-art performance boundary-tracking errors of 1-2 μm. In addition, the 
algorithm is designed to remove glass-pipette artifacts via image inpainting and this was tested 
on patch clamp video data from mouse brain tissue. Shown in the figure is (a) DIC Microscopy 
image with identified target cell and glass-pipette (b) Deconvolution and pipette-removal with 
inpainting using proposed algorithm (c) Segmentation output using global thresholding, with 
pipette mask. 

 

Disclosures:  J. Lee: None. I. Kolb: None. C.R. Forest: None. C.J. Rozell: None. 

Poster 

345. Methods: Physiology and Circuitry I 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 345.04/WW7 

Topic: D.04. Somatosensation: Touch 

Support: DARPA HAPTIX N66001-15-C-4018 

Title: Design and assessment of stimulation parameters for a novel peripheral nerve interface 

Authors: A. KUNDU1, E. PATRICK1, A. FAHMY2, R. MADLER2, F. DELGADO3, S. W. 
CURRLIN4, K. J. OTTO2, J. PRINCIPE1, *A. GUNDUZ3, N. MAGHARI2, M. OP DE BEECK5, 

http://files.abstractsonline.com/CTRL/da/d/064/276/5bc/41c/89d/f4a/f36/f6a/411/43/g12141_2.jpg
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5IMEC, Leuven, Belgium 

Abstract: The implantable multimodal peripheral recording and stimulation system (IMPRESS) 
is a novel, bi-directional neural interface technology, consisting of a high-density (16 stimulation 
and 64 recording channel) interneural probe to be used in an advanced peripheral neuroprosthetic 
that decodes motor intent and encodes sensory feedback. The probe, which is a high-density (hd) 
version of a transverse intrafascicular multichannel electrode (TIME), consists of a CMOS chip 
that is embedded in a highly flexible and hermetic polyimide ribbon cable. The chip is designed 
to contain circuitry for multiplexing and on-site stimulation as well as the electrode sites. 
However, this work presents a first generation of the IMPRESS hd-TIME that does not include 
active CMOS circuitry on the silicon chip. Rather, a passive CMOS-compatible chip with 
matched form factor of the final design is fabricated with stimulation and recording electrodes, 
only. Also, a high precision, stimulating analog front-end (SAFE) controller integrated-circuit 
chip was designed to test efficacy of this 1st generation IMPRESS TIME for in vivo neural 
stimulation in a rat model. Establishing ideal stimulation protocol to elicit meaningful sensory 
feedback first requires understanding the effects of and optimizing a wide range of stimulation 
parameters. Thus, computational modeling was employed to fundamentally understand the 
optimum range of parameters (i.e. pulse amplitude, pulse width, and interpulse width) of a 
charge balanced, biphasic stimulus for an intrafascicular probe. Moreover, the model was used to 
assess whether pulse amplitude or pulse width modulation had an inherent advantage over the 
other for a sensory encoding scheme. We present the model results that allow us to narrow down 
the range of stimulus parameters as well as in vivo stimulation results of our 1st generation 
IMPRESS TIME. Pulse amplitude modulation to be used with frequency modulation was 
selected as an effective encoding scheme for IMPRESS and in vivo stimulation results show 
good selectivity between different fascicles in the sciatic nerve of the rat. This work is sponsored 
under the auspices of Dr. Doug Weber by the US Defense Advanced Research Projects Agency 
(DARPA) (contract No. N66001-15-C-4018 to the University of Florida). 
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Abstract: Compartmental neuronal models are a powerful tool to both validate experimental 
observations and make quantifiable predictions. The quality of such predictions depends 
critically on model detail and accuracy. Model parameters, including the distribution and 
properties of ion channels and receptors, are often based on a combination of experimental 
observation and experimenter intuition. Unfortunately, while such “hand-tuned” models can 
capture some aspects of neuronal function, they are often not robust to perturbation, indicating 
that they have failed to identify optimal parameter conditions that accurately capture neuronal 
physiology. Optimization algorithms have been developed to address this issue. These 
algorithms search throughout the parameter space using a score function that compares model 
output to experimental data to identify simulations that reach a certain accuracy criterion. This 
process often generates multiple models, each with different underlying parameter sets that 
nevertheless all match the experimental data to similar extents. Identifying which of these 
models best reflects neuronal physiology remains a challenge. 
Here, we demonstrate a new technique that identifies the optimal combination of score functions, 
which in turn shed light on how such scores can be improved with revised experimental stimuli. 
Using well-established models, we extensively sampled the parameter space at different 
distances from the original parameter set. By applying a battery of score functions and evaluating 
their performance, we could identify the most effective score function for parameter estimation. 
A similar analysis can identify the stimulation protocols that most effectively estimate correct 
parameter sets. Ultimately, we plan to apply these tools to guide which is the best experimental 
data set for neuronal parameter estimation, allowing for efficient optimization of physiologically 
realistic compartmental models. 
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Abstract: Pyramidal cells are the major excitatory neuron type in the cerebral cortex and 
represent 70-85% of all neurons in the mammalian cortex (Markram, Muller et al, 2015). The 
generic anatomy of PCs in the neocortex is characterized by a triangular soma, two distinct 
dendritic domains emanating from the base and apex of the soma (basal and apical dendrites, 
respectively), and a single axon. While it has been well established that PCs generally differ in 
their overall size of the apical dendrite in order to reach layer 1, the classification based on global 
morphological features obscures much of the diversification within each layer. On the other 
hand, a more detailed classification derived from the human expert assignment of classes is 
inconsistent and unsupported by feature classification techniques (DeFelipe et al, 2013). 
We use a topological method based on persistent homology methods to quantitatively capture the 
branching shapes of neurons, the Topological Morphology Descriptor (TMD, Kanari et al, 2016) 
to establish an objective classification scheme for cortical pyramidal cells. The TMD of neuronal 
trees allows different neuronal populations to be clearly distinguished, including those whose 
visual appearance is only subtly different, and therefore provides an objective classification of 
cells into discrete morphological classes. 
The classification based on the TMD is sufficient to objectively classify cortical PCs and yields a 
quantitative measure of the uncertainty in the classification. Using this scheme, we found two 
major types of PC in layer 2, one in layer 3, three in layer 4, three in layer 5, and five types in 
layer 6. We conclude that a TMD classification scheme provides a reliable approach to 
standardizing the classification of neuronal morphologies, unlike previous methods. 
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Title: ACQ4: An open-source software platform for developing patch-clamp experiments 
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Abstract: ACQ4 is a software development platform that provides a set of fully open-source 
tools for acquiring data in neurophysiology experiments, with emphasis on automation in patch-
clamp electrophysiology. Building from the modular components provided by ACQ4, we have 
prototyped and streamlined software for experiments ranging from simple patch-clamp 
recordings to photostimulation mapping, 2-photon calcium imaging, in vivo intrinsic imaging, 
and multipatch recordings. The core of ACQ4 consists of a set of device classes supporting 
patch-clamp amplifiers, cameras, laser scanning hardware, microscopes, and micromanipulators. 
These device classes are complemented by a set of user interface modules that each streamline 
different aspects of typical patch-clamp experiments, while a centralized management system 
facilitates communication and synchronization between devices and modules. All data 
acquisition is accompanied by comprehensive metadata collection, with particular care given to 
tracking physical and temporal relationships; synchronization between devices is handled and 
recorded automatically, and all spatial data such as images, pipette positions, and laser scanning 
patterns are recorded relative to the same coordinate system. ACQ4 is built on the free and open 
scientific Python stack, which helps us promote open, reproducible science while reducing the 
barriers to access. 
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Abstract: The brain and the heart are interconnected to each other. However, it remains largely 
unknown whether cardiac oscillatory activity could impact brain activity. To address this issue, 
we developed a novel technique that reversibly controls cardiac rhythm by electrically 
stimulating peripheral tissues in a freely moving rat. The method can be combined with 
electrophysiological recordings of systemic bioelectrical signals, including cortical local field 
potential signals, electrocardiogram, electromyogram, and respiratory rhythm. For heartbeat 
acceleration, electric stimulation was directly applied to the heart through two wire electrodes 
attached in the vicinity of the sinus node and the apex, allowing us to set a heart rate with a range 
between 400 bpm and 750 bpm. For heartbeat deceleration, electric stimulation was applied to 
the efferent vagus nerve, leading to a decrease in a heart rate as low as 240 bpm. Electrical 
artifacts included in brain recording channels could be removed by subtraction of averaged 
artifacts from the original electrical signals. We expect that this technique serves as a tool to 
examine cardiac activity-triggered modulation of brain functions and behaviors. 
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Title: Meso-scale structure and quotidian variation of neuronal networks estimated from two-
photon imaging of mouse auditory cortex 
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BASSETT1 
1Dept. of Bioengineering, 2Univ. of Pennsylvania, Philadelphia, PA 

