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Abstract: Adult neural stem/progenitor cells (aNS/PCs) in the subgranular zone of the adult 
hippocampal dentate gyrus (DG) proliferate and give rise to new neurons continuously 
throughout life to maintain proper brain functions. Although this homeostatic neurogenesis is 
strictly controlled under normal physiological conditions, misregulation of aNS/PCs leads to 
aberrant neurogenesis and impairment of hippocampal-dependent learning and memory under 
pathological conditions such as stress, depression, ischemia and epilepsy. The aNS/PC niche, a 
microenvironment comprising various components including blood vessels, neurons, astrocytes 
and microglia, is known to contribute to different aspects of neurogenesis under both normal and 
pathological conditions. However, how it responds to pathological conditions to rectify any 
aberrant behavior of aNS/PCs has yet to be elucidated. Here, we show that microglia in the 
mouse hippocampus attenuate convulsive seizure-mediated aberrant neurogenesis through the 
activation of Toll-like receptor 9 (TLR9), an innate immune sensor known to recognize 
microbial DNA and trigger inflammatory responses. We found that microglia sense self-DNA 
from degenerating neurons following seizure, and secrete tumor necrosis factor-α, resulting in 
attenuation of aberrant neurogenesis. Furthermore, TLR9 deficiency exacerbated seizure-induced 
cognitive decline and recurrent seizure severity. Our findings thus suggest the existence of 
bidirectional communication between the innate immune and nervous systems for the 
maintenance of adult brain integrity. 
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Abstract: The adult hippocampus demonstrates remarkable sensitivity to the environment, 
supporting both the beneficial plasticity inherent in memory function and an often-detrimental 
vulnerability to a variety of insults. Seizures strongly impact the hippocampus in both humans 
and rodent models, often leading to cognitive impairment and development of recurrent epileptic 
activity. The acute response to a seizure strongly shapes the long-term consequences for 
hippocampal function and has therefore generated much interest as a potential window during 
which recovery could be supported. During this acute response, a reliably observed increase in 
hippocampal neurogenesis has generated much debate, with some studies indicating a positive 
role for new neurons in neuroprotection while others suggest a detrimental role of the many 
aberrantly integrated new neurons. To date, this debate has focused almost exclusively on new 
neurons, with little discussion of the neural stem and progenitor cells (NPCs) from which the 
neurons derive. However, we recently showed that NPCs in the adult hippocampus secrete 
surprisingly large amounts of vascular endothelial growth factor (VEGF), revealing the 
possibility that these undifferentiated cells could have functional relevance as sources of secreted 
growth factors. We therefore investigated the functional relevance of NPC-derived VEGF in 
seizure response using a murine NPC-specific, inducible VEGF knockdown model. NPC-VEGF 
iKD mice and littermate controls were exposed to kainic acid (KA) to induce seizures. We then 
investigated several markers of seizure response and damage. We found that KA-induced 
seizures stimulated NPC proliferation and vascular reorganization in both NPC-VEGF iKD and 
control mice to a similar degree. However, KA-induced astrogliosis, microgliosis and heat shock 
protein response were exaggerated in NPC-VEGF iKD mice compared to controls, suggesting a 
potential for greater seizure-related damage in iKD mice. Importantly, these studies occurred in a 



short time-frame, before any manipulated NPCs could give rise to functional new neurons. Our 
findings therefore suggest that NPC-derived VEGF may be protective against seizure-related 
hippocampal damage. Future research will use behavioral assays to confirm the detrimental 
effect of loss of NPC-derived VEGF in seizure response. These studies show that NPCs may 
have functional relevance to hippocampal injury response as secretory cells, independent of their 
ability to create new neurons, and suggest a novel source of plasticity in the adult brain. 
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Abstract: Adult-born Dentate Granule Cell (DGC) development is a tightly regulated, dynamic 
process, where immature neurons undergo a series of orchestrated changes to form mature DGCs 
that integrate into the hippocampal circuitry. We focus on a critical developmental stage between 
7 to 14 days, where immature adult-born DGCs undergo an extensive remodeling of the neuritic 
processes at the basal domain, resulting in the specification of a single hilar axon and a single 
apical dendrite. This stage is also characterized by the transition of the somata from tangential to 
the stereotypical radial orientation within the granule cell layer (GCL). Failure of these 
developmental events can result in pathological conditions such as epilepsy. However, the 
cellular/molecular mechanisms that dictate these developmental events remain largely unknown. 
We specifically focus on the role of the protein complex composed of the Ste20-related kinase1 
Stk25 (YSK1, Sok1) and the STE20-related pseudokinase (STRAD), in the direct regulation of 
basal dendrite formation and elimination in adult-born DGCs, via regulation of Golgi 
positioning. The STRAD-STK25 complex has been shown to regulate polarized Golgi 
positioning and neuritic process formation in embryonic CA1 hippocampal neurons. We 



hypothesize that exclusive localization of the Golgi to the apical pole and its exclusion from the 
basal pole, are both crucial events in the establishment of a typical adult-born DGC morphology, 
with a single apical dendrite, a single basal axon and radial orientation of DGCs in the GCL. We 
show that in adult-born DGCs, downregulation of STK25 or STRAD resulted in persistent basal 
dendrites, as well as failure of cells to achieve radial orientation in the GCL. These cells 
exhibited Golgi dispersion that was present at the base of the persistent basal dendrites. Thus, the 
Stk25-STRAD complex regulates polarized Golgi positioning and its exclusion from the basal 
processes. This results in the assumption of the bipolar morphology and radial orientation of the 
DGCs in the GCL. Furthermore, a homozygous deletion in the STRAD gene resulting in C-
terminal 180 amino-acid truncation of the STRAD protein (STRAD-Δ180) causes the human 
Polyhydramnios, Megalencephaly and Symptomatic Epilepsy (PMSE) syndrome, a 
neurodevelopmental disorder characterized by infantile-onset epilepsy and severe mental and 
motor disability. We thus propose that the perturbation of the STRAD-Stk25 complex activity 
produces morphological aberrations in adult-born DGCs, potentially causing pathological 
development and activity of these neurons. 
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Abstract: Adult neurogenesis is the process through which new neurons are born in the adult 
brain with links to learning and memory as well as neurological disorders. Neurogenesis takes 
place in the subgranular zone (SGZ) of the dentate gyrus (DG) and the subventricular zone 
(SVZ) of the lateral ventricles. In the DG, newborn neurons mature to become excitatory granule 
cells that integrate into the existing circuitry. Adult neurogenesis is driven by relatively quiescent 
radial glial cells, which in combination with active signaling pathways give rise to a proliferative 
cell population, which mostly adopt a neuronal cell fate. While the cell types involved in adult 
neurogenesis have been characterized, we are far from a full understanding of molecular 



mechanisms involved. The highly conserved transcriptional regulatory protein c-myc is an 
integral part of development and also acts as a proto-oncogene. A large number of studies have 
focused on c-myc, but only a minority has been carried out in normal adult stem cells. c-myc is a 
major wnt pathway target and is involved in diverse processes such as cell growth, proliferation, 
apoptosis and differentiation: phenomena intimately linked to neural stem cell biology. A clear 
picture of c-myc function remains to emerge, due to context-dependence, overlapping expression 
patterns with other myc proteins, weak transcriptional activity and low expression levels in adult 
cells. We have hypothesized that c-myc may have a function in early steps of adult neurogenesis. 
We confirmed expression of c-myc in the adult DG as well as cultured adult hippocampal 
progenitor cells (AHPs). c-myc bound to its known target loci and regulated expression in AHPs, 
suggesting that c-myc was functional in the adult neural progenitor context. Expression of c-myc 
was downregulated upon differentiation both in vivo and in vitro. The expression pattern of c-
myc and other myc family members were distinct, suggesting an early function for c-myc. 
Knockdown of c-myc led to enhanced differentiation, whereas overexpression of c-myc inhibited 
differentiation of AHPs. Retroviral expression of c-myc in the DG led to an early increase in 
proliferation followed by an inhibition of subsequent differentiation. Interestingly, further 
analysis suggested that c-myc function was dose-dependent and that c-myc might have a direct 
role in coupling proliferation to differentiation. In summary, our data point to a novel role for c-
myc in regulation of not only cell proliferation but also cell fate in adult neurogenesis. Potential 
mechanisms of c-myc function and its role in adult stem cell biology will be discussed. 
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Abstract: A comprehensive understanding of adult neurogenesis is essential for the development 
of effective strategies for the enhancement of endogenous neurogenesis in the damaged brain. 
Olfactory interneurons arise throughout life from stem cells residing in the subventricular zone 
of the lateral ventricles. Neural precursors then migrate along the rostral migratory stream (RMS) 
to the olfactory bulb. To ensure a continuous supply of adult-born interneurons, precursor 
proliferation, migration and differentiation must be tightly coordinated. Here we show that the 
netrin/RGM receptor, Neogenin, is a key regulator of adult neurogenesis. Neogenin loss-of-
function (Neogt/gt) mice exhibit a specific reduction in adult-born calretinin interneurons in the 
olfactory granule cell layer. In the absence of Neogenin neuroblasts fail to migrate into the 
olfactory bulb and instead accumulate in the RMS. In vitro migration assays confirmed that 
Neogenin is required for Netrin-1-mediated neuroblast migration and chemoattraction. 
Unexpectedly, we also identified a novel role for Neogenin as a regulator of the neuroblast cell 
cycle. We observed that those neuroblasts able to reach the Neogt/gt olfactory bulb remained in 
cell cycle and consequently failed to undergo terminal differentiation. Cell cycle analysis 
revealed an increase in the number of S-phase neuroblasts within the Neogt/gt RMS and a 
significant reduction in the number of neuroblasts exiting the cell cycle, providing an explanation 
for their inability to undergo terminal differentiation. Therefore Neogenin acts to synchronize 
neuroblast migration and terminal differentiation through the regulation of neuroblast cell cycle 
kinetics within the neurogenic microenvironment of the RMS. 
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Abstract: Adult neurogenesis plays increasingly recognized roles in brain homeostasis and 
repair, and is profoundly affected by energy balance and nutrient availability. Thus it is relevant 
to the emerging connection between metabolic dysfunction and brain diseases. Excess nutrients 
lead to a depletion of the neural stem cell (NSC) poll and accelerate brain ageing, but the 
underlying cellular and molecular mechanisms are far from being defined. Here we demonstrate 
that hippocampal NSCs cultured in glucose concentrations falling in the physiological range 
(0.9-1.0 g/L) exhibited increased proliferative and self-renewal capacity compared to NSCs 
exposed to high glucose (4.0-4.5 g/L) conditions. This effect was paralleled by the enhanced 
expression of the transcription factor Hes1 (Hairy and Enhancer of Split), a master determinant 
of neural cell stemness, and increased CREB phosphorylation. More importantly, these responses 
to glucose availability were nearly completely lost in CREB-deleted NSCs, suggesting that 
CREB may regulate Hes1 expression. Our bio-informatic search and ChIP analyses 
demonstrated the presence of a CRE region in the regulatory sequence of the Hes1 gene that was 
bound by both CREB and the histone deacetylase Sirtuin1 (Sirt1). Low glucose availability 
promoted CREB binding to the CRE surrounding chromatin and increased histone H3 
acetylation, while high glucose condition led to Sirt1 interaction with the same DNA region and 
consequent chromatin deacetylation and Hes1 repression. Interestingly, CREB phosphorylation 
and activation seem to be critical for proliferation and glucose responsiveness of NSCs. Indeed 
the overexpression of CREB mutant form lacking a specific serine in the activation domain 
(CREB S133A) abolished the proliferative effect of low-glucose culture medium, while the 
transfection of hyper-phosphorylated form of CREB (CREB K136A) increased NSC self-
renewal capacity. The same molecular interactions involving CREB, Sirt1 and Hes1 chromatin 
that we observed in cultured NSCs exposed to low ambient glucose were found in the 
hippocampus of mice subjected to calorie restriction, that is a dietary regimen associated with 
increased insulin responsiveness and lower blood glucose levels. In this animal model the 
increased Hes1 mRNA and the enhanced CREB interaction with the Hes1 promoter were 
associated with enhanced NSC proliferation. Collectively, our findings suggest that the glucose-
sensitive antagonisms between CREB and Sirt1 for Hes1 transcription may play a critical role in 
the metabolic regulation of hippocampal adult neurogenesis. 
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Abstract: While medical advances have succeeded in extending the average human lifespan, the 
development of effective treatments combatting associated age-related cognitive decline is 
lagging. Present therapeutic development is impeded by inadequate understanding of the cellular 
and molecular mechanisms contributing to cognitive aging. Recently, increasing evidence 
suggests adult hippocampal neurogenesis, the process generating functionally integrated 
newborn neurons, plays a fundamental role in memory function, emotional regulation, brain 
repair, and aging. Impairments in neurogenesis are observed with age and age-related disorders 
and are now believed to underlie associated cognitive deficits. While the molecular mechanisms 
mediating these impairments remain largely unknown, the mitotic checkpoint protein BubR1 has 
been shown to be an essential determinant contributing to age-related pathology. Transgenic 
mice harboring BubR1 hypomorphic alleles producing low amounts of BubR1 (BubR1 
hypomorphic or BubR1H/H mice) develop progeroid features and exhibit a reduced lifespan. 
Although cognitive deficits are hallmark symptoms of brain aging, the impact of BubR1 in brain 
function has remained unknown until now. Here, we find BubR1 is expressed within the adult 
mouse hippocampus and is significantly reduced with chronological aging. We further show that 
BubR1 insufficiency impairs multiple aspects of adult hippocampal neurogenesis including 
neural progenitor proliferation, maturation, and dendrite development of newborn cells in the 
dentate gyrus in vivo. In addition, BubR1 insufficiency leads to increased expression of 
hippocampal sFRP3, a natural inhibitor of Wnt signaling. Indeed, impaired adult hippocampal 
neurogenesis caused by BubR1 insufficiency is recovered by sFRP3 knockdown. Furthermore, 
BubR1 insufficient mice exhibit increased anxiety and impaired memory function. Increasing 
newborn neuron activation through optogenetic stimulation ameliorates these behavior 
impairments, indicating the specific functional impact of newborn neuron activity in attenuating 
the cognitive deficits caused by BubR1 insufficiency. Combined, our findings reveal BubR1 as a 



novel molecular component regulating newborn neuron development and cognitive function. 
Such knowledge provides new insight into the development of effective therapies treating a wide 
spectrum of cognitive disorders. 
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Abstract: Our previous works showed that top-down control from the noradrenergic system on 
adult-born granule cells in the olfactory bulb plays a key role in enrichment-induced olfactory 
discrimination (perceptual learning). However, the mechanism underlying the noradrenergic 
neuromodulation of perceptual learning remains unknown. We hypothesized that perceptual 
learning may modify the connective pattern between noradrenergic fibers and adult-born granule 
cells. Using lentivirus injection in the subventricular zone to label adult-born neurons and 
norepinephrine transporter (NET) immunohistochemistry to label noradrenergic terminals in the 
olfactory bulb, we found that perceptual learning enhanced the density of noradrenergic contacts 
both on basal dendrites and apical dendrites of adult-born neurons without affecting the overall 
density of noradrenergic fibers in the olfactory bulb. Moreover these effects lasted at least 4 
weeks after learning, a finding entirely consistent with long lasting olfactory discriminative 
improvement induced by odor exposure. Adult-born neurons integrate the olfactory bulb network 
by developing dendritic arbors and establishing synaptic contacts. We thus also investigated 
whether perceptual learning alters the morphology of adult-born granule cells, thereby modifying 



their level of synaptic integration and involvement in signal processing. Preliminary results 
suggested that perceptual learning modified adult-born granule cells in olfactory bulb by 
enhancing their dendritic spine density, and this effect lasted at least 4 weeks, in accordance with 
noradrenergic pattern and behavior results. On the basis of these findings, we will next ask 
whether optogenetic manipulation of noradrenergic activity changes learned olfactory 
discrimination. Based upon current results, we argue that top-down neuromodulation from the 
noradrenergic system is a key factor facilitating adult-born granule cells’ integration into the 
olfactory bulb network during perceptual learning. 
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Abstract: FGF13 is known to be a nonsecretory protein of the fibroblast growth factor (FGF) 
family which is enriched in brain during development and is correlated with two kinds of non-
systematically X-linked mental retardation, suggesting its important roles in mental development 
of human. Previous studies have shown that FGF13B, one of FGF13 isoforms, is a regulator for 
microtubule assembly during axonal outgrowth and migration of immature neuron. However, the 
biological function of FGF13 during brain development remains poorly understood. Toward this 
end, we generated Fgf13 conditional knockout (cKO) mice by crossing FGF13-floxed mice with 
either nestin-CreERT2 or hGFAP-Cre mice targeting neural stem cells / progenitors. We found 
progressively decreased neurogenesis in the hippocampal subgranular zone of Fgf13 cKO mice 
at various stages of development. In vitro cultured Fgf13-null neural stem cells also showed 
dramatic impairment in the ability to proliferate and self-renew. Interestingly, FGF13A, which is 
known as the only nuclear isoform of FGF13, contributed more to this phenotype. Yeast-two-
hybrid screening identified FGF13A as a interacting protein with AT Rich Interactive Domain 



1B (ARID1B), a protein that is known to function as a subunit of SWI/SNF chromatin 
remodeling complex and is also correlated with human mental retardation diseases, and is also 
associated with human mental retardation diseases. FGF13A was able to maintain the expression 
of ARID1B, while it has been known that haploinsufficiency of ARID1B alters cell-cycle 
dynamics. Taken together, our data suggest that FGF13 functions as an important regulator in the 
maintenance of neurogenesis in the developing brain.FGF13A is an uncharted component of the 
SWI/SNF chromatin remodeling complex, providing new insights into the molecular 
mechanisms of brain development. 
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Abstract: Adult hippocampal neurogenesis is necessary to confer some of the behavioral effects 
of antidepressants and to prevent the development of depressive-like symptoms following acute 
stress. Here, we wanted to investigate the role of adult-born neurons in mediating susceptibility 
and resilience to chronic psychosocial stress. We exposed transgenic mice with either increased 
neurogenesis or with chemogenetically inhibited adult-born neurons to 10 days of chronic social 
defeat stress and examined stress susceptibility and resilience in a social interaction test. First, 
we used mice with adult-inducible deletion of the pro-apoptotic gene Bax from neural stem cells 
and their progeny to increase the number of 6-week old neurons in the dentate gyrus. We found 
that socially defeated mice with normal levels of neurogenesis spent ~40% less time interacting 
with another mouse in the social interaction test compared with non-stressed controls (Ctrl: 
105±5 sec, defeated: 62±4 sec; n=14; p<0.01). We also measured corticosterone (CORT) levels 
in response to acute stress and found that, following chronic social defeat, mice with normal 
levels of neurogenesis were unable to mount a CORT response to acute stress, as indicated by 
lower levels of stress-induced CORT than non-defeated controls (Ctrl: 267±13 ng/ml, defeated: 



176±5 ng/ml; n=14; p<0.05). However, defeated mice with increased levels of neurogenesis 
showed similar levels of stress-induced CORT as controls (253±8 ng/ml, n=14). In addition, we 
used transgenic mice with inducible expression of the Gi-protein coupled inhibitory designer 
receptor exclusively activated by designer drugs (DREADD), hM4Di, specifically in 6-week old 
adult-born neurons. We show that inhibiting the activity of these young neurons with the 
DREADD-receptor ligand, clozapine-N-oxide (CNO), during social defeat accelerates the 
development of social avoidance. Moreover, using intracranial cannulations to infuse CNO 
locally into the ventral dentate gyrus, we demonstrate that inhibiting adult-born neurons 
particularly in the ventral dentate gyrus enhances stress susceptibility and reduces social 
interaction time (Ctrl: 140±3 sec, defeated: 102±10 sec, defeated+CNO: 59±5 sec; n=6, p<0.05). 
In summary, our findings demonstrate that the activity of adult-born neurons in the ventral 
dentate gyrus during exposure to chronic stress is crucial to control susceptibility and resilience 
to chronic psychosocial stress. 
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Abstract: Voluntary exercise is known to increase hippocampal volume in older adults and 
reduce the risk of developing dementia. Additionally, mice given access to running wheels 
display increases in hippocampal neurogenesis and enhanced spatial learning and memory. 
Despite myriad studies showing the neural benefits of exercise on the hippocampus in mice and 
humans, the mechanisms connecting physical activity and neural improvements are poorly 
understood. We hypothesized that exercise-induced enhancement of adult hippocampal 
neurogenesis is due to alterations in circulatory signaling factors of runners. To test this 



hypothesis, we intravenously transferred plasma from exercising 4-month-old C57Bl/6 male 
mice to non-exercised mice. Recipients of exercise-conditioned plasma showed significant 
increases in the number of immature neurons, long-term cell survival and short-term 
proliferation in the subgranular zone of the dentate gyrus. In addition, we used antibody-based 
protein arrays to identify numerous plasma proteins of interest that are differentially regulated by 
exercise. Our key finding that exercise-conditioned plasma contains factors capable of increasing 
neurogenesis supports our hypothesis that the enhancing effect of running on the hippocampus is 
primarily mediated by changes in the systemic environment. 
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Abstract: Adult neurogenesis is regulated by various signaling pathways and paracrine factors. 
However, almost nothing is known about the role of ionic electrochemical gradients at the 
interphase between the neurogenic niche and its surrounding environment. We used our 
transcriptome analysis (1) to search for ion channels selectively enriched in adult neural stem 
cells (aNSCs). Out of several hundreds of channels, only the Epithelial Sodium Channel (ENaC) 
was selectively enriched in aNSC with lower expression in parenchymal astrocytes. As ENaC 
functions in the brain are poorly understood, we set out to examine its role in adult neurogenesis. 
Immunohistochemistry (IHC) confirmed ENaC in aNSCs, while it did not detect ENaC in 
parenchymal astrocytes. We also observed ENaC in progenitors and neuroblasts in both the 
subependymal zone (SEZ) and subgranular zone (SGZ), but not in migrating neuroblasts or 
doublecortin (DCX)-positive neurons. To test its role in SEZ cells, we blocked or knocked-down 
(KD) ENaC by specific blockers, such Benzamil, or by esiRNA in neurospheres or primary SEZ 
cultures. Three days after blocking or KD of ENaC lead to reduction of cell proliferation and 



increased cell death. In differentiation conditions, blocking or KD of ENaC virtually ablated the 
presence of beta-tubulin+ neuroblasts and neurons derived from both neurospheres and primary 
cultures. Finally, time-lapse microscopy confirmed that blocking or KD of ENaC in primary SEZ 
cultures reduced cell proliferation. To examine ENaC function in vivo, we used transgenic mice, 
in which floxed ENaC alpha subunit can be knocked-out in GLAST-expressing aNSCs by 
Tamoxifen (Tam) administration. Following the GFP+ recombined cell population 10 days after 
Tam revealed reduced adult neurogenesis in both SEZ and SGZ. In the GFP+ pool, there was a 
reduction in transit-amplifying progenitors and proliferating neuroblasts in SEZ and virtually no 
Ki67+ cells in SGZ. These results suggest that ENaC is necessary for proliferation in the 
neurogenic niches, a finding supported by knocking-down of ENaC by retroviral delivery of 
alpha-ENaC specific miRNA to SEZ. To explore the mechanisms that may control ENaC, we 
employed the patch-clamp technique on acute brain slices. In hGFAP-GFP+ aNSCs in SEZ, 
shear-stress increased Benzamil-sensitive currents as well as increased number of proliferating 
cells suggesting that flow of the cerebrospinal fluid regulates ENaC activity. In summary, our 
results suggest for the first time that cells in adult neurogenesis may require ENaC to sense 
changes of electrochemical gradients in the neurogenic niches. Ref.: (1) Beckervordersandforth 
et al., Cell Stem Cell 2010. 
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Abstract: Autophagy plays important roles in many biological processes, but our understanding 
of the mechanisms regulating stem cells by autophagy is still very limited. Further, it remains a 
major challenge to determine whether various autophagy genes control these processes solely 
through their roles in autophagy, given that many autophagy genes also have functions beyond 
their roles in canonical autophagy. Here, we present data that unlike ablation of FIP200 required 
for autophagy induction, inhibition of autophagy by deletion of Atg5, Atg16L1 or Atg7 involved 
in autophagosome maturation did not impair the maintenance and differentiation of postnatal 
neural stem cells (NSCs). Comparative analysis of conditional knockout (cKO) mice for these 
autophagy genes showed that unlike in the neurons, specifically in the NSCs, only FIP200 
deletion, but not Atg5, Atg16L1 or Atg7 deletion, caused p62/sequestome1 aggregates to 
accumulate. Generation and analysis of a FIP200 and p62 double cKO mice demonstrated that 
the preferential p62 aggregate formationaccumulation triggers aberrant superoxide increase 
leading to defective NSC maintenance and differentiation primarily by impairing SOD functions. 
Together, by comparing the inhibition of autophagy by deletion of Atg5, Atg16L1 or Atg7 with 
the requirement for FIP200 in autophagy induction, our studies reveal a critical role of increased 
p62 in determining the fate of autophagy deficient NSCs through controlling intracellular 
superoxide. 
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Abstract: The proper specification and migration of GABAergic interneurons is essential to the 
establishment of appropriate synaptic connections during development. Transcription factors of 
the Dlx homeobox family are involved in the proper specification of GABAergic interneurons in 
vertebrates. In the forebrain, the expression patterns of the dlx1a/dlx2a and of the dlx5a/dlx6a 
bigene clusters presents extensive overlaps and the functional specificity of the four dlx paralogs 
still remains elusive The central objective of this study is to trace the lineage of dlx-expressing 
cells in the zebrafish brain, from early development to adulthood, and to compare the fate of cells 
expressing genes from the dlx1a/dlx2a and from the dlx5a/dlx6a clusters. To achieve this, we 
have produced transgenic zebrafish that express the CreERT2 recombinase under the control of 
dlx1a/2a and dlx5a/6a regulatory sequences and bred them with individuals that express a floxed 
GFP gene followed by the mCherry gene under the control of an ubiquitin promoter. Thus, we 
are able to permanently label dlx-expressing cells by introducing tamoxifen in the embryo 
medium at different developmental time points. We followed the migration and differentiation of 
these cells throughout the life of the zebrafish. Our findings indicate that, as predicted, the 
majority of labeled cells give rise to GABAergic neurons, although a small number of cells in the 
ventral telencephalic area are not immunoreactive for GABA or neuronal markers. The 
dlx1a/dlx2a-expressing cells labeled at 24 hours post-fertilization (hpf) seem to give rise to a 
relatively larger number of mCherry-positive cells when examined in older animals, compared to 
similar labeling of dlx5a/dlx6a fish. Furthermore, the dlx1a/dlx2a-labeled cells give a higher 
proportion of cells that remain close to the neurogenic zones, compared to dlx5a/dlx6a-labeled 
cells. Interestingly, a number of dlx5a/6a-expressing cells, labeled at 5 dpf, give rise to a large 
number of cells that populate the dorsal telencephalon, the periventricular grey zone and the 
hypothalamus, something that is not seen with dlx1a/2a-labeled cells nor when induction of 
dx5a/6a-driven Cre is performed earlier. This lineage tracing system can also be used to 
characterize the development of new GABAergic neurons in adult zebrafish both in conditions of 
homeostasis and in regeneration following injury. 
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Abstract: Altered amyloid-ß (Aß) metabolism is the most prominent pathogenic hallmark of AD 
and leads to the formation of Aß plaques. Although the majority of therapeutic strategies target 
amyloidosis, a number of translational studies have documented the early loss of metabolic 
integrity in AD suggesting possible clinical potential for targeting mechanisms involved in 
maintaining a favorable energetic and oxidative status. In this context, manifest abnormalities in 
the metabolism of the abundant amino acid derivative N-acetyl-L-aspartic acid (NAA) in AD are 
of particular interest. Reductions in NAA closely parallel neuronal energetic status, and a clinical 
prominence in AD likely reflects the early stage loss of metabolic homeostasis. NAA synthesis 
and catabolism are naturally compartmentalized into neurons and oligodendrocytes, respectively, 
with catabolism known to be integral to uncoupling fatty acid synthesis from the ATP-generating 
tricarboxylic acid (TCA) cycle in myelinating oligodendrocytes (Francis et al. 2012). The precise 
role of NAA outside of myelination is currently unclear, but we have performed studies of early 
stage pathology in the 5xFAD mouse model of AD which reveal a significant down regulation in 
expression of the gene encoding for NAA synthase (Nat8L) in the hippocampus, thalamus, and 
cortex prior to cell loss and cognitive deficit concomitant with a reduction in electron transport 
chain activity and ATP synthesis (Zaroff et al. 2015). We hypothesized that genetic 
recompartmentalization of ASPA activity to neurons in the 5xFAD mouse brain would result in a 
heightened resistance to metabolic stress via the promotion of TCA cycle integrity. Preliminary 
studies have shown that the viral vector-mediated expression of NAA-deacetylating ASPA 
(AAV-ASPA) in forebrain neurons of 5xFAD mice result in improved energetic status, reduced 
amyloid burden, and the promotion of cell survival. In addition, the neuronal expression of 
ASPA promoted a long-term improvement in spatial memory function, indicating a significant 
degree of phenotypic rescue. The genetic recompartmentalization of NAA catabolism is a novel 
therapeutic strategy for AD that utilizes a gene therapy technology platform with proven clinical 
safety and efficacy (Leone et al., 2012), and represents a significant departure from current 
amyloid-centric approaches by targeting a specific metabolic cycle that has relevance for all 
neurodegenerative diseases within which compromised oxidative metabolism can be identified. 
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Abstract: Alzheimer’s Disease (AD) is the most common age-associated dementia for which 
there is currently no resolving cure. AD affects almost 12% of the US population >65 years of 
age with a societal and heath care burden that is predicted to become unbearable by the year 
2050. The need to develop an effective treatment for AD is therefore pressing. AD 
neuropathology is characterized by the aggregation and deposition of misfolded amyloid beta 
(Aβ) and tau proteins. In particular, small oligomeric aggregates of Abeta are believed to be the 
most toxic species, targeting the synapse and driving initial cognitive decline. Therefore, there is 
consensus that inhibiting the synaptotoxic action of Aβ oligomers would be an effective 
treatment strategy. Experimental evidence by our group and others using in vitro and in vivo 
models indicates that the protein phosphatase calcineurin mediates the action of Aβ oligomers, 
thus suggesting that inhibition of calcineurin may be a viable treatment option for AD. However, 
there is currently no evidence that inhibition of calcineurin could prevent the onset of AD in 
humans. Here, we report for the first time that individuals chronically treated with calcineurin 
inhibitors (mainly FK506, Tacrolimus) to prevent solid organ transplant rejection have a 
significantly lower incidence of AD/dementia as compared to the general population. 
Specifically, we retrospectively studied a cohort of 2,644 patients that received solid organ 
transplants at our institution and were maintained under calcineurin inhibitors for 
immunosuppressive therapy and found that 1.02% (6/587) of such patients at age 65 or older had 
evidence of clinically relevant dementia. This is significantly lower as compared to the general 
population where the incidence of AD/dementia in the same age group is 11.7%. The same 
results were observed for patients >74 years of age (0.6% vs. 15.3%, respectively) and >85 years 
of age (0% vs. 32%, respectively), suggesting that the beneficial effects of calcineurin inhibitors 
were not affected by older age. Remarkably, 3 patients who were diagnosed with dementia at the 
time of transplant had no mention of clinically relevant dementia in follow up visits (up to 7 



years after transplant), suggesting reversal of demented status. Collectively, these results indicate 
that AD/dementia was prevented (and possibly reversed) in subjects chronically treated with 
calcineurin inhibitors and prompt further clinical development of calcineurin inhibition as a 
viable treatment for AD. Supported by NIH/NIA grant 1R01AG042890 to GT. 
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Abstract: Amyloid-β oligomers (AβOs) are neurotoxic proteinaceous forms in Alzheimer’s 
Disease (AD) but still unknown in terms of both molecular/structural composition and cellular 
generation and activity. Amyloid assembly states and dynamics are very difficult to study in 
living cells, also for the lack of selective tools of study. To this attempt, conformational-sensitive 
antibodies represent one of the more promising tools. In particular, recombinant antibody 
fragments can be exploited as intracellular antibodies (intrabodies) for a subcellular-localized 
interference to block or modulate the function of target molecules. We generated, by an in vivo 
intracellular selection in yeast cells, a panel of conformation-sensitive antibody fragments 
selectively recognizing AD-relevant AβO conformers (Meli et al., J Mol Biol 2009). Recently, 
we expressed an anti-AβO single chain antibody fragment (scFv) as an intrabody, with the aim of 
intercepting AβOs at subcellular sites of their putative formation, and of attempting their 
functional silencing. In this way, we established a new experimental paradigm of subcellular-



localized and conformational-selective interference (CSI) (Meli et al., Nature Comm 2014). We 
provided: i. a novel approach to selectively control levels and toxic conformations of 
biologically-active AβO in living cells; ii. a new dissection of cellular mechanisms of AβO 
generation, trafficking and actions. Indeed, by exploiting CSI, we demonstrate that intracellular 
Aβ can oligomerize into pathological forms, through critical conformations formed inside the 
endoplasmic reticulum (ER). Currently, we are investigating the functional effects mediated by 
the ER-localized CSI on some subcellular alterations and mitochondrial disfunctions, describing 
an altered link between ER and mitochondria as a probable subcellular mechanism of AD 
pathogenesis. We are also targeting the intrabody through different lentiviral systems in primary 
neuronal stem cells (NSC) derived from neurogenic niches of the adult brain of AD mouse 
models and in primary human fibroblasts from AD patients. As future perspective, the intrabody-
based CSI can be exploitable for in vivo therapeutic applications as well as to improve our 
understanding of the molecular and cellular processes of AD pathogenesis, thereby uncovering 
new targets for drugs development. 
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Abstract: Pyroglutamate-3 Aβ (pGlu-3 Aβ) is an N-terminally truncated, modified Aβ species 
found in the Alzheimer’s disease (AD) brain (Saido et al., 1995; Lemere et al., 1996). Following 
truncation of the first two Aβ residues, pGlu-3 Aβ is formed by the cyclization of glutamate at 
the third residue by glutaminyl cyclase. The pGlu-modified N-terminus has been shown to 
increase aggregation propensity and neurotoxicity by seeding aggregation and speeding 
oligomerization of Aβ (Russo et al., 2002; Schilling et al., 2006; Nussbaum et al., 2012). To 
assess the role of pGlu3-antibody Ig isotype and specificity for therapeutic efficacy in 
immunotherapy, male APP/PS1dE9 Tg mice (~12 mo; C57BL/6) were passively immunized 
weekly via intraperitoneal injection with 300µg 07/1 IgG1 (k6) anti-pGlu-3 Aβ monoclonal 
antibody (mAb) (n=15), 300µg 07/1 IgG2a (m6) anti-pGlu-3 Aβ mAb (n=15), 300µg of a pan-
Aβ IgG1 mAb that recognizes a non-pyroGlu-3 epitope within the Aβ N-terminus (3A1; n=15), 
or PBS (n=15) for 16 weeks. Open Field (OF), Water T Maze (WTM) and Contextual Fear 
Conditioning (CFC) were initiated at ~15 mo of age and included PBS-treated wildtype (WT) 
controls. Vaccination did not affect general locomotor activity but Tg-PBS mice travelled less 
distance in the center of the OF compared to Wt-PBS mice suggesting that Tg-PBS mice were 
more anxious than Wt-PBS mice. Mice treated with the k6 IgG1 mAb showed a trend to travel a 
greater distance in the OF center suggesting modest normalization of this anxiety-like behavior. 
Mice treated with the m6 IgG2a pGlu-3 Aβ mAb showed significant improvement in acquisition 
(p<0.05) and reversal learning (p<0.05) in the WTM compared to the Tg-PBS mice. No 
differences were seen between Tg groups in CFC training or testing. Mice were sacrificed at ~16 
mo of age. Quantitative image analysis on 6 fixed frozen brain sections per mouse revealed very 
few hemosiderin-positive microhemorrhages in all groups with no differences between 
immunized and PBS-control Tg mice. In the hippocampus, pGlu-3 Aβ immunoreactivity (IR), 
measured by 07/1 IgG2b (k17) mAb, showed a trend for a reduction in k6 IgG1 pGlu-3 Aβ mAb 
treated mice, however there was a significant reduction in IR in mice given weekly injections of 
m6 pGlu-3 Aβ IgG2a mAb (p<0.01) compared to Tg-PBS controls. Further pathological and 
biochemical analyses are underway for multiple Aβ species, gliosis, and synapses. Our results 
suggest that pGlu-3 Aβ mAb Ig isotype strongly affects Aβ clearance, and that selective targeting 
of pGlu-3 Aβ with an IgG2a mAb is effective in lowering plaque burden in the absence of 
microhemorrhage, while improving cognitive performance in APP/PS1dE9 Tg mice with pre-
existing plaques. 
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Abstract: Alzheimer’s disease (AD) and vascular contributions to cognitive impairment and 
dementia (VCID) are the two most common forms of dementia yet they share similar 
pathologies. Both vasogenic edema and microhemorrhages occur in some cases of AD and some 
types of VCID and there are also significant adverse vascular events of anti-amyloid beta (Aβ) 
immunotherapy. Because it is estimated that 40% of AD patients also have VCID, it is 
imperative to determine the effect of anti-Aβ immunotherapy on cognition and vascular 
pathology when AD and VCID are co-morbid. To model AD-VCID co-morbidity we use the 
APP/PS1 mouse model of amyloid deposition and induce hyperhomocysteinemia (HHcy) via 
diet, which models a form of VCID. We placed 9 month old wildtype or APP/PS1 mice on a 
control diet or a diet that induces HHcy. After 3 months on diet, when cerebrovascular pathology 
is induced by the HHcy, the mice received weekly intraperitoneal injections of IgG2a or 3D6 (N-
terminal anti-Aβ antibody). Cognition was assessed with the two day radial arm water maze. 
During treatment, MRI for microhemorrhages and edema was performed. Matrix 
metalloproteinase (MMP) activation was measured by gelatin zymography and 
microhemorrhages were assessed by Prussian blue staining. Aβ levels were quantified using 
immunohistochemistry, Congo red staining and ELISA measurement. Neuroinflammation was 
assessed by qPCR for gene markers specific for peripheral macrophage phenotypes. In block 10 
of the radial arm water maze, APP/PS1 mice made more errors than wildtype mice and APP/PS1 
mice with VCID on 3D6 treatment made more errors than APP/PS1 mice with VCID on IgG2a 
treatment. Imaging for microhemorrhages showed induction of bleeds in mice on the HHcy diet 
and on 3D6 treatment. Quantification of MMP expression and activation, Aβ levels, and the 
neuroinflammatory phenotype is in progress. Overall, early assessment of the data indicates that 
anti-Aβ immunotherapy may not provide a clinical benefit in individuals with VCID co-
morbidity. 
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Abstract: A therapeutic approach based on brain-derived neurotrophic factor (BDNF) to prevent 
or slow the cognitive decline characteristic of Alzheimer’s disease (AD) has a strong rationale, 
based on the recent findings that BDNF administration or gene delivery to in vivo AD models 
produce beneficial effects including improvements in learning and memory. Despite this, 
delivering BDNF to the brain in a safe and long lasting manner presents a significant challenge, 
because BDNF crosses the blood-brain barrier (BBB) with difficulty and low kinetic of 
accumulation into the brain, when administered systematically. Here we focused on the use of a 
protocol for BDNF intranasal administration in a familial AD murine model, 5xFAD, 
characterized by an accelerated development of beta amyloid (Aβ) plaques with high levels of 
accumulation of intraneuronal Aβ42 already around a month and a half of postnatal life, well as 
by spatial learning and memory impaired at 4-5 months of age. Through intranasal 
administration it is possible to bypass the BBB with therapeutic agents that directly reach the 
central nervous system (CNS). We first evaluated the alteration of synaptic function in 5xFAD 
entorhinal cortex (EC), focusing on LTP. Notably, EC is the first brain area involved by injury in 
AD, moreover, BDNF expression is reduced in the EC of AD patients characterized by Aβ 
accumulation. Synaptic function was studied recording extracellular field potentials (FPs) in 
cortical layers II-III of EC slices; LTP was elicited by high frequency stimulation (HFS). Next, 
we evaluated the protective role of BDNF intranasal delivery on synaptic dysfunction identified 



in 4 months old 5xFAD mice. We found a rescue of synaptic function in EC after 3 weeks of 
BDNF intranasal administration. Moreover, preliminary data on the post-synaptic molecular 
characterization highlighted a synaptoprotective effect of BDNF on 5xFAD. In fact, BDNF 
intranasal delivery carried out the rescue of spinophilin expression and PSD95 and TrkB 
activation, altered in 4 months old 5xFAD mice. In ongoing experiments, in order to complete 
the description of post-synaptic alterations and recovery in 5xFAD, we are evaluating the 
expression of glutamate receptor (AMPAr and NMDAr) and BDNF-TrkB signalling pathways 
on cytoplasmatic membrane of different brain areas, besides to evaluate the time progression of 
BDNF diffusion after intranasal delivery. Our results extended the effectiveness of BDNF in AD 
murine models, suggesting that intranasal delivery may improve the prospects of using 
neurotrophins to treat CNS neurodegenerative diseases. 
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Abstract: The group I metabotropic glutamate receptors (mGluR1 and mGluR5) are glutamate-
activated, G-protein-coupled receptors widely expressed in the central nervous system. We have 
identified amyloid-beta protein precursor mRNA (App) as a synaptic target that is translationally 
regulated through mGluR5 signaling. App mRNA codes for amyloid-beta protein precursor 
(APP), which is cleaved by beta- and gamma-secretases to produce amyloid-beta, the 
predominant protein found in the senile plaques that are characteristic of Alzheimer’s disease 



(AD). Antagonists of mGluR5 are currently under investigation for a range of indications 
including anxiety, epilepsy, pain, depression, Parkinson’s disease, gastroesophageal reflux, 
fragile X syndrome, autism and addiction. This project explores the hypothesis that mGluR5 
antagonists are a viable therapeutic strategy to treat Alzheimer’s disease. Findings from our 
laboratory indicate that mGluR5 antagonists reduce the expression of amyloid-beta in mouse 
models of AD. Our current studies are designed to determine if mGluR5 antagonists are a viable 
therapeutic strategy to rescue learning & memory, seizure and sleep deficits in an AD mouse 
model. Specifically, we are testing the efficacy of the mGluR5 antagonists: (1) fenobam, which 
is an off-patent, orphan drug that has passed Phase I and Phase II clinical trials and which could 
be repurposed for the treatment of AD; and (2) 2-chloro-4-((2,5-dimethyl-1-(4-
(trifluoromethoxy)phenyl)-1H-imidazol-4-yl)ethynyl)pyridine (CTEP), an experimental negative 
allosteric modulator of mGluR5 with a long half-life and high oral bioavailability in AD J20 
mice. The J20 mice express a mutant form of human APP bearing both the familial Swedish 
(K670N/M671L) and Indiana (V717F) mutations. Ongoing studies are testing the efficacy of the 
aforementioned mGluR5 antagonists in rescuing APP and amyloid-beta expression, passive 
avoidance, EEG and rest-activity patterns. Our overall goal is to provide in vivo proof-of-concept 
evidence that mGluR5 antagonists are a viable therapeutic strategy to attenuate multiple AD 
phenotypes. In aggregate, these studies will provide pre-clinical data on the efficacy of fenobam 
and CTEP in regards to biomarker, cognitive and behavioral phenotypes in wild type and AD 
littermate mice. 
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Abstract: The purinergic P2Y6 receptor is preferentially expressed in the CNS by microglia, 
where it is known to stimulate phagocytosis, and systemically it is expressed by T cells, where it 
exerts anti-inflammatory roles. The levels of uridine the precursor of UDP, the endogenous 
ligand for the P2Y6 receptor, are decreased in the CSF of patients with Alzheimer’s disease, 
raising the potential that enhancing the levels of agonists for these receptors would be beneficial 
in this disorder. To test this possibility we injected UDP i.c.v. in PSAPP mice and demonstrated 
that it rapidly reduced amyloid deposition using longitudinal two photon microscopy (i.e., in 
three days), increased amyloid uptake into microglia, reversed deficits in synaptic plasticity and 
restored contextual fear conditioning. Using P2Y6 receptor-expressing cells we tested rationally 
designed novel chemical entities for their ability to mobilize intracellular Ca2+ and identified 
compounds with selectivity for P2Y6 over P2Y2 and P2Y4 receptors. With these compounds we 
performed phenotypic screening and identified GC021109 as a candidate for progression. 
GC021109, delivered i.p. once daily for seven days, reduced amyloid deposition in 6-month-old 
mice and, when delivered daily from 3 months to 6 months of age, reduced the accumulation of 
amyloid, prevented deficits in contextual fear conditioning and reduced the accumulation of 
cytokines IL-12(p70), IL-10, and IL-4, all of which have been implicated in Alzheimer’s disease. 
IND-enabling toxicology studies together with studies in healthy volunteers demonstrated that 
GC021109 is safe and well tolerated and exhibits excellent pharmacokinetic parameters. 
Currently GC021109 is being studied in a Phase 1b multiple ascending dose study in patients 
with mild to moderate Alzheimer’s disease. Together these studies demonstrate that modulation 
of P2Y6 receptors, acting through parallel anti-inflammatory and phagocytic mechanisms of 
action, has the potential to treat Alzheimer’s disease. 
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Title: Counteracting impaired lipidation of apoE4 and the associated brain pathology and 
cognitive deficits by the ABCA1 agonist peptide CogpepB 
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Abstract: The allele ε4 of apolipoprotein E (apoE4) is the most prevalent genetic risk factor for 
Alzheimer's disease (AD) and is thus a natural therapeutic target. Human and animal model 
studies suggest that apoE4 is hypolipidated. Furthermore, apoE4 is markedly less efficacious 
than its AD benign isoform, apoE3, in promoting cholesterol and phospholipid efflux from 
astrocytes and neurons. The ATP-binding cassette transporters A1 (ABCA1) is a key lipidating 
protein. The present study addresses the hypothesis that cognitive and brain pathological effects 
of apoE4 are driven by its hypolipidation and that treatment with specific ABCA1 agonists can 
correct the lipidation deficiency of apoE4 and the associated cognitive and brain impairments. 
ABCA1 agonists were screened for efficacy, safety and drugability. In vitro studies showed 
significantly lower ABCA1 mediated and total cholesterol efflux from apoE4 astrocytes 
compared to apoE3 astrocytes. Co-incubation with CogpepB, a peptide derived from the C-
terminal of apoE, increased level of ABCA1 driven lipid efflux from E4 astrocytes by 
approximately 6 fold and rendered it comparable to that seen with E3 astrocytes. These in vitro 
findings suggest that CogpepB is a potent ABCA1 agonist. We next examined whether the 
effects of apoE4 in vivo can be reversed by i.p. injection of CogpepB (20 mg/kg/48h) for 6 
weeks to 12 weeks old apoE3 and apoE4 TR mice (n=6-8/group). This revealed that the apoE4 
driven brain pathology (e.g. accumulation of Aβ42 and of phosphorylated tau in hippocampal 
neurons and corresponding decreased levels of VGluT1 and apoER2) where reversed by the 
CogpepB treatment. Furthermore, CogpepB counteracted cognition deficits in the apoE4 mice in 
a novel object recognition test and the Morris water maze. PK studies and brain tissue 
distribution at therapeutic doses showed that the peptide largely co-localized with hippocampal 
astrocytes and that its concentration in the brain 24 post-administration was higher than its 
corresponding in vitro EC50. These findings suggest that an ABCA1 agonist, CogpepB corrects 
the lipidation insufficiency of apoE4 thereby preventing the consequent brain pathology and 
cognitive deficits. The data support lipidation of apoE4 by CogpepB as a novel therapeutic 
approach in apoE4 AD. 
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Abstract: Alzheimer’s disease (AD) is the most frequent age-related dementia, currently without 
treatment. There is increasing interest to clarify initial pathogenic mechanisms, possible targets 
for early therapeutic intervention. We focused on glutamate excitotoxicity, a major early 
pathogenic factor, and the effects of candesartan, an Angiotensin Receptor Blocker (ARB) of 
neuroprotective efficacy in cell culture systems, rodent models of AD, and a group of 
compounds demonstrated to ameliorate AD risk factors, such as hypertension and diabetes. 
Primary cerebellar granule cells (CGC), isolated from 8-day old Sprague Dawley rat pups, were 
exposed to 100 µM glutamate and pre-treated for one hour with the AT1R blocker candesartan at 
neuroprotective concentrations (10 µM). Gene expression was quantified by qPCR. Candesartan 
significantly reduced glutamate-induced inflammation. Multiple group comparisons were 
performed by one-way ANOVA followed by Newman-Keuls post-test. A probability value of 
≤0.05 was considered for statistical significance. Exposure to glutamate significantly reduced 
neuronal viability while up-regulating the expression of multiple genes on pro-inflammatory 
pathways, including Interleukin 1 alpha (IL-1α), endothelin-1 (ET-1), prostaglandin-
endoperoxide synthase 2 (Ptgs2) (COX-2) (Figure, ** <005 vs control; # <005 vs glutamate), 
Intercellular adhesion molecule (Icam1) and Vascular cell adhesion molecule (Vcam1). In all 
cases, pretreatment with candesartan completely prevented glutamate-induced neurotoxicity. Our 
results indicate that Angiotensin II receptor blockade with candesartan is strongly and directly 
neuroprotective, significantly ameliorating neuronal injury as a result of glutamate excitotoxicity, 
an early injury factor in AD. These results support the use of candesartan and other ARBs for the 
treatment of AD in its preclinical, early stages. 
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Abstract: The aggregation of β-amyloid protein (Aβ) and α-synuclein (αS) is hypothesized to be 
the key pathogenic event in Alzheimer's disease (AD) and Lewy body diseases (LBD), with 
oligomeric assemblies thought to be the most neurotoxic. Inhibitors of oligomer formation, 
therefore, could be valuable therapeutics for patients with AD and LBD. Here, we examined the 
effects of antiparkinsonian agents (dopamine, levodopa, trihexyphenidyl, selegiline, zonisamide, 
bromocriptine, peroxide, ropinirole, pramipexole, and entacapone) on the in vitro oligomer 
formation of Aβ40, Aβ42, and αS using a method of photo-induced cross-linking of unmodified 
proteins (PICUP), electron microscopy, and atomic force microscopy. The antiparkinsonian 
agents except for trihexyphenidyl inhibited both Aβ and αS oligomer formations, and, among 
them, dopamine, levodopa, pramipexole, and entacapone had the stronger in vitro activity. 
Circular dichroism and thioflavin T(S) assays showed that secondary structures of Aβ and αS 
assemblies inhibited by antiparkinsonian agents were statistical coil state and that their seeding 
activities had disappeared. The antiparkinsonian agents could be potential therapeutic agents to 
prevent or delay AD and LBD progression. 
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disease clinically 
characterized by cognitive decline leading to dementia. The major pathological hallmark 
responsible for this decline in cognition is the neuronal accumulation of hyperphosphorylated 
Microtubule Associated Protein Tau (MAPT or Tau) into aggregated neurofibrillary tangles 
(NFTs). Thus far, there are no effective therapies to treat or prevent AD. Recently, Virus-Like 
Particles (VLPs) emerged as a promising vaccination technology. VLPs efficiently harness the 
immune system to raise antibodies against specific antigens (conjugated to their surface) without 
inducing a severe inflammatory response. VLP-conjugated antigens are presented to the immune 
system in a high-density multivalent array format, which leads to a robust and long-lasting 
immune response generating antibodies against the antigen. In the current study we engineered a 
novel VLP-immunogen by conjugating a pathologically relevant form of tau peptide 
(pathological Tau or pTau) onto Qβ VLP particles creating ‘Qβ-pTau’ immunogen. The Qβ-
pTau and the unconjugated Qβ control were administered intramuscularly, bi-weekly, for 6-
weeks to rTg4510, a mouse model of tauopathy. First, we observed a five fold increase of 
antibody titers against the specific pTau protein generated in the sera of Qβ-pTau vs. Qβ control-
vaccinated animals. Second, the Qβ-pTau vaccination, but not the Qβ control, resulted in 
significant improvement in recognition and spatial memory in the rTg4510 mice, as 
demonstrated by the Novel Object Recognition (p<0.05) and the Morris Water Maze tests 
(p<0.01), respectively. In addition, Qβ-pTau-vaccinated rTg4510 mice exhibited decreased 
levels of phosphorylated tau (p<0.05), NFTs (p<0.05), and CD45 positive neuroinflammation. In 
summary, immunization with Qβ-pTau rescues cognition, reduces hyperphosphorylated tau, 
NFTs, and neuroinflammation in the rTg4510 mouse model of tauopathy. Therefore, VLP-based 
immunotherapy, targeting pathological tau, provides a potential opportunity for developing 
future therapies against tau pathology. 
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amyloid-beta peptide induced brain pathology in Alzheimer’s disease 
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Abstract: Increasing evidences suggest that histamine is involved in the pathogenesis of 
Alzheimer’s disease (AD). Decrease of histamine concentration in several brain areas are seen in 
postmortem studies on human AD cases. Also, increased levels on histamine in plasma and in 
some areas of the brain are seen in Alzheimer’s dementia brain. However, the precise mechanism 
of histamine induced AD pathology is not well known. Since histamine induces breakdown of 
the blood-bran barrier (BBB) in several brain areas and activated astrocytes and microglia 
causing disturbances in brain microenvironment, it is quite likely that the amine could play 
critical roles in AD pathology. Histamine could modulate brain functions through Histamine H1 
to H4 receptors. Few studies indicate an involvement of H3 receptors in reducing amyloid beta 
protein (AβP) pathology in model experiments. This indicates that H3 receptors that regulate 
cognitive and memory functions in hippocampus could be involved in AD pathology. Since H4 
histamine receptors are present in the brain and stimulation of these receptors regulate neuronal 
functions, it would be interesting to see whether drugs blocking the H3 receptors and/or 
stimulating H4 receptors may have some beneficial effects in AD induced brain pathology. In 
present investigation we examined the influence of one potent histamine H3 receptor inverse 
agonist BF 2649 hydrochloride and one selective H3 receptors antagonist with partial H4 agonist 
properties Clobenpropit dihydrobromide in our rats model of AβP induced AD like brain 
pathology. AD like pathology was produced in rats by administering AβP (1-40) 
intraventricularly (i.c.v.) in the left lateral ventricle (250 ng/10 µl) once daily for 4 weeks. 
Control rats received saline. In separate group of rats either BF 2649 (1 mg/kg, i.p.) or 