Abstract: Neural systems can be modeled as complex networks in which neural elements (cells, 
populations, or brain areas) are represented as nodes linked to one another through structural or 
functional connections (synapses, projections, and fiber bundles or statistically interdependent 
activity). The resulting “network” (or “graph”) can be analyzed using mathematical tools from 
network science and graph theory to quantify the system’s topological organization and better 
understand its function [1]. 
While the network-based approach has become common in the analysis of large-scale neural 
systems (i.e. MRI, EEG, MEG), few studies have used network science to study the organization 
of biological neural networks reconstructed at the cellular level. Even the most fundamental 
questions, such as how best to estimate the presence/absence and weights of connections 
between cells, remain largely unanswered [2]. 
Here, we record spontaneous and stimulus-evoked activity from the same set of cells in mouse 
auditory cortex over four days using two-photon calcium imaging. We reconstruct functional 
networks in which cells are linked to one another by edges weighted according to the maximum 
lagged correlation of their filtered fluorescence traces [3]. We show that the global structure of 
the network is largely preserved across days, as measured by the correlation of edge weights. We 
further show that network meso-scale architecture, i.e. partitions of cells into topologically-
related sub-networks called “communities”, are also largely stable, revealing consistently anti-
correlated clusters of cells [4]. Finally, we show that despite quotidian stability, over shorter 
timescales (~minutes), network meso-scale structure is variable, revealing a stable core and 
fluctuating periphery [5]. 
The methods presented here are flexible and easily extended to additional datasets, opening the 
possibility of studying cellular level network organization of neural systems and how that 
organization is modulated by stimuli and disease. 
[1] DS Bassett & O Sporns (2017). "Network neuroscience." Nat. Neuro. 20(3), 353-364. 
[2] MD Humphries (2017). Dynamical networks: finding, measuring, and tracking neural 
population activity using network theory. bioRxiv (http://dx.doi.org/10.1101/115485).  
[3] MA Kramer et al. (2017) Network inference with confidence from multivariate time series. 
Phys. Rev. E, 79(6), 061916. 
[4] C Aicher, AZ Jacobs, A Clauset (2014). Learning latent block structure in weighted 



networks. J. Comp. Net., 3(2), 221-248.  
[5] MP Rombach, MA Porter, JH Fowler, PJ Mucha (2014). Core-periphery structure in 
networks. SIAM J. App. Math., 74(1), 167-190. 
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Title: Microcoil-driven responses induced by magnetic stimulation spatially restricted to the 
local surface of the mouse auditory cortex In vivo 
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Abstract: Transcranial magnetic stimulation has been utilized as a non-invasive method to treat 
neurological disorders (e.g. tinnitus) and to investigate nervous system functions. However, the 
large coil size of the stimulation and the less focal stimulation prevent the chronic application. 
Recently, micro-magnetic stimulation (µMS), which utilizes a micro coil with implantable size 
(< 0.5 mm diameter), was proven to be capable of activating the neural circuitry in vitro and in 
vivo. Although most µMS studies examined its effects on single neurons, little has been known 
about the effect on brain tissues. Here, we demonstrate µMS can non-invasively induce the local 
neural activity in the mice auditory cortex in vivo using the multi-channel and ECoG electrode 
recordings. By stimulating from the cortical surface, we found that the local field potentials and 
the firing activities were evoked locally in cortical layer 2/3, and they were propagated into the 
deeper layers. We also examined characteristics of the horizontal locality in the µMS-driven 
neuronal activity. The result indicates that field potential responses at the sites close to the micro 



coil were profoundly (three times) larger than those at the sites horizontally apart (> 1200 µm) 
from the coil. Additionally, we found that µMS-driven neuronal responses depended on the coil 
orientation to the surface, implying that the direction of the electric field was critical for the 
extent of neuronal activation. Our results can provide the basis for a future improvement of non-
invasive μMS devices for the chronic neurotherapeutic applications at the local-circuitry level. 
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Abstract: Introduction: Auditory steady-state response (ASSR) is widely used in neuroscience 
and is regarded as a periodic response to a periodic stimulation, for example click trains. 
However, the nature of ASSRs is still an open question, giving some evidence to both the 
superposition of evoked potentials (Capilla et al. 2011; Bohórquez and Özdamar 2008) and to the 
entrainment of the network (Ross et al. 2000; Picton et al. 2003) theories. At the neural level, the 
phenomena of synchronous spiking in response to clicks is acknowledged (Eggermont 1994), 
appearing on the time-frequency representation as a sharp broad-band gamma response (Pavlov 
et al. 2012). As this phenomenon is detectable on EEG recordings, this study proposes to revisit 
ASSR nature in the light of spiking-network interactions. 
Methods: 64 channel EEG was recorded in a sample of healthy volunteers (n=40, 19-46 years). 
Click (1.5ms white noise bursts) trains of 500 ms were presented binaurally at 60 dB with ISI at 
700-1000 ms through earphones in the following frequency ranges with 1 Hz steps: 12-30Hz and 
35-55Hz with 80 trials per frequency. EEG data were conventionally cleaned. The inter-trial 
phase coherence (ITPC) of the cycle for each stimulation frequency was extracted at the subject 
level for analysis of spiking profiles. Waveform grand averages of the responses to click 
stimulation were created and re-averaged by cycle. The waveforms and the ITPCs were 
evaluated 1) aligned to the click stimulus and 2) to the synchronous spiking event, i.e. sharp – 
broadband gamma burst, allowing observation of time-locked and phase-locked components of 
the response. 
Results: A grand average of waveform aligned on the click stimulus revealed the time-locked 



peaks (No, Na, Pb, Nb, P1) for all stimulation frequencies, suggesting an event-based response. 
Inter-trial phase coherence revealed one broad band gamma (30-100Hz) bursts at ~21ms delay 
from the stimulus for all stimulation frequencies. The alignment of cycles on this event resulted 
in observation of phase-locking for frequencies above 30Hz. 
Conclusion: The study shows the superposition of evoked potentials below 30Hz (Miyazaki et al. 
2013) and the entrainment from the constructive interference of the electric field created by 
overlapping responses to local synchronous spiking at higher rates. The entrainment is phase-
locked to the cortical synchronous spiking and not to the auditory stimuli. Entrainment in this 
case, is a local consequence of the local synchronous spiking and its involvement in the process 
of information transmission of clicks should be addressed further. 
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Title: Chronic recording of single units in rodent auditory cortex using carbon nanotube coated 
tetrodes 
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Abstract: We use tetrodes coated with carbon nanotubes to study single-unit activity in the 
rodent auditory cortex during learning. Carbon nanotubes allow us to lower the impedance of our 
tetrodes from approx. 600 k Ohm down to approx. 10 k Ohm. This low impedance is stable over 
months, both ex vivo and in vivo. The low impedance and resulting high signal-to-noise ratio of 
our recordings allow us to record stable single units in behaving rodents over weeks. In this 
poster, we present evidence for the stability of our recordings, and characterize physiological 
changes in this unit-activity as animals learn a cortically-dependent GO/NOGO auditory 
discrimination task. 
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Abstract: Brain surgery sometimes involves a risk of causing nervous system dysfunction due to 
surgical manipulation. Many neurophysiological monitoring methods have been introduced to 
solve this problem. Each method has advantages and disadvantages, but none meet the definite 
need for an intraoperative monitor. To realize an intraoperative acoustic monitor that will 
provide a rapid functional alert, a real-time technique for processing the 40 Hz auditory steady-
state response (40Hz-ASR) was investigated in cerebellopontine angle surgery. 
Twelve rabbits underwent surgical interventions. The 40Hz-ASR during the interventions was 
recorded. The response was recorded between a silver ball electrode that was implanted at the 
bregma and needle electrodes that were inserted at the roots of the bilateral pinnae. Auditory 
clicks were successively presented at 40 Hz. In order to fulfil the demand, the signals of the 
40Hz-ASR were immediately digitized and analyzed by the Fast Fourier Transformation (FFT) 
method. The spectral power (SP) and the phase coherence measure (PC) were calculated 
simultaneously. A real-time technique for processing the 40Hz-ASR was studied under a variety 
of experimental conditions. 
This analytical method proved the 40 Hz-specificity of this response. The PC increased as the 
number of sweeps that were averaged increased. In contrast, the SP declined. In the verification 
experiment that was conducted to seek the optimum parameters of this series, both the PC and 
SP reached a plateau at an average of approximately 30 times. At a sample size of 15 or 20, the 
dispersion of PC values was minimal. The calculation of PC at an average of 30 times and a 
sample size of 15 to 20 permits evaluation of the 40Hz-ASR with sufficient reliability and 
sensitivity. Under general anesthesia, the PC showed no change, where the SP showed 
considerable attenuation. Surgical lesioning on the acoustic nerve or the brainstem caused a 
worsening of both the PC and the SP. The magnitude of deterioration was in proportion to the 
extent of lesioning. 
Properties of the 40Hz-ASR that have been identified previously were reconfirmed in this real-
time analysis, and the optimum values for each parameter, which were determined in early 
experiments in this sequence, permitted real-time monitoring with sufficient accuracy and 
rapidity. Our results indicate that the on-line measurement of the PC and SP enables rapid 



evaluation of acoustic and brainstem functions, which may be applicable in intraoperative 
monitoring. The author has obtained approval from the Institutional Animal Research Committee 
prior to launching this study, and has no COI to declare. 
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Abstract: Background: Bladder dysfunction is a widely studied area in the field of 
neuromodulation that remains a major healthcare challenge in the daily lives of patients. The 
pelvic nerve is a promising stimulation target for the control of bladder function as it provides 
autonomic efferent outputs to contract the bladder detrusor muscle. However, the pelvic nerves 
are small visceral nerves located deep inside the body, which leads to difficulties using current 
electrodes in implantation, as well as maintaining contact for reliable stimulation. Here, we 
demonstrate a flexible neural clip interface (NCI) that is suitable for implantation on small pelvic 
nerves for bladder neuromodulation. 
Methods: Bladder pressure and urine output were measured and detected during pelvic nerve 
stimulation to assess functionality. Stimulation parameters were biphasic rectangular waveforms 
with a frequency of 10 Hz, 150 µs phase width, duration of 5 seconds, and amplitudes that 
ranged from 100 to 1000 µA. All acquired data were then analyzed using custom MATLAB 
code. Pressure data were low-pass filtered at 30 Hz, and a 5 second window prior to each 
electrical stimulation was taken as the baseline to calculate changes in pressure. 
Results: The clip design enabled easy and reliable implantation on the pelvic nerve in a manner 
analogous to clipping a paper clip. We performed repetitive stimulation using supra-threshold 
amplitudes to show the reproducibility of bladder voiding through pelvic nerve stimulation using 
the NCI (n = 8 trials). Repeatable voiding responses were obtained in all 8 trials during a single 
recording session, with pressure changes. To examine how reliable our NCI worked across 
different animals, we reused the same NCI for experiments carried out in another rat on a 



different day. We found that in both rats, applying higher stimulation amplitude caused greater 
peak changes in intra-bladder pressure, and decreased the time taken to reach the peak pressure, 
indicating that the NCI can be reliably implanted without much loss in electrode performance, 
and is mechanically robust for handling across different experiments. 
Conclusions: The present findings indicate that the pelvic nerve can be stimulated in a graded 
manner to control bladder contractions leading to reproducible voiding events comparable with 
other published techniques. Notably, we showed that our novel flexible clip electrode can 
provide effective electrical contact with the pelvic nerve for reliable and repeatable stimulation 
in acute in vivo anesthetized animals. 
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Abstract: Endothelial cells (ECs) form the basis of the blood-brain barrier (BBB), a physical 
barrier that selectively restricts transport into the brain. In vitro models can provide significant 
insight into BBB physiology, mechanisms of human disease pathology, toxicology and drug 
delivery. In terms of BBB models, co-culture microfluidic chips are an advanced model allowing 
for the recreation of 3D architecture and mechanical forces (fluid flow). Here, we detail the use 
of human fetal tissue as a source to build syngenic tri-cultures from the same host in a 
microfluidic chip that recapitulates the in vivo neurovascular unit. Aside from the syngenic 
aspect to this model, the microfluidic chips allow for inclusion of cell-cell interactions through 
the ability of CNS cells to extend into the “column-matrix” to make connections with the ECs. 