Clobenpropit (1 mg/kg, i.p.) once daily was administered 3 weeks after the 1st AβP 
administration and continued for 1 week. After 30 days of the 1st AβP infusion, the rats were 
examined for BBB breakdown, edema, neuronal, glial injuries and AβP deposits in their brain. 
Our results showed a significant reduction in AβP deposits in the brain along with neuronal 
damage and glial activation. Interestingly, the breakdown of the BBB to Evans blue albumin and 
radioiodine in cortex, hippocampus, hypothalamus and cerebellum was significantly reduced in 
drug treated group as compared to control. Clobenpropit showed superior effects than BF2649 in 
reducing brain pathology in AD. Taken together our observations are the first to show that 
blockade of H3 and stimulation of H4 receptors are beneficial for the treatment of AD pathology, 
not reported earlier. 
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Abstract: Parkinson’s disease is characterized by loss of dopamine neurons and accumulation of 
α-Synuclein in LBs. Nilotinib is a potent inhibitor of Abl tyrosine kinase and it is FDA-approved 
for adult CML. Nilotinib penetrates the brain and inhibits Abl, leading to autophagic clearance of 
amyloid proteins. It also increased brain dopamine and modulated immune markers, and reversed 
motor and cognitive decline. We conducted a clinical trial with the primary objective to 
determine the safety and efficacy of Nilotinib in advanced PD, PDD and LBD patients. Our 
studies include measurement of CSF and plasma biomarkers at baseline, 2 and 6 months with 
150mg and 300mg Nilotinib daily. These doses are significantly lower of Nilotinib for CML 
treatment (800-1200mg/ day). We excluded patients with prolonged QTc and other medical 



contradictions. 8 patients have passed the 2 months period. More than half the patients screened 
were excluded due to cardiac complications. Nilotinib has a good safety profile in enrolled 
subjects with no QTc prolongation or myelosuppression. Nilotinib CSF penetration is 0.5-1.5%. 
A significant reduction (>60%) in plasma α-Synuclein was detected, correlating more frequent 
bowel movements. There is also a significant decrease in CSF p-Tau181, while total Tau is 
unchanged. CSF Abeta40 is reduced (18%) with no change in the plasma, while CSF and plasma 
Abeta42 remain stable. The level of CSF α-Synuclein is unchanged, suggesting stabilization of 
α-Synuclein levels. CSF homovanillic acid (HVA) is reduced (26%) at 2 months despite a 
decrease in dopamine replacement therapy, suggesting inhibition of dopamine breakdown. This 
effect on dopamine also correlates with clinical outcomes, including stabilization with less or no 
Azilect and L-Dopa. Nilotinib also increases CSF concentration (30-55%) of neuro-restorative 
markers (PDGF-AB/BB, G-CSF, IL-7, GRO, CCL2 and CCL5), while it reduces markers of 
neurodegeneration (NSE and S100B). Overall these data indicate safety, tolerability and 
biomarkers efficacy, and provide a collectively compelling rationale to examine Nilotinib in 
larger placebo-controlled, double blind studies in earlier stages of diseases. 
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Abstract: Parkinson's disease has excellent symptomatic treatment with drugs such as L-DOPA, 
but the underlying disease process causes a relentless downhill course. Several drugs have been 
tested in an effort to alter disease progression, but all have failed. We have developed a new 
concept for stopping the progression of Parkinson’s disease by turning on a neuroprotective gene 
with an FDA-approved drug. In Parkinson’s disease, the protein alpha-synuclein forms abnormal 
deposits called Lewy bodies as well as toxic fibrils which contribute to the death of dopamine 
neurons. We have discovered that the drug phenylbutyrate can prevent aggregation of alpha-
synuclein in transgenic mice which are genetically programmed to develop a form of Parkinson’s 
disease as they age. The drug works by upregulating the neuroprotective gene DJ-1. Gene 
activation leads to an increase in lysosome and exosome activity, promoting transfer of alpha-
synuclein from neurons into the bloodstream where the protein is eliminated. In mice, 
phenylbutyrate increased plasma alpha-synuclein by about 100 per cent compared to non-treated 
control animals. To see if phenylbutyrate has the same effect in people, we have given the drug 
for three weeks to 20 people with newly diagnosed Parkinson’s disease and to 20 age-matched 
subjects without the disease. We found that the drug increased the level of alpha-synclein in 
plasma of all 40 subjects from 50 to 150 per cent of baseline values, just as it had done in 
transgenic mice, strongly suggesting that the drug can mobilize alpha-synuclein from neurons 
into blood plasma. While baseline plasma alpha-synuclein varied between subjects, the average 
alpha-synuclein plasma concentrations at baseline and during phenylbutyrate administration did 
not differ between patients with Parkinson's disease and normal subjects. Results are compatible 
with a neuroprotective effect of phenylbutyrate by accelerating clearance of alpha-synuclein 
from brain into plasma. A double-blind, placebo-controlled trial in newly diagnosed Parkinson 
patients will be needed to prove whether phenylbutyrate can stop the progression of Parkinson’s 
disease in humans. 
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Abstract: Parkinson’s disease (PD) is a neurodegenerative disease affecting almost half a 
million Americans (Dorsey et al., 2007). PD is characterized by motor disturbances, but 
executive function deficits are also a prominent symptom of PD. Unfortunately, PD medications 
have only a minimal effect on cognitive symptoms. However behavioral factors, such as physical 
activity, are emerging as possible methods for improving the function of the frontal-striatal 
system and cognition. This study aims to establish whether aerobic fitness positively relates to 
frontal-striatal functioning and executive function in adults with PD. Seventeen adults diagnosed 
with early stage PD (median age = 67) and 6 neurologically healthy controls (median age = 66) 
underwent neuropsychological evaluations, mobility and balance assessments, VO2 submax 
exercise testing, and MRI scans. All evaluations occurred while PD patients were on medication. 
Executive function was assessed with the Parkinson’s Disease Cognitive Rating Scale (PDCRS). 
Physical fitness was assessed with the Oxygen Uptake Efficiency Slope (OUES), as derived from 
the VO2 submax test. Frontal-striatal functional connectivity was assessed during a resting state 
paradigm using the rostral and caudal portions of the caudate nucleus as seed regions (voxelwise 
threshold: z = 2.3; clusterwise threshold: k > 30). The relationship between fitness, executive 
function, and functional connectivity to the caudate nucleus was examined using Spearman’s 
correlations and linear regression, controlling for age, education, and motor symptoms. Within 
the PD group, higher fitness (OUES) levels were associated with better performance on the 
PDCRS (r = .668, p = .003). In a hierarchical regression analysis, higher OUES was marginally 
predictive of better PDCRS-fs performance (F(4,12) = 1.697, p = .215; OUES: beta = .440, p = 
.095). Sixteen frontal regions showed greater caudate connectivity with higher fitness levels 
including the precentral gyrus, middle frontal gyrus, frontal pole, and orbitofrontal cortex. The 
connectivity in eight of these regions was also positively related to PDCRS performance. This 



pilot study found that higher fit PD patients performed better on cognitive tests and exhibited 
greater fitness-related functional connectivity between the caudate nucleus and frontal lobe. 
These results indicate that aerobic fitness may not only be associated with better motor function, 
but also cognitive function, in PD patients. Future work in a larger sample is needed to examine 
whether an exercise intervention improves frontal-striatal functioning in PD. 
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Abstract: Introduction. Bradykinesia (slow movements) and hypokinesia (small movements) 
deleteriously affect upper limb coordination and activities of daily living in individuals with 
Parkinson disease (PD). This randomized control trial tested upper limb function before and after 
participation in Pilates exercises compared to general PD therapeutic exercises with moderate 
intensity aerobics. Methods. 14 individuals with PD (10 females, 52-70 y.o., H&Y stages I-III) 
were evaluated “on” medication. Participants were randomly assigned to either instructor-led 
group Pilates or group therapeutic exercise following American Parkinson Disease Association 
recommendations. Both groups completed 2, 1-hour classes per week for 12 weeks. Pre- and 
post-test upper limb kinematics were assessed across four motor tasks: index finger tapping 
(IFT), dysdiadokokinesis (DDK), finger flexion/extension, and rapid wrist extension (RWE). 
Bradykinesia, and hypokinesia measures were collected. Left and right hand data were 
aggregated for subjects within each group. Small group size, non-Gaussian distribution, and lack 
of homogeneity of variance warranted Wilcoxon signed ranks tests (α ≤.05). Results. Pilates 
improved hypokinesia, evidenced by larger displacement in IFT (P=.017), DDK (P=.001), and 
RWE (P=.018). Additionally, Pilates improved speed SD of velocity: DDK (P=.045); and 



increased acceleration and its SD: WGB (P=.011 and P=.026) and RWE (P=.008 and P=.0004). 
General exercisers improved speed [frequency: DDK (P=.003) and WGB (P=.01)]; velocity and 
its SD: IFT (P=.026 and P=.002) and DDK (P=.002 and P=.003); and acceleration and its SD: 
IFT (P=.004 and P=.025) and WGB (P=.025 and P=.039). Discussion. Previous studies 
employing cognitive movement strategies, like Pilates, suggest efficacy at attenuating 
hypokinesia and, to some extent, bradykinesia. In contrast, general therapeutic exercises 
combined with aerobics may mitigate bradykinesia more so than protocols employing gait 
training or aerobics-only interventions. Conclusion. Results support exercise prescription 
specificity for people with PD based on symptoms. Pilates may be more effective for individuals 
presenting with hypokinesia; whereas general exercises plus aerobics may be better for people 
with bradykinesia. 

Disclosures:  K.L. Doyle: None. K.A. Pickett: None. J.C. Lazarus: None. 

Nanosymposium 

12. Therapeutics of Parkinson's Disease: Clinical Studies 

Location: N230 

Time: Saturday, October 17, 2015, 1:00 PM - 3:30 PM 

Presentation Number:  12.05 

Topic: C.03. Parkinson’s Disease 

Title: Postoperative management of deep brain stimulation candidates; visits during the first year 
and beyond 

Authors: *E. L. HARGREAVES1, R. J. DIPAOLA2, D. P. SCHNEIDER2, S. F. DANISH1, D. 
L. CAPUTO2;  
1Neurosurg., Robert Wood Johnson Med. School- Rutgers Univer, New Brunswick, NJ; 
2Neurol., Robert Wood Johnson Med. School-Rutgers Univer, New Brunswick, NJ 

Abstract: Deep Brain Stimulation (DBS) is an established adjunct neurosurgical treatment for 
movement disorders. Much of the effectiveness and long term outcome of the therapy depends 
upon the postoperative management. Our current program has been operating for some six years. 
We retrospectively analyzed the number of visits and visit intervals during the initial year when 
DBS therapy and medications are optimized together and compared these to the subsequent 
years, where the overall therapy is maintained. Additionally, two other contrasts were made 1) 
the initial set of patients who entered at the start of the program six years ago were compared to 
those entering just some two years ago 2) of the more recent patients those implanted in the GPi 
were compared to those implanted in the STN. In total the records from 30 implanted 
Parkinson’s patients were retrospectively examined, 5 were implanted in the Globus Pallidus 



interna (GPi), while the remaining 25 were implanted in the Subthalamic Nucleus (STN). 
Fourteen patients comprised the initial set at the start of the program, all of whom were 
implanted in the STN. Sixteen patients comprised the latter group 11 of which were implanted in 
the STN. Overall there were almost 12 visits during the first year (mean 11.86), with ¾ of the 
visits occurring within the first 6 months (mean 8.06). During the second year, as expected, the 
number of visits dropped dramatically (mean 5.08). No differences were found between the GPi 
or STN implanted patients for any visit comparisons (t(14) p=ns). However, there were 
statistically less visits for the early STN patients compared to the later STN patients during the 
first year (mean 10.50; 12.87 t(28)=2.33; p=0.029). This difference was largely attributable to 
more visits during the initial 6 months than the latter 6 months. No differences were found 
during the second year. For the more recent patients the outcome of those implanted in the STN 
(n=11) was contrasted to those implanted in the GPi (n=5). Not surprisingly, levodopa equivalent 
units indicated that a statistical reduction occurred for the STN implants at a year (t(10)=5.42; 
p=0.0003), but not the GPi implants. (t(4)=1.70; p=ns). Pre-implant Dopamine challenge 
UPDRS III scores did not reveal a difference between the groups for either “Off” or “On” scores 
(analyses not shown). However, the best “On” score at the one year mark favored the STN 
implants with statistically lower scores than the GPi implants (mean 9.09; 16.30 t(14)=2.22; 
p=0.043). Large clinical trials have shown the equivalency of these target sites. Our lattermost 
results may reflect differences in patient selection, postoperative management, or simply a very 
small number of GPi implants. 
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Abstract: Deep brain stimulation (DBS) is a neuromodulation therapy effective at treating motor 
symptoms of parkinsonian patients. Currently, an open-loop approach is used to set stimulus 
parameters, where stimulation settings are pre-programmed by a clinician using a time intensive 
trial-and-error process and do not adjust in response to fluctuating symptoms [1]. There is a need 
for a closed-loop, systematic approach to tune stimulation parameters based on a patient’s 
physiology. A closed-loop approach has many potential advantages, such as reducing side 
effects, improving efficacy, reducing battery use, and providing a patient-specific approach. 
With the development of a DBS system for Parkinson’s disease (PD) that can simultaneously 
stimulate and record a neural signal, a closed-loop approach based on patient recordings will be 
possible in a clinical setting [2]. An effective biomarker in the neural signal recorded is needed 
for a closed-loop approach. Pathological oscillations, particularly in the beta frequency range 
(12-36 Hz), have been implicated in motor symptoms of PD [3]. It is thought that DBS may 
work by disrupting these oscillations. We propose a novel, closed-loop approach to suppressing 
these oscillations. Using a simple measure of how a stimulus affects the phase of the oscillation, 
called a phase response curve (PRC), we are able to predict a range of phases over which to 
apply a burst of stimulus pulses to desynchronize the oscillation. We call this method Phasic 
Burst Stimulation (PhaBS). First, we show the PRC can be used to predict phases at which to 
apply PhaBS to disrupt entrainment of a neuron in the substantia nigra pars reticulata from an 
oscillatory input. Next, we show PhaBS can be used to disrupt an emergent pathological 
oscillation in a computational model of the basal ganglia. From the PRC, we are able to predict 
both an optimal stimulus phase as well as burst frequency. While we present this approach to 
suppress beta oscillations seen in PD, it can be used to disrupt or enhance any oscillatory 
biomarker. 1. Volkmann J, Herzog J, Kopper F, Deuschl G: Introduction to the programming 
of deep brain stimulators. Movement disorders : official journal of the Movement Disorder 
Society 2002, 17 Suppl 3:S181-187. 2. Ryapolova-Webb E, Afshar P, Stanslaski S, Denison T, 
de Hemptinne C, Bankiewicz K, Starr PA: Chronic cortical and electromyographic 
recordings from a fully implantable device: preclinical experience in a nonhuman primate. 
J Neural Eng 2014, 11(1):016009. 3. Dostrovsky J, Bergman H: Oscillatory activity in the 
basal ganglia--relationship to normal physiology and pathophysiology. Brain : a journal of 
neurology 2004, 127(Pt 4):721-722. 
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Abstract: High frequency deep brain stimulation of the subthalamic nucleus is an effective 
treatment for the motor symptoms of Parkinson disease. The cognitive and behavioral side 
effects that can accompany this treatment are often hypothesized to arise from current spread 
from the intended sensorimotor (dorsal/lateral/posterior) division of the nucleus to the 
associative and limbic (ventral/medial/anterior) divisions. The objective of this study was to 
determine whether stimulation at ventral, medial, or anterior locations adversely affects cognitive 
performance and mood. Anatomical coordinates of 73 active electrode contacts (32 right; 41 left) 
were determined for 46 patients with idiopathic Parkinson disease treated with deep brain 
stimulation. Contact locations were then correlated with post-surgical changes in 
neuropsychological performance and depression ratings. A significant association existed 
between worsening depression and more lateral and anterior contact locations in both 
hemispheres. Semantic fluency decline, the most commonly reported cognitive change, was 
associated with more medial contacts in the left hemisphere. Finally, single trial learning change 
was not associated with contact location but did show a relationship with stimulation voltage in 
the right hemisphere. These data suggest that specific cognitive and mood worsening may indeed 
arise from unintended stimulation of non-motor regions in one or both hemispheres. However, 
the fact that voltage, but not location, was also relevant for single trial learning further points to a 
potential role for disease burden in explaining cognitive changes with stimulation treatment. 
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Abstract: Our aim was to identify mechanisms that contribute to the development of impulse 
control disorders when taking commonly prescribed dopaminergic medications for Parkinson’s 
disease. Specifically, we investigated the effects of ropinirole on objective measures of cognitive 
and motor impulsivity in healthy adults aged 40 - 75, and whether the effects were dependent on 
their genetically determined dopamine profile. Routine administration of dopamine agonists for 
Parkinson’s disease can lead to poor inhibitory control, impulsivity and impulse control 
disorders. We hypothesized that motor and cognitive measures of impulsivity may be mediated 
by single nucleotide polymorphisms of genes involved in dopamine regulation. This was a 
double-blind, randomized, counter-balanced, placebo-controlled clinical trial 
(ACTRN12614000046606) to measure the effect of 0.5mg and 1.0mg doses of ropinirole on 
motor and cognitive impulsivity. At baseline participants completed the Barratt Impulsiveness 
Scale (BIS-11) and provided a blood sample for genotyping of catechol-O-methyltransferase, 
dopamine transporter genes, and dopamine D1, D2 and D3 receptor genes (Pearson-Fuhrhop et 
al., PLoS ONE e61197). Motor and cognitive impulsivity were objectively measured using a 
response inhibition task and the Balloon Analogue Risk Task respectively, following medication 
and placebo administration. Other executive functions were assessed using components of the 
Central Nervous System Vital Signs test battery. Mixed model linear regression analyses were 
performed to examine the influence of gene score on behavioral measures. Thirty participants 
(13 male) mean age 61 y (range 44 - 75 y) completed the study and were without neurological or 



cognitive impairment: Montreal Cognitive Assessment (mean 28, range 27 - 30); Baratt 
Impulsiveness Scale (59, 38 - 77); Beck Depression Inventory (4, 0 - 22); motor section of the 
Unified Parkinson’s Disease Rating Scale (4, 0 - 15). Chi squared tests confirmed all 5 genes 
were in Hardy-Weinberg equilibrium. The allele score ranged from 3 - 8 (full range 0 - 10) for 
the sample. Investigators will be unblinded to medication status June 1, 2015. We will report on 
associations between measures of motor and cognitive impulsivity and dopamine gene score for 
each medication status. Associations with composite measures of executive function will be 
reported. Our results are expected to inform whether behavioral measures, combined with 
genotyping, can be used to predict those people at most risk of developing impulse control 
disorders, which in turn could lead to more individualized treatment of Parkinson’s disease. 
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Abstract: Background. L-dopa induced dyskinesia (LID) are abnormal involuntary movements 
that may develop with L-Dopa therapy for PD. Extensive evidence indicates that aberrant 



presynaptic dopaminergic activity plays a major role in the development of LID. Presynaptic 
mechanism of particular relevance include the nigrostriatal dopaminergic neuronal loss that 
results in a decrease dopamine buffering capacity and in an increase of extracellular dopamine 
levels that may arise from L-Dopa treatment. Preliminary results on animals suggest that 
nicotinic acetylcholine α4β2 receptor (nAChR) desensitization and/or down regulation by 
nicotine, nAChR agonists or antagonist, can lead to reducing striatal dopaminergic activity and 
therefore ameliorate LID. Methods. We investigated a group of 11 PD subjects with LID (2 
males; age: 60±8 years; disease duration: 11±7 years; UPDRS-III: 25±15 [after overnight 
suspension of all dopaminergic drugs]; UPDR-IV >3; LEDDs=885.6±274.4 mg) and a second 
group of nine subjects without LID (2 males; age: 67±8 years; disease duration: 7±4 years, 
UPDRS-III 25±11; UPDRS-IV=0; LEDDs=607.2±306.1). All subjects were cognitively intact 
and non-depressed (according to Mattis Dementia Rating Scale and Beck Depression Inventory). 
Single-Photon Emission Computed Tomography (SPECT) and 5-[123I]Iodo-3-[2(S)-2-
azetidinylmethoxy]pyridine ([123I]IAP) or N-ω-fluoropropyl-2β-carbomethoxy-3β-(4-
iodophenyl) tropane ([123I]FP-CIT) were applied to measure respectively nAChR and dopamine 
reuptake transporters (DAT) density. SPECT data were semiquantitatively analyzed and 
expressed as specific uptake ratios using the software package PMOD. Results. In PD patients 
with LID, we found a selective increase of nAChR binding in the caudate nucleus. In particular, 
nAChR density was significantly higher in the caudate with lower DAT measurement (nAChR: 
1.02±0.13 vs. 0.80±0.25, p<0.05 Wilcoxon test; DAT: 1.53±0.54 vs. 1.85±0.68), also when 
weighted for demographic or clinical variables. The density of nAChR did not differ in any other 
brain area between PD with and without LID. Conclusions. Our preliminary findings further 
confirm a role of the cholinergic system in the pathophysiology of LID. An increased nAChR 
binding, possibly suggesting an up-regulated cholinergic status counterbalancing a dopaminergic 
innervation loss, may facilitate the evolution of LID in predisposed PD patients. 
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Abstract: Human embryonic stem (hES) cells hold promise in the fight against 
neurodegenerative diseases. Specifically, their ability to self-renew and differentiate into all 
neural lineages makes them attractive targets for transplantation therapy. One of the most 
successful applications of stem cell therapy is transplantation of non-matched fetal brain tissue 
into patients with Parkinson’s Disease (PD). In this scenario, the patient is given 
immunosuppressive drugs, such as FK506 or Cyclosporin A, to promote transplant acceptance. 
Although chronic immunosuppression is necessary to reduce acute rejection of human tissue 
allografts, it has severe side-effects, including infections and malignancies. One alternative to 
immunosuppressive therapy is matching donor and recipient immune molecules. Arguably the 
most important of these are human leukocyte antigens (HLAs); in particular, HLA-A and HLA-
B. Our overall objective is to establish a pre-clinical platform to test the relative contribution of 
HLA haplotypes to neural stem cell transplant tolerance. To that end, we have endeavored to 
determine how many degrees of freedom from a perfect HLA match are permissible without 
eliciting transplant rejection. We engrafted NOD scid gamma (NSG) mice with human umbilical 
cord blood to generate mice with human immune systems. These ‘humanized’ mice were then 
used in HLA haplotype ‘mix and match’ adoptive transfer experiments. Specifically, HLA-typed 
humanized mice were transplanted with human embryonic stem cell-derived neural precursor 
cells in the striatum. Our data show that HLA-A is expressed at the highest level compared to 
other HLA alleles in neural stem cells. Remarkably, we find tolerance of stem cell transplants 
with as much as 50% mismatch at the HLA-A locus; irrespective of degree of mismatch for 
HLA-B, -C, -DR, or DQ. Taken together, our results show that humanized mice are an important 
pre-clinical tool to understand HLA-dependent stem cell transplant rejection. 
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Abstract: Rett Syndrome (RTT) is a neurodevelopmental disorder primarily caused by 
mutations in methyl-CpG-binding protein 2 (MECP2), a potent epigenetic regulator whose role 
in prenatal brain development is poorly understood. Given the known effects of MeCP2 on 
miRNA biogenesis, we hypothesized that neurogenesis may be impacted in RTT via MeCP2-
regulated miRNAs that are enriched in early brain development; and hence modulate critical 
molecular components of neuronal progenitor proliferation and differentiation. Focusing on the 
most dysregulated miRNAs we found two prenatal brain-enriched miRNAs - miR-199 and miR-
214 - to be robustly increased in human patient-derived culture, cerebral organoid, and mouse 
models of MeCP2 deficiency. Increases in miR-199 and miR-214 in MeCP2 mutant or deficient 
neuronal progenitors were a consequence of altered miRNA biogenesis and were associated with 
reduced expression of their targets PAK4 and PTEN, which in turn resulted in differential 
changes in Erk and Akt phosphorylation. Inhibiting miR-199 or miR-214 expression in induced 
pluripotent stem cell-derived neuronal progenitors deficient in MeCP2 restored Akt and Erk 
activation, respectively, and ameliorated the observed alterations in neuronal differentiation. 
Collectively, our data suggest that MeCP2-mediated dysregulation of miR-199 and miR-214 
expression influences early neurogenesis through the differential regulation of molecular 
pathways with known links to autism spectrum disorders. 
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Abstract: Rett’s syndrome (RTT) is an X-linked neurodevelopmental autistic like disorder that 
causes severe neurological dysfunction in females. RTT is caused primarily by mutations in 
MeCP2, a transcriptional regulator that binds to methylated DNA and is capable of recruiting 
chromatin-modifying complexes thereby regulating chromatin structure and gene expression. 
Previous reports showed that MECP2 responds to neuronal activity by changing its 
phosphorylation states on several residues of which only few have so far been further 
characterized. In this study, we report the initial characterization of a new phosphorylation site of 
MECP2 that might be relevant for RTT syndrome pathology. MECP2 becomes highly 
phosphorylated on this residue only in brain. In addition, phosphorylation of this residue is 
developmentally regulated, displaying high levels between DIV 7-9 in neuronal culture and P 4-7 
in total brain extracts; this period corresponds to postnatal synapse development, indicating that 
this phosphorylation might be required for proper neuronal maturation. Interestingly, this period 
is followed by a rapid dephosphorylation of MeCP2 on this residue. MeCP2 is reported to bind 
mononucleosomes in brain with high affinity. Interestingly, the pool of MeCP2 that is highly 
phosphorylated on this residue represents a pool of the protein that is not able to bind 
mononucleosomes in brain and it binds nucleosomes free DNA. In addition, phosphorylation of 
this residue of MECP2 appears to influence its binding to DNA as confirmed by salt extractions 
performed on total brain extracts and from FRAP assays. Overall the data collected so far 
indicate that this phosphorylation event can influence MeCP2 function during postnatal brain 
development synaptogenesis. 

Disclosures:  G. Stefanelli: None. M.S. Cheema: None. M. Costa: None. C. Kilstrup-Nielsen: 
None. J. Ausió: None. N. Landsberger: None. 

Nanosymposium 



13. Rett Syndrome 

Location: S102 

Time: Saturday, October 17, 2015, 1:00 PM - 3:00 PM 

Presentation Number:  13.03 

Topic: C.06. Developmental Disorders 

Support: International Rett Syndrome Foundation Basic Research Grant # 2916 

NINDS R01NS075062 

UAB Civitan Emerging Research Scholar Award 

UAB Cancer Center Support grant CA13148 

CFAR Core Grant AI027767 

Title: Aberrant astrocyte maturation contributes to Rett Syndrome pathogenesis 
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Abstract: Rett syndrome (RTT) is an X-linked neurodevelopmental disorder caused by 
mutations in the transcriptional regulator MeCP2. RTT is characterized by having apparently 
normal development until 6-18 months, when a progressive decline in motor and language 
functions begins and breathing abnormalities and seizures present. Astrocytes, the most abundant 
cell type in the CNS, have recently been shown to express MeCP2. Importantly, postnatal re-
expression of MeCP2 in astrocytes in globally Mecp2-deficient mice ameliorated many RTT 
disease symptoms, indicating that deficiencies in astrocytic function contribute to the 
pathophysiology of RTT. However, the causative mechanisms are currently unknown. Given the 
broad transcriptional regulatory role of MeCP2, we predict that many astrocytic genes are 
dysregulated. To test this prediction, we have utilized RNA-Seq analysis to examine global gene 
expression changes in enriched cortical astrocytes compared to whole cortex tissue from 
symptomatic Mecp2-deficient mice compared to wild-type (WT) littermate controls. We have 
identified over 1,700 significant and differentially expressed genes in cortical astrocytes. 
Pathway analysis in our cortical astrocyte dataset has identified disrupted pathways involved in 
inflammation and metabolism as well as gastrointestinal, neurological, and immunological 
diseases. Furthermore, molecular and cellular functions associated with proper astrocytic 
maturation were also identified as being disrupted. Current work underway is directed at 
understanding when in the disease process these changes occur. Through the identification of key 
groups of astrocytic genes, proteins and pathways, we can begin to tease apart the mechanisms in 



which astrocytes contribute to RTT pathogenesis, possibly identifying new and much needed 
therapeutic targets for RTT patients. 
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Title: To move or not to move: Is acetylated tubulin the answer For Rett Syndrome? 
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Abstract: Background: Rett syndrome (RTT) is a severe neurodevelopmental disorder, 
predominantly caused by mutations in the Methyl-CpG-binding protein 2 (MECP2). Despite the 
genetic cause being identified, the pathophysiology of the disorder remains to be completely 
elucidated. A predominance of neuronal and synaptic dysfunction, with altered excitatory-
inhibitory neuronal synaptic transmission and synaptic plasticity are overarching features of RTT 
in children and in mouse models. Tubulin and the microtubule network play an essential role in 
neuronal function whereby the acetylation state of microtubules dictates the efficiency of 
synaptic targeting and molecular motor trafficking of mitochondria and Brain Derived 
Neurotrophic Factor containing vesicles, amongst other cargo. Recent reports showing reduced 
tubulin acetylation and microtubule instability in Mecp2-deficient cells, suggest a link between 
these irregularities and the neurobiology in RTT. Aims: To investigate the stability of the 



microtubule network and whether the inhibition of histone deacetylase 6 (HDAC6), a tubulin 
deacetylase, can restore microtubule dynamics and microtubule-regulated mitochondrial 
trafficking in cortical neurons of a RTT mouse model. Methods: Acetylated tubulin and HDAC6 
levels were measured in RTT patient fibroblasts and in cortical neurons of Mecp2T158A mice. 
Microtubule stability experiments were performed in patient fibroblasts and using live cell 
imaging, the trafficking speed of mitochondria was measured in cultured cortical neurons 
isolated from pups of the Mecp2T158A mice. Finally, to assess the potential therapeutic efficacy 
of HDAC6 inhibition, we are currently conducting a mouse trial using a novel, highly specific 
HDAC6 inhibitor. Results: Reduced acetylated tubulin and increased HDAC6 expression was 
observed in both patient cells and Mecp2T158A mouse cortical neurons. In addition we found a 
reduction in mitochondrial velocity and increased microtubule instability in these cells. We 
report that HDAC6 inhibition restores tubulin acetylation levels and improved microtubule 
stability. Preliminary studies in the HDAC6 trial reveal that treated Mecp2T158A mice show 
improvement in their motor performance. Summary: HDAC6 provides a novel potential 
therapeutic option for restoring neuronal trafficking deficits in RTT. 
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Abstract: Background: Rett Syndrome (RTT) is a postnatal neurological disorder caused by loss 
of function mutations in the gene encoding methyl-CpG-binding protein 2 (MeCP2). Deleting 
Mecp2 only from brain tissue at embryonic day 12 leads to phenotypes identical to those of the 



null mutation, indicating that loss of MeCP2 from the CNS is responsible for the RTT 
phenotypes. Neuronal subtype-specific Mecp2 deletion replicates select aspects of the null 
phenotype. For instance, deletion of Mecp2 only from inhibitory GABAergic neurons 
recapitulates many RTT phenotypes including the stereotypies and altered social interaction, but 
spares anxiety-like behaviors and tremor. The role that excitatory glutamatergic neurons play in 
the pathogenesis of RTT has not been explored in detail. Method: We conditionally deleted 
Mecp2 in glutamatergic neurons in the mouse brain using a vGlut2-Cre line, and characterized 
the mice by a comprehensive battery of behavioral assays as well as neurophysiological methods. 
Results: The glutamatergic conditional knockout mice (CKO) became obese, and developed 
impaired acoustic startle and motor deficits. Interestingly, unlike the GABAergic CKO, the 
glutamatergic CKO showed anxiety-like behaviors as early as 5 weeks of age, and developed 
severe tremor. Furthermore, they died early with half of them dead by 10 weeks. These 
phenotypes are identical to the disease progression pattern of the Mecp2 null mutation. Patch-
clamp recording from the layer V pyramidal neurons revealed reduced spontaneous activity in 
the CKO mice, which replicated the circuit deficit of null mutation. Conclusion: These data 
demonstrate that dysfunction of MeCP2 in excitatory glutamatergic neurons contributes to 
numerous neuropsychiatric phenotypes. Especially, it drives the onset of anxiety-like behaviors, 
tremor, and obesity in RTT, indicating an excitatory neuron-dependent mechanism underlying 
these phenotypes of Rett syndrome. 
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Abstract: Neurodevelopmental disorders result from inappropriate synaptic connectivity that 
initially emerges in early brain development. However, circuit mechanisms by which behavioral 



symptoms are later exacerbated by deficits in experience-dependent plasticity remain unclear. 
We aim to answer this question by using neuronal recordings to assess the effects of MeCP2 
mutation on maternal experience-induced changes to the encoding of pup ultrasonic distress 
vocalizations (USVs). We previously showed that impaired pup retrieval behavior in a mouse 
model of Rett syndrome (MeCP2 heterozygous females, MeCP2+/-) is caused by dysregulated 
adult plasticity of inhibitory networks in the auditory cortex. Specifically, in response to 
maternal experience, adult MeCP2+/- exhibited transient increases in perineuronal nets and 
parvalbumin, inhibitory markers that are typically associated with limited plasticity. How these 
molecular changes affect the function of neural circuits in MeCP2+/- remain unclear. Here, we 
performed in vivo loose patch recordings from individual neurons in the auditory cortex of head-
fixed, awake mice. Our preliminary results suggest that there are abnormal changes in the 
inhibitory responses to USVs in MeCP2+/- after maternal experience. These results further 
support a model in which transient experience-dependent changes to inhibitory networks in 
MeCP2+/- act as brakes on auditory cortical plasticity, hindering adult learning. We are 
continuing to assess neuronal activity in MeCP2+/-, comparing different identified cell types, as 
well as neurons expressing either the mutant or wild type allele of MeCP2, before and after 
maternal experience. 
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Abstract: Glial cells play pivotal role in neuronal functions in central nervous system. 
Oligodendrocytes, enable the fast conduction of nerve impulses by ensheathing axons by lipid 
rich multi-layered structure- myelin sheath. CpG methylation is involved in long-term silencing 



of genes during mammalian development. The methyl-CpG-binding protein 2 (MeCP2) interacts 
specifically with methylated DNA and represses or activates target genes transcription. 
Mitochondrial dysfunction through glutathione depletion, glutamate excitotoxicity, altered gene 
expression of electron transport chain complexes, abnormal Ca+2 elevation, oxidative stress, 
decreased ATP levels are possible underlying mechanisms for demyelination mediated 
neurodegenerative diseases. Recent reports provide an insight into mitochondrial dysfunction in 
brain of MeCP2 null mouse and Rett syndrome patients. Mutations in MeCP2 gene cause Rett 
Syndrome and impaired mitochondrial function is one of the many manifestations. However, 
whether MeCP2 altered expression causes mitochondrial dysfunction through altering gene 
expression of electron transport chain in oligodendrocytes and thereby causing demyelination is 
not much clear. We hypothesised that expression patterns of key respiratory complex genes and 
calcium flux in mitochondria are altered in the MeCP2 knock-down oligodendrocytes. In order to 
test the hypothesis we investigated the expression of genes encoding mitochondrial respiratory 
complex subunits; Ubiquinol-cytochrome c reductase core protein (Uqcrc1) and NADH 
dehydrogenase (ubiquinone) flavoprotein 2 (Ndufv2), protein expressions and enzyme activities 
of respiratory complexes of mitochondria by RT-PCR, western blot and spectrophotometric 
assays respectively. Also, we assessed the effects of MeCP2 knock down in cortical astrocytes 
on myelin genes in astrocyte -myelinating spinal cord co- culture. Our data shows elevated 
transcript levels of respiratory genes- ndufv-2 (complex 1) and uqcrc-1 (complex 3) in MeCP2 
knockdown oligodendrocytes. The respiratory complex- I enzyme specific activity was found to 
be increased in MeCP2 knock down which is in accordance with the increased transcript level of 
complex-1 gene. Data from the current study also indicates down-regulation of myelin proteins 
i.e. Myelin basic protein (MBP) and Proteolipid Protein (PLP) in myelinating spinal cord co-
culture grown on MeCP2 knock down astrocytic bed which also indicates the role of MeCP2 in 
CNS myelination. 
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Abstract: Rett syndrome is a monogenic form of autism that is characterized by severe 
developmental regression, loss of communicative ability, stereotyped hand movements, and 
prolonged apneas. Reduced number and strength of excitatory synapses have been reported in 
several regions of the brain in Rett syndrome model mice which are not believed to have 
accompanying alterations in intrinsic excitability. Excitingly, we have generated preliminary data 
indicating that attenuated forms of protein synthesis-dependent synaptic plasticity and decreased 
AKT/mTOR signaling are also characteristic of these brain regions. These findings suggest that 
mechanisms to normalize protein synthesis-dependent synaptic plasticity will be viable Rett 
syndrome therapeutics. Here we explore one such mechanism in metabotropic glutamate receptor 
5 (mGlu5) positive allosteric modulators (PAMs). While mGlu5 PAMs have been investigated for 
many years, drug discovery in this area has been plagued by the presence of excitotoxic and 
convulsive adverse effects. To address this, we have undertaken significant efforts to 
understanding the interplay between mGlu5 signaling and seizures, and have now generated 
mGlu5 PAMs that possess large enough therapeutic windows to test in vivo without adverse 
effects. This safety profile appears to stem from signaling bias away from NMDA receptor 
activation. We show that one such compound, VU0462807, retains a favorable safety profile, 
even in mouse models where convulsive liability is high, such as the Mecp2-/y mouse model of 
Rett syndrome. Furthermore, we demonstrate that mGlu5 expression is reduced in Mecp2-/y mice 
and in the motor cortex of Rett Syndrome autopsy samples. Additionally, we have established 
that chronic dosing in P39-55 old Mecp2-/y mice with 3.3 mg/kg VU0462807 significantly 
ameliorates the presence of hind paw clasping, normalizes disrupted gait dynamics, has 
anxiolytic properties in the open field assay, as well as a restoration of attenuated DHPG-LTD at 



the SC-CA1 synapse in the hippocampus in acute slices. Importantly, VU0462807 accomplishes 
phenotypic rescue without altering respiratory function in Rett mice, which is believed to be 
disrupted by brain stem hyperexcitability and at risk for exacerbation by increased glutamatergic 
signaling. These exciting data suggest that selective mGlu5 potentiation may be a potential novel 
therapeutic strategy for Rett syndrome. 
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Abstract: Cadherins form a large superfamily of proteins essential for morphogenesis, neuronal 
connectivity, and tissue integrity. Two atypical members of this superfamily, cadherin-23 and 
protocadherin-15, are also involved in hereditary deafness and blindness. In the inner ear, these 
two proteins interact to form the tip link, a fine filament that pulls open transduction channels to 
initiate a cascade of events leading to sensory perception. Here we present structural, 
computational, and biophysical experiments that reveal unique properties of the tip link 
extracellular cadherin (EC) repeats. Our crystal structures, simulations, and binding assays show 
how the tip of protocadherin-15 and some of its variants form a mechanically strong and 
calcium-dependent heterophilic complex with the cadherin-23 tip. In addition, structures and 
simulations of protocadherin-15 EC repeats show how non-canonical inter-repeat linker regions 
may alter protocadherin-15 tertiary structure and elasticity. Overall, our results provide a 



molecular view of tip link mechanics and identify the structural determinants of tip link function 
in vertebrate mechanosensation. 
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Abstract: TRPA1 channels are sensors for noxious stimuli in a subset of nociceptive neurons 
and they are also expressed in cells of the mammalian inner ear. Given that Trpa1–/– mice exhibit 
normal hearing, balance and sensory mechanotransduction, the function of TRPA1 channels in 
the inner ear remains unknown. We assessed TRPA1 expression in the organ of Corti using 
antibodies against the human PLAP reporter expressed in TrpA1-/- mice, and found broad PLAP 
labeling in the sensory hair cells as well as in the following non-sensory supporting cells: cells of 
the Kolliker’s organ (CKO), Deiters’ cells (DCs), pillar cells (PCs), Hensen’s cells (HeCs) and 
Claudius’ cells (CCs). Functional TRPA1 channels can be detected by FM1-43 dye that 
permeates through these channels in the presence of an agonist. TRPA1-mediated FM1-43 
uptake was observed in wild type hair cells, HeCs and CKO, but not in any of the cells from 
Trpa1–/– mice. Patch clamp recordings also revealed TRPA1-mediated inward currents in wild 
type HeCs and DC. Ca2+ imaging showed that HeCs of wild type but not Trpa1–/– mice generate 
robust and long-lasting Ca2+ responses after stimulation with 4-HNE, an endogenous TRPA1 
agonists produced by lipid peroxidation. Thus, HeCs seem to be the major sensors of oxidative 
damage in the cochlea. TRPA1-initiated Ca2+ responses are often propagated from HeCs to other 
types of supporting cells and are accompanied by prominent shape changes in DCs and PCs. 