We show that our brain ECs formed a fully functional barrier as assessed by the restriction of 
fluorescently labeled tracers (sodium fluorescein, NaFluo, 3 kDa Cascade Blue-Dextran, 40 kDa 
Tetramethyrhodamine-Dextran) in the EC flow compartment. Morphological findings include, 
an EC appearance that is consistent with cells exposed to fluidic flow and an astrocytic 
configuration that resembles the physiologic cytoarchitecture. Additionally, assessment of 
known triggers of BBB dysfunction, produced increases in the apparent permeability in the 
reconstituted NVU. Overall, we show the potential to develop human syngenic BBB models in 
microfluidic chips, which provide important functional aspects of the in vivo NVU environment. 
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Abstract: Silicone cuff electrodes are used clinically for the stimulation of the tibial nerve in 
patients with drop foot, the vagus nerve (VN) for multiple conditions including epilepsy, 
depression and tinnitus, and the pudendal nerve for lower urinary tract disorders. While these 
electrodes are effective, the material, cuff size and stiffness of these devices, often cause fibrosis, 
increasing electrode impedance, and eventually leading to failure. In addition, most cuff 
electrodes stimulate the entire nerve sometimes recruiting undesired fascicles causing deleterious 
side-effects. In VN stimulation (VNs), unwanted fiber activation cause arrhythmias and 
laryngopharyngeal dysfunction. In this study, we photo-lithographically fabricated thin-film cuff 
electrodes using a shape memory polymer (thiol-ene/acrylate; SMP) which softness at 37°C from 
GPa to 500 MPa elastic modulus. A 16-electrode array with both titanium nitride (TiN) and gold 
sites raging from 3300-18500 um2 in size, and from 0.8 KΩ to 1 MΩ in impedance, were 
fabricated and bonded to Omnetics connectors. The electrodes were tested in acute and sub-



chronic implantations onto the sciatic nerve (ScN) and the stimulation tested by the evoked EMG 
activity. Successful recording were confirmed during bladder filling in cuffs placed onto the 
pelvic nerve (PN). We confirmed the selective stimulation of the tibial and peroneal fascicles 
from cuff wrapped around the ScN by the evoked selective plantar- and dorsi-flexion 
movements, and respective EMG activity from the gastrocnemius and tibialis anterior muscles. 
Thirty days after implantation, the animals showed a reduced fibrotic tissue, (50%) compared to 
commercial silicon cuffs. In summary, we present a flexible, thin and sensitive multi-contact cuff 
electrode that can selectively stimulate specific nerve fascicles while inducing minimal fibrotic 
response. Together, the data supports the use of softening multi-contact cuff electrodes as a 
viable alternative for peripheral nerve neuromoduation. 
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Abstract: Introduction: The emergence of cerebral organoids provides a new approach for 
modeling human neurological disease and potentially repairing brain circuitry. These neural 
tissues, derived from the self-organization of pluripotent stem cells, recapitulate many brain-
specific structures, including the layered architecture of cerebral cortex. While technical 
refinements in organoid generation protocols continue to improve the degree to which organoids 
mimic the brain, less is known about the neuronal and network activity of these entities. We 



sought to study the early development of organoid activity. 
Methods: We grew cerebral organoids from a federally improved embryonic stem cell line (H9) 
and a healthy volunteer induced pluripotent stem cell line using two different differentiation 
protocols (Pasca et al., 2015 and Qian et al., 2016). At different time points, we measured the 
calcium activity of Fluo-4 loaded organoids using two-photon microscopy. Videos of this 
calcium activity were analyzed using a semi-automated process. We also performed acute 
electrophysiology using laminar multi-electrode probes. 
Results: In the two-photon experiments, we observed spontaneous calcium activity starting on 
differentiation day (dd) 50. There were a higher frequency of calcium events per cell at dd80 
compared to dd50. Additionally, dd80 organoids had groups of cells with synchronous calcium 
activity. Although single units could not be resolved at this time point, electrophysiological 
recordings demonstrated a significant increase in multi-unit voltage amplitude at later time points 
compared to earlier time points. This activity was effectively eliminated with a depolarization 
block induced by the addition of potassium chloride. 
Conclusion: The recently published paper by Quadrato et al. showed that cerebral organoids do 
not generate spontaneous action potentials until 8 months of growth. Our results demonstrate that 
cerebral organoids develop spontaneous calcium and electrical activity as early as dd50. The 
clustering of calcium activity at dd80 is suggestive of the development of some level of network 
structure. Further studies are required to better characterize this early activity and correlate it 
with the development of spontaneous single-unit activity. 
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Abstract: Voltage sensitive dyes (VSDs) are used to record membrane voltage changes by 
measuring the corresponding changes in absorbance or fluorescence. 
Voltage-sensitive dye imaging (VSDi) has been used in the stomatogastric ganglion (STG) of the 
Cancer pagurus the past decade, however identification of individual neurons is difficult due to 
the noise in the data. 
The Pyloric Rhythm (PR) in the STG is characterised by a tri-phasic rhythm with phases 



corresponding to the activity of the lateral pyloric (LP), pyloric (PY) and pyloric dilator (PD) 
neurons. The PR activity can be recorded in the lateral ventricular nerve (lvn). 
We present our work on a signal decomposition method, using signal-processing tools to identify 
the neurons of the pyloric rhythm (PR). 
In a first stage we identify the slow wave activity of neurons showing the PR, matching them 
with the signal recorded from the lvn with a blind sample. The match between the VSD recorded 
activity of pyloric neurons and the lvn recording of the PR is almost perfect. 
To test our method we used three PY neurons with injected dye (these were previously identified 
by intracellular recording) as ground truth. Our results show that the proposed method works 
accurately. We were able to identify the PY bursts in each cycle allowing the reconstruction of 
the PY phase of the pyloric cycle recorded in the lvn. We were able to calculate accurately the 
duty cycle for the PY cells. 
Future work will involve finding accurately the duty cycle of all PR cells and possibly some 
gastric mill rhythm cells without requiring the intracellular recording of the neurons. This will 
make possible the study of the complete STG network with a simple bath imaging settings. 
Figure 1a) shows the pyloric rhythm extracted from the image recording data, figure 1b) shows 
the extracted rhythm of the three pyloric cells overlaid with the lvn recoding. 
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Title: Mesoscopic inter-areal connectivity of marmoset cortex: Comparison with mouse and 
macaque monkey 
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Abstract: The human brain is >3,000 larger than the mouse brain. Yet, key elements of their 
basic neural architecture are conserved. Understanding how variations in brain morphology 
relate to measures of structural connectivity is essential to allow an understanding of how the 
brain processes information, and gives rise to cognitive functions, in different species.Recent 
tract tracing studies in macaque and mouse [1-3] have revealed conserved cortical network 
properties. Here we provide an intermediate point of comparison between these two mammals by 
analyzing the first collective database of the weighted and directed cortico-cortical connectivity 
obtained from >75 retrograde tracer injections in the cerebral cortex of the common marmoset 
(Callithrix jacchus), a small (~350g) monkey. In addition, a consensus of cortical areas between 
macaque and marmoset is proposed, which allows direct comparisons of the connectivity profiles 
between homologous cortical areas (or groups of areas) in these two primate species.We found 
that the obtained inter-areal connectivity matrix is dense, similar to results in macaque and 
mouse. The connection weights are heterogeneous, as they span over five orders of magnitude 
and are log-normally distributed. Additionally, similar to macaque and mouse, the inter-areal 
distances are normally distributed and the inter-areal connection probability decays with wiring 
distance as well as with the functional similarity distance between two cortical areas. Moreover, 
all three species show similar three-motif distribution, clique distribution, and have a dense core 
structure.A key network property found in macaque and mouse is that the probability of axons of 
a given length decays exponentially, the so-called exponential distance rule, which can predict 
many structural connectivity properties [4,5]. We found that this rule stands also for the 
marmoset and that the decay rate scales with brain size with a power law, from which the decay 
factor for the human brain can be predicted. 
Our consistently collected tract-tracing data provide the cornerstone for future studies of the 
network characteristics of the brain in marmosets, as well as for comparative studies involving 
other mammalian species. Our results suggest conserved properties of the connectivity matrix 
across mammals, while allowing estimates of quantitative parameters that may result in different 
information processing and cognitive characteristics. 
[1] Markov et al. Cereb Cortex 24:17-36 (2014)[2] Oh et al. Nature 508:207-214 (2014)[3] 



Zingg et al. Cell 156:1096-1111 (2014)[4] Ercsey-Ravasz et al. Neuron 80:184-197 (2013)[5] 
Horvát et al. PLoS Biol 14(7):e1002512 (2016) 
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Abstract: Resting-state fMRI and diffusion MRI have contributed to the elucidation of neural 
network connectivity in healthy and diseased brains. Partial correspondence between functional 
connectivity and diffusion-weighted tract reconstructions suggests a structure-function 
dependency in the brain, but the exact relationship remains unclear. Diffusion-weighted tract 
reconstructions only map the macroscale connections and may contain spurious tracts. In 
contrast, neuronal tracers allow detailed histological visualization of monosynaptic directed 
axonal connections at the cellular level. We aimed to further characterize the structure-function 
relationship by performing specific dependency mapping at the macro- and mesolevel, for which 
we combined high-resolution datasets of functional and structural MRI and neuronal tracing in 
rat brains from independent datasets. 
Resting-state fMRI time-series were acquired under 1.5% isoflurane anesthesia at 9.4T in 19 
young adult male Sprague Dawley rats and 14 adult male Wistar rats. Time-series were motion-
corrected and band pass filtered between 0.1-0.01 Hz. Sixty diffusion-weighted images were 
acquired in ten post-mortem brains from adult male Wistar rats at 150-µm isotropic resolution 
(b=3842 s/mm2). Tracts were reconstructed with state-of-the-art constrained spherical 
deconvolution tractography. Images were matched with a Paxinos and Watson brain atlas. 
Macroscale functional connectivity and tract-based connectivity were determined between 84 
bilateral cortical and 8 subcortical regions. Mesoscale neurotracer-based connectivity was 
obtained from the NeuroVIISAS database (~7800 tract-tracing publications). Structure-function 



relationships were mapped for homotopic and non-homotopic regions, cortical-cortical and 
cortical-subcortical pairs, within and between hemispheres. 
We found a positive relation between functional and macroscale structural connectivity in both 
datasets for homotopic and non-homotopic connections (r=0.17-0.52). This differed from the 
relationship between functional connectivity and mesoscale structural connectivity. There we 
found a – dataset consistent –negative correlation between homotopic cortical regions (r=-0.25 & 
r=-0.34) and no clear relationship for non-homotopic connections. 
Our study suggests a distinct dependency between functional connectivity and underlying axonal 
wiring. While functional and structural connectivity corresponded positively at macroscopic 
level, indefinite correspondence at mesoscale level implies the importance of hierarchical 
characterization for thorough assessment of whole-brain connectivity. 
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Abstract: Traumatic brain injury (TBI) represents an important public health concern for both 
veterans and the general public. Mild brain injury can result from head trauma and is often 
associated with changes in mental state or consciousness. Much of what is understood about 
brain injury comes from long term studies in cell signaling and anatomical pathology, but very 
little is understood about the transient functional changes that occur in neurons in response to 
brain injury. Using a wide field Ca2+ imaging technique our lab recently developed, we 
characterized the intracellular Ca2+ dynamics of thousands of individual hippocampal neurons in 
awake mice upon mild blast directed towards a freely moving cranium. We found that 
immediately following blast, the intracellular Ca2+ levels decreased over a time scale of minutes. 
In addition to slow changes in the baseline intracellular Ca2+ levels, we also found a wide spread 
reduction in neuronal spiking activity measured as Ca2+ transients at the time scale of seconds. 
At a population level, the reductions in individual neuronal activity resulted in reduced network 
information coding ability as estimated with Shannon entropy. Blast induced changes in both 
intracellular Ca2+ levels and neuronal activity patterns gradually recovered in approximately one 
hour. Together, these results demonstrate that mild blast leads to profound changes in both the 
function of individual neurons and the computational ability of the population of cells in the 
neuronal network, and highlight the potential of applying such imaging techniques to study blast 
induced pathologies. 
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Abstract: Non-invasive neural stimulation techniques are critically needed for medical 
application. Ultrasound, due to its non-invasive nature, has been of interest over the years as a 
potential non-invasive neural stimulation technique that can be focused into intact brains. For 



example, stimulations over mouse motor cortex induced muscle contraction, and stimulation 
over human sensory cortex hindered sensory discrimination ability. However, it is unclear how 
neurons or neural networks respond to ultrasound stimulation in intact brain. 
To examine the effect of ultrasound stimulation on individual neurons and neural networks in 
vivo, we applied ultrasound stimulations at various intensities to the brains of awake and head-
fixed mice, and recorded neural activity in two brain areas: the hippocampus and the motor 
cortex. Calcium indicator (GCaMP6f) was expressed in neurons and observed with wide-field 
microscope. We found that, ultrasound selectively modulate different neuron populations at 
different intensity levels. The modulation effects were either activation or suppression, and often 
sustained several seconds after stimulation. These results highlight the potential of ultrasound 
stimulation as a non-invasive neural stimulation technique, and the stimulation effects can be 
tuned by altering ultrasound strength. 
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Abstract: Medium spiny projection neurons (MSNs) are the principal outputs of the striatum. 
Local interneuron populations are thought to organize the activity of MSNs to support the 
multiple behaviors mediated through striatal function. However, the sparse distribution of these 
interneurons has made it difficult to assess their capacity to modulate MSN network activity in 
vivo. Here, we build upon recent improvements in wide-field optical imaging to monitor the 
activity of two major interneuron classes, parvalbumin (PV) and cholinergic (ChI) cell types, in 
tandem with large networks of MSNs, in mice engaged in voluntary motor output. We reveal 
evidence that the activity of PV interneurons strongly gates the activity of nearby, but not far 
away, MSNs to modulate the gain of on-going motor output. Surprisingly, the activity of these 



neurons was largely unsynchronized across the dorsal striatum, arguing against broad and non-
selective inhibition facilitating movement selection. Cholinergic interneurons (ChIs) in contrast, 
poorly tracked overall movement, but engaged and synchronized MSN activity over hundreds of 
microns during discrete changes in ongoing motor plans. Our combined evidence demonstrates 
the unique capacity of striatal interneurons to organize networks of MSNs in support of distinct 
aspects of motor control.  
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Abstract: The hippocampus is a region of the brain important for new memory formation and 
recall and is essential for trace-learning. We previously applied wide-field microscopy and 
calcium imaging to monitor CA1 neural activity in a well characterized trace eyeblink task. We 
found that through the process of learning approximately ~25% of neurons in the hippocampus 
exhibit task relevant activity. As a follow-up, we recently examined how extinction training, 
within this task, alters the response properties of these neurons. In addition, we asked if 
extinction training recruits new neurons within the hippocampus as a function of new learning. 
We applied trial-by trial neural network analysis to determine how stability of the network 
changes across each state of training and whether the state of the network is a reliable indicator 
of trial performance. We discovered that individual neurons were poor predictors of trial 
outcome on a trial-by trial basis but that networks of neurons were strong predictors of behavior. 
We also found that the responsivity of discrete and separable populations of neurons became 
largely dissociable as new learning occurred and that each particular population of neurons was 
more or less influential in network computations depending on the training stage of the animal. 
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Abstract: Recent development in high performance calcium indicators enabled researchers to 
observe neural activity from a large number of neurons over days or weeks, generating 
increasingly large datasets. Such large datasets pose great challenges to neuroscientists. One 
critical step in processing imaging datasets is to identify regions of interest (ROIs), where each 
ROI corresponds to an individual neuron, so that the fluorescence of each ROI can be used to 
understand neural activity patterns. Although manual selection of ROIs has been a common 
approach for small imaging datasets, it is not suitable for large datasets due to its labor-intensive 
and time-consuming nature. Thus, an algorithm that automatically identifies ROIs is critically 
needed to analyze large imaging datasets. We developed an algorithm for rapid automatic image 
segmentation using adaptive thresholding of fluorescence intensity, an algorithm we named 
automatic fluorescence intensity based adaptive thresholding (FIBAT). We first generated a 
static image representing the mean intensity of each pixel over time. We then applied an intensity 
threshold globally to the static image to isolate potential ROIs. The threshold was adaptively 
adjusted so that the largest number of ROIs was obtained. We then applied adaptive threshold 
locally around the immediately surrounding area of each ROI identified, segmenting each ROI 
into smaller ROIs if possible. This process was iterated multiple times to capture as many ROIs 
possibly. We tested the algorithm on two calcium imaging datasets, one from the hippocampus 
area and anther from the striatum area, where neurons are different in sizes. Compared to manual 
selection of ROIs, FIBAT successfully identified about 80% of the manually generated ROIs. 
Upon further visual examination of false positive ROIs identified by FIBAT, we found that many 
are neurons missed by manual selection. Overall, the performance of our algorithm is 



comparable with manual selection, and can outperform manual selection by identifying ROIs 
with low intensity that were often missed by manual selection. 

Disclosures:  H. Tseng: None. S. Shen: None. K.R. Hansen: None. R. Wu: None. J. Si: 
None. X. Han: None. 