Using flash photolysis of caged Ca2+ compounds, we confirmed that PCs possess Ca2+-dependent 
contractile machinery. We hypothesized that TRPA1-initiated changes of the supporting cell 
shape would alter the geometry of the organ of Corti and modify cochlear amplification after 
acoustic trauma, which is known to increase the oxidative stress in the cochlea and to cause the 
generation of 4-HNE for several days. Therefore, we exposed young adult mice to mild noise 
and evaluated the recovery of hearing thresholds and cochlear amplification over time. 
Consistent with our hypothesis, we found a longer-lasting inhibition of cochlear amplification in 
wild type mice than in Trpa1–/– littermates. Our results indicate that the non-sensory supporting 
cells of the hearing organ detect tissue damage via the activation of TRPA1 channels and 
subsequently modulate cochlear amplification through active cell shape changes. We believe that 
this novel mechanism of cochlear regulation may protect or fine-tune the organ of Corti after 
acoustic trauma or other types of cochlear injuries. 
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Abstract: Identification of the molecular components of the sensory transduction complex in 
hair cells of the mammalian inner has been the focus of intensive research. Recently, 
Transmembrane channel-like 1 and 2 (TMC1 and TMC2) emerged as possible components of 
the hair cell sensory transduction channel based on the following observations. Mice deficient in 



both Tmc1 and Tmc2 are deaf and lack vestibular function. Hair cells of double mutants lack 
sensory transduction, despite intact hair bundles and tip-links (Kawashima et al., 2011). Mice 
that express only TMC1 or TMC2 have distinct single-channel conductances and calcium 
selectivity. A methionine-to-lysine substitution at position 412 in TMC1 reduces the single-
channel current amplitude and calcium permeability of transduction (Pan et al., 2013). These 
data support a model in which TMCs are essential components of the sensory transduction 
channel in auditory and vestibular hair cells, but their exact role is not yet clear. They may form 
a vestibule at the mouth of the pore, the pore of the ion channel itself or both (Holt et al., 2014). 
Alternatively, TMCs may function as accessory or trafficking subunits (Kim et al., 2013). To 
probe TMC1 structure and function we combined electrophysiological recording with 
mutagenesis and cysteine modification in native hair cells. Cysteine substitutions were 
introduced into the wild-type mouse Tmc1 sequence and the sequence was packaged into AAV 
vectors. The vectors were transfected into organotypic cultures harvested from Tmc1/Tmc2 
doubly-deficient mice and sensory transduction was assayed eletrophysiologically 6-10 days 
post-transfection. We found that the mutant Tmc1 sequences restored mechanosensitivity to 
positive hair bundle deflections in virally-transfected hair cells and that acute application of 
cysteine modification reagents irreversibly altered the biophysical properties of sensory 
transduction within seconds. The data provide further support for a direct role for TMC1 in 
sensory transduction in mammalian hair cells and highlight several residues that regulate current 
amplitude and ionic selectivity. The data may also suggest revised models of TMC1 topology 
with up ten transmembrane domains. 
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Abstract: Hair cells, the sensory receptors of the auditory, vestibular, and lateral line systems, 
quickly and precisely transform mechanical stimuli into trains of action potentials (spikes) in 



afferent neurons. Importantly, how stimulus features are encoded within the temporal patterns of 
spike trains is not well understood. Here, we examined hair cell encoding of stimulus intensity in 
wild type and transgenic zebrafish with hair-cell expression of Channelrhodopsin-2 (ChR2). 
Specifically, we performed in vivo recordings from single afferent neurons in the lateral line 
while delivering both mechanical stimuli using a fluid jet and optical stimuli using controlled 
flashes of ~470 nm light to innervated hair cells. Stimulus intensity was then varied between a 
minimum level that did not evoke spiking above background and a maximum level that evoked 
saturating spike train responses. Our experiments tested the hypothesis that intensity would be 
correlated with the latency to the first evoked spike (FSL), the time between the first two evoked 
spikes, and the number of spikes evoked by each stimulus presentation. Furthermore, we 
compared spike trains between mechanically and optically evoked spike trains from transgenic 
hair cells, which allowed us to examine the role of the concerted activation of mechanoelectrical 
transduction (MET) channels in stimulus encoding. Altogether, our results suggest that lateral 
line hair cells encode intensity within the temporal pattern of evoked spike trains and that the 
MET channel plays an important role in the precision of this encoding. 
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Title: Cochlear cell differentiation and regeneration: role of ephrins and Eph receptors 
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Abstract: In mammals, cochlear sensory hair cells that are responsible for hearing are 
postmitotic and are not replaced after loss. One of the most promising strategies to regenerate 
hair cells is to identify and inhibit the factors preventing the conversion of adjacent non-sensory 
supporting cells into hair cells. Here we demonstrate that mammalian hair cells can be directly 
generated from supporting cells by inhibition of ephrin-B2 signalling. Using either ephrin-B2 
conditional knockout mice, shRNA-mediated gene silencing or soluble inhibitors, we found that 
down- regulation of ephrin-B2 signalling at embryonic stages results in supporting cell 
translocation into hair cell layers and subsequent switch in cell identity from supporting cell to 
hair cell fate. As transdifferentiation is here a result of displacement across boundary, this 
original finding presents the interest that newly generated hair cells directly integrate either hair 
cell layer, then would be likely more rapidly able to fit into functional circuitry. 
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Abstract: DNA methyltransferase (DNMT) inhibitor 5-azacytidine (5-aza) induces genomic 
demethylation to regulate gene expression. However, it remains unclear whether 5-aza affects 
gene expression and cell fate determination of stem cells. In this study, 5-aza was applied to 
mouse inner ear stem/progenitor cells, MUCs, to investigate whether 5-aza stimulates MUCs to 
become sensory hair cells. After treatment, MUCs increased expressions of sensory hair cell 
genes and proteins. FM1-43 permeation assays suggested that 5-aza-treated MUCs possessed 
potent mechanotransduction channels, which are specifically shown in functional sensory hair 
cells. To understand the mechanism of induced changes, quantitative DNA methylation assays 



were performed and treated MUCs showed a 28.57% decrease in genomic methylation level. In 
treated MUCs, western blotting revealed remarkably reduced DNMT1 expression and the 
DNMT activity was significantly decreased. These data suggested that 5-aza affects protein 
expression and the activity of DNMTs to cause DNA demethylation of MUCs, which may 
contribute to up-regulation of sensory hair cell markers and differentiation of hair cell. This 
study not only demonstrates a possible epigenetic approach to induce tissue specific 
stem/progenitor cells to become sensory hair cells, but also provides a cell model to 
epigenetically modulate stem cell fate determination without changing DNA sequence. Key 
words 5-azacytidine; demethylation; epigenetics; hair cell; methylation; stem cell; regeneration 
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Abstract: Gap junctions play a critical role in hearing. Connexin gap junction gene mutations 
can induce a high incidence of hearing loss. Pannexin (Panx) gene also encodes gap junction 
proteins in vertebrates. Panx1 is a predominant pannexin isoform and has extensive expression in 
the cochlea. Here, we report that deletion of Panx1 in the cochlea could produce a progressive 
hearing loss. The auditory brainstem response (ABR) recording showed that hearing loss was 
moderate to severe and severe at high-frequencies. Distortion product otoacoustic emission 
(DPOAE), which reflects the activity of active cochlear mechanics that can amply acoustic 
stimulation to enhance hearing sensitivity and frequency selectivity, was also reduced. Panx1 
deletion could also reduce ATP release and endocochlear potential. We further found that Panx1 
deficiency could activate Caspase-3 cell apoptotic pathway in the cochlea to cause hair cells and 
other types of cells degeneration. These data indicate that like connexins Panx1 deficiency can 
also induce hearing loss. These data also suggest that pannxins play important rather than 
redundant roles in the cochlea and hearing. 
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Abstract: The insular cortex, or insula, is a small cortical lobe that acts as a central hub 
integrating somatosensory, viscerosensory, autonomic, and cognitive-affective functions. 
Impairments within the insula have been linked to a broad variety of disorders, including chronic 
pain, mood disorders, addiction, frontotemporal dementia, etc. Technical challenges associated 
with imaging the insula in the living human brain at high spatial resolution have precluded a 
detailed functional mapping which would be necessary to test proposed models linking insular 
subregions to different functions (e.g. Menon & Uddin 2010 Brain Struct Funct). Based on 
animal studies and a few human fMRI studies (Henderson et al. 2007 Pain; Baumgärtner et al. 
2010 J Neurophys), it is believed that a posterior-dorsal subregion of the insula presents 
somatotopic organization. In addition, Craig (2002 Nat Rev Neuro) proposed that the same map 



is re-represented in a mid-dorsal region of the insula, although to our knowledge this has not 
been conclusively demonstrated in humans. Here we tested in four human subjects the feasibility 
of high-resolution functional mapping of somatotopy in the insula. We used ultra-high-field (7T) 
BOLD fMRI with cutaneous electrostimulation as a highly localized somatosensory stimulus. 
Electrostimulation was performed sequentially at 6 different locations: 3rd/4th fingers, upper leg, 
and lower back on each side of the body at a non-painful intensity. The 7T fMRI acquisition used 
gradient-echo Blipped-CAIPI Simultaneous-Multi-Slice EPI (Setsompop et al. 2012 Magn Reson 
Med) with 1.2×1.2×1.2 mm3 voxels, R=3 acceleration with FLEET-ACS, MultiBand-3, full brain 
(TR=2.51 s, 123 slices; 3 subjects) or cerebrum only (TR=1.79 s, 87 slices; 1 subject), with 
concurrent recording of cardiac and respiratory signals. We used FSL and FreeSurfer to compute 
cortical surface-based statistical maps based on same-session anatomical (MPRAGE) data with 
750 µm isotropic voxels. We found preliminary evidence of fine-grained somatotopic 
organization in the contralateral posterior-dorsal and mid-dorsal insula, with minimal overlap 
between the cortical representation of each stimulation site (fingers, leg, lower back), supporting 
Craig’s re-representation hypothesis. Our findings support the use of localized electrostimulation 
in conjunction with 7T fMRI to perform high-resolution mapping of somatosensory regions of 
the human insula. This method could be used to achieve a comprehensive mapping of the full 
somatotopic organization hypothesized to be present in different insular subregions, as has been 
done for primary and secondary somatosensory and motor cortices. 
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Abstract: Many authors suggested that theoretical and empirical (e.g., predictive) challenges 
within economics could be at least partly overcome by bringing neuroeconomics into increased 
interactions with economics (e.g., Glimcher et al., 2005, 2007; Caplin & Dean, 2007; Bernheim, 
2009; Brocas, 2012; Camerer, 2013; Krajbich et al., 2014; Smith et al., Am. Economic J.: 
Microeconomics, 2014a). These challenges underscore the need for a coordinating effort that 
reviews studies in a category that could be called “neuroeconometrics”, due to the potential that 
these studies show for improving prediction by including neural measures in econometric 
models. The current review includes initial neuroeconometric studies and recommendations for 
extending this research to better understand neural networks involved in asset trading that 
underlies financial-market price bubbles and crashes. Within microeconometrics, the 
longstanding goal of predicting choices by individuals or households occasionally is augmented 
by studying new types of data. Nonchoice behaviors (e.g., reaction times; Krajbich et al., 2014), 
eye-tracking measures (Balcombe et al., 2015), and neuroimaging results (Smith et al., 2014a) 
have shown potential for improving the capacity of models to predict choices. For example, 
neural-activity measures, recorded by functional magnetic resonance imaging (fMRI) in ventral 
striatum, subgenual cingulate cortex, orbitofrontal cortex, insula, and inferior parietal lobe in 
response to viewing food items, improved the prediction of subsequent choices between food 
items (Smith et al., 2014a). Neural measures from traders were proposed to assist potentially the 
forecasting of short-term stock-market movements (Bernheim, 2009). This proposal was 
supported by a lab asset-trading study of markets with asset-price bubbles (Smith et al., Proc. 
Natl. Acad. Sci. USA, 2014b), which revealed that fMRI-measured nucleus accumbens (NA) 
activity, when calculated as a moving average across all subjects, tracked bubble-related price 
changes and predicted crashes. Price peaks were preceded by elevated anterior insula (AI) 
activity in subjects who sold assets before peaks. Several fMRI studies found AI activations 
associated with the need to exert cognitive control, which is dependent on activity in the 
frontoparietal network, whereas NA was activated during herding (i.e., following others’ 
decisions). In conclusion, studies with wearable functional near-infrared spectroscopy 
technology should test whether low frontoparietal activity may serve as a bubble-related 
biomarker that can be exploited by countercyclical policies aimed at preventing major bubbles. 
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Abstract: Recent evidence suggests that the insula may be involved in anxiety. Here, using in 
vivo pharmacology of the Insula in rodents, we identified the area within the insula that is 
involved in anxiety and determined to which extent the insula modulates the behavioral effects of 
stress hormones in anxiety. We also assessed the behavioral effects of intra-insular 
microinjections of noradrenaline and corticosterone. Finally, we also performed a study in 
humans using a special coil of Deep transcranial magnetic stimulation (dTMS) uniquely 
designed to stimulate the rostral insula non-invasively in volunteers suffering from work stress, 
showing that Insula stimulation leads to a fast and significant decline in anxiety and significant 
improvements in anxiety-related insomnia, irritability and coping. In consequence, here we show 
a role for the Insula in response to stress and anxiety, from rodents, to humans, suggesting that 
the Insula may be a critical site regulating anxiety and a novel target for treatment of stress, 
anxiety and anxiety-related disorders. 
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Abstract: Behavior flexibility is critical to surviving a volatile and unpredictable environment. 
The neural mechanism that gives rise to the control of behavior (i.e., stopping or changing an 
ongoing behavior) is one of the most investigated subjects in neuroscience. Glutamatergic 
cortico-striatal projections mediate behavior inhibition via striatal activation. Meta-analytic data 
show that the right anterior insula (rAI) takes control of the cortico-striatal mechanism when 
behavior inhibition fails. The rAI have anatomical connectivity with the right presupplementary 
motor area (rPreSMA). However, the effective connectivity between the rAI and the rPreSMA 
during unsuccessful control of behavior has not been studied. Specifically, we do not know how 
the rAI-rPreSMA communication affects the striatal activity during unsuccessful control of 
behavior. In this work, we evaluated the hypothesis that the insular cortex modulate the 
rPreSMA-striatal endogenous glutamatergic connections during unsuccessful response 
inhibition. In our task, 20 subjects predicted the timing of a rear-end collisions and engaged 
temporal behavior preparation. In a minority of trials, the participants were cued to stop the 
execution of the prepared behaviors. Functional connectivity analysis of the successful vs. 
unsuccessful trials (FWE < 0.05) revealed activity of the orbitofrontal cortex (OFC), the 
rPreSMA, and the striatum whereas the reverse contrast (i.e., unsuccessful vs. successful, FEW < 
0.05) showed activity in the rAI. Non-linear stochastic dynamic causal modeling revealed that 
the OFC modulate the rPreSMA-striatal connections when the participants succeeded at 
inhibiting their behaviors, the rAI modulated the same connections when the participants failed. 
The analysis reveals the modulatory role of rAI in the indirect pathway of behavior inhibition. 
Because the rAI is involved during decisions under temporal uncertainty, uncertainty could be 
considered as a driving internal state that dampens the control of behavior. 
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Abstract: Research suggests that the emotions of others can be highly contagious, affecting 
one’s own emotional and neural responses. Yet, the neural mechanisms underlying interpersonal 
emotional transmissions have been mainly studied using static images in non-social setups. Here 
we investigated how the human brain responds to dynamic emotional input, coming from 
another, co-present individual. Using an innovative approach recently developed in our lab, we 
provided participants with continuous emotional feedback from another participant while they 
watched emotional movie in the fMRI scanner. To disentangle between the socially-driven 
effects and the stimulus-driven effects we introduced a control group, in which participants 
received identical stimulus, but thought that the feedback is generated by a computer algorithm. 
We mapped the brain regions which exhibited reliable activity in the experimental and control 
groups. In addition, we assessed neural response synchronization with the time-course of the 
social-emotional feedback and compared it across groups. Behavioral Results: Although the 
feedback time-line was identical in the experimental and control groups, the experimental group 
participants rated the feedback as matching their own emotional experience to a larger degree 
than the control group participants (experimental=6.4±2, control=2.68±0.7, p<0.0001). Imaging 
Results: Comparing the experimental and the control groups, we found that response time-
courses in the bilateral insula, amygdala, thalamus and dMPFC exhibited moment-by-moment 
alignment with the feedback time-line. In addition, right lateral prefrontal regions were reliably 
recruited in the experimental (social) but not in the control (non-social) groups. Finally, 
alignment with the feedback in the right amygdala and in the MPFC was strongly associated with 
the emotional effects of the feedback, reported after the experiment (r=0.75, p<0.01). 
Conclusions: Continuous processing of emotional input from another, co-present individual 
recruited a set of brain systems, including core regions associated with emotion generation, 
medial prefrontal cortex associated with social-emotional evaluation as well as lateral prefrontal 



control system consistently linked with emotion regulation. Moreover, the activity in the limbic, 
insular and dorsomedial prefrontal regions was dynamically aligned with the time-course of the 
social input. Taken together, the results of this study suggest that the emotions of others shape 
one’s own responses by evoking response synchronization in the core emotion brain regions and 
recruitment of prefrontal emotion regulation mechanisms. 
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Abstract: The ability to compute and assign values in a common scale to predictive cues and 
outcomes across different categories is essential for value-based decision making. An extensive 
literature has focused on the neural mechanisms of value computations at both outcome 
anticipation and receipt, and a ‘valuation system’ in the brain has emerged from these studies. 
Few studies, however, included both rewards and punishments in their design to disentangle 
value and salience signals, which are highly correlated in either the positive or the negative 
domain alone. Even fewer studies assessed the degree to which those signals are category-
dependent. Here we present evidence from a human fMRI study for category-independent value 
and saliency signals in different brain regions. 18 healthy participants were scanned while 
performing the reward and punishment task. Participants were presented with cues that predicted 
the probabilistic delivery of different types of outcomes. Four outcome categories were used: 
monetary gains and losses, presentations of pleasant faces and electric shocks. Four magnitude or 



intensity levels were used for each outcome type, so that a wide range of value and salience were 
experienced by the participants. On third of the trials outcome was provided after a delay period. 
Pleasantness ratings were collected both at the cue (anticipation) phase and at the outcome 
(receipt) phase, and trial-by-trial value and saliency were estimated from these ratings. In the cue 
phase, blood oxygen level-dependent (BOLD) signals in the orbitofrontal cortex (OFC), the 
ventromedial prefrontal cortex (vmPFC), and the posterior parietal cortex monotonically 
increased from extreme negative to extreme positive values, consistent with a linear value signal. 
The rostral anterior cingulate cortex (rACC), and the anterior insula showed a U-shaped salience-
like activity profile, in which signals increased for anticipation of both increasing positive and 
increasing negative outcomes. Finally, the striatum encoded both value and salience signals. 
Importantly, the observed signals were on a unified scale that applied to different categories. 
Similar analysis also revealed that, in the outcome phase, the vmPFC, striatum, and the posterior 
cingulate cortex (PCC) represented value and the rACC represented salience, both in a category-
independent manner. In a complementary set of analyses we used representation similarity 
analysis (RSA) to compare predictions for regional activation patterns generated by several 
potential models. Based on this analysis we propose a computational model in which the 
reliability of value representations is modulated by salience. 
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Abstract: Social experience and social interactions can shape our brain, its function, and 
behavior. Only most recently, however, advances in neuroimaging have suggested the existence 
of systematic individual differences in the brain structure, function, and development related to 
social (e.g., gender and race) identity and stereotypes, socioeconomic status (SES), and their 



implications for health and disease. We present a meta-analytic review of neuroimaging evidence 
on these issues as found in PubMed and Medline databases over the past ten years. Social 
stereotypes such as “women usually outperform men in social cognition tasks” or “Asians 
compared to Whites, typically excel in math” are often viewed threatening by another population 
group (e.g., Pavlova et al., 2014). Research shows that activating such a stereotype can evoke a 
stress-related physiological response, engaging a number of brain regions, notably the amygdala, 
prefrontal, anterior insular and dorsal anterior cingulate cortex (PFC, AI, and dACC; e.g., Wraga 
et al., 2007). One activation pathway may arise from dACC connections with both the amygdala 
and hypothalamus (LeDoux, 2000). The amygdala with its projections to brainstem regions such 
as the locus coeruleus (LC, a key region for norepinephrine production; Ulrich-Lai & Herman, 
2009), modulates the sympathetic nervous system activity. The amygdala also projects to the bed 
nucleus of stria terminalis and further to the paraventricular nucleus (PVN) of hypothalamus. 
These prompt the hypothalamic-pituitary-adrenal (HPA) axis responses that ultimately increase 
cortisol production (Burgos-Robles et al., 2009). The AI is implicated in representing efferent 
outputs of brain regions triggered by stress and arousal as the insula itself is viewed to represent 
the physiological condition of the body (Craig, 2009). The neurobiological effects of stereotype 
threat may be gender dependent (e.g., Cattaneo et al., 2011). Environment and social context 
factors such as SES are likely to shape the brain structure and function as well. Recent evidence 
indicates the SES effects on structural brain development, mostly brain connectivity as reflected 
in the white matter structure and integrity (e.g., Gianaros et al., 2013; Johnson et al., 2013), and 
functional task-related activity, primarily in the frontal lobe (e.g., Kishiyama et al., 2009; 
Muscatell et al., 2012). A mechanistic understanding of these relationships will offer novel 
insights into the brain response to the social challenges and help to develop better strategies for 
treating and managing such devastating diseases as major depression, cardiovascular disease, and 
cancer. 
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Abstract: OBJECTIVE: To examine hemodynamic differences between hand and face cortical 
representations during motor and passive somatosensory conditions, as measured with functional 
near-infrared spectroscopy (fNIRS). The recorded data will help create a computational model of 
cortical adaptation for future neurodiagnostic and neurotherapeutic applications. METHODS: 
The ongoing study design includes 20 neurotypical adults (ages 19-30) and 20 neurotypical 
children (ages 6-12). A T1-weighted anatomical image will localize individual’s primary motor 
(M1) and somatosensory (S1) cortices and ensure precise placement of the fNIRS probe over 
those areas. A TechEn CW6 device will be used for fNIRS data acquisition. A 5x3 optode 
montage with 2 short separation measurements (1 cm) will be placed over left M1 and S1 to 
sample hemodynamic response functions (HRFs) during 4 stimulation conditions: 1. bilabial 
compressions on a lip force strain gage at 5% max voluntary contraction (MVC) force, 2. right 
hand squeezing on a grip force strain gage at 5% MVC, 3. Galileo™ pneumatic stimulation of 
the lower face near the right oral angle, and 4. Galileo™ pneumatic stimulation of the right 
thumb, index, and middle fingers. The experimental paradigm consists of passive pneumotactile 
stimulation (biphasic pneumatic pulse train -80 to 140 cmH2O, 50-ms pulse width, 9 ms rise/fall 
time) or performance of motor tasks, each at 2 Hz (20 s ON/ 20 s OFF, repeated 10x). Relative 
concentrations of oxy- (HbO) and deoxy-hemoglobin (HbR) will be measured during stimulus 
ON and OFF periods, and averaged over all 10 blocks. RESULTS: Preliminary results from 12 
neurotypical adults (mean = 22.7 yrs) reveal significant oxygenation differences across stimulus 
conditions in putative corresponding cortical regions. Face motor tasks yielded significantly 
greater levels of HbO in face M1 than hand motor tasks in hand M1 (t[1500]=190.57, p< .000), 
as well as greater levels of HbO in face S1 than hand S1 (t[1500]=94.43, p<.000), during motor 
activity periods. Pneumotactile stimulation of the face yielded significantly greater HbO levels in 
face S1 than did the same stimulation of the hand in hand S1 (t[1500]=43.24, p< .000), during 
pneumotactile stimulation periods. CONCLUSIONS: Many significant differences were found in 
hand and face M1 and S1 across the different motor and sensory conditions, including distinctive 
HRFs, adaptation patterns, and cortical refill responses. These differential effects are likely due 
to differences in regional arterial/venous anatomy, cortical vascular beds, extent and orientation 
of somatotopy, task dynamics, and mechanoreceptor typing in hand and face. 

Disclosures:  A. Oder Rosner: None. S.M. Barlow: None. 

Nanosymposium 

16. Oral Motor and Speech 

Location: N226 

Time: Saturday, October 17, 2015, 1:00 PM - 4:00 PM 



Presentation Number:  16.02 

Topic: D.17. Voluntary Movements 

Support: CIHR 4908, Faculty of Dentistry Bertha Rosenstadt Endowment Fund 

Title: Neuroplasticity of face sensorimotor cortex induced by tooth extraction in C57BL/6 mice 

Authors: Y. HAYASHI1, J.-C. LEE2, D. CHOCRON3, P. CHERKAS2, B. SESSLE3, *L. 
AVIVI-ARBER3;  
1Kanagawa Dent. Univ., Yokosuka, Kanagawa Prefecture, Japan; 3Fac. of Dentistry, Dept. of 
Prosthodontics, 2Univ. of Toronto, Toronto, ON, Canada 

Abstract: We have recently documented the neuroplastic capacity of the face sensorimotor 
cortex (face-SMCx) following tooth extraction in rats (Avivi-Arber et al. JCN 2010, 2015), but 
no study has addressed the extraction-induced neuroplastic capacity of this brain region in mice. 
We used intracortical microstimulation (ICMS) and recordings of evoked electromyographic 
(EMG) activity to test if the ICMS-defined jaw (anterior digastric, AD) and tongue 
(genioglossus, GG) motor representations within the cytoarchitectonically defined face-SMCx 
are altered following extraction of the right maxillary molar teeth in adult male C57BL/6 mice. 
Under local and halothane anaesthesia, 13 mice had molar tooth extractions and 13 sham control 
mice had general anaesthesia with no actual tooth extraction. Systematic ICMS mapping was 
carried out within the contralateral left hemisphere under ketamine general anaesthesia 1 or 4 
weeks following tooth extraction (ie, Ext1w, n=6; Ext4w, n=7) or sham operation (ie, Sham1w, 
n=6; Sham4w, n=7). Cortical sites from which ICMS evoked EMG activity in AD or GG and 
onset latencies of the evoked EMG activities were noted. There were no significant differences 
across the study groups in the AD and GG onset latencies (ANOVA p>0.05), but Tooth 
extraction was associated 1 week later with significantly increased AD and GG motor 
representations (see Figure). These changes were transient and were not observed 4 weeks after 
extraction. Our novel findings suggest that tooth extraction in mice produces transient 
neuroplastic changes in face-SMCx that may be related to how mice adapt to the altered dental 
state. 
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Abstract: Voice disorders in Parkinson disease (PD) manifest in the early stages of the disease. 
PD pathology is widespread including not only central dopamine loss, but early-onset 
neuropathology including alpha synuclein aggregation and alterations in catecholamine function. 
However, the underlying pathology that contributes to early-onset vocal dysfunction is poorly 



understood. We use a genetic rat model of PD, PINK1 knockout (-/), to model early-onset vocal 
deficits. Rats produce social 50-kHz ultrasonic vocalizations and our recent data show that male 
PINK1 -/- rats exhibit early, progressive deficits compared to non-affected wildtype (WT). 
Specifically, at 8 months of age PINK1 -/- rats have significant reductions in peak frequency, 
bandwidth and intensity. Within the brainstem, the periaqueductal gray (PAG) is responsive 
during the production of vocalizations and is hypothesized to be involved in the central 
coordination of vocalizations as well as integration of motivational state. Our recent data show 
significant aggregations in insoluble alpha synuclein immunoreactivity within the PAG, 
suggesting a possible link to vocalization deficits. To gain insight into the mechanism related to 
vocal deficits, we investigated changes in genetic expression within the PAG. At 8 months of 
age, microdissected brain tissue from PINK1 -/- rats and age-matched WT controls was collected 
for real time qPCR; products were sequenced using Sanger sequencing for confirmation. Mean 
Ct values for each sample were transformed via the Pfaffl Method to yield individual relative 
expression normalized to reference genes. Our results show that PINK1 -/- animals had 
significantly increased expression of mRNAs encoding tyrosine hydroxylase and dopamine 
receptor 2, but not dopamine receptor 1, as compared to WT. These findings are consistent with 
the hypothesis that upregulation of dopamine receptor 2 results in a reduction of 
neurotransmission. Future experiments will explore the role of norepinephrine in catecholamine 
compensation as a model of upregulation of tyrosine hydroxylase as well as markers of 
dopamine turnover. Moreover, there was no difference in relative expression of mRNAs 
encoding alpha synuclein. These results are the first to suggest that alpha synuclein aggregation 
in this model is not a result of increased transcription, and future experiments will explore 
lysosomal autophagy markers as a mechanism of pathogenesis. Altogether, these findings are 
consistent with the hypothesis that differences in neural substrate sensitivity contribute to the 
early pathogenesis of vocalizations and motivation to communicate in the PINK1 -/- rat model of 
PD. 
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Abstract: Neurochemical microstimulation in different parts of the midbrain periaqueductal gray 
(PAG) in cat can generate four different types of vocalization, mews, howls, cries and hisses. 
The mews signify a positive vocal expression while the howls and cries signify negative vocal 
communications. Hisses are usually combined with howls and also represent negative emotions. 
Mews were produced from the lateral column of the intermediate PAG. Howls were produced 
from the ventrolateral column of the intermediate PAG. Cries were produced from two regions, 
the lateral column of the rostral PAG and the ventrolateral column of the caudal PAG. Hisses 
were also produced from the same area, which produced howls, however were not seen from 
areas which produced either mews or cries. An ‘only hissing episode’ was never seen. In order to 
define the specific motor patterns belonging to mews, howls and cries, the frequency, intensity, 
activation cascades, turns and amplitude analysis of the electromyograms (EMG’s) during these 
vocalizations of the following muscles were analyzed: larynx (cricothyroid, thyroarytenoid and 
posterior cricoarytenoid), tongue (genioglossus), jaw (digastric) and respiration involved muscles 
(diaphragm, internal intercostal, external abdominal oblique and internal abdominal oblique). 
The results show that each type of vocalization consists of a specific circumscribed motor 
coordination. The nucleus retroambiguus (NRA) in the caudal medulla, by way of its direct 
projections to the motoneurons innervating pharynx, larynx, diaphragm, abdominal muscles and 
pelvic floor, serves as the final premotor interneuronal output system for vocalization. Also in 
the NRA neurochemical microstimulation can generate vocalizations (guttural sounds). Analysis 
of their EMG’s demonstrated that these vocalizations consist of only small parts of the emotional 
vocalizations generated by neurochemical stimulation in the PAG. These results demonstrate that 
circuits mediating the expression of positive and negative vocalizations are segregated within the 
PAG. The PAG is able to elicit the same mews, howls, and cries as conscious cats, and that it 
uses the NRA as a tool to gain access to the motoneurons generating vocalization. 
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Abstract: BACKGROUND: The processing of continuous tactile inputs is a key function of 
somatosensory systems. Closely tied to movement and skilled motor activity, tactile percepts of 
velocity are crucial mechanisms in healthy movement production and recovery of function 
following neurological insult. Little is known about tactile velocity coding in trigeminal 
somatosensory networks that process complex cutaneous afferent information associated with 
facial sensation and proprioception. OBJECTIVE: To use functional magnetic resonance 
imaging (fMRI) to investigate neural substrates of velocity encoding in the healthy human 
orofacial somatosensory system during saltatory, pneumotactile inputs to the unilateral orofacial 
skin. METHODS: Participants - 15 neurotypical, right-handed adults, age 19-30 years. A 
multichannel pneumatic amplifier (Galileo Somatosensory) was programmed to generate 
sequential punctate inputs (50 ms duration, 9 ms rise/fall time) to the hairy skin of the right lower 
face. An array of 7 small, acetyl pneumatic capsules (6 mm ID) were arranged along a line 
(medial-lateral) spanning the right perioral skin and cheek. Programmed time delays between 
pressure pulses resulted in a saltatory stimulus sequence at 3 velocities (25, 45, 105 cm/s) in a 
randomized block design (40 s). An MPRAGE sequence (1 mm isotropic, TE=30ms, 
TR=2400ms) was followed by 3 functional scans using a 3T Siemens Skyra (32-ch head coil). 
Functional images: T2*-weighted EPI sequence, 36 slices (1.7x1.7x.2.0mm, TE=24ms, 
TR=2500ms, FOV=220mm). Using SPM12, 990 acquired brain volumes/subject were realigned, 
and smoothed with an isotropic Gaussian kernel (FWHM=6 mm). RESULTS: Common areas of 
activation for all velocities were predominately localized to the contralateral face primary 
somatosensory cortex (SI). Peak intensities of activated regions were velocity dependent, with 
the largest local maxima seen at the slowest velocity (25cm/sec: [MNI (mm) = -61, -18, 42; T= 
8.14, p<.001]). The magnitude of the peak activations were less at the faster velocities (45cm/s: 
[MNI (mm)= -61, -18, 44; T= 5.56, p= .001]), (105cm/s: [MNI (mm)= -61, -20, 42; T=6.36, 
p<.001]), and showed more variable spatial organization. CONCLUSIONS: Unilateral, 
sequential saltatory inputs to the right lower face produced localized, contralateral BOLD 
responses whose spatiotemporal organization was highly dependent on velocity. These 
differences may be related to unique velocity processing networks associated with tactile 
discrimination of movement across orofacial skin. Supported by: Barkley Trust Foundation 
(Barlow) 
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Abstract: The orofacial areas of the primary motor cortex (MIo) and somatosensory cortex (SIo) 
are involved in controlling and monitoring of voluntary, semiautomatic and rhythmic movements 
of the tongue and jaw during key feeding behaviors such as ingestion, chewing and swallowing. 
However it remains unclear as to the function of or relation of aggregated signals such as local 
field potentials (LFPs) to orofacial behaviors. Our previous results from MIo showed that beta 
oscillations (15-30 Hz) were modulated around swallow cycles and low gamma oscillations (30-
80 Hz) were often modulated at ingestion or transition from transport to a first chew cycle in a 
feeding sequence. To investigate if spectral properties of SIo during feeding behavior were 
similar to those of MIo, we analyzed LFPs recorded simultaneously from Utah arrays implanted 
in MIo and SIo in one macaque monkey performing a manual feeding task. Tongue and jaw 
kinematics were captured using videofluoroscopy and a 3D motion tracking system, and the 
kinematics were used to quantify the jaw cycles including ingestion, transport, chew, and 
swallow cycles. We found that during 43 feeding sequences, compared to MIo, the power 
spectrum of SIo signals shared almost identical peak beta frequency at 19 Hz, and showed more 
beta power from the baseline pink noise. Furthermore, the band width of the beta band of SI 
LFPs was narrower (+- 2.5 Hz) compared to that of MI (+- 4.1 Hz). Coherence around the beta 
band between MIo and SIo LFPs was highest during one chewing sequence prior to the swallow. 
A weak low gamma peak from both areas at 65-75 Hz showed similar power deviation form the 
respective baseline spectra and coherence increased slightly at the time of ingestion and more at 
transition from transport to a first chew cycle. Our results suggest that gross spectral profiles of 
MI and SI LFPs are similar, but their detailed oscillations patterns are different at key behavioral 
state such as swallowing and transition from transport to chewing cycles. Therefore change in 



their involvement or their communication patterns would give us further insights for their roles 
and interactions during feeding behavior. 
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Abstract: The insular cortex (IC) has morphologically and functionally unique features 
compared with other sensory areas including somatosensory and visual cortices. 
Cytoarchitectural difference based on the pattern of granular cell layer (layer IV) divides IC into 
three subregions: granular (GI), dysgranular (DI) and agranular IC (AI). These subregions are 
connected each other, and also reciprocally connected between limbic system and thalamus. 
Recent studies report that IC processes multimodal sensory information including gustation, 
olfaction, visceral and thermal sensation, and nociception. In particular, the responses to 
nociceptive stimulation are recorded in the rostral part of IC. We performed in vivo whole-cell 
patch clamp recording from rostral region of AI (approximately 1 mm rostral from middle 
cerebral artery) to elucidate physiological and morphological features of layer II/III pyramidal 
neurons responding to tongue stimulation. To reconstruct morphological feature of recorded 
cells, only one AI neuron was recorded in each animal. AI pyramidal neurons exhibited 
spontaneous membrane oscillation similar with pyramidal neurons in GI and DI (Adachi et al., 
2013). Electrical stimulations (7 V) of caudal IC (around middle cerebral artery) elicited evoked 
excitatory postsynaptic potentials (eEPSPs: 11.5 ± 2.9 mV, n = 8). Repetitive electrical 
stimulation with 5 pulses at 50 Hz induced summation of eEPSP. Electrical stimulation of tongue 
(5 pulses at 33 Hz) was applied to 6 of 8 animals and induced tongue twitch in all animal. Then, 



50% of AI neurons responded to tongue stimulation. Tongue stimulation at 1.6 mA induced 
EPSPs with the amplitude of 7.4 ± 1.0 mV in 1 animal. The evoked EPSPs were followed by 
IPSPs. On the other hand, tongue stimulation at 1.2-1.6 mA induced IPSPs with amplitude of -
6.8 ± 0.6 mV or -0.4 ± 0.0 mV in other 2 animals. These findings suggest that the rostral AI 
processes sensory, maybe nociceptive, information from the tongue. 
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Abstract: Objectives: The neural components and pathologic mechanisms contributing to 
dysphagia (feeding and swallowing impairment) in various diseases - amyotrophic lateral 
sclerosis (ALS), for example -- are largely unknown. Consequently, treatments for dysphagia are 
limited to palliative interventions such as diet modifications (e.g., thickened liquids), behavioral 
adaptations (e.g., tucking the chin when swallowing), and feeding tubes. We propose to 
accelerate the search for preventative and curative treatments using a novel assay that combines 
electrophysiological recordings with videofluoroscopic (VF) imaging in mouse models of human 
diseases. Methods: Healthy control mice (n=4) and a SOD1-G93A transgenic mouse model of 
ALS (n=4) were stereotaxically implanted with electrodes targeting the hypoglossal nucleus in 
the brainstem. Electrographic recordings (single units and field potentials) were performed in 
awake, freely-behaving conditions and temporally synchronized with concurrent VF imaging 
while mice voluntarily ate and drank in a custom chamber. Results: Temporally synchronized 
electrophysiologic and VF imaging data were recorded over 6 months in all mice. In our initial 
analysis, we were able to easily identify and distinguish between distinct neuronal waveform 



patterns corresponding to either licking, chewing, or swallowing, suggesting that different 
neuronal events/groups are involved in different feeding and swallowing behaviors. 
Conclusions: We have successfully synchronized electrophysiological recordings from the 
hypoglossal nucleus with VF feeding and swallowing behaviors in freely behaving, self-feeding 
mice. Although preliminary, this line of research has tremendous clinical relevance and 
therapeutic potential. Protocol optimization is underway using high speed (>400 fps) video 
tracking to correlate distinct electrophysiological events from multiple brainstem with patterns of 
anatomic motion of radiopaque markers implanted into soft tissues of the oral cavity, pharynx, 
and larynx. This approach will reveal differences in the neural control of feeding and swallowing 
between healthy mice and mouse models of human diseases, which will serve as novel functional 
neural biomarkers for future treatment efficacy studies. 
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Abstract: Deficits in ingestive behaviors, including those in functional swallowing that 
contribute to aspiration pneumonia, occur in the early stages of Parkinson Disease (PD) and have 
a complex underlying neuropathology that occurs outside of the classical central dopamine loss 



framework. Late-stage PD patient brain tissue shows that vagal nuclei that provide afferent and 
efferent projections to structures of ingestion have degeneration of neurons that may result from 
pathological aggregation of abnormal alpha synuclein (a-syn). Additionally, significant increases 
in neuroinflammation including microgliosis, a central immune response that releases pro-
inflammatory cytokines, may lead to an increase in neuronal cell death within these nuclei. 
Furthermore, human PD patients show an increased amount of circulating pro-inflammatory 
interleukins; modulating this may be a possible avenue of treatment or prevention. Thus, we 
hypothesize that abnormal a-syn aggregation will be present in vagal nuclei controlling 
swallowing and digestion in the rat, including the dorsal motor nucleus of the vagus (DMV), the 
nucleus ambiguus (NA), and the nucleus of the solitary tract (NTS). This aggregation may 
stimulate increased levels of microgliosis and pro-inflammatory molecule secretion. To test these 
predictions, we used a genetic animal model of PD, the PINK1 -/- rat, which shows early and 
progressive deficits in oropharygeal swallowing as well as aggregation of a-syn within muscles 
innervated by various branches of the vagus nerve. We performed immunohistochemistry for a-
syn phosphorylated at serine 129 and activated microglia marker OX-42 within these nuclei in 14 
10-month-old PINK1 -/- and 14 age-matched wild-type controls. Two bilateral serial sections 
where the central canal was present were analyzed using custom designed software in ImageJ to 
quantify total pixel area and mean optical density of the immunolabelling in each section. 
Preliminary results suggest that there are significant increases in total pixel area and mean optical 
density measures of a-syn and of OX-42 immunolabeling within the DMV, the NA, and the NTS 
in PINK1 -/- but not in wild-type rats. These findings are consistent with the hypothesis that 
microgliosis co-occurs in brain regions with aggregated a-syn. We will investigate the specific 
pro-inflammatory factors secreted by activated microglia colocalized with markers of cell death 
in these regions to better understand the sequaela of cell death. These findings will contribute to 
our understanding of how central inflammation and protein aggregation contribute to ingestive 
deficits in the PINK1 -/- rat model of PD. 
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Abstract: How does the brain evaluate the success of a motor act? An action’s sensory 
consequences, such as the auditory feedback heard while speaking, are thought to be predicted 
by the motor system. If the feedback matches the prediction, the neural response in sensory 
cortices is suppressed, a phenomenon known as speaking-induced suppression (SIS). However, it 
is unclear how this suppression occurs neurally, and what sensory parameters are compared to 
evaluate a “match.” For example, when speaking English, the pitch of the voice has much more 
freedom to vary than when singing; is pitch encoded in the auditory prediction in the same way 
during these two tasks? Here, we used natural speech production to probe the nature of internal 
predictions and how they are encoded in auditory cortex. We used magnetoencephalography 
(MEG) to measure how SIS varied over repeated word productions in two different contexts. In 
Experiment 1, ten subjects produced 200 repetitions of three different words; in Experiment 2, 
ten subjects were cued by tonal prompts to produce 150 repetitions of a single word on three 
different pitches. These productions were then played back to the subjects. SIS was defined as 
the suppression of the auditory M100 response to spoken or sung words relative to the playback 
condition. When the prediction does not encode pitch, SIS should not change across pitch space: 
every production will be equally accurate. However, when the prediction does encode a pitch 
target, then SIS should be strongest at the center of the pitch distribution (most accurate pitches) 
and attenuated at the periphery (sharpest and flattest attempts at producing a pitch), where the 
feedback least matches the prediction. We found that pitch encoding depended on task context: 
SIS varied across utterances only in Experiment 2, in which pitch was an explicit target. This is 
consistent with a forward model in which the auditory prediction is weighted by acoustic 
parameters that contribute to a higher-level goal. 
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Abstract: We have shown that inter-areal coherence between the primary motor (MIo) and 
somatosensory (SIo) areas of the orofacial sensorimotor cortex exhibits a specific temporal 
organization (Arce-McShane et al., 2014 SfN Abstract). Here we examined whether this inter-
areal coherence also exhibits a spatial pattern. Coherence (2-6 Hz) between spiking of MIo and 
SIo neurons and between spiking of MIo or SIo neurons and local field potentials (LFPs) were 
measured with microelectrode arrays in monkeys (Macaca mulatta) trained to perform a tongue-
protrusion task. Using regression analysis, we found a significant effect of the position of MIo or 
SIo neurons on the array on the time-of-peak coherence (p<0.05); peak spike-spike coherence 
occurred earliest in MIo neurons located closest to the central sulcus and in caudal SIo neurons. 
MIo and SIo neurons exhibited significant spatial gradients for the time-of-peak coherence 
increasing in the rostrolateral direction for MIo neurons and in the mediolateral direction for SIo 
neurons. The spatial gradient in MIo may be related to our previous findings that MIo neurons 
whose spiking activity led the tongue-protrusive force were located closer to the central sulcus 
than neurons whose spiking activity lagged the force (Arce-McShane et al., 2014). Moreover, 
receptive fields (RFs) of the lips and tongue were located on the medial and lateral border of 
MIo, respectively. RFs in SIo increased in size caudally from the central sulcus and contralateral 
oral structures were largely represented in the medial region of SIo. Similar spatial gradients 
were also observed for the neuron component of the spike-field coherence; time-of-peak 
coherence progressed rostrolaterally in MIo neurons of the MIospike-SIoLFP coherence and 
mediolaterally for SIo neurons of the SIospike-MIoLFP coherence. For the LFP component of 
the spike-field coherence, the spatial gradient was opposite to the direction of the coherence in 
the neurons; time-of-peak coherence progressed medially and towards the central sulcus for 
MIospike-SIoLFP coherence and medially for SIospike-MIoLFP coherence. We also found 
significant spatial gradients with peak coherence (p<0.05); peak coherence of SIo neurons and 
LFPs progressed rostrally and were highest near the central sulcus where SIo neuronal RFs are 
smaller and less complex. Significant spatial gradients were observed for MIo neurons and LFPs, 
however the directions were not consistent across monkeys. The results suggest a spatiotemporal 
organization of coherence that may be related to the temporal relation of MIo neurons’ spiking to 
tongue force and to the spatial features of MIo and SIo neurons’ receptive fields. 
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Abstract: The dendrites of trigeminal motoneurons are well developed and ramify extensively in 
the trigeminal motor nucleus and surrounding reticular formation. It is possible that the dendrites 
of jaw-closing motoneurons possess active properties, which change with development of the 
orofacial musculoskeletal system during the early postnatal period. Thus, we investigated the 
developmental changes of somatic voltage responses evoked by focal dendritic photostimulation 
using laser photolysis of caged glutamate and somatic whole-cell recordings in the rat 
retrogradely-labeled masseter motoneurons (MMNs). Transverse brain stem slices (400 µm) 
were prepared from postnatal day (P) 2-5 (n = 22) and 9-12 (n = 18) Wistar rats. We made 
whole-cell patch clamp recordings from MMNs in the brainstem slice preparations and then 
stimulated 39 spots arranged around the recorded neurons in a concave shape array for each 
neuron with a laser power of 13.1 µJ. In P2-5 MMNs, we found that laser photostimulation of 
9.7 spots per neuron induced membrane depolarization in the presence of tetrodotoxin (TTX) in 
all MMNs tested. These photostimulation-evoked responses were reduced by the application of 
N-methyl D-aspartate (NMDA) receptor antagonist D(-)-2-amino-5-phosphonovaleric acid 