Poster 

346. Data Analysis and Statistics: Neuronal Networks 

Location: Halls A-C 

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM 

Program#/Poster#: 346.09/WW29 

Topic: I.07. Data Analysis and Statistics 

Support: Dept. of Energy Computational Science Graduate Fellowship (CSGF) 

 Howard Hughes Medical Institute 

 McKnight Foundation 

 Simons Foundation 

 James S. McDonnell 

 DARPA 

 NSF GRF 

Title: Low-dimensional representations of learning in multi-trial datasets 
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Abstract: Dimensionality reduction methods, such as Principal Components Analysis (PCA), 
provide compact statistical summaries of large population recordings and thus have become a 
cornerstone tool for modern neural data analysis [1]. Existing methods reduce the dimensionality 
of fast, within-trial neural dynamics, but ignore how dynamics change over repeated behavioral 
trials. These across-trial trends are of broad interest as neural correlates of attention, memory 
consolidation, learning, and other internal cognitive states. 
We present two approaches - canonical polyadic (CP) tensor decomposition and time-warped 
principal components analysis (twPCA) - that reduce the dimensionality of within-trial firing 
rates and find low-dimensional representations for across-trial dynamics. CP tensor 
decomposition, an existing and well-studied statistical technique [2], formally generalizes 



existing network models of low-dimensional gain modulation (e.g. [3]), while twPCA models 
temporal shifts and scalings of neural dynamics, similar to dynamic time warping (DTW). These 
complementary methods can be jointly applied to neural data to accommodate low-dimensional 
changes in both amplitude and timing. 
In experimental datasets collected from different species, brain regions, and behavioral tasks, 
these unsupervised methods recover sub-populations of neurons with interpretable within-trial as 
well as across-trial dynamics, reflecting experimental conditions, rewards, behavioral strategies, 
and motivational states. CP decomposition identified functional types of excitatory neurons in 
prelimbic cortex while mice switched navigational strategies in a four-armed maze. In separate 
experiments, CP decomposition and twPCA characterized neural dynamics while a Rhesus 
macaque learned to compensate for a visuomotor rotation in a brain-machine interface task. 
We have developed open-source computational tools for fitting these models to neural data [4,5]. 
[1] Cunningham JP, Yu BM (2014). Nat Neurosci. 17:11, 1500-1509. 
[2] Kolda TG, Bader BW (2009). SIAM Review. 51:3, 455-500. 
[3] Gorris RLT, Movshon JA, Simoncelli EP (2014). Nat Neurosci 17:6, pp. 858-865. 
[4] https://github.com/ganguli-lab/twpca 
[5] https://github.com/ahwillia/tensortools 
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Abstract: Determination of rodent behavior from video images obtained in experimental record 
is important in numerous branches of neuroscience. Freezing is most frequently studied 
phenomenon related to wide range of intrinsic behaviors such as contextual fear conditioning 
which is thought to mainly depend on the hippocampus as well as auditory fear conditioning, 
where amygdala plays a major role. Not restricted to the behaviors in individual animals, 



freezing behavior has been studied in researches of social interaction, namely observational fear, 
which is associated with neuronal activities in the cingulate cortex. Existing methods of 
automated analysis, partly rerouting time-consuming and labor-intensive manual image 
identification in large data sets, are mostly depending on simple image feature analysis, not 
incorporating recent huge progress of machine learning, including deep learning. Introducing the 
results of machine learning methods has potential power allowing more efficient analysis for 
more complex phenomena in rodent behavior. To achieve the goal, we employed convolutional 
neural network (CNN) for the current study. CNNs are widely used neural network which are 
making tremendous success in recent computer visual object recognition contests. Among 
number of CNN implementation for various objectives, we employed C/C++ based, relatively 
light weight CNN for our purpose because the network could work with small computer 
resources. Training neural network has been carried out on PC with GPGPU (General purpose 
graphic processing unit) with labelled data. We are currently applying our machine learning 
based method to data obtained in recording social interactions of mice during/after observational 
fear. We are obtaining parallel results with conventional image processing method for simple 
freezing behavior, and further pursuing to identify a novel classification index of rodent behavior 
by the network. Our method is expected to be a better alternative to analyze vast amounts of 
recorded behavior data in many fields of neuroscience. Acknowledgement: This work is partly 
supported by KAKENHI (No. 15K01845) to H.M. 
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Title: A novel probabilistic framework for estimating of neural connections from partially 
observed neural spikes 
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Abstract: Plasticity is one of the most important features of the nervous systems that enables 
animals to adjust their behavior to an ever-changing external world. A major mechanism of 
plasticity is the changes in synaptic efficacy between neurons, and therefore estimation of neural 
connections is crucial for investigating information processing in the brain. Although many 
analysis methods have been proposed to this end, most of them suffer from a mathematical 
difficulty that stems from the fact that activity of only a limited number of neurons are available. 
That is, many existing methods ignore the effects from unobserved neurons. To overcome this 
difficulty, a novel probabilistic framework is proposed for estimating neural connections from 
partially observed spikes. We extract connections between observed neurons by explicitly 
quantifying influence from unobserved neurons to observed neurons. By modeling all possible 
propagations of influence over multiple neurons, the proposed method is able to eliminate 
pseudo-correlations; the pseudo-correlation is the problem that an indirect connection is detected 
as a direct connection. The method provides a macroscopic measure of connection within a 
temporal window of interest and it can be used for selecting the specific connections for further 
analyses. The proposed method is validated by artificial data and its applicability to real 
electrophysiological data is demonstrated as well. 
This work was supported by JSPS KAKENHI Grant Numbers 15H02669, 25120009, 25120011, 
16H02842, 16K16108. 
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Abstract: Previous fMRI studies of the sensorimotor system have demonstrated the location, 
velocity, and direction of tactile stimuli on the skin’s surface are discriminable features of 
sensorimotor processing. To better understand the representation and processing of dynamic 
saltatory tactile stimuli in the sensorimotor cortex, brain connectivity is utilized to delineate how 
sensorimotor areas are connected and how they influence each other. Here, we employed a path-
analytic structural equation modeling (SEM) approach for such a brain connectivity analysis of 
moving tactile stimuli on the glabrous skin of the digits, called path-analytic generalized 
structured component analysis (GSCA; Hwang & Takane, 2014). Path-analytic GSCA enables 
specification and estimation of the relationships among ROIs. For parameter estimation, path-
analytic GSCA applies a least squares estimation method, and the standard errors of parameter 
estimates are estimated by the bootstrap method. As such, path-analytic GSCA is 
computationally efficient in dealing with more elaborate and complicated brain connectivity 
models without recourse to distributional assumptions. We applied path-analytic GSCA to a bi-
directionally connected structural model of the BOLD response time courses data extracted from 
four ROIs chosen a priori to investigate primary sensorimotor regions contralaterally to the two 
different velocity stimuli (5cm/s and 25cm/s) on the right hand (BA3b_Left(L), BA1_L, 
BA3a_L, and BA44_L) in neurotypical adults (n=11). The result of our analysis revealed that 
there were statistically significant differences between the 5cm/s and 25cm/s stimuli on the 
structural paths in the hypothesized model. Future work will apply Dynamic GSCA to time-
series data to further delineate connections not only within the sensorimotor control network but 
also within somatosensory related areas such as cerebellum and posterior parietal cortex (PPC) 
and the influence of reorganization of these connections on fine motor control in individuals with 
stroke. 
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Abstract: In circuits at the sensory and motor periphery and in rare instances in cognitive areas, 
the identity of the primary independent variable represented by the neural responses is known. 
This is the exception: In many brain regions or in different states (e.g. sleep), the independent 
encoded variable is unknown. To what extent is it possible to discover the identity of the 
independent variable and decode its value from neural data, without direct knowledge of what it 
is? We present efforts to discover structure in multiple single-unit data, extract the unknown 
independent variable, and perform fully unsupervised decoding of it. Our method involves 
parameterizing low-dimensional manifold structure in high-dimensional data. 
We apply it to recordings from the mouse thalamus and postsubiculum (Peyrache et al., 2015) to 
examine neural circuit dynamics during awake exploration, REM, and slow-wave sleep (SWS). 
The method discovers a ring structure, which it parameterizes to extract a circular variable, 
consistent with head direction coding in these circuits. The accuracy of unsupervised decoding of 
the latent variable on many sessions is on par with decoders constructed using head direction. 
Per-neuron tuning curves for the latent variable match (up to rotation) the actual head direction 
tuning curves. REM states and a subset of SWS states fall on the waking manifold, showing-
without the assumptions involved in applying awake-state encoding models to sleep decoding-
that sleep and awake states share the same structure. Unlike waking, REM states perform a 
random walk on the circular variable, while SWS states sample a subset of angle values and 
make large jumps between them. 
Thus, we show it is possible to discover the structure of a variable that drives neural responses 
and decode it without knowing its identity, simply from time-series neural data. Such approaches 
can help understand encoding and dynamics in neural circuits, across behavioral states. 
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Abstract: Numerous algorithms exist to determine separate sleep stages and awake periods in 
mice. However, most of the methods for identifying such stages rely on subjective thresholds for 
their detection. We wanted to devise a method that does not rely on such thresholds, but 
separates the behavioral stages based on the intrinsic properties of the various oscillatory events 
in the LFP. We recorded CA1 or dentate gyrus δ, θ and γ oscillations (2048 Hz sampling) in 
adult mice freely moving in their home cages. The mice were kept with ad libitum access to 
water and food, on a 12:12 hours dark(D):light(L) cycle. The animals were also continuously 
monitored using an infrared sensitive video camera that recorded digital video files at 10-11 
frames/s through the iSpy software. This software also calculated the movement and activity (A) 
of the animals by a digital frame-to-frame subtraction procedure. Each 12 hrs, for the L and D 
periods, recordings were down-sampled for the detection of δ, θ and γ oscillations. Using Igor 
Pro, the traces were band-pass filtered with an FIR filter between 1-4 Hz for δ, 5-12 Hz for θ, 
and 30-120 Hz for γ oscillations. The RMS values of 8 s epochs (0.5 or 1 s shifts) were obtained 
from the filtered recordings in each bandwidth and all-point histograms of δRMS, θRMS and 
γRMS values were plotted for 12 hr L and D periods. In addition, the “peakiness” (P) of the θ 
oscillations was calculated and given values corresponding to the separation of its power from 
neighboring frequencies. We then calculated the ratio of γRMS/δRMS (G/D) for the duration of 
the recordings. The histograms of G/D showed a bimodal distribution well fitted by two 
Gaussians. The Gaussian with a lower mean and a very low variance could be easily separated. 
This distribution was then used to define the non-REM sleep periods (NREM) using a Gaussian 
probability-weighted function. Once the NREM episodes were defined, we separated the epochs 
outside the NREM into A and REM periods using an Euclidean vector space normalization and 
weighting of four vectors: A, θRMS, P and γRMS. Judging by the similarities between the 
durations of the various behavioral stages obtained by our method and those previously 
published, our approach accurately determined the behavioral stages of the animals without the 
requirement of recording EMG activity and subjective thresholding. 
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Abstract: Electron microscopy (EM) datasets used for building and analyzing connectomes will 
soon approach petabyte-scale. It is well understood that trained human annotation of EM datasets 
is accurate, yet time-consuming, costly, and not scalable. While automated computer vision and 
machine learning approaches are poised to tackle many challenges of building connectomes in a 
fraction of the time and cost, many state-of-the-art algorithms have been focused on task 
performance but not necessarily scalability. In a similar vein, these algorithms are often 
evaluated on small datasets, but not packaged in a reusable or reproducible way, thus making it 
difficult for other researchers to employ them on a much larger scale. 
Efforts at JHU/APL are focused on improvements and adaptations of these state-of-the-art 
algorithms in combination with novel, efficient uses of cloud-based computing and Docker to 
operate at the scale of current and anticipated EM datasets. This operation is critically important 
to support our generation of ground truth data, proofreading efforts, and performer evaluation 
under the MICrONS program. 
In building connectomes via automated approaches, we’ve addressed scalability at critical levels 
of the processing hierarchy. At the algorithmic level, APL has developed and adapted state-of-
the-art algorithms for processing large volumetric data. In particular, APL has successfully 
implemented, modified, and trained deep learning U-Net models to perform both dense 
membrane and synapse segmentation. To-date, most existing deep learning techniques produce 
voxel-wise or supervoxel-wise labelings. While the latter method enables some degree of 
scalability, our approach provides dense segmentation at a rate that is orders of magnitude faster 
than naive approaches without sacrificing accuracy. 
At the workflow level, APL has leveraged Docker and cloud-based solutions to enable efficient 
and repeatable processing of large volumetric datasets stored in the Block and Object Storage 
Service (BOSS). Through the use of Docker and Amazon Web Services (including their Elastic 
Container Service, Simple Queueing Service, and Batch), we’re able to massively parallelize 