(APV). With increasing photostimulation intensity, the responses grew in amplitude up to a 
certain threshold, where a step-like increase in the somatic voltage amplitude, known as the 
NMDA spikes/plateau potentials, occurred in 75% (6/8) of P2-5 MMNs. The step-like 
depolarization was completely suppressed by application of 20 µM APV. The photostimulation-
evoked responses became significantly smaller in amplitude and shorter in duration at P9-12 than 
at P2-5. Furthermore, only a few P9-12 MMNs exhibited NMDA spikes compared to P2-5 
MMNs. These results suggest that the characteristics of responses evoked by photostimulation of 
the MMN dendrites change during the first 2 postnatal weeks, and such changes in the dendritic 
signal processing of the synaptic inputs to the MMNs are involved in the conversion from 
sucking to chewing and biting during early postnatal development. 
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Abstract: The suprachiasmatic nucleus (SCN) is a bilateral structure in the hypothalamus that 
controls circadian rhythms in mammalian physiology and behavior and in the expression of 
molecular clock genes/proteins. The repetitive firing rates of SCN neurons are higher during the 
day and lower at night and these daily changes in electrical activity have been shown to drive 
circadian rhythms in physiology and behavior. Although previous studies suggest that the daily 
variations in the firing properties of SCN neurons are mediated by day-night changes in the 
expression of K+ channels that function at sub-threshold membrane potentials, the critical K+ 
channel(s) have not been identified. K+ channels encoded by the subunits of the KCNH (Kv12) 
subfamily have been shown to be highly expressed in the SCN and provide steady-state K+ 



currents in the sub-threshold voltage range, suggesting a physiological role for Kv12-encoded 
K+ channels in regulating neuronal firing in the SCN. To explore this hypothesis that subunits of 
the Kv12 subfamily are important regulators of repetitive firing in the SCN, we developed a 
RNA-interference based strategy using short hairpin RNAs (shRNAs) to “knockdown” Kv12.1 
or Kv12.2 α-subunits in vivo in the SCN using adeno-associated viral delivery. Virally-
transduced SCN neurons were visually identified by the presence of GFP and whole-cell current 
clamp recordings were obtained from wild-type (WT) and Kv12-targeted shRNA-expressing 
SCN neurons. Similar to WT SCN neurons, the mean ± SEM repetitive firing rate of Kv12-
targeted shRNA-expressing SCN neurons was significantly (P<0.05) higher during the day than 
at night. Interestingly, however, the mean nighttime firing frequency was significantly (P<0.01) 
higher in SCN neurons expressing Kv12-targeted shRNAs (1.8 ± 0.4 Hz), compared with WT 
SCN neurons (0.45 ± 0.4 Hz). In addition, the mean input resistance measured at night was 
~75% higher in Kv12-targeted shRNA-expressing SCN neurons, compared with WT SCN 
neurons (P< 0.01) and the mean ± SEM nighttime action potential threshold was significantly 
(P< 0.05) more hyperpolarized in Kv12-targeted shRNA-expressing (-31.6 ± 1.3 mV), than in 
WT (-24.1 ± 2.1 mV) SCN neurons. These results reveal that the targeted knockdown of Kv12.1 
and Kv12.2 α-subunits expression regulate nighttime firing rates in the SCN, suggesting a role 
for K+ channels encoded by Kv12.1 and Kv12.2 α-subunits in the circadian regulation of 
electrical activity, molecular clock gene expression and behavior. This work was supported by 
NIH grant GM10499102 to EDH and JMN. 
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Abstract: The master control of circadian rhythms by the hypothalamic suprachiasmatic nucleus 
(SCN) allows for entrainment of rhythms of physiology and behavior to the light-dark (LD) 
cycle, as well as for a constant and normal phase relationship between different rhythmic 
modalities within an organism, known as circadian internal synchronization. There is substantial 
body of evidence that links disruptions to endogenous circadian rhythms, such as sleep, 
circulating hormone levels, and locomotor activity with affective disorders. In fact, interventions 
designed to realign endogenous circadian rhythms with external cues such as light therapy, sleep 
phase advance, social rhythm therapy and in some cases sleep deprivation therapy, are all 
effective treatments for affective disorders. Studies of depression have thus utilized animal 
models which have undergone some genetic, anatomical, pharmacological or behavioral 
intervention, such as gene knockouts, neural lesions, administration of corticosterone, social 
defeat and isolation. These manipulations do not necessarily concur with the etiology of affective 
disorders in humans, and finding a suitable animal model is still a major challenge, hampering 
the study of the mechanisms underlying psychiatric disorders. We used the 'forced desynchrony' 
protocol, where mere exposure of rats to symmetric 22 h LD cycle causes neuronal oscillators 
within the SCN to dissociate into two regional oscillators: the ventrolateral SCN (vlSCN) and the 
dorsomedial SCN (dmSCN), which are otherwise coupled. Thus, this protocol leads to the stable 
and predictable desynchrony of the vlSCN and dmSCN and their respective outputs, offering a 
unique opportunity to assess the effect of circadian internal desynchronization on the behavioral 
manifestation of affective disorders. We compared the behavior of 22 h LD rats to 24 h LD 
controls using four different tests: 1) Saccharin preference test to assess anhedonia, 2) Open 
Field test to assess levels of anxiety, 3) Sexual behavior test to assess sexual activity and 
motivation, and 4) Forced swim test to assess levels of despair. Preliminary results indicate that 
the recurrent misalignment of circadian rhythms in 22 h LD rats is associated with oscillations in 
their affective responses. Since the misalignment of endogenous circadian rhythms in the forced 
desynchronized rats is the result of the desynchronization of neuronal oscillators within the 
suprachiasmatic nucleus, our results suggest that circadian desynchronization within the master 
circadian clock contributes to the pathogenesis of affective disorders in neurologically and 
genetically intact animals. 
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Abstract: The hypothalamic suprachiasmatic nuclei (SCN) contain a network of cellular 
circadian oscillators which ultimately control daily rhythms in physiology and behaviour. 
Appropriate SCN function, including a coherent output rhythm and high amplitude oscillations at 
the single cell level, depends on synchrony between thousands of autonomous cellular oscillators 
that comprise these nuclei. Such synchrony is achieved largely by the neuropeptide vasoactive 
intestinal polypeptide (VIP) signalling through its cognate VPAC2 receptor. Circadian rhythms 
generated by the SCN must be coordinated with the external environment via the actions of 
exogenous time cues and feedback from endogenous clock-controlled outputs. Daily scheduled 
exercise is one such influence and it is well established that regularly scheduled locomotor 
activity entrains behavioral rhythms in wild-type (WT) mice. Whilst VIP promotes synchrony 
within the SCN, the most abundant neurotransmitter in this structure, GABA, is currently 
postulated to oppose this synchrony, acting to make changes to the phase of the SCN, which are 
necessary during entrainment, easier to achieve. Thus, appropriate SCN function, and hence 
circadian output, rely on a balance between these synchronizing and desynchronizing factors. As 
such, mice lacking VPAC2 receptors (Vipr2-/-) generate only low amplitude, desynchronized 
rhythms in SCN cellular and molecular activities that result in aberrant rhythms in behavior. We 
have previously shown that placing these mice on a regimen of daily scheduled voluntary 
exercise (SVE) promoted robust near 24h rhythms in behavior. Here, we demonstrate that this is 
achieved through an SVE-mediated remodeling of SCN temporal architecture; SVE significantly 
recovered the proportion, synchrony and amplitude of rhythmic neurons in the Vipr2-/- SCN 
towards WT values. This effect is achieved through alteration of GABAergic signaling in the 
SCN; using voltage clamp recordings we demonstrate a significant increase in the amplitude of 
GABAergic events in the ventral part of the SCN accompanied by a significant decrease in the 
frequency of such events in the dorsal part. Further, using in vitro recordings of a luciferase 
reporter of SCN molecular activity, we demonstrate that, in contrast to control (non-SVE) Vipr2-

/- tissue, post-SVE Vipr2-/- SCN show WT-like responses to blockade of GABAA signaling. We 
conclude that SVE promotes behavioral rhythmicity through partial restoration of SCN function 
in Vipr2-/- mice. These data are consistent with an SVE-mediated alteration in GABA signaling 
leading to long-term reorganization of SCN temporal activity. 
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Abstract: Neurons in the hypothalamic suprachiasmatic nucleus (SCN), utilize GABA as a 
neurotransmitter to regulate the magnitude of light-induced phase shifts and synchronization of 
the dorsal and ventral regions of the SCN. The GABA released from presynaptic axon boutons is 
terminated by diffusion from the synapse and uptake from the extracellular space by specific 
GABA transporters (GATs). We investigated the role that these GATs play in regulating the 
extracellular GABA concentration and fast synaptic and tonic currents mediated by GABA(A) 
receptors in the SCN. Both light and electron microscopy in combination with 
immunocytochemistry demonstrated that the GABA transporters GAT1 and GAT3 in the SCN 
were located in astrocytes but not in neurons. The GAT1 and GAT3 were observed in astrocytic 
processes surrounding neuronal cell bodies, axons and axo-dendritic synapses. Application of the 
selective GAT1 inhibitors SKF89976A, NNC711, or the GAT3 inhibitor (S)-SNAP5114 applied 
alone even at high concentrations induced very small changes in the GABA(A) receptor-
mediated baseline current. Simultaneous application of SKF89976A and (S)-SNAP5114 or 
nipecotic acid, a nonselective GAT blocker, significantly increased the amplitude of the 
GABA(A) receptor-mediated tonic current. These data demonstrate, that GAT1 and GAT3 



located in astrocytes play an important role in regulating the amplitude of the tonic GABA 
currents in SCN neurons. These data also demonstrate that astrocytes expressing both GATs play 
an important role in regulation of SCN neural network activity. 
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Abstract: Light therapy improves cognitive function in humans, but the neurobiological basis of 
this effect is not well understood. One obstacle to gaining insight into this process is that nearly 
all rodent models used to date have employed lighting conditions that cause cognitive deficits 
rather than improvements. Here we have developed a mouse model where light improves 
cognitive function, which provides insight into the mechanisms underlying the positive effects of 
light therapy. First, we find that recognition memory is enhanced in mice receiving simulated 
light therapy consisting of exposure to long day lengths (i.e., summer photoperiods). In the 
hippocampus of mice receiving simulated light therapy, we see pronounced suppression of core 
clock gene transcription, which indicates that the molecular circadian clock of the hippocampus 
is markedly altered. Moreover, simulated light therapy specifically elevated daily transcription of 
a growth factor (Insulin-like growth factor II, IGF-II) known to be necessary and sufficient for 
memory consolidation. Up-regulation of IGF-II occurs in tandem with suppression of its 
transcriptional repressor (Wilm's tumor 1, WT1). These findings provide important insight into 
how the molecular circadian clock regulates learning by controlling cellular processes required 
for memory consolidation. Furthermore, this study highlights novel neurobiological and 
molecular mechanisms underlying the effects of bright light therapy. 
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Abstract: Disruption of circadian rhythms is a defining feature of the urban lifestyle, in which 
artificial light facilitates eating, sleeping, working and exercise at physiologically inappropriate 
times. Disruption of the light dark cycle in hamsters induced learning and memory deficits that 
were associated with suppression of hippocampal neurogenesis and cell proliferation,1 while 
human shiftworkers were at increased risk of reporting anxiety, depression and poor mental 
health.2 These findings support that disruption of the synchronisation between endogenous and 
environmental cycles might contribute to the detrimental effects of urbanisation on human 
behaviour and mental health.3 The aim of this study was to investigate the effects of chronic dim 
light at night on the rate of hippocampal neurogenesis in mice, and to assess if social interaction 
by group housing modulates any effects. Adult mice (n=32) were housed for 10 weeks in either a 
dim light at night (12D:12L at 5 lux) or control conditions of a 12:12 light dark cycle. The 
animals were further allocated to be singly housed, or housed in groups of 4. After 10 weeks, the 
animals were sacrificed and their brains processed for detection of a marker of immature neurons 
(doublecortin) in the dentate gyrus of the hippocampus using immunohistochemistry. Confocal 
microscopy was used to acquire images of the entire hippocampus, and the number of cell bodies 
immunopositive for doublecortin expression were quantified and normalised to the length of the 
granule cell layer. Circadian rhythmicity was monitored using passive infra red sensors to 
monitor locomotor activity at 1 minute intervals for periods of 10 days. The mice in this study 
that were exposed to dim light at night showed evidence of disruption of rhythms in locomotor 
activity, with more activity occurring in day time, and less consolidated activity at night (p< 
0.05). These different light conditions were associated with decreased expression of doublecortin 



in the hippocampus (F(1,28)=7.81,p<.01). Doublecortin expression was also lower in the animals 
that were singly housed in comparison to those housed in groups (F(1,28)=4.58,p<0.04). These 
results support an effect of dim light at night on circadian rhythms and on neurogenesis, 
mechanisms that might mediate previously reported effects of urbanisation and shiftwork on 
behaviour in humans. Group housing might be a useful intervention to attenuate these effects, 
possibly by amplification of timing cues through social entrainment. 1.Gibson et al, PLoS One 
(2010) 2.Bara & Arber, Scand J Work Env Health (2007) 3.Galea et al, Ann Epidemiol ( 2007) 
4.Karatsoreos et al, Proc Natl Acad Sci (2011) 
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Abstract: The hippocampus exhibits daily rhythms in gene expression, long-term potentiation 
(LTP), and learning and memory, all of which may be regulated by the circadian molecular 
clock. Glycogen synthase kinase 3-beta (GSK3β), a serine/threonine kinase, modulates 
hippocampal synaptic plasticity and contextual memory as well as phosphorylates key 
components of the molecular clock. Therefore, we sought to test the hypothesis that the 
phosphorylation status of GSK3β varies across the 24-h day in the hippocampus and regulates 
the hippocampal molecular clock as well as day-night differences in synaptic plasticity and 
memory. First, we found that phosphorylation of GSK3β (but not GSK3α) exhibits a significant 
24-h rhythm in the CA1 region of the hippocampus in mice housed in constant darkness for at 
least two weeks. Next, we examined the effect of chronic GSK3 activation on BMAL1 
expression in CA1 by utilizing a transgenic mouse model in which GSK3 is constitutively 



activated (GSK3-KI). Interestingly, BMAL1 expression within CA1 of GSK3-KI mice showed 
no significant rhythm and were disrupted compared to WT (wild-type) mice. Moreover, GSK3-
KI mice (versus WT mice) exhibited greater LTP magnitude and impaired contextual fear recall. 
However, day-night differences in LTP magnitude and contextual fear memory remained intact. 
Finally, pharmacological GSK3 inhibition significantly shortened the period length of 
organotypic hippocampal PER2::luciferase cultures, reduced LTP magnitude during the night, 
and facilitated spontaneous alternation performance during the day. Taken together, these results 
support the model that circadian rhythmicity of hippocampal GSK3β inactivation regulates the 
molecular clock and day/night differences in synaptic plasticity and memory. 
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Abstract: Circadian disruption is a common factor in modern life, with frequent exposure to 
light at night, sleep restriction, jet lag and social jet lag. Health problems, such as disruption of 
metabolism and incidence of type 2 diabetes, are linked with this circadian disruption. We 
examined how frequent exercise versus a more sedentary lifestyle interacts with the coherence of 
the circadian system by exposing mice to a cycle with 10 h of light alternating with 10 h of dark. 
The circadian clocks of mice are typically unable to entrain to such 20 h cycles; however, 
exercise can strengthen the circadian system (Leise et al., Age, 2013) and can extend the ranges 
of cycle periods the circadian system is able to entrain to (Chiesa et al., Chronobiol. Int. 2007). 
We housed female mice under 10:10 LD, either with or without a running wheel that can induce 
high levels of voluntary exercise. We hypothesized that exercise would enable animals to entrain 



to the exotic light cycle. We measured rhythms from peripheral tissues (esophagus, thymus, 
spleen) and from central pacemaker tissue (suprachiasmatic nucleus, anterior and posterior 
coronal slices) in vitro using mice with a per2-luciferase transgene (Yoo et al., PNAS 2004). We 
analyzed locomotor activity and body temperature as reported by i.p. implanted telemetry 
probes. Maximum entropy spectral analysis revealed multiple periodicities within some records, 
particularly in those of mice unable to entrain to the 10:10 LD. We also measured the spectral 
coherence to assess coordination between the temperature and activity rhythms at each of the 
periods present. Tissues exhibited circadian rhythms in vitro with widely varied times of peak. 
These studies provide evidence for an interaction of spontaneous voluntary exercise with 
entrainment as well as internal circadian synchrony. 
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Abstract: In a rat model of shift-work internal desynchronization is observed due to forced 
activity in a rotating drum during the rest phase after a 5 week working regimen. While the 
biological clock remains fixed to the LD cycle, metabolic functions uncouple from the clock, 
resulting a flattened glucose rhythm and shift of the TAG rhythms toward the day. In the liver of 
working rats clock genes expression is shifted to the forced activity hours. In this study we aimed 
to determine the effect of the working protocol on the rhythmic profile of clock genes in other 



peripheral oscillators. We determined the temporal expression of per2, cry1, bmal1 and clock in 
the heart, white adipose tissue and skeletal muscle (gastrocnemius). We found that forced 
activity during the light phase changes the expression of clock genes in a tissue specific manner. 
In adipose tissue, bmal1 was in antiphase when compared to the control group while per2 and 
cry1 acrophases were advanced. Per2 in the heart and skeletal muscle maintained his acrophase 
within the beginning of the dark phase, but cry1 was advanced and bmal1 had a delayed 
acrophase in both tissues, although skeletal muscle genes remained closer to the acrophase in the 
control group. Given the results, peripheral oscillators disengage from the LD cycle by different 
mechanisms and their expression and function is tissue dependent. 
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Abstract: Like humans, many rhesus macaques show an age-related attenuation of daily activity 
that is associated with perturbed physiological functions such as cognitive decline and decreased 
immune function. To gain insights into the underlying causal mechanism, we examined the 
orexin neurons in the lateral hypothalamic area (LHA), and calbindin neurons in the 
suprachiasmatic nucleus (SCN) of old (>20 years) female rhesus macaques that had been 
classified as active or sedentary, based on their daytime locomotor activity patterns. Orexin 
neurons play a key role in arousal, and so we hypothesized that the sedentary animals would 
show a significant reduction in the number of orexin immunopositive neurons. Using 
immunohistochemistry (IHC) we counted the number of orexin-B immunopositive neurons in 
the LHA of each animal, focusing on five 25-µm sections (collected at 300-µm intervals) 
spanning the distribution peak. We also used IHC to describe the organization of neurons in the 



SCN and to assess the number of calbindin neurons in active versus sedentary aged animals from 
one 25-µm section with the highest number of core and shell calbindin expressing cells. SCN 
neurons project to the arousal circuitry of the LHA, and play a role in controlling locomotor 
activity. Overall, we observed no difference in the number of orexin-B or calbindin 
immunopositive neurons between animals in the two groups. The data suggest that reduced 
activity in the elderly is unlikely to stem from a loss of orexin or calbindin neuronal perikarya in 
the LHA and SCN, respectively. However, it is possible that other output signals of the SCN or 
orexin neuronal projections to arousal centers of the brain, such as the locus coeruleus, are 
associated with activity patterns in aged monkeys. 

Disclosures:  D.H. Eghlidi: None. L. Luna: None. D. Brown: None. S. Kohama: None. H. 
Urbanski: None. 

Nanosymposium 

17. Circadian Entrainment Mechanisms and Consequences 

Location: S404 

Time: Saturday, October 17, 2015, 1:00 PM - 3:45 PM 

Presentation Number:  17.11 

Topic: E.08. Biological Rhythms and Sleep 

Support: March of Dimes, NIGMS 

Title: Ontogeny of circadian rhythms and the timing of birth 

Authors: C.-A. VANIA1, C. A. MARTIN-FAIREY1, S. K. ENGLAND2, A. T. C. SUN1, C. L. 
SIMMS1, *E. D. HERZOG1;  
1Dept. of Biol., Washington Univ. In St. Louis, St Louis, MO; 2Deparment of Obstetrics and 
Gynecology Basic Div., Washington University, Sch. of Med., Saint Louis, MO 

Abstract: Our lab previously demonstrated that circadian rhythms affect both maternal and fetal 
tissues during pregnancy. However it is not clear when circadian rhythms initiate and 
synchronize within the developing fetus and whether they affect the timing of delivery. Based on 
reports that daily rhythms in physiology and metabolism initiate in utero in mammals, we 
hypothesize that synchrony among circadian cells occurs prior to birth and contribute to the daily 
rhythm in the timing of birth. This work addresses two key questions: 1) when do circadian 
rhythms develop and synchronize and 2) how does circadian genotype affect gestation length? 
To examine development and synchronization of circadian rhythms, we monitored a 
bioluminescent reporter for PERIOD2 levels (PER2::Luc) in individual cells within fetal 
hypothalamic suprachiasmatic nucleus (SCN) explants. We found that SCN explants isolated on 



embryonic day 13.5 (E13.5, where E0 is the time of conception) did not express circadian 
rhythms in vitro and at E14.5, 30% of SCN had circadian cells with a broad distribution of 
periods (18-32h). By E17.5, all recorded SCN were circadian with a narrow distribution of 
periods (24-25.5 h) indicating that the fetal SCN synchronize circadian rhythms approximately 
two days prior to birth. To assess whether circadian genotypes affect gestation length, mice were 
bred and maintained in a 7am-7pm light cycle. WT C57BL/6J, with a 23.7h circadian period, 
delivered 466.7±16.5h after conception with 100% delivering in the night with minimal 
variability between the first and second pregnancies. In contrast, preliminary results indicated 
that Per1-/-Per2-/-, with an arrhythmic circadian rhythm, have similar gestational lengths to WT 
(472.4 ±9.8h) on the first litter, but have a contracted second parity (371.45h) despite having a 
full litter. Intriguingly, in contrast to WT mice, 25% of Per1-/-Per2-/- dams delivered during the 
day. Our results indicate that the embryonic SCN is capable of producing daily rhythms in gene 
expression starting at E14.5 and, by E17.5, synchrony among SCN cells and that circadian 
rhythms may be involved in the timing of delivery. 
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Abstract: Learning theories posit that attention is tuned to relevant information during the 
course of learning. Formal category learning models make explicit the computational 
architecture whereby attention shapes feature representation over the course of learning. These 
models suggest that attentional biases formed during learning are reflected by an evolving 



representational space that is increasingly biased towards diagnostic features. Although recent 
evidence suggests that after learning, attention-weighted category knowledge is present in neural 
representations, a link between the evolution of attention and the dynamics of neural 
representation during learning has yet to be demonstrated. Here, we use neural pattern similarity 
and model-based fMRI analyses to investigate the neural mechanisms of learning-based shifts in 
category representations over time. During fMRI scanning, participants learned to categorize 
complex objects composed of multiple features across three category learning tasks, with each 
task requiring attention to different combinations of object features. A learning model was fit to 
participants’ behavior to derive latent measures of attention weights to object features, which 
were used to construct similarity matrices characterizing each participant’s attention-biased 
object representations throughout learning. A searchlight analysis compared similarity matrices 
of the neural representations of the objects over time with model-derived similarity matrices. We 
found correspondence between model and neural similarity in lateral occipital cortex, a region 
associated with higher-level object representations. Model and neural similarity also converged 
in areas of ventral striatum, posterior parietal cortex, and lateral prefrontal cortex, consistent with 
a striatal-based circuit that learns attention weights and a prefrontal-parietal control network that 
biases neural representations in visual cortex. Interestingly, hippocampal representations were 
consistent with model predictions, perhaps reflecting an underappreciated role for MTL-based 
processes in encoding attention-biased memory representations during learning. These results 
provide strong neural evidence for the attentional tuning of neural representations proposed by 
prominent learning theories. 
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Abstract: The hippocampus is involved in processing the temporal context of an event but the 
role of individual subfields is unknown. The current study investigates the function of CA1 and 
DG/CA3 in encoding temporal context, specifically separation of similar temporal contexts into 
representations of different events. Participants viewed groups of three pictures with the third 
picture in each triplet serving as the target and the first two pictures serving as the temporal 
context of the target picture. The similarity of the temporal context preceding each target picture 
was manipulated across two presentations: repeated context, high similarity context, and low 
similarity context. Hippocampal activation was measured during presentation of the target 
picture. We expected processing of the target item to be influenced by the manipulation of 
temporal context in hippocampal subfields that process temporal information. We predicted that 
the activation of CA1 would increase linearly as temporal context similarity decreased and that 
the activation in DG/CA3 would increase whenever temporal context was altered but not be 
modulated by the similarity of the new context to the original context. Neuroimaging results 
supported the prediction that DG/CA3 separates repeated temporal context from new contexts 
that are either high or low in similarity. However, we did not find changes in CA1 activation due 
to processing of temporal context. Multivoxel pattern analyses were also used to compare 
temporal context processing in DG/CA3 and CA1. 
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Abstract: As memories for events age and lose detail, how do the brain networks supporting 
these memories change? We used fMRI to test the neural correlates of episodic memory 



transformation in the human brain. During fMRI scanning, participants viewed a series of film 
clips of episodes. Immediately after, they were cued to retrieve the memory for half of the film 
clips they had just seen. Seven days later, participants returned to the scanner and were cued to 
retrieve the other half of the film clips. During the immediate memory test, participants report 
richly detailed episodic memories for the film clips, and have high hippocampal activation 
during memory retrieval. Seven days later, participants show a reduction in memory for the 
details of the film clips, but retention of memory for the general storyline, supported by a 
reduction of hippocampal activation, and an emergence of activity in the prefrontal cortex, a 
brain region found to be activated during remote episodic memory retrieval in humans. 
Critically, when the memories retained their vividness, hippocampal activity was comparable 
during immediate retrieval and 7d retrieval sessions, suggesting that the hippocampus continues 
to be important for the retrieval of detailed episodic memory. 
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Abstract: The episodic memory system is thought to enable accurate retrieval while maintaining 
flexibility by representing both episode specifics and generalizations across related (i.e., 
overlapping) events. On the one hand, overlapping events may recruit overlapping populations of 
neurons, thereby integrating across related memories and promoting flexible behaviors. This 
scheme predicts that specific elements of related memories will take on similar neural 
representations. However, dominant theory suggests that memories for related episodes are 



instead maintained as orthogonalized, pattern-separated representations to minimize interference 
and allow for retrieval of event details. Under this coding scheme, neural representations for 
indirectly related items are predicted to be highly dissimilar. While hippocampus (HPC) and 
medial prefrontal cortex (MPFC) have been implicated in the encoding of related memories, it 
remains unknown whether these regions represent related content via integration or separation. 
One theoretical account suggests that HPC is dedicated to representing specifics while MPFC 
generalizes; however, alternate accounts posit that HPC can also integrate related memories. 
Here, we used high-resolution fMRI to investigate whether complementary integration and 
separation coding schemes occur simultaneously within subregions of HPC and MPFC. 
Computational models predict that the manner in which the overlapping episodes are 
experienced may also influence the nature of representations for individual memory elements. 
Thus, we manipulated the strength versus recency of the initial memory at the time of 
overlapping experience by teaching participants overlapping AB and BC pairs of novel objects in 
blocked (strong AB) and intermixed (recent AB) learning conditions. Pre- and post-learning, 
participants viewed individual A, B and C items during scanning. Using neural pattern similarity 
analysis, we found evidence of pattern separation--indirectly related A and C items becoming 
less similar--in posterior hippocampus and anterior MPFC. Conversely, strong initial memories 
biased anterior hippocampus and posterior MPFC to integrate, with A and C items becoming 
more similar to one another following learning in the blocked condition. We also show 
dissociable coding signatures in ventrolateral PFC, a region previously implicated in interference 
resolution. These data highlight how memory elements are represented across different brain 
regions to simultaneously promote generalization across memories and protect from interference. 
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Abstract: Our actions provide a rich source of expectations because they can determine what 
visual input we receive. For example, when you open the door to your office, you expect to see 
your desk, chair, computer monitor, etc. But how does the brain generate these expectations? 
One neural source of expectation could be the hippocampus: Its associative learning mechanisms 
bind items over space and time, and once these links are formed, one or more items can 
reactivate other absent but associated items, generating memory-based predictions about 
forthcoming stimuli. Here we use high-resolution fMRI to examine the role of the hippocampus 
in generating predictions based on actions, for both recently learned associations (from a training 
session immediately before the scan) and longer-term associations (from a training session three 
days before the scan). We reasoned that, if the hippocampus generates expectations about stimuli 
based on actions, predictive actions should enhance functional connectivity between the 
hippocampus and visual cortex. And since the hippocampus is thought to be more active in 
supporting new memories than old ones, we predicted that connectivity would be greater for 
recent than remote associations. During training, cue stimuli appeared individually, participants 
executed an action (pressed a specific button), and the cue was transformed into another 
stimulus. For predictive cues, one particular outcome appeared when a left button was pressed 
and a different outcome appeared when a right button was pressed. For non-predictive cues, 
either outcome appeared with equal probability irrespective of which button was pressed. We 
measured functional connectivity between the hippocampus and stimulus-selective visual cortex 
to assess prediction for recent and remote associations. To measure connectivity during the task, 
we removed confounding variables as well as stimulus-evoked responses, and then measured 
temporal correlations between brain areas in the residual BOLD timeseries. Functional 
connectivity between the hippocampus and visual cortex was stronger for predictable than for 
unpredictable trials, but surprisingly only for remote associations. This interaction was driven by 
a reduction in connectivity for remote unpredictable trials, suggesting that hippocampal 
prediction may occur by default, and that learning may involve gradually disregarding cues not 
useful for prediction. Since knowledge on longer timescales may be represented outside of the 
hippocampus as well, follow-up experiments examine connectivity with other systems that 
represent complex, semantic associations between actions and objects learned over a lifetime. 
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Abstract: Learning to make advantageous decisions in sequentially structured tasks, like mazes, 
requires integrating information acquired across multiple learning trials or episodes. This is a 
challenging problem for learning approaches - like many popular models - that work fully 
"online" by adjusting representations that summarize ongoing experience. One proposed 
mechanism to support such integration is to replay previous or simulated experiences, "offline," 
e.g. during intermittent rest periods or between trials. Here we used a decision task called 
retrospective revaluation in which participants must integrate initial experience about a task with 
later experience about a change in its goals. We hypothesized that replay of past experience 
during intermittent rest periods would help ‘piece together’ trajectories that were not directly 
experienced, enabling the integration of new relevant information to change previously learned 
values. A second question for such an account is how the brain prioritizes whether or which 
experiences to replay. Based on research in machine learning, we hypothesized that the brain 
should preferentially devote resources to replay under conditions of uncertainty, when it has the 
most potential to improve decisions. To test this, we acquired functional magnetic resonance 
imaging (fMRI) data as participants performed a sequential decision task with a 2x2 design in 
which reward revaluation and uncertainty were both manipulated. We used multi-voxel pattern 
analysis (MVPA) to examine (a) whether replay during rest periods supports optimal 
retrospective revaluation behavior, and (b) whether the extent of replay depends on reward 
uncertainty. We predict a correlation between replay and accurate retrospective revaluation 
behavior. Also, we predict more neural evidence for replay in the retrospective revaluation 
condition and under higher reward uncertainty, and less evidence for replay in the no-
retrospective-revaluation condition and under lower reward uncertainty. 
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Abstract: Reinstatement of neural patterns during memory retrieval is an increasingly popular 
method for studying how the brain supports episodic memory. But to what extent does neural 
reinstatement reflect the reinstatement of specific episodic memories as opposed to the 
processing of similar content? In this study we compare neural patterns when subjects listened to 
a description of an episode they previously experienced to patterns elicited when subjects 
listened to the same description without having prior exposure to the episode. The first group of 
subjects watched a movie and listened to a verbal description of the movie. The second group 
listened to the verbal description of the movie without ever seeing the movie. Importantly, the 
auditory description was perceptually identical for all subjects; the groups differed only in 
whether they had previous experience with the narrated content or not. Using searchlight 
analysis, we first compared the similarity of neural patterns between movie watching and 
listening to the verbal description, across subjects who did watch the movie. The searchlight 
analysis revealed scene-specific similarity between neural patterns elicited during movie-
watching and during listening, i.e., neural reinstatement; these similarities were found throughout 
posterior-medial system cortical areas (posterior cingulate, angular gyrus, parahippocampal 
cortex). Next we examined neural similarity between a group of subjects who watched the movie 
and a group of subjects who listened to the description of the movie without ever watching it. 
Interestingly, neural patterns were similar between listening and watching throughout much of 
the same network, suggesting that memory of the movie was not required to elicit content-
specific neural patterns. One region that showed different response properties was medial 
prefrontal cortex; in this region, neural patterns during listening were more similar to the movie 
patterns when participants had NOT seen the movie than when they had. These data indicate that 
content-specific neural patterns reinstated when listening to verbal description of a movie may 
also be elicited in the absence of specific episodic memories, and suggest that medial prefrontal 
cortex may support scene construction when listening to a novel narrative. 
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Abstract: Recollection of contextual details based on an item cue is known to engage medial 
temporal lobe (MTL) regions perirhinal cortex (PRC), parahippocampal cortex (PHC), and 
hippocampus. Models of MTL function propose that PRC and PHC support item and context 
memory, respectively, whereas hippocampus supports memory for bound item-context 
associations. However, it is unknown whether recollection-related activity in these regions can 
be dissociated in terms of the underlying organization of information coding. To address this 
question, in a functional magnetic resonance imaging (fMRI) study, we characterized how 
hippocampal and cortical regions organize item and context information during successful and 
unsuccessful recollection of item-context relations. Multiple exemplars of items from a set of 
categories were encoded in a set of context locations, and item and context memory were then 
assessed with a mixed item recognition-cued recall test. Trials were sorted according to item and 
context memory performance, and both univariate activation magnitude and multivariate 
information coding analyses were applied. Univariate analysis replicated previous findings that, 
compared to trials characterized by item familiarity, correct context retrieval was associated with 
greater activity across MTL regions. However, incorrect context judgments (context 
misattributions) were associated with greater univariate activity compared to correct context 
judgments in PHC only. In contrast to univariate effects, during correct context memory trials, 
the magnitude of multivariate evidence for context reinstatement in PHC was positively 
associated with context memory accuracy. Furthermore, context information uniquely modulated 
item representations in PRC. Finally, selective item-in-context coding was observed exclusively 
in the anterior hippocampus. Together, these results clarify the roles of PRC, PHC, and 
hippocampus in successful recollection, suggesting that similar univariate activation profiles may 
be orthogonal to underlying differences in the organization of episodic information. Future 
analyses will examine information coding in these regions during context misattribution. 
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Abstract: When multiple independent sources of information are present in the environment, 
how does the brain separately track these information streams? To explore this question, we 
exposed subjects to two unrelated auditory narratives (~15 minutes each) during functional brain 
imaging. In one group, the narratives were played consecutively in a single session (“Intact” 
condition). In another group, the narratives were played in short segments in an interleaved 
fashion, switching between the two narratives approximately every 60 seconds (“Interleaved” 
condition). Multivoxel pattern similarity (correlation over voxels) was calculated between all 
possible pairs of narrative segments, and the difference of average within-narrative correlation 
vs. between-narrative correlation was computed (“context separation”). The analysis was 
performed in a searchlight across the brain, separately for the Intact and Interleaved groups. The 
searchlight revealed that, in default mode network (DMN) cortical regions, the two narrative 
contexts were strongly dissimilar in the Interleaved condition but less dissimilar in the Intact 
condition. Furthermore, hippocampal correlation with DMN cortical regions was greater for 
Interleaved than Intact, suggesting a greater reliance on hippocampal retrieval of prior 
information for the Interleaved group. The effects did not seem to be due simply to greater 
attentional focus/effort in the Interleaved condition, as later memory was matched between 
conditions. These results indicate that cortical representations of each information stream 
(context) were more differentiated when the two streams competed (the Interleaved condition), 
and suggest a mechanism by which the brain separates representations when tracking multiple 
information sources by recruiting disparate neuronal populations. 
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Abstract: Attention not only modulates what we see, but also what we remember. Despite this 
connection in behavior, little is known about the mechanisms that link attention to memory 
formation in the brain. Using high-resolution fMRI, we investigated the hypothesis that 
attentional states are represented in the hippocampus, and that the quality of these representations 
during encoding influences whether attended information is later remembered. The study 
consisted of three phases. In Phase 1, participants performed an attention task in which, on every 
trial, they viewed an image of a room with a painting and then searched through a stream of 
other images for a painting from the same artist (art state) or a room with the same layout (room 
state). All trials of each attentional state were used to define an average pattern of activity within 
each hippocampal subfield that corresponded to the “template” representation for that state. In 
Phase 2, trial-unique images (rooms with art) were incidentally encoded while participants 
attended to either the art or room in different blocks. Memory for the cued aspect of each image 
was tested in Phase 3. We predicted that participants would be more likely to remember the 
attended information if, during encoding, their hippocampus was more strongly in an attentional 
state that prioritized that information. The data were consistent with our hypothesis: During 
encoding, trial-by-trial activity patterns in hippocampal subfield CA2/3 were more highly 
correlated with the task-relevant vs. task-irrelevant template representation when the attended 
items were subsequently remembered. In addition, individual differences in room memory were 
correlated with the average match between CA2/3 activity patterns and the room template 
representation during encoding. Finally, during successful vs. unsuccessful encoding, the 
attentional state of CA2/3 was more synchronized with that of retrosplenial cortex - a region 
important for episodic memory and visuospatial processing. Together, these results offer insight 
into the mechanisms by which attention transforms percepts into memories. 
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Abstract: Social interaction shapes our brains throughout life. Yet we know practically nothing 
about the neural basis of two-person interaction. The reasons have been mainly methodological, 
and only very recently (Lee, 2015) it has become possible to record fMRI from two persons 
interacting in the same magnet. We devised a setup, including our 8+8-channel two-brain receive 
coil array, to acquire fMRI data from two subjects simultaneously in a single 3-T scanner 
(Skyra). Here we present data from five pairs of subjects who were facing each other while lying 
on their sides (see Fig.). During fMRI recordings, the subjects touched lightly the lower lip of 
their imaging partner at about 2 Hz, in 30-s active and rest blocks according to auditory cues, or 
observed the touches. The sessions comprised 4 fMRI runs per dyad, each subject touching their 
partner during two runs and being touched by their partner in two. Imaging parameters included 
TR 3 s, TE 28 ms, α 80°, matrix 160×66, FOV 486×201 mm2, slice thickness 3 mm + 0.3 mm 
slice gap, iPAT (GRAPPA) 2, BW 2404 Hz px−1, and # of measurements 126 with fat saturation 
enabled; 49 slices were acquired using standard EPI sequence and reconstruction. Structural 
(MP-RAGE) brain data were acquired separately with a single-person 32-channel head coil. The 
data were preprocessed using a customized FSL-based pipeline to first separate the images of the 
two brains, then correct them for slice timing and motion, register, and finally reassemble back 
into two-brain volumes. FSL FEAT was used for statistical analysis of the main effects of 
touching and being touched. Our two-person fMRI setup provided feasible signal in the two-



brain volume, with some anterior signal attenuation due to coil geometry. Somatosensory and 
motor activations were found consistently in response to the touching and being touched, and 
auditory task cues evoked reliable auditory-cortex activation. We conclude that two-person fMRI 
is becoming a concrete tool for neuroscience studies of social interaction. 
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Abstract: Brain imaging points to several brain regions engaged in the network subservingn 
visual processing of point-light body motion. However, temporal dynamics of this network 
remains largely unknown. Here we focus on the link between the visual sensitivity and 
neuromagnetic response to body motion. Typically developing adolescents detected a point-light 
walker embedded into a simultaneous scrambled walker mask. At early latencies of 180-244 ms, 
the visual sensitivity to biological motion negatively correlates with the root-mean-square (RMS) 
amplitude of the evoked neuromagnetic response over the right occipital, temporal and frontal 
cortices and over the left temporal cortex. At latencies of 276-340 ms, the visual sensitivity 
negatively links with the RMS amplitude over the right occipital and bilateral temporal cortices. 
At later latencies, there is still a tight inverse link between visual sensitivity and activation over 
the temporal cortices of both hemispheres. The outcome! indicates that already in adolescence, 
the right temporal cortex is a hub of the social brain circuitry. For the first time, the topographic 
patterns of MEG activation unfolding over time and linked to visual sensitivity reveal temporal 
dynamics of the entire cortical network underpinning body motion processing. 
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Abstract: Humans are social beings living in complex social structures, thus requiring 
substantial and continuous processing of social information. Previous research consistently 
revealed attentional preference for social features such as faces or verbal expressions in the 
environment. It is less clear, however, whether social signals are already capable of modulating 



early activity in sensory cortices to drive attentional orienting. The current study used functional 
magnetic resonance imaging (fMRI) to examine regional increases of activity in striate and 
extrastriate visual cortex as a function of the presence of social features. For this aim, a large set 
of naturalistic photographic stimuli was prepared that included persons, faces or body parts in 
only one quadrant of the picture. Images were controlled for low-level physical properties such 
as contrast and brightness. While maintaining central fixation, 26 participants passively viewed 
these stimuli in the MR scanner. Subsequently, population receptive field mapping was used to 
delineate borders between striate and extrastriate visual areas and participants viewed the same 
set of stimuli again outside the MR scanner while acquiring eye tracking data. Fixation density 
maps obtained in the behavioral assessment indicated enhanced attentional allocation towards 
social features. Consistently, we observed increased activation of retinotopically organized early 
visual areas precisely corresponding to the quadrant that contained social information in the 
visual field. This pattern was not related to the distribution of physical saliency in terms of low-
level image features. The current data indicate that social features in the visual field trigger 
enhanced responses in early visual cortex. Thus, the presence of complex social information is 
already encoded on the first stages of the visual processing hierarchy. This covert social attention 
might contribute to saccadic programming and thereby generate the frequently observed pattern 
of enhanced attention on faces and bodies in the visual field. It remains an interesting question 
for future research to elucidate potentially abnormal cortical representations of social scenes in 
psychiatric disorders with severe deficits in social functioning such as autism spectrum disorders. 
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Abstract: Social reasoning requires making inferences about an unobservable causal structure: 
goals, beliefs, preferences, and personality traits. We have a sophisticated understanding of 



which parts of the brain support social inference, but little insight into how these neural 
substrates function at a computational level. Hierarchical predictive coding (HPC) models posit 
that the brain generates continuous predictions of upcoming events, and then adjusts these 
predictions by computing an error signal that tracks deviations between predicted and observed 
events. This framework has been successfully applied in vision and neuroeconomics; here, we 
ask whether HPC can be extended to explain neural computations underlying social inference. 
We test this in the domain of action observation: others’ actions license future inferences about 
both their preferences and future actions. Is the neural activity that subserves these inferences 
best explained by a HPC model? Participants watched agents first state a preference (e.g., “I 
prefer cats”) and then select one item from a set (e.g., 2 cats, 2 dogs). We parametrically 
manipulate the predictability of the agent’s action in two ways: 1) the type of item selected is 
congruent (e.g., a cat) or incongruent (e.g., a dog) with the stated preference. 2) the specific item 
is variably predictable based on the total number of options compatible with the stated preference 
(most predictable: 1 compatible and 3 incompatible items generates relative high certainty on the 
protagonist’s next action; less predictable: 3 compatible and 1 incompatible item generates 
maximally a 1 in 3 chance of guessing what the agent will select). We find evidence supporting 
four key predictions of HPC in social cognition: 1) Different populations of neurons respond to 
violations of exception for low versus high level features; brain regions involved in action 
representation (e.g. right STS) respond to unexpected actions, while regions involved in 
preference representation (e.g. medial PFC) respond to unexpected preferences. 2) Neural 
activity varies parametrically with the relative expectedness of an event; the overall magnitude of 
the prediction error signal in STS inversely correlates with the probability that the agent selected 
the specific item that they did (e.g., correlates directly with the total probability mass on the 
unselected cats). 3) The response of these neural regions is offset in time, such that the error 
response in STS occurs before the error response in PFC. 4 ) Expectedness violation is context 
sensitive, such that the same event generates predictably different levels of neural activity, given 
only the stated background preference. 
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Title: Rest cerebral blood flow in the superior temporal sulcus (STS) correlates with social 
perception impairments in children with autism spectrum disorder (ASD) 
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Abstract: Introduction: A lack of preference for relevant social features is one of the main 
clinical characteristics of ASD. During the last decade, the use of eye-tracking methodology has 
allowed an objective and quantitative characterization of social perception deficit in children 
with ASD. In addition, several brain imaging studies have suggested that abnormalities within 
the superior temporal sulcus (STS) could be related to social impairments in autism. In this 
study, we aimed to objectify social perception process in children with ASD using eye-tracking 
in order to investigate a putative correlation between social perception impairments and rest 
functional brain activity. Methods: For this purpose, arterial spin labelling (ASL) MRI was used 
to measure rest cerebral blood flow (CBF). Tobii T120 eye-tracker was used to measure number 
of fixations to the eyes of characters during passive visualization of social scenes. Sixteen young 
children with ASD (age = 5.0 ± 2.3; range = 2.3 to 10 years old), diagnosed by DSM-IVR/V and 
ADI-R participated in this study. Whole brain regression analyses were performed on the 
smoothed and normalized ASL images using number of fixations to the eyes as covariate of 
interest within the general linear model framework using SPM8 
(http://www.fil.ion.ucl.ac.uk/spm). Results: Compared to 16 typically developing children (age = 
7.7 ± 1.3 years old), children with ASD showed a significant reduction in number of fixations to 
the eyes during passive visualization of social scenes (p < 0.01). In children with autism, whole 
brain analyses showed a significant positive correlation between the number of fixations to the 
eyes, measure by eye-tracking, and cerebral blood flow at rest, measured by ASL-MRI, in the 
right superior temporal sulcus (STS) (p < 0.001 unc). Children with ASD who looked less to the 
eyes of characters during passive visualization of social scenes where those who had the lower 
rest CBF values in the right pSTS. Conclusion: These results show for the first time a correlation 
between a social behavior and a functional brain activity at rest, especially since the 
measurements were unrelated and performed separately. This correlation suggests that social 
behavior in children with ASD is associated with, and might be predicted by, the level of 
functional activity at rest within the STS. 
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Abstract: Background: Social and communicative impairments are among the core symptoms of 
autism and are associated with aberrant functioning of the human mirror neuron system (hMNS). 
Previous neurophysiological evidence supporting this observation comes from studies of EEG 
mu-rhythm suppression and fMRI BOLD signal activation related to the imitation and 
observation of biological motion. Magnetoencephalography (MEG) provides an ideal modality 
to investigate function and connectivity within the hMNS in autism, since it has superior source-
localization compared to EEG along with higher temporal resolution compared to fMRI. This 
study used MEG to investigate hMNS function during tasks involving imitation and emotion 
recognition, and hMNS connectivity at rest. Methods: 10 participants with high-functioning 
autism (10-17 years of age, 1 female, average WASI IQ 97.7) were scanned with both MEG and 
fMRI. While being scanned with MEG, subjects were asked to imitate or passively observe 
videos and images of hands pressing buttons or of people making various facial expressions. 
Subjects also performed the Reading the Mind in the Eyes Task (RMET) (Baron-Cohen et al., 
2001, J. Child. Psychol. Psychiatry). We used a source modeling technique optimized for MEG 
data (Huang et al. 2014, Neuroimage) to detect frequency amplitude changes related to hand and 
face imitation, as well as emotion recognition. We used the same source modeling technique on 
resting state MEG data in the same subjects, and compared those results to functional 
connectivity (FC) during resting state fMRI. Three separate FC analyses were performed, with 
three sets of regions of interest based on the regions showing the greatest task-related amplitude 
changes in the three MEG tasks. Results: During finger-movement imitation, as well as face 
imitation, changes in alpha amplitude were observed in ventral and dorsal premotor cortex. 
During RMET, amplitude changes associated with emotion discrimination were observed in 
medial prefrontal cortex, precuneus, and other areas previously associated with theory of mind. 
The comparison of fMRI and MEG data in a resting state revealed that amplitude in the alpha 
and beta MEG bands trended with low frequency BOLD fluctuations in the fMRI data in areas of 



the hMNS. Conclusion: The novel use of MEG towards the investigation of hMNS function in 
autism corroborates previous findings of activation during imitation and observation from other 
modalities. 
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Abstract: Background: The default mode network (DMN) is a well-studied neural network 
related to social processing. Alterations in the DMN may reflect a shared mechanism for social 
deficits noted across clinical disorders, such as those seen in autism spectrum disorder (ASD; 
Weng et al., 2010; Uddin et al., 2013) and social anxiety disorder (SAD; Liao, et al., 2010). In 
ASD, aberrations in resting state networks are associated with core features such as social 
behaviors (Washington et al., 2014). However, there has been an underrepresentation of research 
on the mechanistic role the DMN may play in sustaining social deficits. Objectives: Our primary 
aim was to elucidate a potential common mechanism of social disability in ASD and SAD within 
the DMN. Specifically, we used a data fusion technique combining functional magnetic 
resonance imaging (fMRI) and diffusion tensor imagining (DTI) to examine functional and 
structural connectivity within the DMN. Secondary analyses examine the relationship between 
the DMN and social behavior. Hypotheses: We predicted that structural and functional 
connectivity within the DMN will show differential patterns in the clinical groups (ASD & SAD) 
compared to controls. It was further hypothesized that behavioral indices of social function will 
be related to DMN connectivity. Methods: 14 adults with ASD, 14 adults with SAD only, and 14 
adults with no psychopathology (Controls) participated in this study. Participants were matched 



on age (M=23.60) and Full Scale IQ (M=117.07). Diagnoses were confirmed with well-
established semi-structured clinical interviews, including the Autism Diagnostic Observation 
Schedule (ADOS) and Anxiety Disorders Interview Schedule (ADIS). DTI and fMRI were 
collected on a 3T TIMTrio. The functional regions of the DMN were identified via ICA based on 
multivariate pattern analysis using FSL’s MELODIC feature (Beckmann et al., 2005). Functional 
and diffusion weighted images will be processed through AFNI’s FATCAT toolbox (Taylor & 
Saad, 2013). Social functioning was measured with the ADIS, ADOS, and the Social 
Responsiveness Scale (SRS). Results: Analyses in progress contrast structural and functional 
connectivity in the DMN between diagnostic groups, as well as contrasting the clinical groups 
and controls. Additional analyses will reveal relationships between social behavior and DMN 
connectivity. Conclusions: These results will offer elucidation of a shared pathway for social 
disability. Additionally, these results will highlight unique connective properties inherent to each 
clinical disorder. These findings have significant implications for treatment of social disabilities. 
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Abstract: Self-representation is multifaceted. Building on prior research, the current experiment 
explores two such facets, core self and conceptual self, and how these constructs extend to 
neurocognitive representations of other persons and groups of people. Core self is a 
representation of oneself as an individual whose subjective experience is unified within a 
particular moment. It includes identification with one’s body (body ownership), authorship for 



one’s actions (agency), and an embodied, egocentric point of view (first-person perspective). 
Conceptual self is a representation of oneself as an individual whose identity persists through 
time. It includes one’s personality traits and physical characteristics, and the narrative of one’s 
life constructed from accumulated autobiographical memories. An fMRI experiment (N = 19) 
was conducted to determine the neural correlates of core and conceptual representations for the 
self, other persons, and groups of people. On each trial, participants were presented for three 
seconds with an individual (the self, a relative, a friend, or an acquaintance), a group (adults or 
children), or a semantic prompt (physical or genetic). Participants were then presented for three 
seconds with a property (e.g., tall) and rated on a 3-point scale how well the property applied to 
the individual (e.g., how tall is the individual?), group (e.g., how tall are children?), or prompt 
(e.g., to what extent is tall a genetic property?). The first phase, in which the individual, group, 
or prompt was presented, was intended to elicit core representations. The second phase, in which 
the property was presented, was intended to elicit conceptual representations. The core self 
condition recruited brain areas associated with body ownership, agency, the first-person 
perspective, and visuospatial imagery. The conceptual self condition involved these as well, and 
further implicated brain areas previously associated with representing personality traits, semantic 
person knowledge, and executive control of memory retrieval, decision making, and theory-of-
mind. Representations for other persons and groups of people rely on these and other systems to 
varying degrees, with a greater recruitment of medial parietal cortical areas involved in episodic 
memory retrieval. Some of the differences between self and other were modulated by the 
closeness of the personal relationship, particularly in ventral visual areas and the medial 
prefrontal cortex. 
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Abstract: Negative self-processing is a key symptom of depression and there is substantial 
evidence linking depression to abnormal activity in brain regions supporting both explicit self-
processing (midline cortical structures: MCS) and emotion processing (limbic regions). Prior 
research on self-processing is based on paradigms that require subjects to explicitly reflect on 
stimuli in relation to themselves and/or their emotions. Yet, many aspects of self-processing 
likely occur implicitly: i.e., below conscious awareness. The current study utilized a novel 
implicit measure of self-processing (The Emotional Self-Other Morph Task) that required 
recognition of the self face or of a non-familiar youth face to examine neural activations to 
happy, sad, and neutral faces. The faces were presented in blocks of pictures with high 
percentages of self features (self-face) or low percentages of self features/high percent stranger 
face (other-face) during fMRI. We scanned 38 healthy and 43 depressed adolescents. Hypotheses 
were: 1. healthy youth would show greater BOLD activation in limbic regions to emotional vs. 
neutral faces and greater activation in MCS to self vs. other faces. 2. In the self-face vs. other-
face contrast, depressed youth would show less activation to happy vs. neutral faces in limbic 
regions, consistent with automatic negative self-processing biases and low positive emotionality 
in depression. Both of these hypotheses were confirmed at the whole-brain level. Follow-up 
analyses confirmed that these findings were due to differing activation between groups to the 
self-face, rather than to the other-face. Results are evidence of implicit emotional self-specific 
alterations in depression, in addition to previously described explicit self-processing alterations 
supported by MCS functional abnormalities. Our findings also provide new evidence for these 
altered patterns of brain activity during implicit self-processing in adolescence, a period 
characterized by heightened risk for depression and the challenge of forming an identity. 

 

Disclosures:  M.B. Harms: None. H. Scott: None. G. Smyda: None. K.M. Thomas: None. K. 
Quevedo: None. 



Nanosymposium 

19. Social Cognition: Neural Processes and Disorders 

Location: S405 

Time: Saturday, October 17, 2015, 1:00 PM - 4:00 PM 

Presentation Number:  19.10 

Topic: F.01. Human Cognition and Behavior 

Title: von Economo neurons and fork cells express a neurochemical signature linked to 
autonomic functioning 

Authors: A. A. DIJKSTRA1, L.-C. LIN1, S. E. GAUS1, *W. W. SEELEY2,1;  
1Neurol., Univ. of California, San Francisco, San Francisco, CA; 2UCSF, Burlingame, CA 

Abstract: The anterior cingulate and frontoinsular cortices are distinguished by two unique 
neuronal morphotypes, the von Economo neurons (VENs) and fork cells, which have been linked 
to conditions that undermine social-emotional functioning. The biological identity of these 
neurons remains mysterious, but insights could impact therapeutic efforts across a range of 
human diseases. In this study, we leveraged in situ hybridization data from the Allen Brain Atlas 
and identified VMAT2, GABRQ and ADRA1A expression in VENs, fork cells and a minority of 
neighboring Layer 5 neurons. We confirmed these results using immunohistochemistry or in situ 
hybridization. VMAT2 and GABRQ expression was observed in rhesus macaque VENs, fork 
cells and neighboring Layer 5 neurons but not in mouse cerebral cortex, underscoring the 
evolutionary significance of these neuronal morphotypes. Although VMAT2 serves to package 
monoamines into synaptic vesicles, in VENs and fork cells VMAT2 is expressed in the absence 
of monoamine synthesizing enzymes or reuptake transporters. Less conventionally, VMAT2 
could package GABA into vesicles, but VENs and fork cells showed no expression of 
gluatamatic acid decarboxylase, the synthesizing enzyme for GABA, or GAT1, the GABA 
transporter. Together, these findings suggest an uncharacterized mode of neurochemical 
function. Human GABRQ and ADRA1A expression has been described in brainstem neurons 
involved in autonomic functioning. Overall, the biochemical signature found here suggests that 
VENs and fork cells are biochemically distinct from most other mammalian Layer 5 neurons and 
linked to autonomic functioning. 
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Abstract: The propensity for reactive aggressive behavior that is typically triggered by 
provocation has been linked to hyperactivity of the brain’s reward network. Here, we 
investigated if the opportunity to obtain a monetary reward is more salient than the opportunity 
to retaliate in clinically reactive aggressive (RA) compared with low aggressive individuals 
(LA). To do so, we measured behavioral and neural monetary reward-related and retaliatory 
responding using the functional MRI-adapted Point-Subtraction Aggression Paradigm (fMRI-
PSAP). Nine male RA participants endorsed full or sub-clinical intermittent explosive disorder 
(IED) according to DSM-IV/IED-IR criteria and reported elevated Trait Anger on the State-Trait 
Anger Expression Inventory-2 (p<.001) relative to nine male LA individuals (matched on age, 
race, and education). All participants performed the fMRI-PSAP with the aim to earn money. A 
fictitious player infrequently subtracted money from the participant’s earnings to provoke 
retaliatory behavior. On each trial, participants could choose to earn money (reward) or to 
subtract money from their opponent’s earnings (retaliation) by pressing buttons. Behavioral and 
neural responses were compared between groups. Relative to LA participants, RA individuals 
worked more to earn money (p=.015, Figure 1A), but not to retaliate (p>.7). When engaging in 
monetary reward-driven behavior vs. retaliation, RA individuals exhibited increased activation in 
bilateral putamen and anterior insula compared with LA individuals (Figure 1B). Increased 
monetary reward-seeking behavior and reward-related activation in regions comprising the 
brain’s mesocorticostriatal salience network in reactive aggressive individuals indicates that 
monetary reward is more salient in this population when presented with a choice between a 
rewarding versus a retaliatory option. These findings suggest that the use of positive 



reinforcement might represent an efficacious intervention approach for the potential reduction of 
clinically significant reactive aggressive behavior. 

 

Disclosures:  G. Gan: None. R.N. Preston-Campbell: None. J.L. Steinberg: None. S.D. 
Lane: None. T. Maloney: None. M.A. Parvaz: None. S.J. Moeller: None. R.Z. Goldstein: 
None. N. Alia-Klein: None. 

Nanosymposium 

19. Social Cognition: Neural Processes and Disorders 

Location: S405 

Time: Saturday, October 17, 2015, 1:00 PM - 4:00 PM 

Presentation Number:  19.12 

Topic: F.01. Human Cognition and Behavior 

Title: Brain regions influencing implicit violent attitudes 

Authors: *I. CRISTOFORI1,2, W. ZHONG1,2, V. MANDOSKE1, A. CHAU1, F. KRUEGER4,5, 
M. STRENZIOK5, J. GRAFMAN1,2,3;  
1Rehabil. Inst. of Chicago, Chicago, IL; 2Dept. of Physical Med. and Rehabil., 3Dept. of Neurol., 
Northwestern Univ., Chicago, IL; 4Mol. Neurosci. Dept., 5Dept. of Psychology, George Mason 
Univ., Fairfax, VA 

Abstract: Maladaptive aggression and violence can lead to interpersonal conflict and criminal 
behavior, which endangers the stability of the family and society and incurs substantial financial 
costs. Maladaptive aggression is associated with dysfunction in the ventromedial prefrontal 
cortex (vmPFC) and temporal cortex. Typically, such dysfunctional behaviors are measured by 
explicit self-report and history. Here, we investigated the neural basis of implicit attitudes toward 
aggression and violence using a modified Implicit Association Task (IAT). We tested a unique 



sample of Vietnam War veterans who suffered penetrating brain injury (pTBI, n = 112) and 
healthy controls (HC, n = 33), who also served in combat in Vietnam but had no history of brain-
injury or other neurological disorders. Our findings complemented existing evidence on the 
neural basis of aggression centered on the vmPFC, suggesting that the dorsolateral prefrontal 
cortex (dlPFC) and posterior inferior temporal cortex (ipTC) play a causal role in modulating 
implicit attitudes about violence. Furthermore, executive functions mediate the association 
between dlPFC and implicit attitudes towards violence and aggression. These results suggest that 
treatments aimed at increasing cognitive control using cognitive behavioral therapies that 
partially depend on the intact dlPFC could efficaciously treat aggressive and violent behaviors. 
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Abstract: Learning and decision making are complicated by the fact that observed events (e.g., 
your flight departing on time) are often determined in part by unobserved processes (e.g., the 
weather conditions en route). The advantage of considering latent processes is evident when 
events are predictable if considered in concert with their latent influences, but appear random 
otherwise. In reward-based learning, recent studies have suggested that humans direct 
exploratory behaviors toward those actions that reduce uncertainty about their underlying values. 
However, little work has examined whether organisms actively select actions that would reduce 
uncertainty about the state of latent processes, even when these actions themselves are known to 



carry little value. An optimal solution to the problem can be calculated for the setting that we 
study, but is computationally demanding. We propose a heuristic model that defines subjective 
utility in terms of both immediate expected value and the mutual information shared between 
action outcomes and latent states, where informativeness is increasingly weighted when latent 
states are particularly uncertain. Behavioral and electrophysiological (EEG) data show 
dissociable contributions of informativeness and reward value to choice, supporting predictions 
from the heuristic model. 
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Abstract: Prior literature has indicated a deterioration of decision-making capacity correlated 
with aging. In this study, we examined specifically how aging (in mice) affects the animal’s 
ability to adaptively select decision strategies under conditions of stimulus uncertainty. Young (2 
months) and aged (18 months) male C57BL/6J mice were trained on an operant task requiring 
both active responding (go-trials) as well as behavioral inhibition (no-go trials) under low- and 
high- uncertainty conditions to obtain a reward. Animals progressed through three phases of the 
task: low uncertainty (80% go trials), high uncertainty (50%/50% go/no go trials), and low 
uncertainty (20% go trials). This environmental manipulation encourages the animals to adapt 



and adopt multiple behavioral strategies, in order to maintain optimal performance. Immediately 
after the last behavioral testing session, brains were removed to conduct immunohistochemical 
examination of c-fos expression in the frontostriatal networks, as these neural circuits have been 
show by prior work to be important for decision-making. Overall, mice in both age groups 
exhibited similar pattern of a go bias (higher false alarm rate when go trials are more frequent), 
as predicted by the Strategic Impatience Model proposed by Shenoy and Yu (2012). 
Interestingly, with a greater prevalence of no-go trials, aged mice showed higher hit latencies 
(1.94±0.10s vs. 1.25±0.11s in young mice; p<0.01)), as well as more misses (46.13±0.3.46% vs. 
26.70 ±4.49%; p<0.05). Overall, under conditions of higher % of no-go trials, aged mice adopted 
a more conservative (inhibition) strategy that leads to fewer false alarms but also more misses. 
We found that neural activity in the right orbitofrontal and ventral prefrontal cortex declined in 
aged mice. Since these structures are a part of valuation network, and process information 
pertaining to impulsive choice and cost-benefit analysis, it is possible that that reduced activation 
of these regions may reflect or underlie a changed go/no-go decision threshold in aging. 
Collectively, our data suggest that both young and aged mice adapt their go/no-go responses to 
different settings of environmental statistics, but that aged mice are particularly affected when 
the % of no-go trials increases, such that they more drastically reduce go responses than young 
mice. 
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Abstract: In humans and non-human primates, attention and eye movements sample visual 
information. Decisions regarding oculomotor control depend on the lateral intraparietal area 
(LIP) and the frontal eye fields (FEF), two interconnected cortical areas where neurons prioritize 
targets for attention and gaze. However, it remains unclear how the brain computes this 



selection. How do frontal and parietal neurons “know” which stimulus to sample? Behavioral 
and computational studies suggest that reward and uncertainty reduction play key roles in 
oculomotor selection, but it remains unknown how these factors are encoded in individual 
oculomotor cells. Here we test the hypothesis that signals of reward and uncertainty are 
transmitted to the oculomotor system from higher order frontal and parietal structures. Two 
candidate areas are the dorsolateral prefrontal cortex (dlPFC), specifically the pre-arcuate portion 
that projects to the FEF, and parietal area 7a, which connects with the dlPFC and LIP. To 
examine this idea we recorded neuronal ensemble activity in the dlPFC and area 7a using multi-
electrode (“Utah”) arrays. Monkeys performed a task in which abstract visual cues indicated 
various reward distributions. In the first task, the reward distributions differed only in the 
probability of a high or low outcome; in the second task they differed both in the variance and 
magnitude of the possible rewards. The cues were presented at a peripheral location for 300 ms 
and, after a 600 ms delay, the monkeys made an instructed saccade to a randomly selected 
location. Because the monkeys did not freely choose their saccade, we could examine how the 
neurons encoded the statistics of the cue predictions independently of active decision strategies 
that may have altered the value of the cues. Population level analyses, including linear regression 
and logistic classifiers, decoded information about value and uncertainty from the dlPFC and 7a. 
During the delay period before the saccade, value and uncertainty encoding were robust in both 
areas; neural responses tended to increase with value and decrease with uncertainty. During and 
after the saccade, uncertainty encoding waned, while value encoding persisted and became 
higher in the dlPFC relative to 7a. The value response became particularly strong at the time of 
the reward, when it was stronger in the dlPFC relative to 7a. Representations in both PAC and 7a 
had strong oscillatory dynamics whose primary power was in low frequencies (~8hz) and which 
tended to be stronger in the dlPFC. The pre-arcuate cortex and area 7a are venues through which 
uncertainty and reward signals may be brought to bear on attention and eye movement control. 

Disclosures:  N.C. Foley: None. J.P. Gottlieb: None. 

Nanosymposium 

20. Reward and Uncertainty 

Location: N228 

Time: Saturday, October 17, 2015, 1:00 PM - 3:00 PM 

Presentation Number:  20.04 

Topic: F.02. Animal Cognition and Behavior 

Title: Distinct mechanisms for behavioral control under uncertainty in the primate basal 
forebrain 



Authors: *I. E. MONOSOV, N. LEDBETTER;  
Anat. and Neurobio., Washington Univ. Sch. of Med., Saint Louis, MO 

Abstract: Uncertainty is thought to exert control over learning, choice, and emotion. But the 
neuronal mechanisms for these modulations of behavior by uncertainty are poorly understood. 
We show that the primate basal forebrain contains groups of neurons that signal information 
about uncertainty and reward value in distinct manners that may support different but 
complimentary roles of uncertainty in the control of behavior. One group of reward-sensitive 
neurons (Group 1) responded differentially to the presentation of single isoluminant visual 
objects associated with 100% and 0% chance of reward delivery. Interestingly, the same group of 
‘reward-value’ sensitive neurons responded to the presentation of visual objects associated with 
predictions of probabilistic ‘risky’ rewards in a highly non-linear manner. For example, they 
responded to 100% and 50% reward predictions similarly. When the monkey made choices 
amongst certain- and uncertain cues, the same neurons again signaled the values of the offers in a 
non-linear manner before the choice was made. In contrast, a second group of neurons (Group 2) 
did not differentially respond to certain- and uncertain- options during choice behavior until the 
choice was made and the monkey anticipated the delivery of a risky reward. At this time, they 
displayed robust selectivity for uncertain expectation of the choice outcome (reward or no 
reward). These data show that the basal forebrain contains multiple neuronal mechanisms for the 
control of behavior under uncertainty. One mechanism may promote non-linear choice behavior 
to explore uncertainty. The second may participate in monitoring the delivery of uncertain 
outcomes to enhance learning in the uncertain context. How these mechanisms work together to 
facilitate appropriate behavior is the subject of our future investigations. 
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Abstract: The posterior cingulate cortex (PCC) forms the central hub of the default mode 
network. Brain imaging studies implicate PCC in a wide range of cognitive functions, including 
attention, prospective thinking, value computations, creativity, and curiosity. Neurophysiological 
studies in primates show that PCC neurons signal errors, reward omission, uncertainty, and 
novelty. Stimulation of PCC evokes strategy switching and inactivation of this area impairs 
learning. These findings may be unified by a core set of computations that harvest information 
from the environment to guide high-level behavioral strategies. One important question is 
whether these computations are independent of reward-related computations guiding learning 
and decision-making that have become increasingly well-understood over the last two decades. 
Here we directly test the hypothesis that PCC neurons encode information signals in the 
environment independently of reward and regulate future behavior based on this information. To 
do this, we designed a novel behavioral task that partially decorrelates expected reward and 
reward outcomes from expected information and information outcomes in a single task. In our 
task, two different fixed reward amounts were randomly assigned to two of six available targets 
on every trial. As the monkey samples targets, the amount of information about reward sequence 
decreases, while the expected reward of upcoming actions could decrease or increase, depending 
on rewards received to that point. Monkeys’ behavior reflected both reward and information; 
response times were correlated with the size of experienced reward outcomes and the expected 
rewards of upcoming choices, as well as with gains in information from prior choices and the 
expected information from upcoming choices (multilinear regression, p < 0.05). We recorded the 
firing rates of 125 PCC neurons in two monkeys performing our task. PCC neurons 
preferentially encoded expected information over expected reward and information outcomes 
over reward outcomes. Furthermore, PCC neurons signaled the variability in the patterns of 
choices made by monkeys. Specifically, the strength of information outcome encoding predicted 
variability in the trial-by-trial order of targets selected. Moreover, different neurons 
preferentially signaled information outcomes by choice number in a trial. The discovery that 
PCC neurons encode information expectations and outcomes and predict behavioral variability 
suggests that this area, and by extension the default mode network, plays a key role in learning 
from and shaping strategic behavior on the basis of information. 
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Abstract: When facing a preference decision, the brain should represent the value of available 
options and compare them to make a choice. The orbitofrontal cortex (OFC) is considered 
crucial for such value-based decisions, and strongly represents the value of items that are 
ultimately chosen. However, it’s unclear how OFC compares alternatives in order to make these 
decisions. To address this, we trained two monkeys on a reward preference task involving 
pictures that predicted 4 reward values. We recorded ensembles of OFC neurons and local field 
potentials while animals either viewed a single reward-predictive picture or made choices 
between a pair of pictures. We then used patterns of neural activity associated with single 
pictures to decode the decision-making process that occurred when the animal was making a 
choice. During choices we found that the decoded category alternated between neural states 
associated with each option, as if the animal were considering each option in turn. These 
alternating representations followed idiosyncratic patterns from trial to trial. To determine 
whether these patterns reflected the decision process, we used the posterior probabilities of each 
category assignment as a measure of the strength of the representation of each picture. Stronger 
representations of the chosen picture predicted faster choice times, while stronger representations 
of the unchosen picture independently predicted slower choice times. In contrast, unavailable 
options had no predictive value. Eye movements gave further insight into the choice process. On 
“quick decision” trials, with only one saccade to the chosen picture, representations of that item 
were significantly stronger than representations of the unchosen picture. In contrast, in 
“deliberative decisions” the animal made multiple saccades to both options before choosing. In 
this case, and the unchosen representation competed more effectively with representations of the 
chosen item. Therefore, the relative representational strength of the two choice options correlated 
with how deliberately the subjects chose. This suggests that value-based decision-making 
evolves as a dynamic process in OFC, involving competing representations of choice 
alternatives. When one representation dominates in OFC, the animal’s choice will be fast, but if 
two options have similar representational strength, the animal’s choice will be slower and 
outward behavior more deliberative. 
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Abstract: Decision making often involves integration of reward outcomes over time, but this 
becomes considerably challenging if reward assignments on alternative options are probabilistic 
and change over time, as it is the case in natural environments. Reinforcement learning models 
suggest that the learning rates, which determine the time constant of reward integration, should 
be optimized to deal with variability or uncertainty of reward assignments in a given 
environment. However, it is unclear how computations necessary for finding the optimal learning 
rates can be performed by neuronal elements in the brain. Here, we propose that dopamine-
dependent metaplasticity can offer a plausible neural substrate for tracking choice outcomes 
under reward uncertainty, and provide experimental evidence for our proposal. Firstly, we show 
that a model endowed with dopamine-dependent metaplasticity can robustly perform the 
probabilistic reversal learning (PRL) task by dynamically adjusting the learning rates solely 
based on reward feedback. In our model, synapses have multiple meta-levels associated with 
each of the two levels of synaptic strength (weak and strong). In addition, presence or absence of 
reward results in stochastic transitions between different meta-levels. This model predicted time-
dependent, choice-specific learning rates that were different for rewarded and unrewarded trials, 
whereas fitting the model’s choice behavior using RL models led to a small change in the 
learning rates across environments with various degrees of uncertainty. This result shows that 
often observed, constant learning rates might be due to shortcoming of models used for fitting 
rather than invariant learning rates. Secondly, to test the model’s predictions, we analyzed 
behavioral data from monkeys performing the PRL task in two environments with different 



degrees of reward uncertainty (Donahue CH & Lee D. “Dynamic routing of task-relevant signals 
for decision making in dorsolateral prefrontal cortex”. Nat Neuroscience (2015) vol. 18 (2) pp. 
295-301). Consistent with the modeling results, fits based on the RL models suggested that 
monkeys applied equal learning rates in the two environments. However, by fitting the choice 
behavior using our model, we again obtained time-dependent, choice-specific learning rates. 
Finally, our model predicted certain sequences of choices better than RL models, especially 
when the rewarded target was changed after several trials. Overall, our results provide a link 
between metaplasticity and choice behavior under uncertainty, and explain rigidity of learning 
rates with respect to uncertainty and strategies observed previously. 
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Abstract: The orbitofrontal cortex (OFC) plays an important role in associating reward value 
with visual stimuli. Neurons in the OFC are found to encode the value associated with visual 
stimuli but not other visual features, including shape, color, or spatial location. Here we 
investigate how visual attention may affect OFC neurons’ value encoding. We trained two 
monkeys to view simple shapes presented peripherally on a computer screen while holding their 
fixation at a central fixation point. The shapes were randomly selected from a pool of five, each 
of which was associated with 0, 1, 2, 4, and 8 drops of water, respectively. They were presented 
either alone or in pairs. In the latter case, one shape in the pair would be selected randomly by 
the computer and its associated reward would be delivered to the monkey in the end of the trial. 
In addition, in some trials, we manipulated the monkeys’ attention by changing the visual 



saliency of one shape in the pair with a quick rotation of 100 ms. The rotated shape was 
randomly chosen and was not linked to the reward. The monkeys were trained to maintain their 
fixation throughout a trial. We first measured the monkeys’ pupil size and confirmed that they 
learned the meaning of each shape. The pupil size dilation was positively correlated with the 
shapes’ value after the shape onset. When a pair of shapes was presented, the pupil size dilation 
reflected the value of the shape that predicted a larger reward. We next recorded from the OFC 
neurons. The activity of a subset of neurons was modulated by shapes’ value during the shape 
presentation period. When two different shapes were presented together, the firing rates of the 
OFC neurons reflected the value of the shape that predicted a larger reward more. Finally, the 
salience change produced a small but significant effect on the neurons’ responses. For neurons 
that had higher firing rates for larger value stimuli measured under single stimulus conditions, 
their response to a pair of stimuli was also larger when the larger value stimulus in the pair was 
rotated than when the smaller value stimulus was rotated. The latency of the attentional 
modulation relative to the onset of the rotation was similar to the latency of their visual response, 
suggesting a bottom-up attention mechanism was in play. Our results provided evidence of 
attentional modulation of the activity of value-sensitive OFC neurons. They provide insights to 
understanding how attention may affect value-based decision making. 
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Abstract: Synapses are polarized sites of contact that mediate communication between neurons. 
Most excitatory synapses in the brain are located on actin-rich dendritic spines. Spines can 
rapidly remodel in response to environmental stimuli, and this structural plasticity is important 
for neural circuit formation, learning, and memory. Conversely, aberrant spine morphogenesis is 
associated with numerous neurological disorders, including intellectual disabilities and autism 
spectrum disorder. Thus, elucidating the mechanisms that regulate the formation and plasticity of 
spines and associated synapses will provide critical insights into brain function and disease. Rho 
GTPases direct the actin dynamics that drive the formation and remodeling of spines and 
synapses. While precise spatiotemporal regulation of Rho GTPases is necessary for their 
function, little is known about the mechanisms that enable Rho GTPase activators (GEFs) and 
inhibitors (GAPs) to act in concert to regulate Rho GTPase signaling. Recently, we identified a 
complex composed of a Rac-GEF (Tiam1) and a Rac-GAP (Bcr) that cooperate to regulate 
excitatory synapse development. Disruption of Bcr function within this complex increases Rac1 
activity and spine remodeling, resulting in excessive synaptic growth that is rescued by Tiam1 
inhibition. In contrast, Tiam1 loss results in decreased spino- and synaptogenesis and behavioral 
abnormalities in mice. Notably, receptors utilize the Tiam1-Bcr complex to control 
synaptogenesis. In response to EphB receptor activation, Tiam1 induces Rac1-dependent spine 
formation, whereas Bcr prevents Rac1-mediated receptor internalization, promoting spine 
growth over retraction. Likewise, we found that the adhesion-G-protein-coupled receptor BAI1 
(ADGRB1) regulates spine and synapse development by recruiting Tiam1, Bcr and the polarity 
protein Par3 to synaptic sites where they mediate local Rac1 activation and actin remodeling. 
Together, these results suggest that a GEF/GAP complex containing Tiam1 and Bcr is required 
to maintain appropriate levels of Rac1 signaling necessary for proper excitatory synapse 
development. 
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Abstract: Angiomotin (AMOT) is a scaffolding protein that has been shown to play a central 
role in the formation of cell-cell contacts. To date two AMOT isoforms have been described - an 
80kDa isoform (p80) and a 130kDa isoform (p130). Both the p80 and p130 isoforms contain a 
coiled-coiled region that is necessary for the association of AMOT with the RhoGAP protein 
Rich1. The the p130 isoform contains a unique N-terminal region that binds f-actin. Currently, 
little is known about the role of AMOT in the nervous system. Here we show that both the p130 
and p80 isoforms are present in the developing and adult CNS, with unique subcellular 
distributions in dissociated hippocampal neurons. While the p80 isoform is diffusely distributed 
in dissociated hippocampal neurons, the p130 isoform is enriched in dendritic spines consistent 
with its association with PSD-95 and MUPP-1. The N-terminal region of p130 is necessary to 
direct the protein into dendritic spines. Photobleaching experiments reveal that the mobility of 
the N-terminal region is similar to GFP-actin. When co-expressed with GFP-actin, the N-
terminal fragment has no effect on actin mobility. Interestingly, full-length p130, when co-
expressed with GFP-actin, is able to stabilize actin implicating the importance of the C-terminal 
region of p130 in regulating actin dynamics. Accordingly, silencing of p130 leads to multiple 
defects including changes in dendritic spine morphogenesis, synaptic function and Cdc42 
activity. Together our results suggest that p130 AMOT functions to control dendritic spine 
morphogenesis by regulating Cdc42 activity and thus actin dynamics, providing evidence of a 
novel function for AMOT in the CNS. 
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Abstract: Mutations in genes encoding Rho regulators have been found to underlie various 
forms of intellectual disability (ID). Oligophrenin-1 (OPHN1), which encodes a Rho-GAP, was 
the first identified Rho-linked ID gene. It was initially identified by the analysis of a balanced 
translocation t(X;12) observed in a female patient with mild ID. Subsequent studies revealed the 
presence of OPHN1 mutations in families with ID associated with cerebellar hypoplasia and 
ventriculomegaly. Most OPHN1 mutations identified to date have been shown, or predicted, to 
result in OPHN1 loss-of-function; however, the pathophysiological role of OPHN1 remains 
poorly understood. By temporally and spatially manipulating OPHN1 gene expression, we found 
that during early development postsynaptic OPHN1 plays a key role in activity-dependent 
maturation and plasticity of excitatory synapses, indicating the involvement of OPHN1 in normal 
activity-driven glutamatergic synapse development. More recently, we obtained evidence that 
OPHN1 plays also a critical role in mediating mGluR-LTD in CA1 hippocampal neurons. 
mGluR-LTD induction elicits rapid dendritic OPHN1 synthesis, which is dependent on mGluR1 
activation. This response is essential for mGluR-LTD, as acute blockade of OPHN1 synthesis 
impedes LTD. mGluR-induced OPHN1 mediates LTD and associated persistent decreases in 
surface AMPARs via interactions with Endophilin-A2/3. Importantly, this role of OPHN1 is 
separable from its effects on basal synaptic strength, which require both OPHN1’s Rho-GAP 
activity and interaction with Homer1b/c. The former contributes to the stabilization of synaptic 
AMPARs, while the later facilitates receptor recycling and thereby maintenance of a mobile pool 
of surface AMPARs. Thus, our data unveil a multifunctional role for OPHN1 at CA1 synapses. 
Independent of its role in activity driven glutamatergic synapse development, regulated OPHN1 
synthesis plays a role in mGluR-dependent LTD. As such, our findings provide insight into the 
cellular basis by which mutations in OPHN1 could contribute to the behavioral and cognitive 
deficits in OPHN1 patients. 
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Abstract: The specific wiring of the nervous system is essential for its function. Defects in 
wiring mechanisms can lead to several neurodevelopmental diseases and incorrect perception of 
sensory cues. According to the Chemoaffinity Hypothesis, cell surface receptors identify neurons 
and guide their connectivity, through protein-protein interactions. While many such “molecular 
tags” have now been identified directing processes such as axonal guidance and synapse 
specification, it is unlikely that the complex connectivity of the animal brain can be explained by 
the limited number of molecules known to guide it. We have addressed this fundamental 
question by high-throughput interaction screening of cell surface receptors and secreted ligands 
of the three largest extracellular protein families in Drosophila melanogaster, and identified 
novel protein families with neurodevelopmental functions. In this study, we focused on two 
protein families belonging to the Immunoglobulin superfamily (IgSF), the Dprs and the Dpr-
interacting proteins (DIPs), with 21 and 9 members respectively. We and others have now shown 
that these proteins are expressed throughout the nervous system, and in specific patterns that 
identify neurons, and function in synapse specification and neuronal survival in the optic lobe 
and in neuromuscular junctions. We have also studied the molecular principles of recognition 
between Dprs and DIPs using biochemical and biophysical techniques. Using an avidity-driven 
extracellular protein-binding assay, we revealed the “Dpr-ome” – all interactions between Dprs 
and DIPs. The network of interactions revealed that both Dprs and DIPs are cross-reactive; i.e. 
they interact with multiple partners in overlapping and complex patterns. The Dpr-DIP interface 
can support thirty-six unique Dpr-DIP interactions. Our crystal structure and the supporting 
affinity measurements of Dpr6 bound to DIP-alpha show a hydrophobic interface driven by 
shape complementarity, and not by electrostatics. Overall, we believe that (1) shape 
complementarity might be more suitable to a highly cross-reactive interface, such as the Dpr-DIP 
interface, and (2) cross-reactivity is a valuable strategy to address the problem of a limited 
number of molecular interactions defining a very large number of cellular interactions. 
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Abstract: Microglia are abundant within brain regions that process information about reward 
and subtle perturbations in maturation of the reward circuitry may be linked to susceptibility to 
developing substance dependence. However, the properties of microglia within the developing 
reward circuitry are poorly defined and it is not known whether these cells participate in synaptic 
pruning and circuit maturation. We used transgenic mice that express EGFP within microglia to 
quantify the density, morphology, and phagocytic capacity, of these cells in three key regions of 
the reward circuitry: the ventral tegmental area (VTA), the nucleus accumbens (NAc), and the 
medial prefrontal cortex (mPFC). Microglial density peaked during early postnatal periods in all 
three regions and then declined sharply to adult levels. However, in the NAc, microglial density 
peaked at postnatal day (P) 10-12, while in the VTA and mPFC microglial density peaked at 
P14-16, suggesting that achievement of adult microglial distribution in different brain regions 
follows a distinct time course. In the visual system, phagocytosis of synapses is most pronounced 
in microglial cells with a sparsely-branched, amoeboid morphology. Morphology of microglial 
cells within the reward circuitry became significantly more complex as development progressed, 
with prominent branching evident in all investigated brain regions by P12. This rapid anatomical 
maturation suggests that microglial participation in synaptic pruning within the reward circuitry 
may parallel that observed in the visual system and peak within the first postnatal week of life. 
However, preliminary analysis of microglial phagocytotic capacity through immunostaining for 
CD68, a lysosomal marker, indicates that microglial CD68 content is equal across time points in 
all assessed brain regions. Together these observations raise the possibility that maturation of 
microglial morphology and tissue distribution may be regulated independently from phagocytotic 
activity. Future studies will define the full time course of microglial-mediated synaptic pruning 



within distinct regions of the reward circuitry and determine whether disruption of these 
processes affects responses to exposure to drugs of abuse. 
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Abstract: MeCP2 is a transcriptional modulator involved in the onset of different brain 
pathologies when mutated in humans; between these Rett syndrome (RTT) is the disease by far 
most frequently associated with such mutations. RTT is a neurological disorder that mainly 
affects girls (1/10.000 live born female) and is characterized by autistic features, seizures, ataxia 
and stereotypical hand movements. Recent evidences (Bedogni, 2015) demonstrated that MeCP2 
could play an important role during embryonic stages of development as early as at E15.5. We in 
fact detected transcriptional deregulations suggestive of a delay (or possibly a stall) in the 
acquisition of full mature neuronal identity. Interestingly, much of the transcriptional effects 
persisted at later time points (E18 and P8), suggestive that such defects could persist throughout 
life. Possibly due to such transcriptional defects, MeCP2 null neurons respond less, in vitro, to 
stimuli such as glutamate or current injection, which could be in agreement with the fact that at 
such early stages of maturation Mecp2 null neurons exhibit reduced neuritis length and nuclear 
size, as well as a delay in the expression of proper markers of cortical layer identity. Such defects 
could thus be considered the earliest features affecting Mecp2 null cortexes, leading to the delay 
in proper network formation and strongly concurring to the later exacerbation of the overall 
neurological phenotype displayed by Mecp2 null animals in adulthood. 



Disclosures:  F. Bedogni: None. C. cobolli Gigli: None. L. scaramuzza: None. R. rossi: 
None. C. kilstrup-Nielsen: None. N. landsberger: None. 

Nanosymposium 

104. Synaptogenesis and Activity-Dependent Development 

Location: N426A 

Time: Sunday, October 18, 2015, 8:00 AM - 11:15 AM 

Presentation Number:  104.07 

Topic: A.05. Synaptogenesis and Activity-Dependent Development 

Support: NIH Grant NS077907 

 Nancy Lurie Marks postdoctoral grant 

Title: Activity dependent corticostriatal development and its implication in Autism spectrum 
disorders 

Authors: *R. PEIXOTO, W. WANG, D. CRONEY, Y. KOZOROVITSKIY, B. SABATINI;  
Harvard Med. Sch., Cambridge, MA 

Abstract: Autism spectrum disorders (ASDs) are characterized by a core set of symptoms 
including communication deficits, impaired reciprocal social interactions and repetitive 
stereotyped behaviors. ASD symptoms often emerge during the toddler stage following an 
apparent normal infancy and resulting in the regression of previously learned abilities. This late 
onset and selective degradation of cognitive features suggest that some forms of ASD may arise 
from impaired neurodevelopmental processes affecting specific neuronal circuits during 
particular stages of development. Recent studies suggest that abnormal development of caudate 
and associative cortical regions are associated with ASDs. However, a detailed functional 
characterization of corticostriatal development and its relevant regulatory mechanisms is still 
lacking. Using a combination of optogenetic, chemicogenetic and electrophysiological 
approaches we found that the majority of corticostriatal synaptogenesis in mice occurs during a 
narrow postnatal developmental period characterized by a correlated increase in cortical and 
striatal activity and the emergence of bursting firing patterns in SPNs. Early corticostriatal 
connectivity is highly dependent and modulated by acute and chronic changes in cortical activity 
suggesting that imbalances in cortical function affect SPN and basal ganglia circuit development. 
In addition, we found that mouse models of ASD with cortical hyperexcitability exhibit 
increased corticostriatal connectivity. Taken together these results indicate that corticostriatal 
development is highly influenced by cortical activity and point to a potential common 
pathophysiological mechanism underlying several forms of ASD. 
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Abstract: Neurons are probably the most polarized/compartmentalized cell type in the human 
body. Their polarity establishment starts with axon/dendrite specification. Further 
compartmentalization occurs during the formation of dendritic spines, which receive most of the 
excitatory synaptic inputs in the brain. This raises the exciting possibility that proteins regulating 
global cell polarization are involved in the localized polarity during dendritic spine formation. 
Indeed our studies show that the Par (Partitioning-defective) polarity complex, which includes 
Par3, Par6 and atypical PKC (aPKC), plays a key role in spine morphogenesis. Par3 functions 
through the Rac exchange factor TIAM1 to locally regulate the activity of the small GTPase Rac; 
while Par6 and aPKC function through p190 RhoGAP and the RhoA GTPase. Our recent studies 
show that another polarity protein Par1 is involved in dendritic spine morphogenesis downstream 
of NMDA receptors. Par1 functions through phosphorylating the synaptic scaffolding protein 
PSD-95 on Ser561. We further found that phosphorylation of this site regulates a conformational 
switch that is important for bidirectional spine structural plasticity. Together, our studies reveal 
important roles for Par polarity proteins in dendritic spine morphogenesis and plasticity. 
Ongoing studies are aimed at elucidating how the interplay between different Par proteins 
regulates synaptic plasticity. 
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Title: Activity-dependent localization of monomeric G-actin to spines during synapse formation 
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Abstract: The actin cytoskeleton is enriched in dendritic spines and its dynamic remodeling 
underlies the development and modification of the postsynaptic structure during plasticity. Actin 
filaments (F-actin) are polymerized from and disassemble into globular actin monomers (G-
actin). A wide range of accessory proteins are known to regulate the assembly and disassembly 
of F-actin, as well as to organize actin filaments into distinct networks for different cellular 
functions. G-actin is generally thought to exist as a single diffusible pool throughout the cell to 
passively support actin assembly. In this study, we present evidence that a pool of monomeric G-
actin is preferentially enriched in dendritic spines of hippocampal neurons in cell culture and in 
organotypic slices. Importantly, this spine enrichment of G-actin can be regulated by synaptic 
activity as LTP induction can markedly increase the spine pool of G-actin that appears to 
correlate with spine enlargement. The spine enrichment of monomeric G-actin is further 
supported by G-actin mutants that cannot be polymerized into filament. Interestingly, these non-
polymerizable G-actin mutants also undergo activity dependent localization to spines, suggesting 
an intriguing mechanism underlying spatiotemporal regulation of G-actin distribution. 
Overexpression of the non-polymerizable G-actin was found to result in the impairment of spine 
development and structural changes associated with synaptic plasticity. Finally, we show that G-
actin enrichment in spines depends on several actin monomer-binding proteins. Together, these 
findings highlight a novel actin mechanism by which spatiotemporal targeting and delivery of G-
actin into spines regulate the actin remodeling needed for spine formation and modification 
during synaptic plasticity. 
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Abstract: Development of cortical microcircuits is a complex process wherein newborn neurons 
extend their axons in search of inputs from targets in the vicinity - a process also known as 
synaptogenesis. This is important for both excitatory and inhibitory newborn neurons, as it helps 
them to become functional units of the cortical circuit and establish a correct balance between 
excitation and inhibition, disruptions in the maintenance of which results in neurodevelopmental 
disorders. Morphological and functional studies in the rodent hippocampus, midbrain and 
hypothalamus have revealed that GABAergic synapses develop before Glutamatergic synapses. 



Only a handful of studies on the GABA-Glutamate sequence of synaptogenesis exists in the 
developing neocortex, and they provide contrasting results. In an attempt to provide detailed 
functional evidences of the GABA-Glutamate sequence of synaptogenesis on principal neurons 
in the developing rodent neocortex, we performed electrophysiological, morphological and 
behavioral studies. We found that Glutamatergic miniature postsynaptic currents (mPSCs), 
which are an indicator of Glutamatergic synaptogenesis, appear earlier than GABAergic mPSCs 
in Layer 2/3 of the neocortex. Interestingly, frequencies of both Glutamatergic and GABAergic 
mPSCs show an ‘abrupt’ increase at postnatal day 9 (P9). This abrupt increase in Glutamatergic 
and GABAergic synaptogenesis is modulated by Serotonin because systemic Serotonin reuptake 
inhibition with Selective Serotonin Reuptake Inhibitors (SSRIs) accelerates the development of 
Glutamatergic and GABAergic synaptogenesis in Layer 2/3 of the neocortex. Interestingly, in 
Layer 5 of the cortex the frequencies of both Glutamatergic and GABAergic mPSCs increase in 
a linear fashion and no abrupt changes in the frequencies of Glutamatergic and GABAergic 
mPSCs are observed. Currently, we are assessing the morphology of all recorded cells. In order 
to investigate the sequential development of sensory and motor behaviors, we performed 
behavioral experiments using the SHIRPA test in young rat pups aged between postnatal day 2 
and 10. We observed that by P7, a period in development when thalamocortical afferents are in 
position in Layer 4 of the neocortex, most sensorimotor tasks were performed successfully by 
pups. Currently, we are assessing the integration of sensory information by huddling behavior in 
pups. Taken together, our results suggests that Glutamatergic synapses are formed prior to 
GABAergic synapses in the neocortex and that, in Layer 2/3, synaptogenesis increases abruptly 
between postnatal day 8 and 9, with Serotonin modulating this abrupt increase. 
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Title: Activation of Rac by the guanine nucleotide exchange factor (GEF) Asef2 regulates 
dendritic spine formation through a spinophilin-dependent targeting mechanism 
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Abstract: Dendritic spines are small, actin-rich protrusions that comprise the postsynaptic 
terminals of excitatory synapses. Rho family GTPases, which include Rac, Rho, and Cdc42, are 
key regulators of dendritic spine formation through their ability to control actin dynamics. 
However, the upstream and downstream signals that modulate Rho GTPases in spine formation 
are not well understood. In this study, we show that the Rho family GEF Asef2 promotes 
dendritic spine formation through activation of Rac. Knockdown of Asef2 with shRNAs causes a 
decrease in the number of spines and synapses, whereas expression of GFP-tagged Asef2 results 
in an increase in spine and synapse density. The Asef2-mediated effect on spines and synapses is 
abolished by expression of Asef2 GEF-activity-deficient mutants or by knockdown of Rac, 
suggesting that Asef2-Rac signaling is critical for dendritic spine formation. Because the F-actin 
binding protein spinophilin localizes to dendritic spines and associates with Asef2, we 
hypothesized that spinophilin has a role in Asef2-mediated spine formation. Indeed, Asef2 is 
recruited to dendritic spines by spinophilin. In addition, knockdown of spinophilin negates the 
Asef2-mediated effect on spine and synapse formation, suggesting that the recruitment of Asef2 
to spines by spinophilin is critical for spine formation. Collectively, our data demonstrate that 
spinophilin-Asef2-Rac signaling is an important, new mechanism for regulating dendritic spine 
and synapse formation. Interestingly, alterations in the Asef2 gene have been linked to autism 
and to the co-occurrence of alcohol dependence and depression, which are disorders associated 
with dendritic spine defects, suggesting that the Asef2 signaling pathway is crucial for 
maintaining normal cognitive and behavioral functions. 
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Title: The kinesin motor unc-104/KIF1A promotes synaptogenesis by restraining the 
Wallenda/DLK MAP kinase signaling cascade 
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Abstract: A functional synapse requires the synthesis and localization of synaptic vesicles, 
concomitant with the assembly and positioning of cytomatrix components of the pre-synaptic 
active zone, however the cellular events that regulate this process are still poorly understood. 
Previous studies have suggested an important role for the unc-104/KIF1A motor in the transport 
of synaptic vesicle precursors and active zone components to the synapse. It is therefore 
surprising that synaptic defects in unc-104 mutants can be rescued independently of the global 
defects in axonal transport. Mutations in the MAPKKK Wallenda (Wnd)/DLK and downstream 
signaling components JNK and Fos rescue the active zone assembly impairment, synaptic 
vesicles loss and electrophysiological defects of multiple hypomorphic mutations in unc-104. 
Our findings, using the Drosophila neuromuscular junction (NMJ) as a model synapse, indicate 
that the synaptic assembly defects in unc-104 mutants are largely due to over-active Wnd/DLK 
signaling: loss of unc-104 function leads to activation of a transcriptional reporter for Wnd/DLK 
signaling, nerve terminal overgrowth, and enhanced axonal regeneration, all of which depend on 
Wnd/DLK pathway function. Wnd protein is misregulated in unc-104 mutants, and ectopic 
activation of Wnd signaling in motoneurons causes synaptic assembly and neurotransmission 
defects that mimic loss of unc-104. These findings highlight an important role for Wnd in 
regulating synaptogenesis, as well as an intriguing relationship with a kinesin motor. This role is 
independent (and likely upstream) of other unc-104 synaptogenetic cargos, liprin-α and Rab3. 
Rather than directly influencing unc-104’s transport functions, the Wnd signaling pathway plays 
a regulatory role downstream of unc-104 in synaptogenesis by controlling the protein level of 
components of synaptic vesicles and pre-synaptic active zones. The regulation of Wnd by unc-
104 reveals a mechanism for globally coordinating the synthesis of synaptic proteins with their 
transport. Taken together with previous findings that Wnd/DLK promotes the regenerated 
growth of injured axons and unc-104 promotes synapse formation, we propose that the Wnd 
signaling pathway under the control of unc-104 is generally utilized during development and 
plasticity to coordinate a switch between states of axons: axons that are growing but not forming 
synapses (when Wnd signaling is on and unc-104 is inactive), versus axons that are primed to 
form synaptic contacts (when Wnd signaling is off and unc-104 is active). 
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Abstract: Camillo Golgi and Santiago Ramón y Cajal famously argued over whether the 
nervous system was one big syncytium or instead a network of independent units. While Cajal 
won the day and it is clear that neurons are separate units, communication between neurons can 
occur directly at electrical synapses. Electrical synapses are created by gap junction (GJ) 
channels between neurons and allow direct cytoplasmic communication. While we know 
electrical synapses are important for nervous system function, we know little about the molecular 
mechanisms that build neuronal GJs. We have utilized the zebrafish Mauthner (M) circuit to 
identify mutations that affect electrical synaptogenesis and identified two classes of mutants: 1) 
the Disconnect (Dis) class, which disrupts synapse formation, and 2) the Amped (Amp) class, 
which cause ectopic synapses to form. We found that the Dis3 mutation disrupts a homologue of 
connexin36 (cx36), the main, mammalian neuronal GJ forming gene. During GJ formation, both 
the pre- and postsynaptic neurons contribute hemichannels composed of hexamers of Cx protein 
to form GJs. Despite this apparent simplicity, GJs can contain multiple different Cx proteins, 
which can affect their functional properties. Through genome gazing we found that zebrafish 
have four orthologous cx36-like genes, cx34a (Dis3), cx34b, cx35a, and cx35b, but their roles in 
synaptogenesis are unclear. We developed a CRISPR-based in vivo screen and found that only 
cx34a and cx35a were required for M synapse formation. We further found that Cx34a is 
required exclusively postsynaptically, while Cx35a is required exclusively presynaptically, for 
synaptogenesis. Our CRISPR screen also identified a scaffolding molecule that is required 
exclusively postsynaptically for synapse formation. Together we conclude that vertebrate 
electrical synapses can be molecularly asymmetric in GJ composition, but also at the level of 
intracellular scaffolding. These asymmetries suggest a molecular mechanism for generating 
signaling unidirectionality across the synapses and further suggest that we are just scratching the 
surface of electrical synapse complexity. Moreover, this work represents the first steps into 
understanding the molecular mechanisms of how electrical synapses form and allows Golgi to 
rest a bit easier. 
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Abstract: Microglia are cells of the myeloid lineage that infiltrate the brain during development 
and play a role both in the maturation of brain circuits and in its response to inflammation and 
injury. During early development microglia phagocytosis is important for removing whole 
neurons, while later in development it appears to have a role in selectively eliminating synapses. 
We and others have shown that mutations that block neuron-microglia signaling are able to 
interfere with this phagocytic function and result in deficits in brain wiring. Specifically, we have 
shown that mice lacking the neuron-microglia signaling chemokine Cx3cl1 show an 
overabundance of weak synaptic contacts, presumably due to a deficit in synaptic elimination 
and maturation. We found that these deficits were associated with widespread weak functional 
brain connectivity and deficient social and repetitive behavior, all hallmarks of autism. These 
findings propose for the first time a specific neurophysiological deficit for weak functional 
connectivity and open the possibility that deficits in microglia function could contribute to key 
features of autism. 
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Abstract: Synapse loss is a hallmark of many neurodegenerative diseases including 
Huntington’s disease HD (Graveland et al., 1995; Ferrante et al., 1991; Mucke et al., 2012). HD 
pathology involves reduced synaptic transmission in the basal ganglion and loss of synaptic 
proteins. Despite synaptic dysfunction being one of the earliest events in HD pathology, the 
mechanisms driving synapse loss remain unknown. During development, synapse loss as a result 
of pruning is a normal and highly regulated process required for the correct wiring of the brain. 
Our laboratory along with others have shown that microglia play a key role in regulating this 
process (Schafer et al., 2012; Paolicelli et al., 2011). In the developing mouse visual system, 
microglia phagocytose synapses that are undergoing pruning in a manner that is dependent on 
complement (C1q, C3 and CR3) and neuronal activity (Stevens et al., 2007; Schafer et al 2012;). 
Our data suggest a model in which less active synapses are selectively labeled with complement 
and then engulfed by microglia that express complement receptors (CR3/Cd11b). In 
Huntington’s disease, microglial activation is an early event in HD pathology and upregulation 
of complement components has been detected in post-mortem tissue. We hypothesize that the 
developmental mechanism of microglia-mediated synaptic pruning is aberrantly reactivated early 
in Huntington’s disease (HD) pathology and mediates early synapse loss and dysfunction. In 
support of this hypothesis, preliminary data from two HD models (BACHD, zQ175) show that 
phagocytic microglia are enriched in disease affected regions (striatum and motor cortex) and 
engulf cortico-striatal synapses prior to the appearance of motor and cognitive deficits. Super-
resolution microscopy reveals that complement proteins localize to vulnerable cortico-striatal 
synapses during periods of active synapse loss and treatment with a novel C1q blocking antibody 
is able to reduce synapse loss in these HD models. Together, these results suggest that aberrant 
interactions between the complement system and microglia may drive early loss of cortico-
striatal synapses and contribute to behavioral deficits and neurodegenerative pathology in HD. 
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Abstract: Microglia are the brain’s resident immune cells and play critical roles in functions 
such as defense against infection, disease and injury as well as network development, synaptic 
plasticity and adult neurogenesis. The majority of studies investigating microglial process 
dynamics in health and disease have been carried out in anesthetized animals, which typically 
exhibit a slow-wave sleep-like state. Given that slow-wave sleep is critical for synaptic 
development, network maintenance, and post-injury recovery, and microglia are implicated in 
facilitating all these processes, we wondered whether microglia may have different roles in the 
brain depending on arousal state. While the biological basis for sleep’s effect on the brain is not 
well understood, we hypothesized that microglial implement their dynamic homeostatic and 
immune functions preferentially during sleep states. In order to test this hypothesis, we 
determined microglial motility in anesthetized and awake states. We used the CX3CR1-GFP 
mouse line to quantify in vivo basal microglial motility and found that microglia have 
significantly reduced motility in awake animals, resulting in decreased formation of pseudopodia 
and consequently tissue surveillance. We then investigated whether noradrenergic signaling, 
known to contribute to changes in arousal, contributes to the decreased microglial motility during 
wake states. By pharmacological stimulating beta-2 noradrenergic receptors, which are enriched 
in microglia, we observed decreased motility in anesthetized animals demonstrating that 
noradrenergic stimulation is sufficient to inhibit microglial motility. Recent evidence has 
implicated microglia as being active participants in ocular dominance plasticity, a role that likely 
depends upon their process motility. To begin to test whether microglial roles in ocular 
dominance plasticity require sleep state-like process motility, we monocularly deprived animals 
for 4 days to induce an ocular dominance shift in binocular visual cortex, while simultaneously 
injecting the beta-2 agonist salmeterol every 12 hours. We observed that animals continuously 