volume processing while maintaining high throughput. Combining the algorithmic and workflow 
accelerations, we’re able to produce membrane and synapse segmentations for the entire 
Kasthuri 2015 (100x80x55 um3) dataset in approximately six hours using only eight K80 GPUs. 
These segmentations then enable faster, targeted ground-truth generation and proofreading under 
MICrONS. 
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Abstract: Resting state functional magnetic resonance imaging (rfMRI) studies have revealed 
organized patterns of brain activity, reflecting local and global synchronized activity within and 
across distinct functional brain regions. As fMRI measurement reflects changes in blood oxygen 
level, synchronized brain activity captured by rfMRI is of a different time scale from patterns of 
synchronization resulting from rapid changes in electroencephalograhy (EEG) associated with 
synaptic transmission. The relatively low cost and wide availability of EEG makes it a potential 
candidate for frequent and routine monitoring of human brain function. Here taking advantage of 
the millisecond temporal resolution of EEG, we used Second Order Blind Identification (SOBI) a 
blind source separation (BSS) method to uncover both local and global synchronized neuronal 
activity from continuous high-density EEG data (128 channels) collected during 5 min task-less 
resting period without using a shielded room. Across 9 participants (19 to 72 years of age), we 
were able to identify SOBI components with highly regular sensor-space projection maps 
reflecting (1) local synchronized neuronal activity along both dorsal and ventral visual pathways 
and in temporal and frontal cortices; (2) global synchronized neuronal activities spanning 
posterior-anterior parts of the brain. A subset of these components can be reliably observed 
across all participants while others show more individual differences. The most notable is the 
identification of the following component types: (1) components whose topography resemble 
those previously reported global network showing face-stimuli elicited P300 response; (2) 
components whose topography suggest a spatial origin of V4; (3) components whose topography 
suggest multiple spatial origins from the frontal lobes, including regions associated with 



language processing. These maps raise the possibility of localizing synchronized ongoing 
neuronal activities to specific functional brain regions filling the gap from the rfMRI studies. The 
fact that such functionally distinctive maps can be obtained from 5 min EEG data suggests the 
feasibility of using highly portable EEG systems in frequent monitoring of brain activity from 
specific functional brain regions. 
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Abstract: Under resting or task free conditions, the human brain maintains a highly variable on-
going activity, shown as oscillatory EEG signals recorded from the scalp. Such on-going activity 
contributes to trial-to-trial variation in the latency of the event-related potentials (ERPs) response 
to identical stimulation. In typical cognitive studies, such trial-to-trial variations are dealt with by 
averaging across trials of stimulus presentation and across different subjects to obtain the so-
called grand average. Here by applying Second Order Blind Identification (SOBI) to single-
subject hd-EEG data, we first extracted neuronal sources, including both early sensory areas and 
higher order processing areas down the cortical processing stream. We then compared the 
latency variability in single-trial ERPs of these SOBI recovered cortical neuronal sources during 
a visual color oddball task, where the participants pressed a button in response to the low 
probability color stimulus (20% of 250 trials). For different time windows selected to capture the 
early and late temporal components of an ERP, we estimated single trial response latency by 
calculating the cross-correlation between a single trial and the averaged ERP waveforms. 
Variance tests revealed a significant difference between the high versus low frequency color 
stimuli conditions (ps < .01). Most surprising is the direction of this difference---the variability 
in LATE response to low frequency stimuli was significantly smaller than that of the high 
frequency stimuli despite the former having a smaller number of trials. In contrast, no significant 
variance differences were found for the EARLY ERP components. This result suggests that a 
major source of trial-to-trial variations may arise from top-down evaluation of the incoming 



feed-forward signals and that novelty may recruit stronger attention to enhance learning, which 
manifests itself as increased response reliability in the top-down efferent signals broadcasted to 
multiple brain regions. This data set also offers additional opportunities to further test the 
hypothesis that top-down modulation of neuronal activity of the lower functional brain regions 
by higher functional regions underlies the greater variation in the late, as opposed to the early, 
ERP component of the early stage brain regions. 
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Abstract: Extracellular neural recordings typically consist of the superposed activity of multiple 
neurons. To study ensemble dynamics, it is important to isolate the activity of single neurons. 
Automatic unsupervised spike-sorting is still a challenging problem, especially when large-
scaled neural recordings are considered. Moreover, applications such as brain-computer 
interfaces require real-time implementation. Most spike-sorting methods use four main steps: 
data filtering, action potential detection, feature extraction and clustering. However these 
methods often require supervision or offline processing. To overcome these limitations, we 
propose a fully unsupervised method based on a spike-timing dependent plasticity (STDP) 
artificial neural network, a type of network able to perform unsupervised learning. We 
considered a network constituted of three layers of neurons and one attention neuron, connected 
in a feedforward manner. The input signal, band-pass filtered, is continuously fed into the input 
layer. The spike trains of the output layer directly reflect the detected and sorted action potentials 
from the input signal. Each layer of the network has a specific role. The input layer fires at 
regular time steps, and the emitted spike train encodes the shape of the input signal within a 
sliding time window, thanks to input neurons encoding for different signal amplitudes at 
different delays. The attention neuron, which receives the input spike train, detects action 
potentials in the signal thanks to a short-term plasticity rule, and modulates the intermediate and 
output layer. The intermediate layer learns to recognize short signal shapes encoded by the input 
layer thanks to an STDP rule. Finally the output layer learns intermediate layer patterns thanks to 
an STDP rule, with the ability to adapt to the pattern size thanks to an intrinsic plasticity rule. We 



evaluated this method on several sets of artificially generated data with known truth and also on 
real extracellular recordings associated with intracellular recordings. On average we obtained 
comparable or better performances than the open-source spike-sorting software Osort and 
Wave_clus, especially in case of low SNR. Overall the proposed approach thus provides a robust 
online automatic and fully unsupervised spike sorting method. 
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Title: Dynamic neural stitching: Learning consistent neural population dynamics from separately 
recorded neural populations across months using LFADS 
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Abstract: Increasing evidence suggests that the activity of large populations of neurons is often 
well-described by low-dimensional dynamics. Measurements of these neural populations are 
often limited to recordings from separate populations of neurons observed in many separate 
experimental sessions. With this approach, it is typical for the recorded neurons to be completely 
non-overlapping across sessions. This makes understanding the dynamics of the aggregated 
neural population difficult, especially at the level of single trials. Here we introduce "dynamic 
neural stitching", an adaptation of LFADS (Latent Factor Analysis via Dynamical Systems, see 



Pandarinath et al. SfN 2017) which infers common latent dynamics from separately recorded, 
single-trial neural population activity. LFADS learns one consistent dynamical system to 
describe all the data, and session-specific transformations that map from these (latent) dynamics 
to the neural activity observed in each individual session. 
This approach is motivated by the assumption that in an experimental design where the subject is 
engaged in a similar behavior across recording sessions, groups of neurons recorded from the 
same brain region should share the same underlying dynamics. We tested this approach using 45 
sequentially recorded spiking datasets (24 ch. Plexon V-probes) from macaque M1 and PMd 
during a center-out instructed-delay reaching task. We trained one multi-session LFADS model 
as well as 45 individual, single-session models for comparison. The multi-session model's latent 
states were considerably more informative about single-trial behavior, including cross-validated 
predictions of hand kinematics (p < 10-6) and reaction times (p < 10-6). The latent neural 
population state trajectories of the stitched model varied by reach direction but were highly 
consistent across recording sessions, implying that LFADS found a common low-dimensional 
latent state governing the population activity across recording sessions. 
New multi-electrode and imaging technologies enable recording of ever-larger populations of 
neurons, but it is often practical to collect more cells over many sessions. Dynamic neural 
stitching enables neuroscientists to move beyond trial-averaged analyses of sequentially recorded 
datasets, and instead to infer common latent dynamics from the individual trials of each dataset. 
Understanding these dynamics may help to unravel the computations performed by neural 
circuits and to clarify the relationship between single-trial neural population state and behavior. 
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Abstract: Calcium imaging has become the preferred technique in neuroscience to 
simultaneously record the activity of thousands of cells. Yet most tools to analyze the recordings 
are rather rudimentary or require extensive knowledge of other disciplines, from machine 
learning to big data and network theory. Moreover, there is often a disconnection between the 
experiments and their analysis and outcome, usually taking place days apart and/or being done 
by different people. 
We present NETCAL, a MATLAB-built, dedicated software platform to record, manage and 
analyze high-speed high-resolution calcium imaging experiments. Its ease of use, interactive 
graphical interface and exhaustive documentation is aimed to wet-lab researchers, but it will also 
meet the needs of any experienced data scientist through its plugin and scripting system. We 
have developed a large set of tools and incorporated state-of-the-art algorithms and toolboxes for 
large-scale analysis of network and population dynamics. Analyses include: automated cell 
detection (both static and dynamic); trace and population sorting through machine learning, 
clustering and pattern recognition; bursting dynamics; spike detection; network inference (from 
functional networks to causal relations); and many more. Several of these tools are also available 
in real-time, e.g. cells and spikes can be monitored during the actual recording, giving the 
researcher extensive feedback on the progress of the experiment. 
We have tested and used the software in several different experimental preparations and 
laboratory equipment. For instance, NETCAL has been used to test the viability and performance 
of differentiation protocols from human induced pluripotent stem cells (hISPCs); to characterize 
the individual and collective behavior of dissociated cortical and striatal cultures from 
Huntington’s disease (HD) mouse models; to reveal the communication between neurons and 
astrocytes in rat hippocampal cultures; and to detect propagating activity patterns in cortical 
cultures. Although NETCAL has been developed for calcium recordings in cultures, we have 
successfully tested and used it in other preparations, e.g., in-vivo calcium imaging and multi-