injected with beta-2 agonists did not have an ocular dominance shift, suggesting that chronic 
inhibition of microglial motility prevents the structural remodeling of neuronal networks. Our 
results suggest that microglial functions may depend on periods of sleep and that disruptions of 
sleep may lead to disrupted tissue homeostasis and/or poor post-injury outcomes. 
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Abstract: Obesity is associated with chronic inflammation and cytokines in the obese systemic 
environment infiltrate the brain parenchyma. Exposure to inflammatory cytokines activates 
microglia, the primary immune cell population in the brain, and hippocampal inflammation may 
mediate increased vulnerability to age-related cognitive impairment in obesity. Microglial 
activation and synaptic deficits are present in models of obesity, but interrelationships between 
these processes remain poorly understood. We isolated primary microglia from mice maintained 
on high- or low-fat diets (HFD, LFD) to determine whether obesity promotes internalization of 
neuronal synapses, or ‘synaptic stripping.’ Initial studies evaluated microglial internalization of 
subcellular fractions labeled with a pH-sensitive fluorophore (pHrodo). Comparison of pHrodo-
labeled synaptosomes, nuclei, or mitochondria revealed that microglia from HFD mice exhibit 
significantly greater uptake of synaptosomes, relative to LFD microglia. Uptake of other 
fractions was similar in cells from HFD or LFD mice. These findings were consistent with 
increased overlap between microglial processes and hippocampal synaptic puncta in tissue from 
HFD mice. Microglia are highly motile, and static analyses do not address mechanisms for 
colocalization with synapses in obesity. To generate a more dynamic measure, we performed 
time-lapse imaging in the presence of nucleosides, growth factors, and cytokines that promote 
attraction between microglia and neurons. Primary microglia from HFD or LFD mice were 



stimulated with ATP, M-CSF, or Complement 3 (C3) followed by visualization of actin 
redistribution. Microglia from HFD mice showed greater membrane ruffling and process 
outgrowth in the presence of C3, and increased actin redistribution relative to LFD microglia. 
Because obesity also increased C3 receptor (C3R) expression, we subsequently applied 
synaptosomes to microglia from HFD or LFD mice in the presence of a C3R inhibitor. Inhibiting 
C3R blocked the effect of obesity, suggesting that microglia in the obese brain exhibit more 
aggressive synaptic stripping and greater sensitivity to eat-me signals. While more studies will be 
necessary to determine whether synaptic phagocytosis contributes to hippocampal dysfunction in 
obesity, the data are consistent with reports of increased rates of dementia among obese 
individuals. Understanding how obesity-induced inflammatory signaling influences the brain 
could lead to new treatments that attenuate risk in vulnerable populations. 
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Abstract: Microglia, the brain’s resident immune cells and phagocytes, are emerging as critical 
regulators of developing synaptic circuits in the healthy brain. Recent studies from our lab and 
others indicate that microglia engulf synapses in the developing brain; however, how microglia 



know which specific synapses to target for removal remains a major open question. We found 
that microglia are one of the major cellular effectors mediating developmental synaptic 
refinement, and that their activity-dependent engulfment of presynaptic inputs in the dorsal 
lateral geniculate nucleus of the thalamus (dLGN) may underlie the removal of weak or 
overlapping inputs necessary to establish mature synaptic circuits (Schafer et al., 2012). We 
identified C1q, C3, and microglial C3 receptor, CR3, as required for promoting microglial 
phagocytosis of retinogeniculate inputs and normal synaptic refinement (Bialas and Stevens, 
2013, Schafer et al., 2012, Stevens et al., 2007). As these molecules are classic innate immune 
signals known for directing macrophages to phagocytose apoptotic cells or debris, our findings 
suggest that microglia-mediated pruning may be analogous to the removal of non-self material 
by phagocytes in the immune system. To prevent bystander damage during an immune response, 
the immune system employs protective signals to inhibit inappropriate phagocytosis of healthy 
self cells. We hypothesize that these protective signals are also required in the CNS to prevent 
inappropriate microglial engulfment of necessary connections during synaptic refinement. In 
support of this, we have identified an immune protective signal that is enriched in the dLGN 
during peak pruning and required to prevent excess microglial engulfment of synaptic inputs. Its 
receptor is primarily expressed by microglia in the dLGN during peak pruning and 
downregulated by microglia in adulthood. Mice lacking the protective signal exhibit increased 
microglial engulfment of retinogeniculate inputs during peak pruning as well as overpruning of 
eye-specific territories in the developing dLGN. Moreover, this increased engulfment may lead 
to reduced synapse numbers in adulthood, with a specific loss of retinogeniculate synapses. 
These data are the first to demonstrate that “breaks” on microglial phagocytosis are required to 
protect necessary connections from inappropriate removal. Microglia-mediated synaptic 
refinement thus appears to depend on a careful balance of positive and negative regulators of 
phagocytosis, and understanding the consequences of disrupting this balance may provide insight 
into disorders characterized by immune dysregulation and circuit abnormalities. 
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Abstract: There is growing evidence for a critical role for neuroimmune interactions in brain 
development and both genetic associations and environmental risk factors implicate immune 
molecules in neurodevelopmental disorders. Recent genetic data from multiple large cohorts of 
individuals with autism spectrum disorder (ASD) and schizophrenia (SZ) demonstrate 
associations with genes encoding immune molecules, including several cytokines and their 
receptors as well as genes within the major histocompatibility complex (MHC). Among the 
cytokines, the interleukin (IL)-1 family is enriched in genetic mutations associated with ASD and 
SZ. In addition to genetic associations, there is increasingly compelling evidence for 
environmental risk factors that alter immune responses, especially maternal infection during the 
late first trimester, for both disorders. During brain development, immune molecules are present 
at synapses where they regulate synapse formation and function. In the CNS, IL-1 receptor 
complex co-receptors, IL1RAPL1 and IL-1RAcP, function as central synaptic organizers through 
trans-synaptic interactions with PTPδ. We recently discovered that IL-1β, acting through this 
receptor complex, bi-directionally regulates cortical connectivity in a dose-dependent manner. 
IL-1β levels are also altered in the brain of postnatal offspring in a mouse model of maternal 
infection (MIA), suggesting that IL-1β signaling might mediate the effects of MIA in altering 
connectivity and leading to SZ and ASD-like behaviors.  Indeed, both IL-1β and MIA appear to 
decrease synapse density through altering the synaptic localization of IL1RAPL1 and IL-1RAcP. 
These elevated levels of IL-1β also increase MHCI expression on neurons and MEF2 signaling, 
which are required for IL-1β to decrease synapse density. We are currently studying the 
relationship between these two immune pathways in synaptogenesis during development and in 
disease, which may be a central mechanism underlying aberrant cortical connectivity in SZ and 
ASD. 
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Abstract: The neuromuscular junction (NMJ) is the sole site of communication between motor 
neurons and muscle fibers. With aging, this motor neuron-muscle link is disrupted, leaving some 
muscle fibers completely disconnected from nervous system control. Muscle denervation is a 
major cause of loss of independence and increased morbidity and mortality in the elderly. 
Retraction of motor neuron axons from muscle motor end plates is a feature of normal 
development that also occurs with aging. During development, each muscle fiber is initially 
contacted by multiple motor neurons. By the end of the second postnatal week, in mice, most 
motor neuron axon branches have retracted, leaving mature muscle fibers singly-innervated. We 
find that developmental synapse elimination at the NMJ is promoted by specific immune 
proteins, members of the major histocompatibility complex class I (MHCI). Multiple members of 
the large MHCI gene family are expressed at the NMJ when synapse elimination is occurring, 
and developmental synapse elimination at the NMJ is persistently impaired in two different lines 
of MHCI-deficient mutant mice: β2m-/-TAP-/- mice, which lack stable cell-surface expression of 
most MHCI proteins, and Kb-/-Db-/- mice, which lack the classical MHCIs H-2K and H-2D. 
Furthermore, synapse elimination is modestly but significantly accelerated in mice that 
overexpress the classical MHCI H-2D under the control of the neuron-specific enolase promoter 
(NSE-Db mice). Thus classical MHCIs promote synapse elimination at the developing NMJ, and 
modifying MHCI expression can bidirectionally regulate synapse elimination: decreasing MHCI 
expression disrupts synapse elimination, while increasing MHCI levels accelerates synapse 
elimination. MHCI mRNA levels increase in aging MNs that are vulnerable to aging-related 
denervation, but MHCI expression is relatively low in MNs that are resistant to aging-related 
denervation (e.g., the extraocular muscles). We find that aging-related muscle denervation is 
reduced in MHCI-deficient mice. These results suggest that aberrant re-activation of MHCI-
dependent synapse elimination mechanisms might contribute to denervation of aging muscle. 
They also raise the possibility that reducing MHCI expression in aging motor neurons could 
protect against aging-related muscle denervation. 
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Abstract: It is now appreciated that the brain is immunologically active. Highly conserved 
innate immune signaling responds to pathogen invasion, injury and promotes structural 
refinement of neural circuitry. However, it remains generally unknown whether innate immune 
signaling has a function during the day-to-day regulation of neural function in the absence of 
pathogens and irrespective of cellular damage or developmental change. We have identified an 
innate immune receptor, a member of the peptidoglycan pattern recognition receptor family 
(PGRP-LC), that is required for the induction and sustained expression of homeostatic synaptic 
plasticity. This receptor functions presynaptically, controlling the homeostatic modulation of the 
readily releasable pool of synaptic vesicles following inhibition of postsynaptic glutamate 
receptor function. Thus, PGRP-LC is a candidate receptor for retrograde, trans-synaptic 
signaling, a novel activity for innate immune signaling and the first known function of a PGRP-
type receptor in the nervous system of any organism. 
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Abstract: Adult-onset major mental illnesses, such as psychotic and mood disorders, are caused 
by multiple genetic and environmental factors, but a common pathophysiological mechanism in 
the developmental trajectory may exist. Our central hypothesis is that changes in stress cascades 
from adolescence are connected to aberrant synaptic pruning, which in turn leads to behavioral 
abnormalities in adulthood. We provided data from two distinct models both exhibiting 
behavioral abnormalities relevant to psychotic disorders only after adolescence. First, maternal 
immune activation (MIA) elicited by polyinosinic:polycytidylic acid at embryonic day 9 
displayed increased glucocorticoids and blunted immune response particularly in microglia in 
young adulthood. Second, the CAMKII::DN-DISC1 Tg mice, in which the dominant negative 
DISC1 transgene is expressed under the CaMKII promoter, showed increased oxidative stress, 
glucocorticoids, and cytokines in young adulthood. In addition, the DISC1 model displayed a 
reduction in spine density between P42-P49. Furthermore, administration of a compound 
FRAX486 during the critical period in adolescence ameliorated the spine changes and behavioral 
deficits (e.g., forced swim test) in adulthood. Data of possible spine changes in MIA will also be 
discussed. 
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Abstract: The nervous system is endowed with potent and adaptive mechanisms that ensure 
robust and reliable functionality of synapses, referred to as synaptic homeostasis. Recent 
evidence indicates that defects in synaptic homeostasis may contribute to the etiology of 
complex neurological and psychiatric diseases. Presynaptic homeostatic plasticity (PHP) has 
been observed in organisms ranging from Drosophila to humans, where inhibition of 
postsynaptic receptors leads to a compensatory increase in presynaptic release that restores 
normal transmission. However, the mechanisms underlying PHP remain enigmatic. Using 
forward genetic approaches in Drosophila, we have previously identified mutations in two genes, 
the schizophrenia susceptibility gene dysbindin and snapin, to be required for PHP. Dysbindin 
and Snapin are components of the Biogenesis of Lysosome-related Organelles Complex 1 
(BLOC-1), a complex consisting of Dysbindin, Snapin, and six other protein subunits. 
Biochemical evidence suggests that all eight subunits function as a unit, although this hypothesis 
has not been rigorously tested using genetic approaches. Further, the role of the BLOC-1 in 
general, and in the nervous system in particular, is unclear. To determine the function of the 
BLOC-1, we have generated null mutations in Drosophila of a central component, pallidin. We 
find that like Dysbindin and Snapin, Pallidin traffics to synaptic terminals and is not necessary 
for synapse morphology at the neuromuscular junction. However, while basal synaptic 
transmission appears unperturbed, BLOC-1 components are necessary to sustain the full synaptic 
vesicle pool under high frequency stimulation. Imaging and ultrastructural analyses indicate that 
endosomal intermediates are disrupted during high activity in the absence of BLOC-1 
components, leading to a striking buildup of tubular endosomal structures. We also find that 
while Dysbindin is necessary for PHP through the modulation of the readily releasable synaptic 
vesicle pool, Pallidin is dispensable for this process. We present a model in which the entire 
BLOC-1 complex is necessary to maintain the recycling synaptic vesicle pool under conditions 
of high activity by facilitating the traffic of vesicles through synaptic endosomal intermediates. 
However, only a distinct subset of the BLOC-1, including Dysbindin and Snapin, are necessary 
for the homeostatic modulation of presynaptic release through a specific increase in the readily 
releasable pool. Together, this reveals shared and distinct functions of BLOC-1 subunits in 
activity- and plasticity-dependent trafficking of synaptic vesicles. 
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Abstract: Convergent lines of evidence indicate a key role of immune- and inflammation-related 
abnormalities in the pathophysiology of schizophrenia, including higher mRNA levels for 
multiple cytokines and for the viral restriction factor interferon-induced transmembrane protein 
(IFITM) in the prefrontal cortex (PFC). The transcription factor nuclear factor-κB (NF-κB) 
directly regulates the expression of the same cytokines and IFITM variants that are 
overexpressed in schizophrenia, and we recently reported higher mRNA levels for two NF-κB 
family members (i.e. NF-κB1 and NF-κB2) in the PFC in schizophrenia. Furthermore, NF-κB 
transcriptional activity is initiated through multiple canonical and non-canonical pathways that 
involve a diverse collection of receptors, DNA binding inhibitors, and disinhibiting kinases. In 
addition, evidence of immune disturbances has also been reported for bipolar disorder (BP) and 
major depressive disorder (MDD). Consequently, we determined whether other NF-κB family 
members and components of canonical and non-canonical pathways that activate NF-κB are 
similarly over-expressed in schizophrenia, BP, and MDD using quantitative PCR in PFC area 9 
from 62 schizophrenia subjects individually matched to healthy subjects for sex and age and also 
from 19 triads of BP, MDD and healthy subjects. In schizophrenia subjects, we found higher 
mRNA levels for 1) other NF-κB family members, including RelA and c-Rel but not RelB, 2) 
multiple receptors that initiate NF-κB signaling (e.g., TLR4, IL-1R, LTβR, CD40, RANK), 3) 
inhibitors that bind to, interfere with, and are themselves induced by NF-κB (e.g., IκBα, IκBβ, 
but not IκBε) and 4) kinases that phosphorylate and allow IκBs to be degraded (e.g., IKKα, 
IKKβ, IKKγ). Transcript levels for NF-κB2 and c-Rel, but not other NF-κB-related markers, 
were higher in BP, while mRNA levels of NF-κB-related markers were not altered in MDD. The 
convergent findings of higher mRNA levels of 1) multiple NF-κB family members, 2) canonical 
and non-canonical pathway markers that initiate NF-κB signaling, and 3) immune markers that 
are reported to be induced by NF-κB (i.e. IκBs, cytokines, and IFITM) suggest that NF-κB 
transcriptional activity is elevated in schizophrenia. Given the central role of NF-κB as a 
transcriptional regulator of immune activation, higher NF-κB activity may represent a molecular 



hub that promotes greater transcription of a wide array of immune-related markers in the PFC in 
schizophrenia but not in mood disorders. Taken together, these studies support further 
investigation into the potential role of NF-κB-related markers as therapeutic targets in 
schizophrenia. 
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Abstract: Immune dysfunction is observed in numerous neurological conditions that feature 
social deficits as a core symptom, such as autism spectrum disorder (ASD). Whether immune 
dysfunction directly contributes to the pathogenesis of ASD or is a product of an alternative 



etiology is unknown. To test this, we manipulated mouse peripheral and central immune systems, 
both genetically and pharmacologically, and measured behavior and neuronal connectivity. 
Immune deficiency caused social deficits and aberrant hyper-connectivity in many fronto-
cortical nodes. These social deficits and the aberrant hyper-connectivity were rescued by 
restoring the immune system integrity. We further determined the soluble mediators that are 
released from the peripheral immune cells and are affecting both central immunity (microglia) 
and neurons. Interestingly, these mediators are all involved in anti-microbial and anti-viral 
immune responses. We analyzed the transcriptomes of multiple organisms and determined a link 
between social behavior and immune gene signatures. Our data suggest that some immune genes 
may be essential to a co-evolutionary arms race between the necessity for organisms to be social 
and the greater propensity to spread pathogens as organisms aggregate. 
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Abstract: The hippocampus plays a crucial role in learning and memory consolidation 
throughout life. Mechanisms of synaptic plasticity such as long-term potentiation (LTP) and 



long-term depression (LTD) are thought to be cellular correlates of learning and memory. Thus, 
manipulations that enhance plasticity are of interest as a means of enhancing cognition. The 
innate immune receptor Paired Immunoglobulin-like Receptor B (PirB) is expressed in forebrain 
pyramidal neurons including hippocampus. PirB is also a receptor for Beta amyloid; congruently, 
genetic deletion of PirB in mouse models of Alzheimer’s disease protects against memory loss. 
Here, we examine PirB’s role in hippocampal synaptic plasticity, learning and memory. Either 
germ-line (PirB-/-) or conditional excision (cKO) of PirB in excitatory neurons of CA3 and CA1 
regions of hippocampus, result in LTD at CA3-CA1 synapses that is deficient using the standard 
low-frequency induction protocol; paradoxically, a modest LTP is observed. In WT, LTD 
expression at CA3-CA1 synapses is accompanied by a decrease in probability of release (Pr), a 
mechanism known to be cannabinoid receptor type 1 (CB1R)-dependent. However, this decrease 
in Pr is not observed in PirB-/- or cKO mice, a finding that can explain the deficient LTD in 
these mice. Consistent with this shift in Hebbian synaptic plasticity favoring LTP, PirB-/- mice 
perform better on hippocampus-dependent learning and memory tasks. For example, in fear 
conditioning, PirB-/- mice acquire the task approximately twice as fast as WT; on the subsequent 
cued and contextual recall of fear conditioning, PirB-/- mice spent 2-3X more time freezing than 
WT. Together, results suggest that PirB is part of a signaling network that regulates Hebbian 
synaptic plasticity by modulating presynaptic parameters such as release probability. 
Therapeutically, pharmacological blockade of PirB could result in cognitive enhancement, and 
might be useful for treating memory impairment in Alzheimer’s disease. 
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Abstract: The pathological accumulation of tau is associated with a number of diseases 
including Alzheimer’s Disease (AD). A severe loss of synapses occurs at the early clinical stages 
and has been correlated with cognitive deficits in AD patients; however the time course of this 



synapse loss and how the turnover of synapses is affected are relatively unknown. Here we use in 
vivo two-photon microscopy to assess the temporal dynamics of axonal boutons and dendritic 
spines in a transgenic mouse model of human tauopathy, rTg4510, which expresses the P301L 
tau mutation downstream of a tetracycline-operon-responsive element. Adeno-associated virus 
expressing GFP was injected into the layer 2/3 of the cerebral cortex to enable the visualisation 
of neurons and a cranial window was implanted for long-term imaging of the somatosensory 
cortex. GFP-labelled neurons were imaged weekly between five and twelve months of age. This 
time period spans the onset of pathology through to severe cortical neurodegeneration in this 
model. The gross morphology of axons and dendrites and the dynamics of their synaptic 
structures were assessed in wild-type and transgenic mice of different ages as pathology 
progresses. In addition, a third group of animals received doxycycline to determine the effects of 
suppressing the pathogenic P301L transgene on synaptic structures and neurite morphology. 
Weekly imaging of a period of over six months enabled the dynamics of synapses to be 
determined at a temporal resolution which has not previously been reported in wild-type animals 
or in a tauopathy model. Gross morphological changes such as the presence of dystrophic 
neurites were visible as the pathology progressed. These dystrophic neurites were found to have 
a distinctive morphological phenotype prior to degeneration. Alongside this, synapse loss and 
changes in the stability of synapses were also present. These synaptic and morphological changes 
and the effects of transgene suppression will inform subsequent drug discovery studies to 
identify novel therapies to stabilize synapse loss in AD and other tauopathies. 
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Abstract: Although Alzheimer’s disease (AD) has been well characterized from an anatomo-
pathological point of view, its causes remain elusive and an effective disease-modifying therapy 
is still awaited. While the contribution of Tau to AD neurodegeneration is certain, the relative 
contribution of soluble oligomers and neurofibrillary tangles (NFTs) to the trigger and 
progression of the pathology remains largely unknown. NFT numbers have been correlated with 
cognitive decline and synaptic loss, but they may only reflect the final products of 
neuroprotective processes against toxic oligomeric Tau. Our aim was to generate a fast-
developing model of tauopathy, independently of the beta-amyloid component of AD, to study 
the role of soluble and aggregated Tau species in the pathological processes leading to dementia. 
To that purpose, adeno-associated viral vectors (AAV) encoding the human 1N4R Tau isoform 
were injected in the hippocampus of adult rats. Overexpression of either the wild-type (WT) or 
the P301L mutant protein induced Tau hyperphosphorylation and its missorting to the somato-
dendritic compartment, characteristics of early stages of tauopathy. In addition, we designed a 
new AAV vector allowing co-expression of WT Tau and a pro-aggregant peptide in a 1:1 
stoichiometric ratio. At one month post-injection, while overexpression of WT Tau alone did not 
lead to its aggregation into fibrils, its co-expression with the pro-aggregant peptide led to the 
formation of AT100-positive somatic inclusions composed of full-length WT Tau. Animals 
injected with the P301L mutant-Tau construct presented a slower kinetic of aggregation, starting 
at 1 month post-injection with neuritic aggregates, and converting into somatic lesions at 3 
months post-injection. Preliminary results suggest that the different Tau constructs do not present 
the same capacities to trigger neurotoxic effects. This could be related to differences in the 
kinetic of aggregation. Behavioral analysis at 2 months post-injection will help us decipher 
which species of Tau are responsible for the cognitive deficits. This model, the first in rats to 
show fast aggregation of the wild-type form of Tau, will be useful to study the pathological 
pathways linking the aggregation of Tau to neuronal distress and could lead to the identification 
of new therapeutic targets. It could also facilitate the development of biomarkers by dosage in 
the CSF and plasma, or using in vivo PET imaging. 
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Abstract: Recently, we reported that peripheral injection of a single-chain variable antibody 
fragment (scFv) against the tau protein resulted in a strong in vivo brain signal in tg tauopathy 
mice using an In vivo Imaging System but not in wt or amyloid-β plaque mice (Krishnaswamy S 
et al, J Neurosci, 34, 2014). Similar specificity but a weaker signal was observed with 6B2G12, 
the parent tau monoclonal antibody (mAb). Importantly, signal intensity correlated well with the 
degree of tau pathology and probe colocalization with intraneuronal tau aggregates. Both were 
associated with markers of endosomes, autophagosomes and lysosomes, suggesting their 
interaction in these degradation pathways. Here we compared signal intensity of various mAbs 
against different tau epitopes in the same tg tauopathy mice (P301L, htau), that received a single 
intravenous (i.v.) injection of different mAbs. Two doses were compared (50 vs. 250 µg), 
sometimes in the same animals. At least a week interval was between injections to allow the 
brain signal to subside to baseline background values. As expected, the larger dose gave several 
fold higher brain signal for all the mAbs, suggesting that their brain uptake is not saturated at the 



lower dose. Generally, 6B2G12 (KD=10-9-10-10 M) led to 2-3 fold stronger signal than: 1) a lower 
affinity (4E6G7, KD=10-7 M) but more phospho-selective mAb against the same 396,404 
epitope; 2) a high affinity (5G2A3, KD=10-9 M) mAb against Asp421 truncated tau, and; 3) a low 
affinity mAb against conformational tau (2D2, KD not yet determined). These differences likely 
reflect both the relative prominence of these tau epitopes in these mice and the affinities of the 
mAbs. All showed specificity for tau pathology, resulting in a much stronger brain signal in 
tauopathy mice compared to a very weak brain signal in Aβ plaque- (Tg-SwDI) or wt mice. 
Limited signal was also detected with control IgG. Importantly, the signal correlated well with 
the degree of tau pathology and the i.v. injected mAbs partially colocalized with stained neuronal 
tau aggregates (PHF1, MC1 and tau-5) and markers of endosomes, autophagosomes and 
lysosomes (EEA1, LC3, P62 and Rab7) as we had observed previously with 6B2G12. Overall, 
these findings suggest that tau mAbs against different epitopes can be used to assess epitope 
prominence in vivo in mouse models but their affinities are likely to matter as well. Smaller 
antibody fragments of such imaging probes with even better brain penetration resulting in a 
stronger brain signal have great potential as clinical imaging ligands. 
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Abstract: In different tauopathies, the progressive deposition of tau protein into neurofibrillary 
tangles (NFTs) suggests a spread of misfolded tau through the neural system. In Alzheimer’s 
disease (AD), pathological tau aggregation occurs in a distinct pattern in connected areas, 



suggesting a trans-synaptic propagation of tau through the neural system: tangles form first in the 
entorhinal cortex from where they spreads through the limbic system, cortical areas, and finally 
throughout the brain. NFT pathology and spreading can be mimicked in genetic mouse models 
expressing, for example, human tau carrying the FTDP-17 mutation P301L. To generate a more 
versatile and adaptable model of tau expression, we use AAV-mediated eGFP-2a-tau expression 
in mice. This approach benefits from the individual expression of tag-less P301L tau in 
combination with eGFP labeling of transduced tau expressing neurons. Stereotactic injections of 
AAV eGFP-2a-P301Ltau into distinct brain areas of different aged mice of different genetic 
backgrounds facilitated the comparison of tau vulnerability across different neuron populations. 
Postmortem FACS sorting of GFP-positive transduced neurons allowed the biochemical 
characterization of tau expressing neurons. Using immunofluorescence labeling of human tau in 
post-mortem brain sections, we were also able to identify neurons that contained human tau but 
no GFP, thus received human tau from neighboring or synaptically connected neurons. Such tau 
propagation between neurons was observed for both wild-type and P301L tau, both in wild-type 
as well as in tau knock-out mice. These finding suggested a cellular role of tau transmission 
other than prion-like templated misfolding. We believe that our eGFP-2a-tau AAVs, which can 
be used in vitro and in vivo, are great tools to reveal new details of tau biology and tau diseases. 
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Abstract: The formation and deposition of aggregates of tau protein in the brain is characteristic 
of dementias such as Alzheimer’s disease. How tau-associated neuropathology disrupts cellular 
activity and function however, remains unclear. In this study, using repeated in vivo two-photon 
imaging, we longitudinally assess changes in cortical neuronal population activity as pathology 
develops in a transgenic mouse model of tauopathy-associated dementia (rTg4510 line). rTg4510 
mice overexpress a mutant form of human tau protein, and develop forebrain neurofibrillary 
tangles, neurodegeneration, and associated cognitive impairments in an age-dependent manner. 
To assess the effect of this progressive pathology on neuronal network function, neurons in 
superficial (layer II/III) vibrissal sensory cortex in rTg4510 and wild-type littermate mice were 
infected with adeno-associated virus driving expression of the genetically encoded Ca2+ indicator 
GCaMP6. The skull dorsal to the infection site was replaced with a glass cranial window to 
allow optical access for in vivo imaging. Activity evoked by deflection of a single whisker was 
localised to the barrel field in contralateral primary somatosensory cortex using intrinsic optical 
imaging and widefield fluorescence imaging of GCaMP6. Spontaneous and sensory stimulation-
evoked Ca2+ transients from groups of individual neurons in these regions were then repeatedly 
imaged in GCaMP6 expressing neurons in lightly anaesthetised, head-fixed mice using two-
photon microscopy. Imaging sessions were performed at regular intervals between 5-to-7 
months, an age range that spans the emergence and establishment of cortical degeneration in 
these mice. Analysis of the short-term (within session) and longer-term (week-to-week) 
dynamics of neuronal activity at the regional, population and individual cell levels are used to 
establish the effect of tau-based pathology on the stability of cortical representation of sensory 
activation. 
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Abstract: Fused in sarcoma (FUS) is genetically and clinicopathologically linked to 
amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration (FTLD). We found 
that the intranuclear interaction between FUS and splicing factor, proline- and glutamine-rich 
(SFPQ) was weakened by disease-associated FUS mutants, and disrupted in both familial and 
sporadic ALS/FTLD brains. Both FUS and SFPQ regulate alternative splicing of Mapt gene at 
exon10 which generates two pathogenic isoforms of neural microtubule-associated protein tau 
(Tau) protein. Silencing of FUS or SFPQ resulted in the increased ratio of 4-repeat Tau (RD4)/ 
3-repeat Tau (RD3). Mice with hippocampus specific FUS-knockdown and SFPQ-knockdown 
exhibited abnormal behaviors mimicking FTLD-like behavioral impairments, as well as reduced 
adult neurogenesis. The aberrant behaviors and reduced adult neurogenesis were rescued by co-
silencing of RD4. Thus, our findings suggest a novel pathophysiological link between FUS and 
Tau in ALS/FTLD through the regulation of RD4/RD3 isoforms accompanied with altered adult 
neurogenesis. 
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Abstract: Neurofibrillary tangles (NFTs) composed of hyperphosphorylated microtubule-
associated protein tau (MAPT) are the best correlation with dementia stages of patients with 
Alzheimer’s disease (AD). The NFTs start in the entorhinal cortex (EC) and spread into limbic 
and association cortices in a precise and defined manner as AD evolves. We have generated a 
transgenic mouse model (line EC-Tau) in which human Tau is differentially expressed in the EC 
and pre-/para- subiculum. At younger ages (< 14 mo) tau accumulates in cell bodies in the EC 
and is distributed through the performant path. At later ages (20-24 mo), tau distribution is more 
widespread, and it includes cells in the dentate gyrus (DG) and CA1. We have now examined 
very old mice (28-36 mo) and have found that human Tau protein spreads more extensively 
through the cortex including to the perirhinal cortex (PRC). The temporal and spatial distribution 
of Tau pathology in the whole mouse brain is currently being investigated using the iDISCO 
brain clearance method. Mature tauopathy in the EC correlates with neuronal cell loss. At ~24 
months of age, there is significant loss of NeuN-positive neurons in EC-layer II (EC-II) of EC-
Tau mice compared to control mice (P < 0.05). At ~34 months of age, neuronal loss is more 
extensive with significantly less neurons being observed in EC-II, EC-III/IV, and pre-/para-
subiculum of EC-Tau mice compared to control mice (P 0.05). At 30+ months of age, however, 
EC-tau mice showed significant spatial and non-spatial learning and memory deficits compared 
to control mice (P < 0.05). Spatial disorientation and confusion in familiar surroundings is an 
early symptom commonly seen in patients with AD. The medial entorhinal cortex (MEC) is 
severely affected in AD. The MEC contains grid cells which are involved in spatial orientation 
so we examined neuronal activity in grid cells in the MEC of the EC-tau mice using in vivo 
microelectrode array recording. Neuronal activity was shown to be altered in 30+ mo old EC-
Tau mice compared to control mice. Overall, EC-tau mice demonstrate progressive tauopathy 
that impacts neurodegeneration, physiology and cognition of relevance to the early stages of 
human AD. Keywords: Tau pathology, Alzheimer’s disease, entorhinal cortex, grid cells, 
neuronal loss, cognitive deficits, transgenic mouse model 
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Title: ROCK inhibitors for modulation of tau phosphorylation: An opportunity to target 
Alzheimer’s disease pathology and enhance memory 
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Abstract: Rho-associated, coiled-coil-containing protein kinase 1 (ROCK) is an enzyme that 
plays important roles in neuronal cells including mediating actin organization and dendritic spine 
morphogenesis. The ROCK inhibitor (ROCK-i) Fasudil has been shown to increase learning and 
working memory in aged rats, but another ROCK-i, Y27632, was shown to impair learning and 
memory. We are interested in exploring how these, and other ROCK-i, may be acting 
mechanistically to result in very different outcomes in treated animals. Thirteen different ROCK-
I were used to treat human neuroglioma cells overexpressing 4-repeat tau (H4-tau) across a 96-
hour time course. The IC-10 dosage, at which 10% of H4-tau cells are no longer viable after 120 
hours of drug treatment, was used drug-containing media was refreshed every 24 hours. The ratio 
of Serine 396 phosphorylated tau (p-tau) to total tau was measured using ELISA at each of 8 
time points. The measurement of this ratio was chosen as our in vitro bench mark for the action 
of the ROCK inhibitors. Tau protein is a putative anti-Alzheimer’s disease therapeutic target and 
we have shown previously that Fasudil can inhibit tau phosphorylation in addition to its effect on 
learning and memory. All drug treatments were compared against the corresponding time point 
for vehicle-treated cells. Fasudil was the only commercial drug to significantly decrease the p-tau 
to total tau ratio (p=0.0004). Of note, Y27632 did not decrease this ratio (p=0.218). Several of 
the novel ROCK-i did significantly decrease the p-tau to total tau ratio; of these, T343 had the 
greatest statistical significance (p=0.003). T299, another newly designed ROCK-i, displayed no 
change in the p-tau to total tau ratio despite its similarity to T343 in ROCK1 and ROCK2 
inhibition. The results of these four drugs were replicated in H4-tau cells using a higher IC-50 
dosage. While results of treatment with Fasudil, Y27632, and T343 at IC-50 doses were 
significant and in the same direction of the IC-10 dose effect (p=0.01; 0.08; 0.003), T299 at the 
IC-50 dosage in contrast significantly increased the p-tau total tau ratio (p=0.0009). 
Phosphorylation of tau at Serine 396 decreases tau mobility and the ability of tau to bind 
microtubules, possibly contributing to the tauopathy of Alzheimer’s disease. Further research is 
necessary to parse out whether the effects of Fasudil on learning and memory are mediated 
through changes in p-tau to total tau expression, or through other on- or off-target effects. We 
have begun work in this area by collecting and sequencing RNA from H4-tau cells treated by one 
of each of the four drugs at IC-50 dosage across a 36-hour time course. 
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Abstract: Activating transcription factor 4 (ATF4) is a member of the pancreatic ER kinase 
(PKR)-like ER kinase (PERK) signaling pathway that directly binds ER-stress target genes and 
plays a crucial role in both adaptation to stress and activation of apoptosis. Previous publications 
demonstrated conflicting evidences pointing to the role of ATF4 in the pathogenesis of 
Parkinson's disease. In current study we designed experiments manipulating components of 
PERK signaling pathway to determine the role of ATF4 in mediating the ER-stress response to 
human α-synuclein (α-syn) overexpression in the substantia nigra pars compacta (SNc). We used 
a combination of transgenic mice and rAAV-mediated gene transfer to tease out the exact roles 
of ATF4 in α-syn mouse model of Parkinson-like neurodegeneration. We revealed that 
restriction of ATF4 overexpression achieved by ATF4+/- transgenic mice diminished α-syn 
induced loss of nigral DA cells. Moreover, rAAV mediated ATF4 overexpression was toxic and 
this effect was provided in part through downstream mediator, pro-apoptotic CHOP. This was 
confirmed by experiments with overexpression of ATF4 in CHOP+/- and CHOP-/- mice 
demonstrated significantly diminished loss of nigral TH-positive neurons. However, loss of 
nigral neurons in these knockout models was still significant compared to C57BL6 mice injected 
with control virus. This observation suggests that besides activation of pro-apoptotic CHOP 
downstream targets there is(are) another not-identified yet pro-death pathway(s), mediated by 
ATF4. This was also confirmed in above CHOP knockout models and experiments with rAAV 
mediated α-syn overexpression in mice with double knockout of both ATF4 and CHOP. Our data 



allow to suggest that manipulation with expression of both ATF4 and CHOP proteins can have 
therapeutic potential.  
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Abstract: Parkinson’s disease (PD) is a progressive neurodegenerative disorder affecting more 
than 1 % of people over the age of 65. The neuropathological hallmarks of PD are loss of 
dopaminergic (DA) neurons in the substantia nigra (SN) and formation of intraneuronal protein 
inclusions termed Lewy bodies, composed mainly of α-synuclein (α-Syn) protein. At a late stage 
of PD, abnormally accumulating α-Syn is considered responsible for DA neuronal death, motor 
deficits and dementia. Early cognitive impairment (ECI) can precede dementia and motor 
disturbance in PD and represent an unmet medical need for the early diagnosis and treatment of 
cognitive dysfunction. In this study, we explored the mechanisms through which α-Syn 
accumulation leads to the development of ECI and its transition to dementia. Recently developed 
animal models of PD show that adeno-associated viral vector (AAV)-mediated overexpression of 
α-Syn in the midbrain of adult rats induces a progressive loss of nigral DA neurons and motor 
impairment. We therefore introduced an AAV overexpressing human α-Syn protein into young 
adult CD1 male mice by bilateral stereotaxic injection targeting either the SN or the 
hippocampus (HP). Control animals were injected with AAV-GFP. Four weeks after injection, 



mice were subjected to a series of behavioral tests and brain tissues were processed for detecting 
neurodegeneration. A separate group of animals was subjected to ex-vivo electrophysiological 
recordings in the dorsal striatum (Intracellular Patch Clamp) and in the CA1 subfield of the HP 
(Extracellular Field Potentials). Mice that received a bilateral intra-SN inoculation of the AAV-
α-Syn, showed selective motor skill and coordination learning impairment. On the other hand, 
mice injected in the HP showed selective deficits both in object memory span and in a contextual 
fear conditioning paradigm. Despite the impaired behavior observed, there was no DA neuronal 
loss within the SN. These changes were correlated with altered learning-dependent synaptic 
plasticity in striatal medium-sized spiny neurons. Also, electrophysiological recordings of field 
potentials in CA1, showed a significant impairment of LTP in AAV- α-Syn overexpressing mice. 
Twenty four weeks after AAV overexpression we found a generalized sensorimotor and 
cognitive impairment in the SN of mice overexpressing α-Syn. These findings provide in vivo 
evidence that α-Syn overexpression leads to cognitive impairment and associated changes in 
neuronal plasticity preceding neurodegeneration and dementia, suggesting the interesting 
hypothesis that ECI and dementia are due to different neuronal disease mechanisms. 
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Abstract: The etiology of idiopathic Parkinson’s disease (PD) remains enigmatic despite success 
in identification of numerous genes (PARKs) that underlie familial PD. To find new keys to this 
still incurable neurodegenerative disorder we focused on the poorly understood PARK14 disease 
locus (identified as the Pla2g6 gene) and the store-operated Ca2+ signaling pathway. Analysis of 



the cells from idiopathic PD patients revealed a significant deficiency in the store-operated 
PLA2g6-dependent Ca2+ signaling, which we could mimic in a new B6.Cg-Pla2g6ΔEx2-Vbol 
(PLA2g6 Ex2KO) mouse model. Here we demonstrate that idiopathic, genetic or molecular 
impairment of PLA2g6-dependent store-operated Ca2+ entry (SOCE) and depletion of ER Ca2+ 
stores can trigger autophagic dysfunction, and cause progressive loss of dopaminergic (DA) 
neurons in substantia nigra pars compacta (SNc) and age-dependent L-DOPA-sensitive motor 
dysfunction. Discovery of this previously unknown sequence of pathological events that could 
initiate and/or promote idiopathic PD, and the ability to mimic this pathology in a novel genetic 
mouse model opens new opportunities for cure for this devastating neurodegenerative disease. 
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Abstract: Aging has been established as the most important risk factor for Parkinson’s disease 
(PD), but the underlying mechanism leading to dopaminergic neuron degeneration is not known. 
Here we report an aging-dependent pathway involving SIRT1 and its deacetylation of 
dopaminergic neuron-specific transcription factor Foxa2 in regulating mitochondrial oxidative 
stress and dopaminergic neuron degeneration. We observed that dopaminergic neuron-specific 
knockout of SIRT1 exacerbated dopaminergic neuron degeneration in a mouse model of PD in 



aging-dependent manner, with significantly increased dopaminergic neuron loss in aged SIRT1 
knockout PD mice. This is due to elevated mitochondrial oxidative stress level in SIRT1 
knockout mice as measured by a redox-sensitive variant of green fluorescent protein. We also 
mapped novel SIRT1 deacetylation target site on Foxa2 and generated acetyl-Foxa2 specific 
antibodies. Using RNA-seq and chromatin-immunoprecipitation (ChIP), we identified a gene 
expression program controlled by Foxa2 and SIRT1 to protect against aging-dependent 
mitochondrial oxidative stress. In SIRT1 knockout mice, reduced deacetylation of Foxa2 leads to 
the change of its nuclear-cytoplasmic localization, compromised gene expression and increased 
mitochondrial oxidative stress. Remarkably, the deacetylation of Foxa2 by SIRT1 is dramatically 
changed in aged mice and human Parkinson’s disease patients, suggesting a critical role for this 
aging-dependent SIRT1-mediated deacetylation pathway in regulating mitochondrial oxidative 
stress and dopaminergic neuron degeneration in Parkinson’s disease. 
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Abstract: Autosomal dominant mutations in the multi-domain kinase LRRK2 are the most 
common genetic cause of Parkinson’s disease (PD) and are associated with classic Lewy body 
pathology associated with the sporadic form of the disorder. The pathogenic missense mutations 
are believed to impart a gain-of-function at the level of LRRK2 kinase activity, but the functional 
role of LRRK2 in the cell remains unclear and the impact of disease linked mutations are not 
well understood. Furthermore, a remaining challenge in the field is connecting LRRK2 



dysfunction to the observed synucleinopathy at a mechanistic level. Our data in various 
monocyte systems indicate that the immunologic stimulation of cells results in the recruitment of 
LRRK2 to autophagolysome membranes, its dimerization, and the facilitation of 
macroautophagy. These biochemical responses of the LRRK2 proteins can be recapitulated by 
direct stimulation of autophagy with rapamycin. Autophagic flux is reduced following the 
silencing of endogenous LRRK2 expression or the use of LRRK2 kinase inhibitors, 
demonstrating the direct contribution of LRRK2 kinase activity to the up-regulation of 
autophagic flux. Furthermore, modulation of LRRK2 expression or kinase activity can 
dramatically affect the clearance of aggregate-protein proteins. Using a G2019S knockin mouse 
model, we also observed significant alterations in glial reactivity in response to tissue injury, 
consistent with prior work supporting a physiological role for LRRK2 in non-neuronal cells. 
Independent work has also extended these findings into neuronal systems to understand the 
consequences of LRRK2 kinase inhibition and pathogenic mutation on alpha-synuclein 
homeostasis. We conducted an analysis of primary neuronal cultures harvested from wild-type 
and G2019S knockin mice, and our data reveal a complex relationship between LRRK2 activity 
and alpha-synuclein metabolism in the cell and suggest a novel model for LRRK2 dysfunction 
and disrupted proteostasis in PD. 
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Abstract: Autophagy, a lysosome-dependent catabolic pathway involved in turnover of 
intracellular proteins, protein aggregates and organelles plays an essential neuroprotective 



function during brain aging. Defects in autophagy are causatively linked to neurodegenerative 
diseases, including Parkinson’s disease (PD), and its up-regulation has been proposed as a 
potential prevention and treatment strategy. To reach this goal, it will be important to understand 
how autophagy is dysregulated in both familiar and idiopathic PD and identify molecular targets 
for its safe modulation. In a high-throughput functional screen of a human genome-wide siRNA 
library we identified ubiquitin specific peptidase 24 (USP24) as a negative regulator of 
autophagy. USP24 is a poorly-characterized gene located on chromosome 1 in the PARK10 
locus associated with late-onset PD. Consistent with a specific function for USP24 in PD, non-
synonymous single nucleotide polymorphisms (SNPs) in the coding region of this gene affect 
predisposition to PD in diverse populations. Our data demonstrate that USP24 protein levels are 
increased in the substantia nigra of a subpopulation of non-familial PD patients, suggesting 
potential involvement also in idiopathic PD. In human cell lines and in human iPS cell derived 
neurons USP24 knock-down led to up-regulation in levels of cellular autophagy, as assessed by 
translocation of the GFP-LC3 autophagy reporter from cytosolic to autophagosomal localization 
and by increase in the autophagosome associated LC3-II. Levels of autophagy induced by 
USP24 knock-down were further enhanced by lysosomal inhibitors, indicating that USP24 
inhibition increased autophagy flux upstream of the lysosomes. Knock-down of USP24 also 
caused accumulation of the type III PI3 kinase product, PtdIns3P, as assessed by quantification 
of the FYVE-dsRed reporter. Consistently, induction of autophagy by loss of USP24 function 
was attenuated in the presence of the type III PI3 kinase inhibitors, spautin 1 or 3MA. On the 
other hand, knock-down of USP24 failed to affect mTOR activity, as indicated by lack of change 
in the phosphorylation of mTORC1 targets, ribosomal protein S6 and S6 kinase. Importantly, 
induction of autophagy following USP24 knock-down was not associated with loss of cell 
viability. Instead, it lead to decreased accumulation of PD mutant α-synuclein A53T. Together, 
our data indicate that USP24 is a novel negative regulator of autophagy flux in PD, acting 
upstream of the type III PI3 kinase but downstream or independent of mTOR. 
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Abstract: Mutations in the leucine-rich repeat kinase 2 (LRRK2, PARK8) gene cause late-onset, 
autosomal dominant Parkinson’s disease (PD) and represent the most common cause of familial 
PD. LRRK2 can function as a GTPase and kinase in vitro and disease-associated mutations can 
either enhance kinase activity (i.e. G2019S) or decrease GTPase activity (i.e. R1441C, Y1699C). 
Despite their differential effects on enzymatic activity, LRRK2 mutations commonly promote 
neuronal toxicity in primary cultures, and at least for the common G2019S mutation toxicity 
appears to be dependent on kinase activity. The contribution of GTPase activity to mutant 
LRRK2-induced neuronal toxicity is poorly understood. We have previously developed an 
adenoviral-mediated gene transfer model in adult rats where the expression of human G2019S 
LRRK2, but not wild-type (WT) LRRK2, induces the progressive degeneration of nigrostriatal 
pathway dopaminergic neurons. We have recently demonstrated in this model that the neurotoxic 
effects of G2019S LRRK2 are dependent on kinase activity by the simultaneous introduction of a 
kinase-inactive mutation (D1994N) into LRRK2. In this study, we sought to similarly evaluate 
the contribution of GTPase activity to G2019S LRRK2-induced neurodegeneration. We recently 
identified a hypothesis-testing mutation, R1398L, located in the catalytic Switch II region of the 
GTPase domain which markedly enhances the GTP hydrolysis activity of LRRK2 thereby 
favoring the GDP-bound “inactive” conformation. We created adenoviral vectors expressing 
human WT, G2019S and G2019S/R1398L LRRK2 or GFP from a neuronal-specific synapsin-1 
promoter. Adult rats were subjected to unilateral intrastriatal injections of adenoviral vectors at 
six distinct locations and assessed at 42 days post-injection. LRRK2 variants or GFP were 
expressed equivalently throughout the ipsilateral striatum and to some extent within the 
substantia nigra pars compacta following retrograde axonal transport. G2019S LRRK2 induced 
the degeneration of nigral dopaminergic neurons and striatal neurite degeneration relative to WT 
LRRK2 or GFP. Importantly, the GTPase-enhanced variant, G2019S/R1398L, failed to induce 
similar neuropathological phenotypes to G2019S LRRK2 in rats. These data suggest that genetic 
enhancement of GTPase activity is sufficient to completely attenuate the neurotoxic actions of 
G2019S LRRK2. Our proof-of-concept studies support modulation of GTPase activity as a 
potentially viable therapeutic strategy for the inhibition of mutant LRRK2-induced 
neurodegeneration in PD. 
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Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disorder 
affecting the world affecting 7 to 10 million people. PD is characterized by loss of melanin-
positive dopaminergic neurons in the substantia nigra (SN). Melanoma is a malignant tumor of 
the melanin producing cells of the skin. Epidemiological studies have shown that PD patients 
have a lower risk of developing most cancers except melanoma. The occurrence of melanoma in 
PD or vice versa is substantially higher than expected, with an odds ratio of up to 6-fold (Olsen 
et al., 2006, Bertoni et al., 2010). We have used human melanoma cell lines (SK-MEL-2), 
fibroblast cell lines (CCD-1070SK), breast cancer (MCF-7) and colorectal adenocarcinoma 
(Caco-2) cells for our study. We show by cell viability (XTT) assays that overexpression of the 
WT α-synuclein and the A53T α-synuclein and subsequent treatment with Paraquat which is an 
environmental toxin causes significant increase in cell death in the SK-MEL-2 cell lines 
expressing WT α-synuclein, and mutant (A53T) synuclein as compared to the CCD-1070SK and 
MCF-7 and Caco-2 cells. Cell death is higher in the cells expressing the A53T mutant than in the 
cells expressing WT synuclein. We also show by western blotting that levels of α- synuclein and 
melanin are higher in the cells expressing the A53Tα-synuclein. By immunocytochemistry we 
show that α-synuclein and MART-1 co-localize in the SK-MEL-2 cells suggesting that there may 
be common signaling pathways that play a role in PD and melanoma which could explain the 
comorbidity between the two diseases. These cellular models will be a very useful tool to study 
the underlying mechanisms of association between PD and melanoma 
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Abstract: Parkinson’s disease (PD) is characterized by degeneration of neurons in the brainstem, 
substantia nigra and cerebral cortex resulting in autonomic and motor dysfunction, and cognitive 
impairment. Intraneuronal accumulation of alpha-synuclein is believed necessary and sufficient 
to cause neuronal degeneration in PD. Recent findings suggest that alpha-synuclein pathology 
can be propagated transneuronally, but the underlying molecular mechanisms are unknown. The 
aldehyde 4-hydroxynonenal (HNE), which is known to be generated by membrane-associated 
oxidative stress, is found in Lewy bodies in PD. Here we show that HNE binds to endogenous 
alpha-synuclein at pathophysiologically relevant concentrations in primary rat cortical neurons. 
Prolonged incubation with HNE causes alpha-synuclein accumulation of aggregated alpha-
synuclein phosphorylated at serine 129, and perinuclear accumulation of ubiquitinated proteins. 
HNE-treated neurons exhibit cleaved-caspase 3 and Thioflavin S staining. The aggregation of 
alpha-synuclein and accelerated neurodegeneration in HNE-treated neurons is attributed to 
impaired chaperone-mediated autophagy and lysosomal function at an early stage, and 
subsequent macro-autophagic deficiency. Intriguingly, HNE also triggers the release of alpha-
synuclein oligomer-containing exosomes from cortical neurons, and those exosomes are 
internalized by and toxic to previously healthy neurons. In contrast, exosomes released from 
neurons not exposed to HNE contain relatively low amounts of alpha-synuclein oligomers and 
are not neurotoxic. Additional findings suggest that alpha-synuclein associated with exosomes 
released from HNE-treated neurons can serve as a seed for the propagation of misfolded proteins 
with beta-sheet structure in recipient neurons. Our findings suggest that an aldehyde generated 
by membrane-associated oxidative stress can interfere with alpha-synuclein degradation in 
lysosomes, thus promoting the intraneuronal accumulation of αalpha-synuclein oligomers, many 
of which are then released from the cells in exosomes which can then transfer cytotoxic alpha-
synuclein oligomers to other neurons. 
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Abstract: Current pharmacotherapy for Parkinson’s Disease (PD) replaces depleted dopamine 
(DA) with a DA precursor, L-DOPA. While initially beneficial, this treatment eventually causes 
L-DOPA Induced Dyskinesia (LID), characterized by excessive and uncontrolled movements. 
Ninety percent of PD patients treated with L-DOPA develop LID within ten years, some more 
rapidly than others. In previous studies comparing the putamina of “dyskinetic” and 
“nondyskinetic” PD patients, our lab discovered that mitochondrial DNA (mtDNA) was 
significantly decreased in the dyskinetic group. Evidence suggests that LID is caused by 
maladaptive changes in striatal neurons, which are likely exacerbated by abnormalities in 
metabolic pathways. While mtDNA encodes subunits of the mitochondrial respiratory chain, the 
relationship between mtDNA quantity and neuronal function remains unclear. We hypothesized 
that because deficits in mitochondrial fission and fusion can impact mtDNA quantity, decreased 
mtDNA levels may have a reciprocal effect on mitochondrial dynamics. Alterations in the 
balance between mitochondrial fusion and fission can both negatively impact cell function and 
viability, and may translate to molecular changes analogous to those seen in models of LID. 
Here, we treated primary striatal cultures from mouse and rat with ethidium bromide to decrease 
mtDNA levels. We also expressed an shRNA against the mtDNA polymerase to decrease 
mtDNA levels in a neuroblastoma cell line. By examining expression levels of genes associated 
with mitochondrial fission and fusion (Dnm1l, Fis1, Mfn1, Mfn2, and Opa1) and determining 
mitochondrial morphology with imaging, we found a close relationship between mtDNA levels 
and mitochondrial morphology. Small decreases in mtDNA promote a pro-fusion response, 
whereas decreasing mtDNA beyond a certain threshold results in a pro-fission response. 
Subsequent studies will attempt to identify the tipping point between these two responses, as 
well as pinpoint any species-related differences. Overall these results suggest that decreased 
mtDNA may potentiate the development of LID by destabilizing the mitochondrial network and 
consequently the intracellular environment. 
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Abstract: DJ-1 (PARK7) mutations are linked to recessively inherited Parkinson’s disease (PD), 
and its dysregulation is implicated in sporadic PD as well as in other neurodegenerative disorders 
such as Alzheimer's and Huntington's diseases. DJ-1 is a highly conserved, multifunctional 
protein that is cytoprotective in neurons and may be necessary for astrocyte-mediated 
neuroprotection against oxidative stress. In addition to quenching reactive oxygen species 
through the oxidation of its cysteine residues, DJ-1 binds to transcription factors and mRNAs 
that are involved in the antioxidant response, effectively regulating both transcription and 
translation in response to oxidative stress. Yet, the impact of DJ-1 in regulating non-coding 
RNAs, including microRNAs (miRNAs) that play a prominent role in the transcriptome and 
protein expression, has yet to be studied. Here, we employed Affymetrix GeneChip Human Gene 
2.0 ST RNA expression microarray to screen for microRNAs modulated by DJ-1. Efficient DJ-1 
knock-down in human neuroblastoma SH-SY5Y cells was achieved by using pooled multiple 
silencing RNAs (siRNAs) against DJ-1. Among sixteen microRNA species that were found to be 
differentially expressed by greater than 1.5-fold as a result of DJ-1 depletion, we identified 
microRNA-221 (miR-221) to be down-regulated to the greatest extent. miR-221, which is one of 
the most abundant miRNAs in the human brain, reportedly facilitates cell proliferation and self-
renewal, as well as promotes neurite outgrowth and neuronal differentiation. RT-qPCR analyses 
confirmed that while knock-down of DJ-1 decreases the level of miR-221, the re-introduction of 
wild-type DJ-1, but not its pathogenic mutants L166P or M26I, can restore miR-221 expression. 
Notably, over-expression of mature miR-221 via transfection with its precursor pre-miR-221 
construct is cytoprotective against MPP+-induced cell death. Conversely, the inhibition of 
endogenous miR-221 via transfection with anti-miR-221 construct (complementary to mature 



miR-221) sensitizes cells to MPP+. Additionally, miR-221 down-regulates pro-apoptotic 
molecules such as Bcl-2-like protein 11 (BCL2L11/Bim/Bam) to normal levels even when cells 
are exposed to significant oxidative stress. These findings suggest that miR-221 contributes to 
DJ-1 mediated neuroprotection through inhibiting apoptotic mechanisms, and PD associated DJ-
1 mutants lose the ability to regulate this microRNA and its protective effects. 
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Abstract: Acid-sensing ion channels (ASICs) are one key mediator of acidosis-induced neuronal 
injury. Little is known about the relative abundance of different ASIC subunits in the brain. In 
this study, we semi-quantitatively determined the molar ratio of different ASIC subunits in 
mouse brain. ASIC1a subunits outnumber the sum of ASIC2a and 2b. There was a region-



specific variation in ASIC2a and 2b expression, with cerebellum and striatum expressed 
predominantly 2b and 2a, respectively. Regarding differential trafficking, in acutely dissected 
brain tissue, ASIC1a and 2a but little 2b reached the cell surface. Consistent with the 
biochemical results, ASIC2 deletion attenuated neuronal injury in multiple brain regions. These 
data suggest that the main functional ASICs in brain are ASIC1a homomers and ASIC1a/2a 
heteromers at a 2:1 stoichiometry, and ASIC2 plays an indispensable role to acid signaling in the 
brain. 
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Abstract: Stroke is the third leading cause of death in the United States and affects 15 million 
people worldwide annually. Understanding the exact mechanisms of tissue damage and the 
contribution of infiltrating immune cells to detrimental inflammation in acute stroke will lead to 
novel therapies. Several studies have identified lymphocytes, particularly CD4 T cells, as key 
mediators of the detrimental effects caused by cerebral ischemia/ reperfusion injury (CI/RI), in 
an experimental animal model for stroke. Published data from our lab indicates that IL-21 is a 
key CD4+ T cell-derived innate inflammatory factor that contributes to increased early ischemic 
tissue injury and infarct volume. We presented data that blocking IL-21 prior to or 1 hour 
following transient Middle Cerebral Artery Occlusion (tMCAO) decreased ischemic lesion 
formation and the lack of IL-21 protected mice from tissue damage in the CNS. Finally, we 
detected CD4+ IL-21+ T cells in the CSF filled subarachnoid and perivascular spaces 



surrounding and penetrating infarcted tissue in post mortem brain tissue from human patients 
with acute stroke. Elucidating the molecular mechanisms for how T cell produced IL-21 acts can 
reveal novel therapeutic targets for limiting reperfusion damage post stroke. Preliminary data 
from our lab and others suggests that endothelial CXCL13 is up-regulated following tMCAO. 
Furthermore recent studies have identified new populations of circulating IL-21-producing 
CXCR5+ (ligand for CXCL13)ICOS+IL-21+ T follicular helper cells (Tfh) are associated with 
human diseases. Despite this, there is a lack of knowledge about the contribution of circulating 
Tfh cells to pathogenesis of stroke. Based on these publications and our preliminary data, we 
hypothesize that following tMCAO, endothelial CXCL13 is up-regulated and preferentially 
recruits CXCR5+ICOS+IL-21 producing Tfh cells to increase reperfusion induced damage. The 
target of these IL-21 producing T cells is also unknown. Our preliminary data suggest that IL-21 
damages neurons surrounding the infarcted core to increase reperfusion-induced damage. During 
oxygen glucose deprivation (OGD) conditions, IL-21R is most highly up-regulated on neurons 
compared to other cells of Central Nervous System. Moreover, addition of IL-21 to neurons in 
vitro increases neuronal cell death by autophagy. Finally, IL-21R is expressed on penumbral 
neurons following tMCAO. Based on our published and preliminary data, we propose that IL-21 
is a novel critical mediator of ischemic injuries in the brain and that IL-21-targeting therapies 
might be beneficial in stroke. 
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Abstract: We hypothesize that the lactate dehydrogenase genes A and B (LDHA and LDHB) 
can be used as prototypes to understand hypoxic gene induction and hypoxic gene repression and 



reactivation upon re-perfusion. The hypoxia inducible factor (HIF) is a transcription factor 
protein that binds to DNA promoters and drives expression of specific genes such as LDHA 
when oxygen tensions are low. In contrast, the molecular mechanisms driving hypoxic gene 
repression and reactivation after re-perfusion are not understood. This study utilizes human 
glioblastoma (GBM) cells to study the molecular mechanism controlling hypoxic repression and 
reactivation of LDHB. GBM cell line U118-MG was obtained from the American Tissue Culture 
Collection (ATCC) and cultured as per ATCC protocols. The cells were subjected to normoxic 
(pO2 = 20.9% circulating culture chamber air) or hypoxic (pO2 = 0) conditions for 3 and 22 
hours. Immunofluorescence and image analysis were used to determine the percent of cells in 
each condition that expressed LDHA or LDHB. Results demonstrate that under normoxic 
conditions GBM cells expressed more LDHB protein compared to LDHA protein (17.6% cells 
vs 7.2% cells, p=0.05). After 22 hours exposure to hypoxia, GBM cells increase expression of 
LDHA protein to significantly higher levels compared to LDHB (82% cells vs 22.6% cells, 
p=0.049) and compared to LDHA expression under normoxia (7.2% in normoxia vs 82% in 
hypoxia, p=0.002). There was no statistically significant difference in LDHB expression after 22 
hours exposure to hypoxia (17.6% in normoxia vs 22.6% in hypoxia, p=0.74) likely due to the 
long half-life of this protein (~48hours). These experiments demonstrate a model system to 
elucidate mechanisms controlling hypoxic gene repression and gene reactivation after re-
perfusion. Ongoing experiments include increasing hypoxia time points out to 72 hours, 
measuring LDHA and LDHB mRNA by real time PCR in GBM cultures, and making LDHB 
promoter reporter constructs for transfection experiments. Promoter regions potentially 
regulating hypoxic repression and reactivation have been identified by in silico comparison of 
LDHB promoter sequences in human and non-human primates. Promoter deletion constructs and 
cell transfection experiments will functionally identify the LDHB promoter region that is 
responsive to oxygen tension. This region can be used to isolate binding proteins related to LDH-
B gene regulation based on oxygen tension. The discovery of this transcription factor could serve 
to decrease the aggressiveness of tumor cells as well as lead to treatment strategies to prevent re-
perfusion injury in neural tissues after hypoxia. 
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Abstract: Brain endothelial cells form a paracellular and transcellular barrier to blood-borne 
solutes via tight junctions (TJs) and scarce endocytotic vesicles. The blood-brain barrier (BBB) 
plays a pivotal role in the healthy and diseased CNS. BBB damage after ischemic stroke 
contributes to increased mortality; yet the roles of paracellular versus transcellular mechanisms 
in this process are not well-understood. We have previously shown by intravital two-photon 
microscopy, using a transgenic strain in which endothelial TJs are labeled with eGFP, that 
stepwise impairment of transcellular followed by paracellular barrier mechanisms accounts for 
BBB deficits in stroke. Moreover, Caveolin-1 deficient mice, which have reduced endothelial 
transcellular permeability, display a normal increase in paracellular permeability after transient 
MCAO, suggesting that these two mechanisms are independent. Here, we address the role of TJ 
remodeling in regulation of endothelial paracellular permeability following stroke. The small 
GTPase Rab7 plays an essential role in regulation of trafficking inside the cell as proteins move 
from the late endosome to the lysosome for degradation. We have generated mice deficient for 
Rab7 in endothelial cells (Rab7ECKO) and have examined changes in BBB permeability, 
neuronal survival and neurological deficits at 48h after t-MCAO. We find that Rab7EC-deficient 
mice have reduced paracellular permeability following stroke, as assessed by leakage of 
biocytin-TMR tracer. This correlates with preservation of TJ structural integrity and reduced 
degradation of TJ protein at 48h after t-MCAO in Rab7ECKO mice as compared to wild-type 
littermates. Conversely, leakage of serum IgG via receptor-mediated transcytosis occurs 
normally in these mutants. Moreover, Rab7EC-deficient mice have a reduced neuronal death in 
both the sensory and motor cortex and have a moderate protection against stroke as assessed by 
several neurological tasks. These findings suggest that Rab7 regulates TJ protein trafficking and 
degradation at the late phase of stroke, which is responsible for the enhancement of paracellular 
permeability of the barrier. Moreover, inhibition of Rab7 activation in endothelial cells may 
protect CNS damage after ischemic stroke. 
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Abstract: It has been shown that erythropoietin (EPO) exerted overall neuroprotective effects in 
vivo [1] but also injurious effects on brain cells in vitro. To further elucidate mechanisms of 
EPO's action in the brain, this study was aimed to explore mechanisms of EPO's action on 
astrocytes and brain endothelial cells (BECs) in vitro during anoxia.  Rat astrocytes and BECs 
were cultured [2] and exposed either to anoxia (<0.3% O2, 5% H2, 5% CO2 in N2) or to control 
conditions (5% CO2 in air) for 2-48h. Cytokines in the cell culture media were estimated by 
ELISA; cell viability, apoptosis and necrosis were estimated by flow cytometry. Expression of 
EPO or EPOR were silenced in cultured cells using siRNAs; efficiency of silencing was 
confirmed by RT-PCR and/or ELISA. A one-way ANOVA with post hoc analysis was used with 
p<0.05 being considered as significant; group sizes were 4-10 samples/group. Anoxia (2-48h) 
exerted neither significant reduction in viability nor significant increase in apoptosis of BECs; it 
caused a significant, time-dependent reduction in the viability of astrocytes, which was 
accompanied by a significant increase in apoptosis. Addition of rat recombinant EPO did not 
exert significant effects on BECs’ viability during 2h anoxia, but significantly reduced viability 
and increased apoptosis after 24h and 48h. These detrimental effects were completely (p<0.001) 
and marginally but significantly (p<0,05) attenuated when expression of EPOR and EPO genes 
were silenced in BECs, respectively. Exposure of BECs to 24h anoxia in the medium that 
contained both EPO and vascular endothelial growth factor (VEGF) significantly reduced cell 
viability (p<0.01) and increased early apoptosis (p<0.01), an effect that was attenuated by Jak2 
kinase inhibition. Simultaneous addition of EPO and angiopoietin 1 (Ang1) exerted significant 
(p<0.05) protective effects on BECs, an effect that was attenuated when EPOR gene expression 
was silenced. Addition of EPO exerted clear protective effects on astrocytes during 2-6h anoxia, 
while it exerted detrimental effects after 24-48h. These detrimental effects were largely (p<0.01) 
attenuated when expression of EPO gene was silenced or when Jak2 kinase was inhibited. 
Addition of VEGF with EPO to the medium during 24h and 48h anoxia reversed detrimental 
effects of EPO, an effect that was attenuated when EPO gene expression was silenced. In 
conclusion, this study revealed that EPO could exert differential effects on BECs and astrocytes 



during anoxia; whether these effects were protective or injurious largely depended on 
simultaneous signaling by VEGF and Ang1. 1. Bull Exp Biol Med. 2014;156:642-4. 2. Methods 
Mol Biol 2012; 814:415-430. 
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Abstract: Zinc ions are stored in synaptic vesicles and cerebral ischemia triggers their release 
from the terminals of neurons. Intracellular zinc accumulation has been shown to play an 
important role in neuronal death following ischemia. However, little is known about the role of 
zinc in ischemia-induced blood-brain barrier (BBB) disruption. In this study, we investigated 
whether zinc contributes to ischemia-induced acute BBB disruption and the possible mechanisms 
using both cellular and animal stroke models. Exogenous added zinc dramatically increased BBB 
permeability and loss of occludin and claudin-5 in the endothelial monolayer under oxygen 
glucose deprivation conditions. Significantly, a dramatically elevated level of zinc was detected 
in cerebral microvessels isolated from ischemic rats. Treatment with a specific zinc chelator 
N,N,Nʹ,Nʹ-tetrakis(2-pyridylmethyl) ethylenediamine (TPEN), even at 60min post ischemia 
onset, not only reduced zinc accumulation in the microvessels, but also attenuated Evan’s Blue 
extravasation and reduced edema volume in the ischemic rats. Furthermore, removing zinc 
completely reversed matrix metalloproteinases activation and prevented ischemia-induced loss of 
occludin and claudin-5 in the microvessels. These findings suggest that zinc critically contributes 



to BBB interruption following cerebral ischemia/reperfusion, implicating zinc as a crucial target 
for reducing acute BBB injury in ischemic stroke. 
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Abstract: Cerebral vasospasm (CV) and related ischemic injury is a major contributor to death 
and disability after aneurysmal subarachnoid hemorrhage (aSAH) due to induction of hypoxia-
like brain damage. Our goal is understanding the molecular mechanisms of action of a potential 
therapeutic target that could be used to prevent CV-induced brain damage, mechano-growth 
factor (MGF),a splice variant of insulin-like growth factor 1(IGF-1),which has shown to be 
neuroprotective after stroke in a gerbil model of ischemic injury. In these studies specifically, we 
aimed to characterize hypoxia induced changes in the MGF mRNA and protein expression in 
different brain regions commonly affected by aSAH and CV. The brain regions analyzed were 



motor cortex, hippocampus, stratum and hypothalamus. We treated adult Wistar rats with either 
6, 8, 10 or 12 % hypoxia for 4 h or normoxia (21 % oxygen level) conditions for the same 
duration of time in an isobaric hypoxia chamber and we sacrificed the animals either at 2, 4, 24, 
72 hours or 7 days post treatment. Brain regions were micro-dissected and total RNA and protein 
were isolated using PureZOL reagent or RIPA buffer, respectively. MGF mRNA levels were 
measured using quantitative real time RT-PCR method and protein levels were analyzed using 
western blot. In addition to MGF, we analyzed expression of genes implicated to be involved in 
MGF mediated neuroprotective pathway. These included heme oxygenase 1 (HO-1) and 
biliverdin reductase A (BVA). In order to measure relationship of MGF expression to cell death, 
caspase 3 and 8 mRNA were also analyzed. Our data indicated that hypoxia induced brain 
specific changes in MGF mRNA and protein expression in a dose and time responsive manner. 
In addition, expression of genes involved in HO-1 pathway were also differentially regulated 
depending on the brain region analyzed. Lastly, these changes potentially correlated with 
alterations in the effects of hypoxia-induced cell damage. These data indicate that hypoxia has 
differential effects on MGF regulation depending on a brain region analyzed. Further studies 
need to be performed in order to understand potential molecular mechanisms associated with 
MGF effects in these brain regions and the potential use of MGF as a therapeutic agent for 
prevention of hypoxia and CV induced brain damage. 
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Abstract: Global brain ischemia/reperfusion induces neuronal damage in vulnerable brain 
regions. A key event leading to neuronal death is mitochondrial cytochrome c release which we 
have demonstrated is accompanied by release of mitochondrial Opa1, a key mitochondrial fusion 
protein. In this study, we analyzed the potential perturbations in the mitochondrial fusion/fission 
process during ischemia/reperfusion. We first evaluated whether Opa1 release from the 
mitochondria was associated with cristae junction remodeling and Opa1 complex breakdown. 



TEM images demonstrate cristae architecture is lost following global brain ischemia and this 
correlates to Opa1 and cytochrome c release from the mitochondria. Furthermore, BN-PAGE and 
Western blot of Opa1 complexes following global brain ischemia reveal loss of Opa1 oligomeric 
complexes (6 and 24 hours following ischemia, n=5, p<0.05). We next sought to determine how 
mitochondrial dynamics was affected. Simulated ischemia (OGD) of neurons transfected with 
mito-localized GFP and MR-DEVD to detect caspase activation revealed a dual phase 
fragmentation profile (i) massive fragmentation during ischemia-with no apoptosis activation, 
followed by re-fusion of mitochondrial networks after reperfusion and subsequent (ii) extensive 
fragmentation and apoptosis activation directly preceding cell death (n = 5, p<0.05). 
Mitochondrial dynamics in vivo was assessed with (i) 3D-electron microscopy (serial-block face 
scanning electron microscopy and 3D-reconstrucation) to quantify mitochondrial volume, shape, 
and length and (ii) immunofluorescence for ATP synthase. Immunofluorescence (n=5/group) and 
3D-EM (n=3/group) of control brains both exhibit mitochondria with long tubular morphology 
and Opa1 fluorescence in CA1 neurons was consistent with mitochondrial localization. In 
contrast, ischemia followed by 6 or 24 hrs of reperfusion resulted in extensive mitochondrial 
fragmentation (i.e. reduced mitochondrial length p<0.05). These data provide novel evidence that 
dysfunctional mitochondrial dynamics may play a role in cell death following brain ischemia. 
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Abstract: During social referencing, people gain knowledge about object value through the 
observation of others’ emotional responses to these objects. Previous research has shown 
increased bilateral amygdala recruitment in adults when emotional expressions towards 
previously unfamiliar objects are more unexpected (Meffert et al. 2014). This suggests a role for 



the amygdala in object valence learning, as a function of the unexpectedness of emotional 
expressions. In this study, we examined children diagnosed with Disruptive Behavior Disorders 
(Conduct Disorder and/or Oppositional Defiant Disorder) using functional Magnetic Resonance 
Imaging while they performed a similar social referencing task. During this task, participants 
viewed objects and faces that turned towards the objects and probabilistically displayed a fearful, 
happy or neutral reaction to them, whilst performing a gender discrimination task. The data 
suggest reduced amygdala responsivity to unexpected facial expressions and to learned object 
value in children with Disruptive Behavior Disorders compared to neurotypical individuals. 
Moreover, amygdala responses to object value in children with Disruptive Behavior Disorders 
are attenuated more with higher symptom severity. These results suggest a possible mechanism 
through which children with Disruptive Behavior Disorder are impaired in learning from social 
cues in their environment, which critically involves the amygdala. 
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Abstract: Fear is an adaptive emotional response to threatening situations. Maladaptation of fear 
responses, in particular of social fear, are characteristic symptoms of psychopathologies such as 
social anxiety disorder (SAD). Treatment of SAD is rather unspecific and combines 
psychotherapy and pharmacotherapy (e.g., benzodiazepines or selective serotonin reuptake 
inhibitors). In order to reveal the molecular and neuronal underpinnings of SAD, we have 
established a model of social fear using a social fear conditioning (SFC) paradigm in male mice 
which resembles SAD in humans (Toth et. al., 2012). The neuropeptide OXT has been proposed 



as a potential therapeutic agent for SAD due to its pro-social, anxiolytic and stress attenuating 
effects (Neumann and Landgraf 2012) mediated in the brain by OXT receptors (OXTR). Our 
results have shown that local infusion of OXT into the dorso-lateral septum (DLS) leads to rapid 
extinction of social fear in male and female mice. Social fear conditioned (SFC+) mice showed 
an increase in OXTR binding in the DLS which normalized after social fear extinction, while 
local OXT release in response to social stimuli was found to be blunted in SFC+ mice (Zoicas et. 
al., 2014). In line with the increase in OXTR binding we found an elevated Oxtr mRNA levels in 
the DLS, but not the dorsal hippocampus and amygdala, 2 hrs after fear acquisition. Similarly, 
the described attenuation of intracerebral OXT release was reflected by reduced Oxt mRNA 
levels in the PVN 2 hrs after social fear extinction. These results point towards a regulatory 
mechanism at the DNA level possibly via epigenetic modifications. Histone deacetylases (Hdac) 
are key enzymes which modify chromatin contributing to gene expression changes. Therefore, 
we studied the local expression of histone deacetylases (Hdac) as epigenetic markers in SFC+ 
versus SFC- mice. SFC exposure altered Hdac1 mRNA expression in the DLS of mice after 2 
hrs. Hdac inhibitors are known to augment fear extinction and rescue cognitive deficits in animal 
models of impaired extinction (Fujita et. al., 2012). Local application of MS275, a potent Hdac1 
inhibitor, in the DLS of mice 60 min before extinction training significantly increases extinction 
learning. Studies currently in progress are aimed at revealing the link between the SFC-induced 
alterations in the OXT system and the above mentioned alterations in HDAC activity within the 
DLS, which may play a role in regulating social fear in mice. Supported by Bayerische 
Forschungsstiftung and Deutsche Forschungsgemeinschaft. 
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Abstract: Background: Hippocampal neurogenesis is the process of the functional integration of 
adult-born neurons within the dentate gyrus. Recent evidence has implicated impaired 



neurogenesis in the aetiology of psychiatric disorders, and impaired pattern separation (PS) - the 
key function of adult-born neurons - may underlie the clinical manifestations of anxiety. Sport 
psychology posits that anxiety can be facilitative or detrimental, depending on the athlete’s 
perspective. When an athlete believes they have sufficient resources to cope with the demands of 
the competitive environment, the stress of competing can be facilitative; without sufficient 
demands, competing is stressful and anxiety can be detrimental. While recent reports have found 
that poor PS test performance is linked with depression, none have yet examined anxiety. We 
hypothesize that athletes with anxiety disorders and those who are stressed will perform poorly 
on the PS test, reflecting impaired neurogenesis. Methods: We administered a pattern separation 
test to 112 athletes (90M 22F) from McMaster varsity teams. All athletes underwent a 
psychiatric screening interview and sport psychology questionnaires. Individuals with anxiety 
disorders were separated into the Psychiatric group. Remaining athletes were separated by sport 
psychology results into groups of facilitative (FCL) or detrimental (DTR) competitive stress. 
Results: Athletes with anxiety disorders performed significantly worse on the PS task than those 
without (p<.0001). Anxiety on the sport psychology tests alone was mildly associated with poor 
PS performance. The DTR group performed worse than the FCL group (p<.05). Conclusions: 
These results indicate that athletes with anxiety disorders show poor performance on the PS test, 
potentially reflecting impaired neurogenesis. Importantly, it appears that for most individuals 
rather than the absolute level of anxiety it is the interpretation of anxiety that can result in 
impairments to neurogenesis. 
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Abstract: Aim: Constitutive serotonin 1A receptor knock-out mice (5-HT1A
-/-) have an anxiety-

like phenotype as well as hippocampal-dependent learning and memory (L&M) deficits. We 
aimed to assess whether exercise (Ex) or environmental enrichment (EE) would rescue these 
behavioural deficits in 5-HT1A

-/- mice. Our hypothesis was that a robust gene-environment 
interaction to EE & Ex, increased neuronal turnover in the dentate gyrus, mediated at the 
molecular level by increased brain derived neurotrophic factor (BDNF) levels, would underlie 
the restoration of the behavioural phenotype. Through this study design, we also aimed to assess 
how critical the 5-HT1A receptor is to these activity-dependent molecular & cellular processes 
stimulated by EE or Ex. Background: Anxiety disorders are the most common mental illness in 
the general population (>25% US lifetime prevalence) and are often accompanied by L&M 
impairments. 5-HT1A

-/- has been established as a mouse model of anxiety disorder. The anxiety 
phenotype has established developmental origins, and this mirrors the hypothesised effect of the 
C-109G functional polymorphism, which is associated with anxiety disorder in humans. In adult 
rodents, Ex or EE change emotionality-related behaviours as well as enhance aspects of L&M. 
Environmental manipulations could thus be seen as potential novel strategies for improving 
outcome in these disorders. Methods: 5-HT1A

-/- and wild-type (WT) littermate mice were either 
housed in environmentally enriched (EE) cages, exercise (Ex) cages with running wheels, or 
under standard housing conditions. After two weeks, their anxiety-like behaviour was assessed 
on the elevated plus maze (EPM). At the four-week point, their performance on the Morris water 
maze (MWM), a L&M task, was determined. Subsequently, hippocampal neurogenesis and 
BDNF protein levels were assessed. Results: We demonstrate experience-dependent changes to 
the different elements of the 5-HT1A

-/-behavioural phenotype. Ex, but not EE, rescued the L&M 
impairment on the MWM retention probe and that correlated with increased hippocampal 
neurogenesis and mature BDNF protein levels. EE, but not Ex, rescued the anxiety-like 
behaviour on the EPM and these effects were not mediated by either increased neurogenesis or 
BDNF. The data suggests that the 5-HT1A receptor is not critical for exercise-induced increases 
in neurogenesis or mature hippocampal BDNF protein levels. Our study demonstrates that these 
environmental interventions are differentially therapeutic in this mouse model, with implications 
for the understanding and treatment of anxiety disorder. 
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Abstract: Emotional trauma and fear may be transmitted across generations. We have recently 
demonstrated in a rodent model that maternal defense responses may be transferred to her infants 
through maternal fear expression and infant social fear learning (Debiec and Sullivan, PNAS 
2014). We have demonstrated in our model the role of the olfactory modality in this 
transmission. Since the role of chemosignaling in communicating fear in humans is yet to be 
determined, we asked whether maternal stress vocalizations play a role in the mother-to-infant 
transmission of fear. Preweaning rat pups were exposed to the previously recorded and played 
back maternal stress vocalizations (22 kHz ultrasonic vocalizations known to trigger in rats 
distress and avoidance) paired with a neutral odor. Control group included pups exposed to the 
same odor alone. Subsequently, pups' behavioral responses upon re-exposure to this odor were 
tested. Statistical analysis revealed that pups that had received pairing of distress vocalizations 
with the neutral odor as compared to pups exposed to the neutral odor alone displayed fear 
(p<0.02) and avoidance (p<0.05) upon subsequent re-exposure to this odor. In a series of other 
experiments we characterized the neural and endocrine mechanisms of this fear transmission 
through maternal stress vocalizations. Our model demonstrates that maternal fear responses may 
be transmitted to pups through maternal stress vocalizations and infant associative learning. 
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Abstract: Anxiety affects two functional domains, cognitive (excessive worry) and 
physiological (hyperarousal), which are distinctly influenced by threat. The well-recognized 
modulatory effects of anxiety on cognitive function (such as working memory) and conversely, 
cognitive performance on anxiety (such as physiological startle), need to be better understood as 
they can provide insights into treatment. One way to examine this question is to manipulate 
separately cognitive function or anxiety level pharmacologically. We present data in 60 healthy 
adults on the effects of a single dose of 20mg methylphenidate (MPH), 40mg propanolol (PRO) 
or placebo (PLA) on startle response (ocular EMG) and working memory (n back task,1-, 2-, and 
3-back) in a safe and anxiety-induced (threat of electrical shock) context. Compared to PLA, (1) 
MPH, a dopamine agonist used to treat attention deficit, was expected to improve memory 
performance and potentially decrease physiological anxiety, and (2) PRO, a beta-adrenergic 
receptor-blocking used to treat stage anxiety, was expected to reduce physiological anxiety, and 
potentially improve performance. MPH compared to PLA in the threat condition revealed better 
performance on the 3-back task, which was accompanied by stronger startle response. In 
contrast, PRO compared to PLA seemed to reduce startle, but did not affect performance. The 
amplification of the physiological response to anxiety (anxiety-potentiated startle) by MPH 
suggests that MPH impacts a component of the startle response that is different from the anxiety-
related startle response. Subjective scores on anxiety and task difficulty will be analyzed to probe 
more specifically this question, as well as the potential role of physiological anxiety on 
performance.  
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Abstract: Aim: Anxiety-related disorders are a common public health issue. Several lines of 
evidence suggest that altered NMDA receptors and nitric oxide synthase neurotransmission 
underlies anxiety. Thus, novel molecules targeting these pathways might be promising 
candidates for the treatment of anxiety related disorders. Agmatine is a NMDA receptor and 
nitric oxide synthase antagonist which may be useful for anxiety. In the present study, we 
investigated the effect of Agmatine (10, 20 and 40 mg/kg, i.p.) on behavioural and biochemical 
parameters in chronic stress induced anxiety in mice. Method: The normal and stressed male 
Swiss albino mice were administered Agmatine (10, 20 and 40 mg/kg, i.p.) for 21 days. Restraint 
stress was induced by immobilizing for 2 hours for 21 days. This induced anxiety. On 22nd day, 
anxiolytic effect was assessed by an elevated plus maze (EPM), open-field and locomotor tests. 
Restraint stress produced anxiety in EPM and open-field tests, raised corticosterone levels and 
oxidative stress (evaluated by lipid peroxidation, nitrite concentration, reduced glutathione and 
catalase activity) significantly as compared to naive group. Results: Chronic treatment with 
Agmatine for 21 days significantly reversed the chronic stress-induced behavioral (impaired 
locomotor activity, anxiety and percentage memory impairment) parameters. Oxidative defence 
system in the treated groups was strengthened as compared to naive group. Moreover, the plasma 
corticosterone level was significantly decreased with Agmatine (40 mg/kg). Conclusion: The 
study revealed that Agmatine ameliorates various chronic stress-induced behavioural and 
biochemical alterations in mice, thus showing protective effects against chronic stress. 
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Abstract: Deep Brain Stimulation (DBS) is widely used as an effective treatment for a variety of 
movement disorders such as Parkinson's disease (PD) and essential tremor (ET) syndrome. DBS 
is now beginning to be used to treat psychiatric disorders such as severe obsessive-compulsive 
disorder (OCD) and depression, often with striking results. The DBS target structure for OCD 
and depression has been described in the literature under many names including the Nucleus 
Accumbens and the ventral anterior limb of the internal capsule and adjacent ventral striatum 
(“VC/VS”). Over time, due to improving results, the target has moved posteriorly. Our target is 
more accurately described anatomically as the Ventral Pallidum (VP). The video associated with 
this abstract demonstrates the striking intra-operative results of a patient during an awake 
craniotomy for DBS of the VP for severe OCD and depression. DBS of the ventral intermediate 
nucleus (VIM) of the thalamus and the subthalamic nucleus (STN) are well known to produce an 
immediate and profound resolution of contralateral extremity tremor. This dramatic result is felt 
to be due to disruption of the discrete pathological overactive and reverberating neural circuit 
which was previously mediating this disease symptom. In the case of PD, the circuit involved is 
known as the "dorsal loop" or the "motor loop". It is one of the classical "cortical-basal 
ganglionic-thalamic-and reentrant-cortical" loops which describes the basic architecture of the 
forebrain. There are many such "reentrant" loops in the forebrain. These loops are felt to sub-
serve various aspects of motor behavior. There is also a "ventral loop", which is sometimes 
referred to as a "limbic loop". Disease within this loop has been associated with a variety of 
psychiatric disorders including depression and OCD. We targeted a component of this loop, the 
VP, in a patient with severe OCD and depression. Intra-operative high frequency electrical 
stimulation of the left VP resulted in immediate and marked affective improvement and 
contralateral (right) improved affective expression (smiling). Stimulation of the right VP resulted 
in immediate and significant affective improvement and asymmetric (left greater than right) 
affective expression (smiling). The profound, immediate, and lateralizing resolution of disease 
symptomatology with DBS in this case is highly reminiscent of the profound, immediate, and 
lateralizing resolution of tremor in PD and ET with DBS. This finding provides evidence that 
this "limbic loop" may be pathologically overactive in depression in a fashion that is analogous 
to the way that the "motor loop" is felt to be overactive in the case of tremor in PD. 
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Abstract: Anxiety, which is characterized by a sustained increase in arousal in response to 
unpredictable stressors, is difficult to study with traditional neuroimaging methods because it 
does not conform to the constraints of a typical event-related design. Several recent fMRI studies 
have used seed-based functional connectivity to study the neural correlates of anxiety, showing 
increases in connectivity among regions like the amygdala and mPFC during threat of shock. 
However, hypothesis-driven seed-based approaches do not provide information about global 
patterns in the data. Therefore, the purpose of this study was to use a data-driven approach to 
determine the effect of anxiety on functional connectivity across the entire brain. We induced 
anxiety in healthy individuals using the threat of shock paradigm. Subjects were exposed to 
alternating blocks of threat and safety and instructed that shocks would be randomly delivered 
during the threat blocks. Throughout the experiment, subjects provided continuous ratings of 
their anxiety using a button box, but no other task was performed. We recorded multi-echo fMRI 
and used an independent components analysis (MEICA; Kundu et al., 2012) to remove non 
BOLD-like artifacts from the data. We also masked out white matter and CSF, and removed 
variability accounted for by nuisance variables. Next we performed a group-level independent 
components analysis (ICA; Calhoun et al., 2005), and generated spatial maps corresponding to 
the 25 components identified. To characterize the connectivity within these components, we used 
3dTcorrMap in AFNI to correlate the timeseries for each voxel in a given component with the 
timeseries of every other voxel in the component independently for safe and threat for each 
subject. We then averaged these values to obtain a single metric that reflected the connectivity 
within a given component for each subject/condition. Using a paired sample t-test we found that 
subjects reported significantly more anxiety during threat than safety. Using a mixed-effects 
GLM we found a significant increase in within-network connectivity across components during 
threat than safety. These results suggest that anxiety increases within network-connectivity, 
which may reflect an enhanced state of vigilance when potential threats are imminent. These 
results are consistent with recent work from our lab showing that threat improves performance in 
a sustained attention task, and current work showing that threat decreases alpha power (a 
possible sign of disinhibition) as recorded by magnetoencephalography. 



Disclosures:  N.L. Balderston: None. E. Hale: None. S. Torrisi: None. A. Hsiung: None. K. 
O'Connell: None. M. Ernst: None. C. Grillon: None. 