electrode arrays. 
Our platform has been developed by scientists for scientists, to promote and foster the 
development of tools for the replication and validation of experimental results. The software is 
highly modular, and its implementation provides easy extendability to adapt it to the specific 
requirements of any research group. 
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Authors: *F. MIWAKEICHI 
The Inst. of Statistical Mathematics, Tachikawa-Shi, Japan 

Abstract: Spontaneous synchronous neuronal activity is fundamental phenomena to maintain 
homeostasis. One of the essential brain function to sustain the life is respiration, and it has been 
known that spontaneous neural synchronization in the pre-Bötzinger complex (preBötC) 
generates inspiratory bursts which can be observed as local filed potential (LFP) signal. Recent 
development of imaging techniques, such as Ca2+ imaging system, enables us to simultaneously 
record multicellular activity to investigate neuronal circuitry. Cross-correlation analysis with a 
reference function defined from LFP signal for whole temporal domain has been used to detect 
neurons that involve inspiratory burst. Though this approach is simple and can be straight 
forwardly applied to the data, only the regularly firing (clock-like) neurons, which involves most 
of inspiratory burst, can be detected. The ratio of regularly firing neurons among the neuron in 



the imaging data is about 10% and the other neurons are irregularly activated. Then question 
arises; what is the role of other neurons to generate respiratory rhythm? In order to elucidate the 
behavior of irregularly firing (non-clock-like) neurons, we applied cross-correlation analysis for 
each inspiratory burst with a sliding temporal window. Through this analysis we detected as 
many as seven times the number of the irregularly firing neurons than regularly firing neurons 
with discriminating the types of neuron, such as excitatory, glycinergic and GABAergic 
inhibitory neurons. We found that activation timing of regularly firing neurons were 
synchronized and kept the same time delay relative to the onset of the burst in LFP signal. On the 
other hand, the activation timing of irregularly firing neurons were also irregular. We also found 
that the number of firing neurons affected the amplitude of LFP signal for each inspiratory burst. 
We will further discuss the applicability of the causality analysis among the neurons in this 
poster. 
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Abstract: The ability of fast and single-neuron resolution imaging of neural activities enables 
light-sheet fluorescence microscopy (LSFM) as a powerful imaging technique in functional 



neural connection applications. The state-of-art LSFM imaging system can record the neuronal 
activities of entire brain for small animal, such as zebrafish or C. elegans at single-neuron 
resolution. However, the stimulated and spontaneous movements in animal brain result in 
inconsistent neuron positions during recording process. In this work, we address the problem of 
real-time registration of neural positions in stacks of LSFM images. This is necessary to register 
brain structures and activities. To achieve real-time registration of neural activities, we present a 
fast rigid registration architecture by implementation of Graphics Processing Unit (GPU). In this 
approach, the image stack was preprocessed on GPU by mean stretching to reduce the 
computation effort. The present image was registered to the previous stack that considered as 
reference. A fast Fourier transform (FFT) algorithm was used for calculating the shift of the 
image stack. The calculations for image registration were performed in different threads while 
the preparation functionality was refactored and called only once by the master thread. We 
implemented our registration algorithm on NVIDIA Quadro K4200 GPU under Compute 
Unified Device Architecture (CUDA) programming environment. The experimental results 
showed that the registration computation can speed-up to 550ms for a full high-resolution brain 
image. The registration can be accelerated using more GPUs in the architecture. Our approach 
also has potential to be used for other dynamic image registrations in biomedical applications. 
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Title: LFADS: A deep learning technique to precisely estimate neural population dynamics on 
single trials 
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Abstract: Neuroscience is experiencing a data revolution in which simultaneous recording of 
many hundreds or thousands of neurons is revealing structure in population activity that is not 
apparent from single-neuron responses. This structure is typically extracted from trial-averaged 
data. Single-trial analyses are challenging due to incomplete sampling of the neural population, 
trial-to-trial behavioral variability, and fluctuations in action potential timing. We introduce 
Latent Factor Analysis via Dynamical Systems (LFADS; Sussillo et al. arXiv 2016), a deep 
learning method to infer latent dynamics from single-trial spiking data. LFADS uses a nonlinear 
dynamical system to model dynamics underlying observed population activity and to infer 
“denoised” firing rates for each neuron on a single-trial basis. 
We tested the ability of LFADS to denoise single-trial spiking activity in motor cortical data with 
simultaneously recorded neural populations. In related work (O’Shea et al. SfN 2017) we extend 
LFADS to combine data from separately recorded populations to improve inference of 
underlying dynamics. 
By denoising the observed spiking activity, LFADS enabled prediction of behavior with new 
levels of accuracy. We decoded reach kinematics from LFADS-denoised activity, and compared 
against alternative techniques on a dataset in which monkeys made straight and curved reaches. 
Denoising using LFADS outperformed smoothing spikes or Gaussian Process Factor Analysis 
(avg R2=0.91 for LFADS, v. 0.64/0.61 for smoothing/GPFA). We also compared performance 
as a function of population size and found that LFADS using ~35 neurons outperformed the 
alternatives applied to the full population of 202 neurons. 
Further, LFADS uncovered known dynamic features of motor cortical activity on multiple 
timescales, e.g., 15-40 Hz LFP (Donoghue et al. J Neurophys 1998), and slow oscillations 
previously been characterized at the trial average level (Churchland et al. Nature 2012). LFADS 
revealed consistent dynamics on the single-trial level (~2300 individual trials, 108 reach 
conditions), and the inferred latent states were predictive of neurons that were held-out from 
model training (measured by likelihood of held-out neurons’ spikes). 
Finally, with its dynamical model, LFADS can infer when the observed data deviates from 
expected dynamics. When applied to M1/PMd data from a task in which unexpected 
perturbations occur mid-trial, LFADS inferred the presence, type and timing of the perturbations. 
In sum, LFADS accurately models neural population dynamics on single trials, opening the door 
to a detailed understanding their role in computation, and ultimately in driving behavior. 
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Abstract: To gain insight into the relationship between the activity of neurons and their 
connectivity in neocortical circuits, we are using imaging and computational approaches to co-
register neurophysiological and neuroanatomical datasets in the primary visual cortex of the 
mouse. We use transmission electron microscopy camera array to acquire 3D high-resolution 
images of mouse V1 to reconstruct brain anatomy at the cellular level. We use two-photon 
calcium imaging to observe functional activities of neurons in the same area. To correlate brain 
structures and neuron activities in large scale, we are developing deep learning based approach to 
co-register EM and functional data. Our method uses a small chunk of manually co-registered 
EM and functional image as the training set. In the training phase, it takes small pair-wise 
patches of EM and functional data as input to a deep convolutional neural network (CNN), which 
outputs 1 or 0, indicating the small patch of EM and functional image match or not. In the testing 
period, we generated a pool of candidate spatial transformations between EM and functional 
data. Each transformation brings the two sets of data into the same canonical space, making them 
comparable. We then generate pair-wise patch samples for each transformation and use the 
trained CNN to predict whether they belong to class 1 (match) or 0 (non-match). We then 
selected the transformation that produces the maximum percentage of matched samples as the 
best registration. Our preliminary result on a small dataset has proved the effectiveness of the 
method. Like other Allen Institute products, data and tools developed will be made publicly 
available for the research community. 
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Abstract: We demonstrate a computational system comprised of deep neural networks that is 
able to classify suspicious masses in images with 100% accuracy. Breast cancer screening, with 
mammography being one of the most employed early screening methods, affects millions of 
women. Although mammography as currently practiced is invaluable, improvements in its 
accuracy would be beneficial. According to Smith‐Bindman et al., America has twice as many 
callbacks for questionable mammograms when compared to the UK, with 11% of screening 
mammograms assessed as abnormal. These callbacks result in women receiving further testing, 
such as invasive biopsies, and result in 3% of reassessed cases being confirmed as cancer (0.3% 
of total number of mammograms). This more aggressive callback protocol has not improved 
cancer diagnosis as compared to the UK. This number of callbacks was attributed by Smith‐
Bindman et al. in large part to fear of lawsuits and has resulted in an increase in sensitivity of 
mammography at the cost of specificity. The work here is poised to 1) increase the specificity of 
the mammography screening modality while not sacrificing sensitivity and 2) mitigate 
unnecessary callbacks and biopsies. 
Deep learning neural networks have previously been applied to medical imaging diagnostics with 
good results. Jiao et al. developed a system capable of classifying suspicious masses as malign or 
benign with 97% accuracy. Our technique is able to perform the same task with 100% accuracy. 
This is achieved by using a residual network (Res‐Net) (He et al.), a type of deep convolution 
neural network with a specialized structure. Res‐Nets use shortcut connections across 
constitutional layers to mitigate problems with gradients shrinking to near zero or tending to 
infinity. In our work, we diverge from the common convolution neural network input structure, 
and rather than input one image at a time, input three images centered on the same location, but 
with different scales. The multi‐scale input provides fine detail of the suspected tumor as well as 
surrounding tissue. 
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Abstract: We use ordinary differential equations (ODEs) to model the human brain as a 
continuous time dynamic system consisting of biophysically interacting components, i.e., brain 
regions. In contrast to existing ODE models for fMRI and EEG data that focus on directional 
connectivity among only a few brain regions, we propose a high-dimensional ODE model 
motivated by statistical considerations to explore connectivity among many small brain regions 
recorded by intracranial EEG (ECoG). The new model is widely applicableto characterize 
various brain regions’ oscillatory activity and their network of connectivity in a cluster structure. 
We develop a unified Bayesian framework to quantify the inadequacy in the proposed ODE 
model for the complex brain system, identify clusters and strongly connected brain regions, and 
map the brain’s directional network where each network edge denotes a significant directional 
effect exerted by one brain region over another. We apply the proposed ODE model and 
Bayesian method to EGoG data sets, studying the brain network changes over time. 
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Title: Effects of global signal regression and head movement on connectivity analysis using 
resting state functional magnetic resonance imaging 
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Abstract: The functional network within the brain has been investigated with resting state (rs-) 
connectivity analysis in human participants. Changes in network connectivity in the brain have 
been reported in patients with neuropsychiatric disorders such as dementia, schizophrenia, and 
autism. Analysis of rs-connectivity using functional magnetic resonance imaging (fMRI) has 
been recognized as a powerful tool for developing disease-specific biomarkers. However, data 
obtained with rs-fMRI are confounded by signals originating from physiological and motion-
related artifacts, which may obscure result significance. To counter these confounding factors, 
global signal regression (GSR) has been used for data and the motion parameter threshold (MPT) 
for participants. However, how these methods affect the results of functional connectivity (FC) 
has never been clarified. In the present study, we systematically investigated the effects of GSR 
and MPT on FC analysis. Data were extracted from a multicenter database (Autism Brain Image 
Data Exchange) from five sites (all boys, including patients with autism (ASD) and controls 
(CTL), mean age: 10.8 years). Participants were selected and divided into three groups as per the 
manufacturer of the MRI scanner: group-G (General Electric, sites EMC and SDSU), group-P 
(Philips, site KKI), and group-S (Siemens, sites OHSU and UCLA). The number of participants 
was 89 in group-G (ASD/CTL, 44/45), 76 in group-P (38/38), and 79 in group-S (45/34). The rs-
fMRI data were preprocessed using SPM12 and DPARSFA, and signal changes in 90 regions, 
defined by the standard template, were extracted. The signal time courses were transformed into 
a 90 × 90 FC matrix for each participant. The effects of GSR on mean and skewness of FC were 
tested collectively in ASD and CTL, and within each group. Excessive correlation (greater than 2 
SD of the mean), which caused skewness of FC, was compared before and after GSR. Finally, 
the effects of head motion on the skewness of FC were investigated by excluding participants 
according to the MPT. The results showed that GSR significantly (p < 0.01) decreased mean FC 
to zero in both ASD and CTL, and in all groups. The significant (p < 0.05) difference observed 
in mean FC between ASD and CTL diminished after GSR. GSR significantly (p < 0.05) 
increased the number of regions with excessive correlation. Finally, the MPT significantly (p < 
0.05) decreased the skewness of FC only after GSR application. These results indicate that GSR 
diminishes differences in FC between ASD and CTL, but does not eliminate excessive 
correlations. The effect of the MPT is relatively small and there is a tradeoff between data 
quality and sample size. 
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Title: Longitudinal graph analysis of functional connectivity of mild cognitive impairment and 
AD patients 
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Abstract: As a contribution to the longitudinal research of Alzheimer’s disease (AD), this study 
united the capabilities of graph theory and the resting state functional connectivity (RS-fMRI) 
technique. The main objective was to track changes in the topological configuration of functional 
connectivity networks of patients with AD and mild cognitive impairment (MCI). 
The images analyzed were of subjects from the neuropsychology and dementia outpatient clinic 
of a school-hospital in Brazil, who had two examinations. MR acquisitions were done on a 3T 
Philips Achieva scanner, while subjects avoided attention demanding activity. The interval 
between examinations was on average 52 ± 30 weeks. In the first examination there were 15 
healthy controls (C) (12 women, 69 ± 6 years old), 22 MCI patients (14 women, 70 ± 6 years 
old), and 14 AD (9 women, 73 ± 8 years old). For the second examination, three participants 
changed diagnosis, so there were 14 C (11 women, 70 ± 6 years old), 21 MCI (14 women, 71 ± 6 
years old), and 16 AD (10 women, 74 ± 8 years old). Image preprocessing included scrubbing of 
flagged volumes (Power et al., NeuroImage 105, 2015) besides the usual steps. 
For the graphs, 264 regions of interest represented the nodes (Power et al., Neuron 72, 2011); 
while the pairwise Pearson correlation coefficient of the extracted time series represented edges. 
Graphs were binarized with correlation thresholds. Selected graph metrics and their variance 
were calculated: degree, characteristic path length, clustering coefficient, and betweenness 
centrality. Also calculated were the small world coefficient and the local efficiency of 10 
selected nodes. Mixed effects linear models were applied with fixed effects for diagnostic group 
and random intercepts for each individual. Later, education, time between acquisitions and 
confound variables age and a nuisance movement parameter were also tested. 
Contrary to similar studies, there were no significant results, only hints for the variance of some 



metrics reflecting effects of the progression of the disease. The lack of results may be associated 
to the methodology for removing artifacts, a lack of statistical power, and the adoption of global 
metrics. 
In conclusion, data from more observations is necessary, as well as improvements during 
acquisitions, quality control of the images, and the construction of graphs. The preferred metrics 
and tests should be local and nonparametric. 
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Abstract: Objective. To determine the band-related local functional connectivity (BRLFC) of 
the seizure onset area (SOA) and the peri-SOA. 
Methods. This study was conducted on 18 unselected adult patients with intractable epilepsy 
undergoing icEEG monitoring for surgery. Intracranial EEG electrode contacts were located 
from post-implantation CT and MR images and registered to the MRI of a standard brain to 
allow interpretation of results from all patients in the same space. A 1 hr icEEG epoch, recorded 
during wake and removed in time from seizure occurrence, was studied. Coherence was 
estimated for all pairs of electrode contacts ipsilateral to the SOA in delta, theta, alpha, beta, 
gamma and a high frequency band. The BRLFC of each electrode contact was estimated as the 
average band-related coherence between it and all electrode contacts within a specified spatial 
window. 
Results. The average BRLFC was significantly non-zero, and there was an inverse relationship 
between average BRLFC and distance from the SOA primarily in the beta, gamma and high 
frequency bands. The contacts ipsilateral to the SOA were separated into four sets based on 
radial distance to the SOA: (1) S: SOA contacts, (2) P: all contacts within 3 cm of the SOA but 
not including SOA contacts, (3) Q: all contacts from 4 to 7 cm of the SOA, and (4) R: all 
contacts from 8 to 12 cm of the SOA. The mean BRLFC for all contacts in each of these four 



sets was calculated as well as the ratios of the mean values of BRLFC for S, P, Q, and R. The 
most pronounced significant (p < 0.05) differences in these values were observed between P and 
R in gamma BRLFC evaluated for a mid-radial distance window. 
Conclusions. A graded relationship was observed between BRLFC and distance to the SOA, for 
specific frequency bands, such that electrode contacts with the greatest connectivity were in the 
SOA or in the immediate peri-SOA and those with the lowest connectivity were at a distance of 
several cm from the SOA. 
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Abstract: Early detection of Alzheimer’s disease (AD), which is critical for the effective 
treatment, calls for new functional biomarkers of the disease. Resting state functional 
connectivity (rsFC) is promising for the development of such biomarkers because it has been 
suggested to be able to detect pathological process earlier than cognitive tests. This premise is 
supported by the existing evidence that rsFC patterns experience significant changes in several 
neurological and psychiatric disorders (Seeley et al 2009; Cabral et al 2014). Resting state FC 
has been successfully studied using fMRI but there are serious limitations in its use in the elderly 
population. Electroencephalography (EEG) has shown promise as a possible new biomarker for 
AD and Mild Cognitive Impairment (MCI) (Moretti 2015). With the development of more 
accurate methods for source reconstruction and new software tools, it becomes possible to use 
scalp EEG to produce interpretable 3D images of the brain (Dubovik et al 2012). 
We recorded high density EEG signals in seven MCI subjects and seven age-matched healthy 
participants during the resting state (5 min). Data preprocessing included artifact removal with a 
special effort to remove myogenic activity using Independent Component Analysis (Olbrich et al 
2011). rsFC was measured by imaginary coherence which is insensitive to volume conductance 
effects (Nolte et al 2004). The time courses of imaginary Fourier coefficients (FieldTrip toolbox, 
Oostenveld et al 2011) averaged within physiological frequency bands were subjected to source 
reconstruction using swLORETA (BESA, GmbH, Germany). The time courses of frequency-



specific 3D images were analyzed to derive rsFC maps and the global parameters of rsFC for 
controls and MCI subjects were analyzed with Graph Theory using CONN software (Whitfield-
Gabrieli and Nieto-Castanon 2012). 
Second-level analysis revealed significant group differences in Global Efficiency of brain 
networks within specific frequency bands. Thus, Global Efficiency within the alpha band (10-12 
Hz) was significantly lower in MCI subjects especially in the parietal cortex. The network 
analysis in the beta band (14-28 Hz) revealed significantly lower Global Efficiency in the MCI 
group especially in the left hemisphere. 
These data suggest that high density EEG reinforced by source reconstruction techniques is 
sensitive to detect the aberrant patterns of connectivity in MCI, a precursor of Alzheimer's 
disease. Thus, the global parameters of functional connectivity can be used for the development 
of new biomarkers for early diagnosis of MCI and AD as well as for quantitative assessment of 
treatments and rehabilitation strategies. 
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