Nanosymposium 

109. Stress and Anxiety 

Location: S102 

Time: Sunday, October 18, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  109.10 

Topic: C.16. Cognitive, Emotional, and Behavioral State Disorders 

Support: Kakenhi 26102704 
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Abstract: [Introduction] We recently reported that fatty acid binding protein 3 (FABP3, H-
FABP) binds to the intracellular loop of dopamine D2L receptor and that FABP3 null mouse 
reveals dysfunction of dopamine-regulated motor coordination (Shioda and Fukunaga. J 
Neurosci. 2010;30:3146-3155). We here document that FABP3 null mouse shows an 
enhancement of anxiety and locomotor behaviors. [Methods] Wild type mice (C57BL6) and 
FABP3 null mice underwent fear conditioning once a day with consecutive 5 days and measured 
the fear acquisition and extinction for 35 days. When mice were administrated with melatonin 
receptor agonist, the drug was orally administrated once a day before given unconditional 
stimuli. [Results & Discussion] FABP3 null mice had deficits in extinction of contextual fear 
memory. The acquisition of contextual fear memory in FABP3 null was not distinguished from 
those in wild type mice. In one month after exposure to contextual stimulation, wild type mice 
significantly reduced the elapsed time until entering the chamber given footshock, showing 
normal extinction. However, the elapsed time remained elevated in FABP3 null mice. Likewise, 
the cFos expression in the amygdala after exposure to conditional stimulation remained elevated 
in FABP3 mice but declined in the wild type mice. More importantly, the PTSD-like behaviors 
in FABP3 null mice were ameliorated by treatment with melatonin receptor agonist. 
[Conclusion] FABP3 null mice are novel model of PTSD and are useful for drug development to 
improve the PTSD-like behaviors. This work is supported by Kakenhi 26102704 (K.F.). 
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Abstract: TRPC4 and TRPC5 are subunits of calcium-permeant, non-selective cation channels 
predominantly expressed in the central nervous system. Expression studies reveal particularly 
high levels in the amygdala. Expression was also detected in the frontal cortex, hippocampus and 
hypothalamus, brain areas that show increased activity in patients with depression and anxiety 
disorders. In slices from TRPC4-/- and TRPC5-/- mice, cortico-amygdala EPSPs are 
significantly smaller than in control slices while basal synaptic transmission is unaltered, 
providing a mechanistic explanation for the anxiolytic phenotype observed in these mice. In 
addition, functional changes in the prefrontal cortex-amygdala circuit are thought to have 
important roles in stress-related symptoms in both human patients and animal models such as the 
chronic social defeat (CSD) model. We took a pharmacological approach to determine the role of 
TRPC4 and TRPC5 in the CSD stress model. To induce CSD stress, mice were exposed to 15 
days of daily attacks by aggressive dominant mice. This protocol leads to exaggerated 
(“pathological”) responses to a different stressor. CSD mice exhibit increased baseline freezing 
and acquire increased fear freezing when exposed to mild inescapable electroshocks. 
Furthermore, CSD increases acquisition and expression of fear to a conditioned stimulus (CS) 
that specifically predicts an aversive stimulus in a fear conditioning paradigm. A selective 
TRPC4/5 inhibitor or vehicle was given directly after the fear conditioning session and on the 
following day, prior to the tests of fear expression to context (environmental cues) and to CS. 
There were no effects of the compound in control mice. In the context test, there was increased 
freezing to context by CSD mice treated with vehicle relative to each of the other groups. In 
contrast, CSD mice that received the TRPC4/5 antagonist behaved similarly to mice naïve to the 



CSD protocol. In the CS test, there was increased freezing to CS by CSD vehicle-treated mice 
relative to each of the other groups. Again, inhibitor-treated CSD mice behaved similarly to 
control mice. The latter effect resulted mainly from a more rapid extinction of the acquired fear. 
These data show that the TRPC4/5 inhibitor does not affect basal fear learning-memory but acts 
to reverse the CSD effect of increased expression of fear to general, contextual stimuli and to the 
CS that specifically predicts the aversive stimulus. Since the compound was administered 
directly after conditioning and directly before expression, its effects could be mediated by either 
decreased fear memory consolidation or recall and/or increased extinction learning. 
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Abstract: Patients with chronic pain not only suffer intolerable ongoing pain but also undergo 
accompanying cognitive impairment and emotional disorders. Music has been used as an 
adjuvant therapy to relieve pain and anxiety with variable effectiveness in clinic. However, little 
is known about the underlying mechanism. In the present study, we investigated the effect of 
musical environment on anxiety-like behaviors in a rat model of neuropathic pain with spare 
nerve injury (SNI). The rats showed apparent anxiety-like behaviors in both open field test and 
elevated-plus maze test two months after SNI surgery. Thus, the number of entries to central area 
decreased to 45% (±5%, n=20) of sham control (n=13) in the open field test, while overall motor 
activity (i.e., total distance) was unaffected. In the elevated-plus maze test, the percentage of 
entering open arms significantly (p<0.001) decreased in SNI rats (SNI: 12.58±2.7%, n=20; 
sham: 30.75±2.82%, n=13), so did the time spent in open arms (SNI: 4.35±1.45%, n=20; Sham: 
11.65±2.18%, n=13). These anxiety-like behaviors were effectively reversed by sub chronic (15 
days) treatment with citalopram (10mg/kg, i.p.), an anti-anxiety drug commonly used in the 
clinic. The anxiety-like behaviors were not observed with the SNI rats that received 2 month of 
music exposure (Mozart Sonata K.448 and Beethoven’s fur Elise, 65dB, 12h/day, dark cycle). 
The performance of the music group in both open field test and elevated-plus maze test showed 
no significant difference from the sham control group, indicating that the music effectively 
prevented or reversed anxiety induced by chronic pain condition. This anxiolytic effect of music 
lasted for one week after the cessation of music treatment. No effect was observed with white 
noise. To explore the underlying mechanism, Western blot analysis was performed to examine 
the changes in the neurotransmitters associated with anxiety disorder. We found that there was a 
significant increase in the expression of serotonin transport (SERT) in the prefrontal cortex in 
SNI rats. However, the SNI rats treated with music did not show such an increase in the SERT 
expression, suggesting that music exerts its anxiolytic effect by modulating prefrontal serotonin 
level via suppressing chronic pain-induced increase in SERT expression. In summary, our study 
demonstrated the effectiveness of music in preventing/ reversing the anxiety-like state in an 
animal model of neuropathic pain. Our data provide important information for implementing 
music-based therapeutic intervention for anxiety disorders in patients with chronic pain. 
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Abstract: Pain is a phenomenon that most people experience at some point in their lives, 
whether minor and resulting from an injury, a symptom of a disease, or occurring chronically 
post initial injury or disease, making pain the problem itself. Previous neuroimaging studies have 
been able to identify ways of quantifying pain objectively, but fail in affordability and feasibility 
of use in a clinical setting. Functional near infrared spectroscopy has been used as a method to 
objectively measure the autonomic response to noxious stimuli and has proven to be linked to 
subjective responses; however, this has yet to be further explored through appropriate analysis of 
quantifiable subjective responses. Functional near infrared spectroscopy (fNIRS) is an optical 
brain imaging modality that uses near infrared light to track changes in cerebral hemodynamic 
responses. Recent research conducted in our lab suggests the use of fNIRS for monitoring 
cortical activation in response to a given external, noxious stimuli. The fNIRS system can 
penetrate tissue up to a few centimeters within the 700 to 900nm optical light window.  At 
approximately 700nm, deoxy-hemoglobin is absorbed at a maximum and at approximately 
900nm, oxy-hemoglobin is absorbed at a maximum.  Through modified Beer-Lambert law 
calculations, we obtain the changes in oxy and deoxy-hemoglobin. In this study we investigated 
the fNIRS signals from the dorsolateral prefrontal cortex region, while inducing thermal pain 
through the use of the cold pressor test. Eight, healthy, right-handed individuals participated in 
this study, consisting of 14 trials of the experimental procedure. The procedure included placing 
the right hand in tepid water (maintained at 23°C) for 2 minutes, followed by immersion of the 
hand in 4°C water for 30 seconds. After 7 trials at 4°C, the subject then placed their hand in tepid 
water for 2 minutes to conclude the experiment. The procedure was then repeated at 15°C for 7 
trials. This was done to appropriately compare the data generated from fNIRS to the perceptive 
response of each subject. We compared the fNIRS results obtained from experimentation to the 
Short Form McGill Pain Questionnaire and the State Trait Anxiety Inventory (administered 
during experimentation), both of which give quantifiable information about the subjective pain 
experience. From this data, our results show a link between the objective fNIRS results and 
subjective pain reporting, at different levels of stimuli. This suggests that the hemodynamic 
response to nociception is indeed correlated to the subjective report of pain, making fNIRS a 
potentially promising tool that in the future will help clinicians to objectively measure pain. 
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Abstract: Signaled active avoidance (SigAA) behavior models the proactive coping processes 
that can mitigate the impact of aversive or anxiety-provoking stimuli. In SigAA, subjects learn 
that a response performed during a CS causes the omission of an aversive US. Pavlovian 
reactions, such as freezing, predominate early on during training, but are suppressed as 
avoidance is acquired. Using a yoked control paradigm in which master subjects can control 
stimuli for themselves and their yoked partners, we demonstrate that masters display less CS-
evoked freezing than yokes in both the avoidance context and an alternate context that does not 
allow for the avoidance response. These data indicate that acquisition of the avoidance 
contingency fundamentally alters the response to a threatening CS, attenuating its ability to drive 
innate defensive reactions. This process is mediated by a pathway including the infralimibic 
prefrontal cortex (ilPFC) and the dorsal hippocampus (DH). Chemogenetic inhibition of either 
structure robustly enhances freezing to an avoidance CS. In the case of both ilPFC and DH, 
inactivation produces levels of freezing comparable to poor performers, or subjects that fail to 
suppress freezing and acquire SigAA. We conclude that ilPFC and DH translate learning about 
the avoidance contingency into the diminution of freezing. These data suggest that an internal 
locus of control reduces the perceived intensity of a threatening CS, highlighting the potential 
efficacy of active coping based therapies for disorders of fear and anxiety. 
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Abstract: Previously, we showed that pursuit of large objects is less saccadic and relatively 
inattentive compared to pursuit of a small spot (Heinen et al., Journal of Vision, 2011; Jin et al., 
Journal of Neuroscience, 2014). We suggested that a separate, motion-based mechanism is used 
to pursue large objects allowing the fovea to inspect object features. Alternatively, a feature on 
an object might simply become the pursuit target, pursued with the small spot mechanism. To 
test this hypothesis, observers pursued a single small spot (0.2 deg) or a small spot centered on a 
larger circular array (6° diameter) of 8 “feature” spots, in separate blocks. All stimuli translated 
across the screen at 7 d/s. Following a random fixation (500-1000 ms) and initial pursuit period 
(900-1400 ms), a randomly chosen feature on the circular array brightened and enlarged, and 
observers made a saccade to it and pursued it for the remainder of the 3 s trial. In single-spot 
blocks, the spot target disappeared simultaneously with the appearance of the saccade target 
corresponding to one of the 8 target locations as in the larger stimulus. We found that following 
the saccade, pursuit velocity for the single spot briefly increased when the new target appeared in 
the direction of pursuit, but decreased when the target appeared opposite the pursuit direction, 
indicating that a position signal generated by the second target was deviating pursuit velocity. No 
deviation occurred when the large circular array was visible, suggesting that conflicting position 
signals were not affecting pursuit. Interestingly, catch-up saccades were suppressed for an 
extended period preceding the targeting saccade, and more so for the large object, suggesting a 
predictive attention shift to possible upcoming target locations, that was greater when the targets 
were visible features on a large pursuit object. The results provide evidence that a different 
mechanism than that currently embodied in the classic pursuit pathway is used to pursue large 
objects, and that this mechanism is relatively independent of object feature inspection. 
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Abstract: Spontaneous eye movements are made in the absence of sensory input and provide a 
model behavior for studying the circuit mechanisms linking internal brain states to action. The 
control of spontaneous eye movements requires the coordinated activity of at least two groups of 
premotor neurons: burst neurons that fire a brief volley of action potentials resulting in a saccade 
and Velocity-to-Position Neural Integrator (VPNI) cells that convert burst neuron activity into 
persistent firing required to hold the eyes fixed at their new location. The mechanisms 
underlying these firing patterns are thought to rely heavily on network interactions, however the 
comprehensive locations of VPNI and burst neurons has never been determined in a single 
species. We address this in the larval zebrafish (7-8 dpf) by coupling focal laser ablations with 
calcium imaging throughout the entire hindbrain and cerebellum while simultaneously tracking 
spontaneous eye movements using two-photon microscopy from populations of neurons 
expressing GCaMP6f. Eye movements were made in the dark to remove confounding effects on 
cell activity from visual input and resultant feedback. We find the majority of cells correlated 
with eye movements could be classified as position or velocity related. Velocity neurons were 
distributed in the rostral-caudal axis across most of the hindbrain (rhombomeres 2-8). Position 
cells were more clustered: in addition to the previously observed cells in the caudal hindbrain 
(rhombomeres 7-8), cells were also clustered in more rostral locations (rhombomeres 5-6 and 2). 
Interestingly, we find a buildup of activity multiple seconds before a saccade in some neurons 
suggesting a novel cell type involved in eye movement control. We find few neurons in the 
cerebellum correlated with spontaneous eye movements. Using principal component analysis we 
find that saccade-triggered average signals can be described using a low-dimensional space. 
Focal laser ablations of cells rostral of rhombomere 7 have no effect on eye-movement 
persistence while ablations of cells in rhombomeres 7-8 show deficits in persistence, consistent 
with prior results. Furthermore, select position-dependent neurons in these rostral regions show a 
loss or gain saccade-triggered response following laser ablations in rhombomeres 7-8 suggesting 
a coupling between neurons in these different anatomical regions. These results provide the first 
comprehensive hindbrain map of the distribution of signals active during the generation of 



spontaneous eye movements and begin to address the causal roles of different eye movement 
hindbrain nuclei. 
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Abstract: During reactive saccades to transiently presented visual stimuli,it is thought that 
oculomotor structures such as the superior colliculus(SC)show a burst of activity composed of 
both visual and motor signals,but it is not known how these components influence the spatial 
code within the burst.Our previous head-unrestrained experiments suggested that the combined 
visuomotor burst of neurons in Superior Colliculus(SC) primarily code target location in eye 
coordinates(Te) during reactive saccades (DeSouza et al.J.Neurosci.2011).However,in 
subsequent experiments(Sadeh et al. Submitted) we used a memory guided saccade task to 
identify different cell types (visual, visuomotor, and motor)and found that Te gives the best fit 
for visual activity whereas Ge(Final Gaze position relative to initial eye orientation)gave the best 
overall fit for motor activity.In addition several other models were significantly eliminated 
including Eye in head,head in space,head displacement,target relative to space and head and final 
gaze relative to head and space.In this current study we to quantitatively compare neural activity 
in the memory and reactive tasks for the same neurons.We recorded from the same neurons in 
head unrestrained monkeys during both the memory guided(where fixation is maintained for a 
period after the stimulus appears)and reactive tasks(where the stimulus appears simultaneously 
with extinguishing the fixation light).3-D eye and head rotations were recorded,and response 
field data were analyzed in multiple frames using a statistical method reported previously(Keith 



et al. J.Neurosci.Meth.2009).62 neurons were recorded from the left and right SC of two 
monkeys and tested with both tasks.16 of these only showed a visual response to the stimulus,12 
neurons only had a motor response during the saccade, and the rest(visuomotor neurons)showed 
both responses.So far we have analyzed the visual and motor activity of 12 motor and 24 
visuomotor and 10 visual neurons.In general, our preliminary results support the notion that the 
separate visual response encodes Te,the separate motor response encodes Ge,whereas the 
combined reactive response shows a best fit for Te.Our aim is to do a detailed population-by-
population and neuron-by-neuron analysis of where these various responses fall along the 
continuum between Te and Ge coding.Our preliminary results reconcile our previous two studies 
and show directly that unlike the memory guided paradigm that differences exist between spatial 
information encoded by visual and motor activities,in reactive saccades the visual code tends to 
dominate the motor code in both types of activities and across all neuron types. 
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Abstract: The appearance of a salient event in the environment initiates a wide repertoire of 
behavioral and physiological responses, including shifts of gaze and attention, and pupil dilation, 
which are thought to help to discern the event, and to mobilize the body for an upcoming action. 
The superior colliculus (SC), a midbrain structure, has been hypothesized to coordinate the 
orienting response. However, its role in coordinating orienting responses beyond gaze and 
attention shifts is poorly understood. Although the SC has been recently linked to pupil size 
because of pupil dilation evoked by weak microstimulation of the SC, the function of this 
dilation is still unexplored. Parameters of SC microstimulation are known to systematically 



modulate properties of evoked saccades. If the SC is coordinating the whole orienting response, 
pupil responses and saccades evoked by SC microstimulation should be correlated. Here, we 
examined the coordination between saccade and pupil responses by microstimulation of the SC 
at suprathreshold current to evoke saccadic eye movements (> 30 µA; frequency: 200-300 Hz; 
stimulation train duration: 25-100 ms). While requiring subjects to maintain central fixation, we 
stimulated the intermediate SC layers. Stimulation parameters systematically modulated evoked 
pupil responses and saccades, showing faster and larger pupil responses with higher velocity, as 
well as faster saccades with higher velocity, observed with strong stimulation parameters (e.g., 
higher frequency). We further investigated the function of the pupil dilation by presenting a 
visual stimulus after microstimulation induced pupil dilation (stimulation occurred 250-1000 ms 
before target appearance, so pupil size was systematically varied), and the monkey required to 
look to visual target for reward. Pupil velocity was negatively correlated with saccadic reaction 
time (SRT), showing faster SRTs while pupil size was increasing, even when the visual target 
was presented in the opposite location to that represented by the stimulated area. Together, the 
results suggest that the pupil responses and saccadic eye movements, as components of orienting, 
are coordinated via the SC, and the function of pupil dilation could facilitate target detection 
processing. 
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Abstract: The orienting response is an organism’s reaction to changes in its environment in 
order to heighten perception and prepare for action; this can include changes in gaze, attention, 
neck and limb muscle recruitment, as well as pupil dilation. Pupil responses have been shown to 
represent cognitive processes like perception and attention, and also index more complex 



processes like learning and memory. The frontal eye fields (FEF) are a part of the oculomotor 
system, and are known to be involved in the generation of voluntary saccadic eye movements, 
covert shifts in visuo-spatial attention, and decision-making. While microstimulation of the FEF 
can evoke saccadic gaze shifts, lower levels of stimulation current can elicit components of the 
orienting response, such as covert attentional shifts and neck muscle recruitment, without 
evoking saccades. Based on recent results showing that pupil dilation can be evoked by 
subsaccadic stimulation of the superior colliculus in primates and owls, we investigated the 
effects of subsaccadic FEF microstimulation on pupil dilation. Two non-human primates 
performed a fixation task in which we stimulated the right FEF with trains of biphasic pulses. In 
a total of 101 sites, we parametrically varied stimulation current (3- 60 µA), frequency (50-300 
Hz), and duration (30-200 ms). Saccade thresholds in these sites averaged 21 and 23 µA for the 
two animals, respectively; saccade vectors ranged in eccentricity from 5 to 20°. In 48% of the 
sites, we found a significant increase in pupil diameter after subsaccadic stimulation for at least 
one of the 5 stimulation levels (t-test, p < 0.01), starting around 200 ms after stimulation onset. 
In general, the magnitude of pupil dilation scaled with increasing stimulation parameters. 
Furthermore, by trading off stimulation duration and frequency in a subset of 12 sites, we found 
a high correlation between the magnitude of evoked pupil dilation and the number of applied 
pulses (cc = 0.87). Our results demonstrate a role for the FEF in eliciting pupil dilation, which is 
presumably mediated via the superior colliculus. Our findings provide an important link for how 
high-level processes may influence pupil diameter, strengthening the use of pupil measures as 
potential biomarkers for oculomotor and cognitive processing in health and disease. 
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Abstract: Our visual system scans the environment via directed, ballistic movements of the eyes 
known as saccades. Saccadic eye movements enable the visual system to gather information 
about our environment by bringing the stimulus of interest to the fovea for further visual 



processing. Prior to an eye movement, neurons in the extrastriate visual areas change their 
receptive fields (RFs), thus altering the representation of saccade targets. However, the details of 
these dynamic changes are not known. We used a white noise analysis approach based on 
generalized linear models to characterize the dynamics of the cortical spatiotemporal RFs during 
a saccade task. The responses of multiple neurons within the middle temporal (MT) cortex of 
macaque monkeys were recorded using linear array electrodes. The animals performed a 
visually-guided saccade task while a set of probes flashed in pseudorandom positions around the 
estimated RF of MT neurons during fixation and saccades. Probe presentations were brief, 
enabling us to characterize the RF changes with a temporal resolution greater than the saccade 
execution time. To characterize the spatiotemporal RF changes, we fit the response of an MT 
neuron with a generalized linear-nonlinear-Poisson (LNP) cascade model, consisting of the 
neuron’s spatiotemporal filter, an exponential nonlinearity, and a post-spike filter. The 
spatiotemporal filter was represented by a set of linear kernels, and its output was passed through 
an exponential nonlinear function to produce the neuron’s instantaneous spike rate. A post-spike 
filter was used to account for the neuron’s temporal response properties, e.g. refractoriness, 
burstiness, or adaptation. This model was able to predict the responses of MT neurons on a trial-
by-trial basis, before, during, and after eye movements. The results of the model during fixation 
were validated by comparing them to the results from the non-parametric LNP cascade model, 
and provided a baseline for measuring the dynamics of RF changes during eye movements. Our 
findings demonstrate dynamic changes of MT neurons’ spatiotemporal RFs during eye 
movements, enabling us to investigate the extrastriate mechanisms underlying changes in the 
representation of saccade targets. 
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Abstract: Survivors of paediatric cerebral malaria (CM) may suffer from long term cognitive 
impairment. However, the interpretation of neuropsychological tests is problematic, since tests 
developed in a Western context may not be appropriate for children in developing countries. Pro-
saccade (PS) and anti-saccade (AS) tests allow for the measurement of visuomotor processes 
related to the function of discrete brain circuits. The AS directional error rate has a well-
described developmental trajectory in which performance improves markedly between 8 and 12 
years. We therefore measured PS and AS performance on three or four occasions over 20±4 or 
32±4 months (mean±SD) respectively, in children who had survived a single episode of 
retinopathy positive CM (n=47; mean age 130 months), and control (CON) children with no 
history of coma or seizure (n=35; 124mo), recruited from a prospective CM study in Blantyre, 
Malawi. Retinopathy is highly associated with pathologically confirmed CM, in contrast to 
current diagnostic criteria. Eye movements were recorded in a quiet room using an infrared 
reflectance eye tracker, which projected targets 10° to the left and right of a central fixation 
target, after a randomised fixation period. Participants completed 100 PS and 100 AS trials. Tests 
were explained to children in the local language, and comprehension of instructions was checked 
before data collection. PS, AS and error PS latencies all declined with age as expected, with no 
consistent difference between groups. The AS directional error rate was strongly related to age in 
both groups (CM: r=-0.60, CON: r=-0.76, both p<0.0001) and not statistically different between 
them. Individual participant regressions of each test/age generated negative gradients (CM mean 
regression slope -0.47; 95% CI -0.28 to -0.68; CON -0.54; -0.26 to -0.82). However, error rates 
were much higher in both groups compared to those reported in the literature (at 120 months 
63% compared to published rates of around 30%). While both groups exhibited comparable age-
related performance on saccade tasks, their AS error rates were consistently higher than 
expected. We conclude that while CM might not pose specific additional risks of long-term 
damage, this population may face a range of other challenges (eg infectious diseases, nutritional 
challenges) that impact on brain development. 
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Abstract: Electroencephalography (EEG)-based brain-computer interfaces (BCIs) are used from 
sensorimotor rhythms recorded from scalp electrodes in response to performing motor imagery 
(MI). However, due to the low spatial resolution of EEG many usable MI tasks are cognitively 
disconnected from the corresponding action of the output device. Therefore in order to drive 
these systems towards more intuitive use, we attempted to decode MI of tasks common in 
everyday life including right hand flexion, extension, supination, and pronation. We hypothesize 
that EEG source imaging (ESI) will allow us to decode these signals. Five subjects were 
recruited to participate in this study according to a protocol approved by the University of 
Minnesota IRB. Subjects were asked to perform 2 Hz self paced MI of one of the 
aforementioned tasks in a set trial configuration while we recorded 64-channel scalp EEG 
(Neuroscan Compumedics, Singen, Germany). Subjects performed motor execution of the tasks 
prior to MI to get a sense of the pace, sensation, etc. The trial structure was as follows: three 
seconds of rest initiated each trial, followed by a task indicator cue and three seconds of 
preparation time, and finally a four second “go” cue when the subject would continuously 
perform the indicated task. Initially, data from all tasks were compiled into a single data set. 
Independent component analysis and ESI mapping were then used to identify a cortical region of 
interest (ROI) containing the overlapping right hand motor activity. In a parallel analysis, the 
time course of each individual task data set was projected onto a cortical model using the 
weighted-minimum-norm estimate in order to transform the neural data from the sensor domain 
to the source domain. For all dipoles within the defined ROI, their time-frequency representation 
(TFR) was calculated using a Morlet wavelet approach. Splitting the TFRs into different 
frequency bands and time windows created time-frequency features, which were then fed into a 
four-class linear classifier. The same feature extraction pipeline was applied in the sensor domain 
for comparison. The group-level four-class classification accuracy achieved by the sensor and 
source-based method was 69.5% and 82.2%, respectively. The source results were also greater 



than the sensor results for classifying all individual tasks, ranging from an increase of 6.6% for 
extension and 18.6% for flexion. We found that the delta band (0-4 Hz) contained the most 
discriminable features for these tasks, which supports previous findings in literature. This work 
was supported in part by NSF DGE-1069104, CBET-1264782, and NIH EB006433. 
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Abstract: The locked-in syndrome (LIS) is a condition of complete paralysis, which can be 
caused by strokes, tumours or neurodegenerative diseases. People with LIS lost nearly all their 
motor control, as a result of which communication is heavily hindered and may only be possible 
through eye movements. Brain-Computer Interfaces (BCIs) promise to restore communication 
by using brain activity to control external devices (Daly and Wolpaw, 2008). The somatotopic 
organisation of the motor cortex offers a detailed representation of the hand. This allows for 
restoring communication in an intuitive way by decoding hand gestures from sign language 
(Bleichner et al., 2013), which may be used for controlling a spelling BCI. Our previous results 
in decoding hand gestures using fMRI were obtained in healthy, able-bodied volunteers 
(Bleichner et al., 2013). By contrast, LIS patients can only attempt moving their hands. It is not 
yet known whether paralysis causes changes in the cortical sensorimotor representation that can 
affect gesture decodability of attempted movements. Therefore we investigated whether 
attempted hand gestures can be decoded from 7T fMRI in subjects who have lost motor control 
over their hand after transhumeral (above-elbow) arm amputation. Amputees are chosen because, 
similar to LIS patients, they lack explicit muscle activity and accompanying movement-related 
sensory feedback. We recruited 7 subjects with above-elbow arm amputation (amputation more 



than one year ago). After a short training, they performed a task in which they had to articulate 
six different hand gestures from the American Manual Alphabet. In separate runs, subjects 
attempted making the gestures with their missing (right) hand. Every gesture was presented 10 
times. A control group (N=6) performed the same task with motor execution of the right hand. 
Per subject, a support vector machine classifier was trained and tested on voxels in the 
contralateral sensorimotor cortex, using a leave-one-out cross-validation scheme. The 
classification score from the affected side of amputees (61±15%) was significantly above chance 
(chance level 16.7%; two-sample t-test, p<0.01) and not different from the control group (score: 
62±23%; two-sample t-test, p>0.90). These results indicate that hand gestures can be decoded 
successfully from the sensorimotor cortex contralateral to the amputated arm a year or more after 
amputation. Although LIS can have multiple causes and neurodegenerative diseases might have 
an impact on the brain and therefore on BCI performance, this study in amputees suggests that 
detailed cortical organisation is kept intact if explicit movements are impossible. 
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Abstract: A silent speech Brain-Computer Interface (SSBCI) is a method for outputting human 
intention by decoding brain activity during silent speech. In our past studies, we have developed 
a noninvasive SSBCI in terms of vowel recognition using formant frequency of speech feature 
and single-trial electroencephalograms (EEGs) response. The purpose of this study is to extend 
our method to continuous silent speech recognition including consonant using Mel-Frequency 
Cepstral Coefficients (MFCCs) as speech feature. A subject (Japanese male, right-handed) was 
required to overtly speak or to covertly speak /haru/ or /natsu/ (meaning “spring” and “summer” 
in English, respectively) whose vowel transitions are same. During his speech, we 
simultaneously measured speech signal, electromyogram (EMG) and 13-ch EEGs. The time 



intervals in the EEGs for analysis were correspond to negative slope (NS’) of 
Bereitschaftspotential (BP). First, speech signals were transformed into 39-dimentional MFCCs, 
and each Hidden Markov Models (HMM) was learned. Next, each Kalman filter parameters 
were obtained by MFCCs and EEGs data measured during the actual speech. “Silent speech 
MFCCs” was estimated by inputting the EEGs data during silent speech to Kalman filter with 
decided parameter. These MFCCs as speech signals are inputted to each HMM, and used for 
identifying “haru” or “natsu” by comparing likelihood outputted from the HMM. The 
recognition accuracy of “haru” and “natsu” was 45% and 89%, respectively. For this result, first 
13-dimensional MFCCs were calculated from speech signals where the soundless intervals were 
removed from the speech signals. The rest 26-dimensional MFCCs were predicted from the 
estimated 13-dimensional ones by the regression analysis. The Kalman filter parameters was 
averaged to compensate for the difference in Kalman filters among the trials. By using the 
averaged Kalman filter, we were able to obtain 91-% and 89-% recognition accuracy of “haru” 
and “natsu”, respectively. As a result, we showed the possibility that silent speech recognition 
including consonant one can be realized by estimating MFCCs generally used in speech 
recognition using the improved Kalman filter. 
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Abstract: Mental imagery (MI) of e.g. visual scenes[1], movement and speech[2] have produced 
reliable and repeatable activation for functional magnetic resonance (fMRI) brain computer 
interface (BCI) control. The current study investigates whether topographic tactile imagery 
generates a reliable BCI control signal from primary and secondary somatosensory cortex (SI & 
SII), usable for online communication. Functional (78 1.5mm isotropic slices, TR /TE 2s/21.6ms, 
340 volumes) and anatomical MRI data (7T Siemens, 32 channel Nova head coil) were collected 
from 10 subjects (4 women, mean age 29, sd 5). Each subject completed 5-6 runs of a 
pseudorandom sequence of 9 left foot (LF) and 9 right hand (RH) tactile MI trials (18s), each 
followed by rest (16-20s). Subject 10 also completed 6 communication runs (5 trials) answering 
3 questions that were decoded online. Auditory cues indicated start, end and MI type. Subjects 
were instructed not to move during scanning. Offline and online data analysis used standard 
settings (BrainVoyager QX2.8 and TurboBrainVoyager3.2, BrainInnovation, Maastricht, the 
Netherlands) including general linear model fitting with LF MI and RH MI predictors. T-values 
for support vector machine (SVM) training were obtained from SI[3-5] and SII[6, 7] (Jülich 
probability atlas), testing all combinations of 5 training runs and 1 test run offline. Average 
accuracy was 76% (sd 15%), with above chance classification for 8 out of 10 subjects. Best-
performing subjects showed most-discriminative SVM weights in S1 hand and foot areas. In the 
online procedure, all answers were correctly classified. Somatotopic tactile MI is a promising 
BCI control strategy, which could be especially useful for the visually impaired and for 
neurofeedback-based rehabilitation in patients with tactile deficits and chronic pain. 
1.Scharnowski, F., et al., J Neurosci, 2012. 32(49): p. 17830-41. 2.Sorger, B., et al., Curr Biol, 
2012. 22(14): p. 1333-8. 3.Geyer, S., et al., Neuroimage, 1999. 10(1): p. 63-83. 4.Geyer, S., et 
al., Neuroimage, 2000. 11(6 Pt 1): p. 684-96. 5.Grefkes, C., et al., Neuroimage, 2001. 14(3): p. 
617-31. 6.Eickhoff, S.B., et al., Cereb Cortex, 2006. 16(2): p. 268-79. 7.Eickhoff, S.B., et al., 
Cereb Cortex, 2006. 16(2): p. 254-67. 

Average proportion of trials correctly classified by the SVM 

subjects left foot right hand average 

S01 0,57 0,50 0,54 

S02 0,83 0,91 0,87 

S03 0,70 0,81 0,76 

S04 0,70 0,70 0,70 

S05 0,54 0,52 0,53 



S06 0,70 0,81 0,76 

S07 0,72 0,75 0,74 

S08 0,87 0,98 0,93 

S09 0,87 0,81 0,84 

S10 0,98 0,94 0,96 

average 0,75 0,78 0,76 

sd 0,14 0,16 0,15 

based on all combinations of 5 training runs and 1 test run 
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Abstract: Brain computer interfaces (BCIs) enable patients with neurological injuries to control 
assistive devices using cortical signals, produced during motor imagery (MI) tasks. Enhancing 
the ability to modulate neural signals during MI, particularly from neurons in the mirror neuron 
network (MNN), could therefore enhance BCI performance. To this end, four able-bodied 
participants (P1-P4) were trained in MI techniques to induce MNN activation. During training, 
participants observed either a virtual reality avatar or a video of a researcher performing three 
motor tasks: drinking from a glass, tapping the dominant foot, and walking. EEG signals, 
recording using a modified 10-20 montage, were common average referenced, and the average 
spectral power in the delta (0.5-4 Hz), alpha (8-12 Hz), beta (12-30 Hz), gamma (3050 Hz), and 
high gamma (50-70 Hz) frequency bands were determined. The multi-dimensional frequency 
band powers were used as input features for a linear discriminant analysis (LDA) classifier. 
Offline classification accuracies for execution and imagery of the three tasks were evaluated at 
baseline and after 12 training sessions. Classification of EEG activity associated with each motor 
imagery or motor execution task was evaluated through a multi-fold crossvalidation greedy 
search algorithm to determine optimal features for discrimination. To quantify the spatial and 
temporal distribution of selected features, we computed the number of times each feature was 
chosen across cross-validation folds. Motor imagery training improved discriminability between 
executed motor tasks by an average of 12.13% in subjects P1-P3, while subject P4 exhibited a 
21.4% decrease in discriminability. In contrast, no overall trend in discriminability between 
imagined motor tasks occurred after MI training. Classification accuracy decreased by an 
average of 1.65% across all subjects, but notably, subject P3 showed an improvement in 
performance after training, while P1, P2, and P4 exhibited declines in performance. In 
participants with higher classification accuracies after MI training, the greedy search was more 
likely to choose fewer features, and the features chosen were more likely to correspond to beta 
and gamma activity in frontal channels. Participants with negative performance trends showed 
the opposite findings, in that chosen features were more likely to be spatially distributed across 
the scalp and to correspond to alpha and delta frequency bands. These findings suggest that 
participants who improved their motor imagery abilities were able to increase their ability to 
modulate beta and gamma activity in frontal regions of the brain. 
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Abstract: Motivated by P300 spelling scenarios involving communication based on a limited 
vocabulary, we propose a probabilistic graphical model-based framework and an associated 
classification algorithm that uses learned statistical prior models of language at the level of 
words. Exploiting such high-level contextual information helps reduce the error rate of the 
speller. The proposed approach models all the variables in the P300 speller in a unified 
framework and has the capability to correct errors in previous letters in a word given the data for 
the current one. The structure of our model allows the use of efficient inference algorithms, 
which makes it possible to use this approach in real-time applications. Our experimental results 
demonstrate the advantages of the proposed method. 
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Abstract: Several studies on motor learning have found that initially the brain produces variable 
activity and with training it consolidates particular spatiotemporal patterns, suggesting that after 
initial exploration of parameter space, patterns which lead to desired outcomes are selected and 
consolidated. However, the specific source of the variability changes and how these variability 
changes relate to the consolidation of particular spatiotemporal patterns is still not well 
understood. To address these questions, we used an operant conditioning Brain-Machine 
Interface (BMI) paradigm with 2 rhesus macaques performing a two-dimensional self-paced 
center-out reaching task. By specifying the map between neural activity and sensory feedback 
(the decoder) and target locations (the goal), we define a priori task-relevant neural dimensions 
and the set of spatiotemporal patterns which accomplish the goal. This task design permits 
dissection of neural variability with respect to its causal role in producing goal-directed behavior. 
We found that along with accuracy and speed improvements, the cursor spatial occupancy was 
refined with training, entered less of the workspace and became more consistent across trials. 
Using population-level analysis, we found trial-to-trial neural variability decreased more 
dramatically in inputs private to each cell versus inputs shared by each cell. Furthermore, the 
geometry of the shared variability stabilized with training. At a finer timescale, we observed the 
emergence of specific temporal patterns of activity that became more stable as training 
progressed. We then asked if the emergence of fine-timescale population patterns was driven 
more by shared or private inputs. The population variance due to shared input grew prominently 
with training, and this explained the increase in dynamic range and trial-to-trial consistency. 
Finally, we confirmed that shared inputs preferentially drive the decoder by varying in the task-



relevant neural dimensions, showing that the emergent structure likely underlies skill 
improvement. In conclusion, the emergence of task-relevant shared inputs and pruning of private 
trial-to-trial variability explain the consolidated spatiotemporal patterns underlying improvement 
of neuroprosthetic skill. 
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Abstract: Brain-machine interface (BMI) technology has allowed us to gain insight about the 
internal mechanisms and computations the brain uses while performing movements or learning 
new tasks (Taylor et al, 2002; Carmena et al, 2003; Paz et al, 2003; Ganguly et al, 2009). Recent 
work has shown that non-human primates (NHP) and humans are able to adapt motor outputs to 
a variety of devices and virtual environments (Hochberg et al, 2012; Collinger et al, 2013; 
Sadtler et al, 2014). Our lab has recently tested the limits of brain adaptation by comparing 
uniform and non-uniform perturbations in a BMI controlled task. We trained two NHP to 
perform a 3D center-out task using signals from primary motor and premotor cortices. We 
introduced a uniform perturbation, doing a visuomotor rotation in the population vector, and a 
non-uniform perturbation through a decorrelation task, where we reassigned the preferred 
directions (PD) of a subset of neurons (<20%). These tasks allowed us to compare and measure 
changes in individual and population dynamics. We observed similarities in the strategies the 
subjects required to perform and adapt to each task, but we also measured some key differences 
in these adaptations. For example, both tasks produced changes in PD across the whole neuronal 
population, but the changes in the decorrelation task were not uniform across the ensemble. 
Similarly, we measured peak cross-correlation in both tasks, and did not observe any significant 
variations across the ensemble. Furthermore, we did not observe subsets of neurons that 



displayed significant changes in their firing activity or their cross-correlation coefficients. Here 
we report further testing and quantitative analysis of both tasks. Using dimensionality reduction 
(Yu et al, 2009), we estimated underlying neural connections that might drive the activity of the 
recorded neurons. Similarly, using DataHigh toolbox (Cowley et al, 2013), we obtained the 
neural trajectories in these reduced spaces. We observed that the neural trajectories are not as 
well defined when subjects do not perform overt movements. Although we were able to isolate 
regions in the reduced neural space for the different trained targets. On the other hand, we 
observed overlapping regions when comparing the maps during baseline and the perturbed trials. 
This suggests that subjects might not have to generate completely new neural maps when solving 
the current task assignment. We also measured the largest principal angles (PA) between the 
estimated manifolds of baseline and perturbed trials. We found that a greater PA did not 
necessarily correlated with a more difficult task, neither were larger angles only present in the 
decorrelation task. 
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Abstract: Causal networks can form among ensemble of neurons when engaged in learning 
novel behavioral tasks. It is, however, unclear whether such networks can form under the 
paradigm of cortically controlled brain-machine interfaces (BMIs). Emergence of connectivity 
patterns when exposed to BMIs for prolonged time can serve as indicators of motor learning. 
Using a statistically inferred technique, we show the gradual formation of functionally connected 



neuronal networks in deafferented motor cortex (MI) of macaque monkeys and their relationship 
with behavioral control of a multi-DOF robot performing a reach and grasp task. Two macaques 
with unilateral, chronic transradial and transhumeral amputations, respectively, were implanted 
with 100-channel multi-electrode arrays in MI contralateral to the amputation and were operantly 
conditioned to control reaching and grasping movements of a robotic arm and hand. The region 
of implantation was deafferented for several years with complete absence of somatosensory 
inputs associated with grasping and partial loss of sensory inputs associated with reaching 
behaviors. Two distinct clusters of single-unit activities were decoded using static linear filters to 
generate velocity signals associate with two control dimensions, 1) reaching forward and back 
and 2) whole-hand grasp opening and closing. The underlying relationship among neurons 
within and between each cluster at specific velocity events were examined using a generalized 
linear model framework, and subsequently, the “causality” between the connected neurons was 
estimated using a point-process formulation of Granger analysis. The model selection was based 
on the Akaike Information Criterion (AIC) over 60 milliseconds of firing history. Sparse network 
connectivity was observed on the initial exposure to the BMI, which gradually emerged into 
much denser networks with well-defined excitatory/inhibitory connections, with continued 
exposure to the BMI. The within-cluster functional connectivity of the two networks increased in 
their number of in-and-out-degrees, and the between-cluster connectivity showed growing 
number of inhibitory connections. Behaviorally, the highly connected networks could enable the 
animals to generate velocities with larger magnitudes. The pronounced increase in the inhibitory 
connections between the reach and grasp clusters may reflect the strategy of the animals learning 
the BMI. 
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Abstract: The main goal of a motor brain-machine interface (BMI) is to extract the motor 
intentions from the neural signals recorded directly from the brain, in order to control an external 
device. This approach is based on developing a decoder able to maximize the amount of 
information extracted from the brain activity and to translate the neural signals into meaningful 
motor commands. In this framework, we recently proposed a novel approach inspired by the 
spinal cord of the vertebrates, which can be considered as a brain-body interface, translating 
motor intention into muscle activations. The activation of multiple muscles by the spinal cord 
results into force-fields acting upon the limbs. In this respect the force fields generated by the 
spinal cord activity, are effectively control policies that translate motor intentions into motor 
behavior. In earlier work we were able to mimic this biological mechanism by developing a 
bidirectional communication channel that connects the motor and sensory cortices of an 
anaesthetized rat to a simulated dynamical system. We were able to use the neural signals to 
control the movement of a simulated point mass and to generate a family of trajectories that 
converges upon a target point corresponding to the fixed equilibrium point of a force field. We 
now explored how volitional control can affect the control policy established by the BMI by 
implementing the same paradigm on alert animals controlling an external device. We used 16-
channels microelectrode arrays chronically implanted into two regions of the brain to record and 
electrically stimulate the cortex. A mobile feeder, controlled by two servomotors lying on a 
vertical plan and protected by a Plexiglas wall, is the external dynamical system. A decoder 
translates the neural activity into motor signals that drive the movable feeder. To obtain the 
reward the rat needed to modulate the brain activity in order to move the feeder into a target 
position, represented by a small window in the Plexiglas wall allowing access to the pellet inside 
the feeder. This closed-loop BMI is a tool for exploring the modulation of control policies by 
volitional input and the dynamical properties of the brain emerging from the bidirectional 
interaction with an artificial device. 
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Abstract: Intracortical electrode arrays that can record extracellular action potentials from small, 
targeted groups of neurons are critical for basic neuroscience research and emerging clinical 
applications. In general, these electrode devices suffer from reliability and variability issues that 
impact their performance on the order of months to years. The failure mechanisms of these 
electrodes are understood to be a complex combination of the biological reactive tissue response 
and material failure of the device over time. The breaching of the blood-brain barrier (BBB) to 
insert devices triggers a cascade of biochemical pathways resulting in complex molecular and 
cellular responses to implanted devices. Molecular and cellular changes in the microenvironment 
surrounding an implant include the introduction of mechanical strain, BBB leakage, activation of 
glial cells, loss of perfusion, secondary metabolic injury, and neuronal degeneration. The 
resulting inflammation is a key hypothesized cause of neural recording failure. Our findings from 
electrophysiology, impedance spectroscopy, and post-mortem histology demonstrate a very poor 
relationship between histology and impedance to electrophysiology. For example, tissue with 
low-levels of glial encapsulation, healthy neuronal proximity, and low impedance can still have 
poor recording performance, even with neural activity is behaviorally driven. Previously, we 
demonstrated that mechanical mismatch between iridium and silicon led to material failure in 
chronically implanted planar silicon electrodes. These findings were confirmed with chronic in 
vivo data (133-189 days) in mice by correlating a combination of single-unit electrophysiology, 
evoked multi-unit recordings, electrochemical impedance spectroscopy, and scanning electron 
microscopy from traces and electrode sites with our modeling data. Several modes of mechanical 
failure of chronically implanted planar silicon electrodes were found that result in degradation 
and/or loss of recording. These findings highlight the importance of strains and material 
properties of various subcomponents within an electrode array. Here, we compare the results 
from histology and mechanical failure to recording performance. These results emphasize the 
complexity of the biological pathways that govern the reactive tissue response and longitudinal 
electrophysiological recordings from penetrating electrode arrays. BBB injury is not limited to 
chronic BBB leakage, but can include vascular occlusion, edema, and ischemia/hypoxia, which 
may not necessarily cause gliosis or neuronal death, but can heavily modulate nearby neural 
activity. 
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Abstract: It has been shown that animals can learn to generate arbitrary patterns of neural 
activity in the frontal and motor cortices in the context of closed-loop brain-machine interface 
(BMI) tasks. However, it is unknown whether this type of BMI learning can take place in other 
regions of cortex not typically associated with motor output. Although sub-regions of cortex are 
hypothesized to subserve particular functions, the general organization of neurons is similar 
across all regions, and some parts of the cortex have been observed to assume new functions 
following stroke or peripheral injury. In order to probe the flexibility of cortical circuits, we 
asked whether a low-level sensory region of cortex could be trained to control a neuroprosthetic 
device. Rats were trained to modulate single-unit activity in the primary visual cortex (V1) in 
order to move a 1-D auditory cursor that was linked to a sucrose water reward. After 2-3 
sessions, animals were able to perform the task above chance level both in the presence or 
absence of visual input; however changing the light condition after learning had a notable effect 
on performance. Task performance was associated with changes in local network dynamics: 
correlations between neurons involved in cursor control (“direct neurons”) increased or 
decreased depending on their relationship to cursor movement in the rewarded direction. Direct 
neurons were also more strongly coherent with local field potentials in V1 during rewarded trials 
compared to neighboring neurons. Local field potentials in V1, the dorsal striatum (DS), and the 
pre-limbic cortex showed transient increases in gamma power immediately prior to target hits. 
The low-frequency power of the spike-triggered average (STA) in V1 was attenuated during task 
performance. Task performance was dependent on reward: success rate remained at chance level 
during unrewarded sessions, and performance was sensitive to contingency degradation. 



Furthermore, single units recorded in DS showed strong reward-related modulations following 
rewarded trials, and we also observed time-locked increases in coherence between direct units in 
V1 and local field potentials in DS. These results suggest that iterative selection of particular 
patterns of neural activity through primary reinforcement can alter cortical dynamics and 
ultimately modify the functional properties of cortical neurons. 
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Abstract: Extensive psychophysical work has shown that during reach-to-grasp, reaching of the 
proximal arm (reaching or transport component) is temporally and spatially coordinated with 
preshaping of the hand (grasp component) (Jeannerod, 1984; Haggard & Wing, 1995). The 
development of this coordinated behavior has been studied in infants and children (Hofsten, 
1984; Kuhtz-Buschbeck et al., 1998). However, this line of inquiry has generally not focused on 
the role of primary motor cortex (MI) in the development of coordination. Here, we examined 
the neural dynamics in MI underlying the emergence of coordinated reach-to-grasp behavior in 
rhesus macaques that had been the recipients of therapeutic amputations and were operantly 
conditioned to use a brain machine interface to control a robotic arm and hand. This paradigm 
gave us a unique model for studying the development of coordination of a novel motor behavior 
at the behavioral and cortical level. In addition, the possibility of training subjects to perform a 



naturalistic motor task by modulating cortical neurons using an artificial mapping, and of 
influencing network activity in a lasting manner could have clinical implications for patients 
with amputations or strokes. 
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Abstract: Xenin is a 25 amino acid neuropeptide produced by a subgroup of chromogranin A+ 
cells in the duodenum with sequence homology and actions similar to hypothalamic and ileal 
neurotensin (a satiety factor) as well as binding to the neurotensin receptor. This neurohormone 
is involved in glucose homeostasis and increases the response to glucose-dependent 
insulinotropic peptide (GIP). Upon release after meal ingestion Xenin inhibits secretion of acid 
and pancreatic exocrine peptides in the gastrointestinal tract. The mode of regulation of Xenin 
remains elusive. The metalloendopeptidase EC 3.4.24.15 (thimet oligopeptidase, EP24.15) has 
been demonstrated to play a key role in the cleavage and subsequent regulation of several 
neuropeptides that also exist in the gut such as neurotensin and somatostatin. These studies 
began from structural analyses and in silico molecular modeling and implicated Xenin as a 
substrate of EP24.15 and thus, this enzyme as a possible regulator of Xenin signaling. To 
substantiate a potential regulatory mechanism for the functioning of Xenin, we first identified the 



cleavage site and measured enzymatic parameters, and then determined if EP24.15 and Xenin are 
co-expressed in gut regions relevant to glucose homeostasis function. EP24.15 and Xenin were 
co-incubated and subjected to matrix-assisted laser desorption ionization time-of-flight (MADLI-
TOF) mass spectrometry to confirm that EP24.15 can cleave Xenin in vitro and enzyme kinetics 
performed with standards via high performance liquid chromatography yielded results consistent 
with known substrates. Notably, Xenin is cleaved in a homologous manner as neurotensin. 
Double-label immunohistochemistry demonstrated Xenin and EP24.15 immunoreactivity within 
the mouse small intestine and specifically co-expression within intestinal mucosa and 
submucosa. Furthermore, there is co-expression of EP24.15 and Xenin in cells of both human 
and mouse stomach in the gastric mucosa. Taken together this data suggests that EP24.15 may 
act to cleave Xenin in vivo and represents an additional facet of the control mechanism of 
glucose homeostasis. As a potential pharmacological therapeutic target, understanding regulation 
of Xenin by the neuropeptide processing enzyme, EP24.15, may provide insight into an 
alternative strategy for glucose regulation and diseases such as diabetes and obesity. Supported 
by NIH OD010662 (MJG) and CIHR MOP123208 (TMM). 
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Abstract: Adrenal insufficiency induced by adrenalectomy (ADX) induces marked hypophagia 
and was shown to decrease the sensitivity to the hypophagic effect of central insulin treatment, 
suggesting that adrenal glands are required for insulin-induced hypophagia. However, the role of 
adrenal glands on insulin-induced changes in the expression of hypothalamic neuropeptides 
involved in the control of food intake is not established. Thus, in the present study, we evaluated 
the effects of ADX on icv (lateral ventricle) injection of insulin-induced changes on mRNA 
expression of: 1) anorexigenic neuropeptides proopiomelanocortin (POMC) and cocaine and 
amphetamine-regulated transcript (CART), and orexigenic neuropeptides agouti-related protein 
(AgRP) and neuropeptide Y (NPY) in the arcuate nucleus of the hypothalamus (ARC), 2) 
anorexigenic neuropeptides corticotrophin-releasing factor (CRF) and oxytocin (OT) in the 
paraventricular nucleus of the hypothalamus (PVN). For this purpose, after icv surgery, male 
Wistar rats (230-280g, n=5-10 per group) were subjected to ADX or sham surgery. ADX animals 
received 0.9% NaCl as drinking fluid, and half of them also received corticosterone in the 
drinking fluid (B: 25mg/l, ADX+B). Seven days after surgery, animals were treated with icv 
injection of insulin (12 µM/ 5 µl) or vehicle (0.9% NaCl/ 5µl). Two hours after the injection, 
animals were decapitated for brain tissue collection, and hypothalamic neuropeptides mRNA 
expression was determined by real time PCR. In vehicle treated animals, ADX reduced (P<0.05) 
POMC, CART, NPY and AgRP mRNA expression in the ARC, and it increased (P<0.05) CRF 
and OT mRNA expression in the PVN. Corticosterone replacement was able to reverse (P<0.05) 
these effects, except for OT mRNA expression in the PVN. In insulin treated animals, CART 
mRNA expression in the ARC was reduced (P<0.05) in ADX e ADX+B groups, and PVN CRF 
mRNA expression was augmented in the ADX group, with no changes on the expression of other 
neuropeptides. Central insulin injection was able to enhance (P<0.05) CART mRNA expression 
and to reduce (P<0.05) NPY mRNA expression in the ARC only in sham group, with no effects 
in ADX and ADX+B animals. Furthermore, insulin reduced (P<0.05) OT mRNA expression in 
the PVN of ADX animals, without changes on other neuropeptides expression. In conclusion, 
these data demonstrate that ADX reduces the responsiveness of insulin-induced changes in the 
expression of hypothalamic neuropeptides involved in the regulation of food intake, suggesting 
that adrenal glands are required for insulin-induced hypophagia mediated by hypothalamic 
pathways. 
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Abstract: Inflammation and dysfunction of the hypothalamus have emerged as important 
mechanisms connecting the increased consumption of dietary fats with obesity. Studies have also 
identified changes in gut microbiota as a mechanism potentially involved with increased 
adiposity. However, it is currently unknown if an altered gut microbiome can lead to 
hypothalamic dysfunction and, thus, act as a primary predisposing factor to obesity. To explore 
this question, we have employed an outbred mouse model that, upon feeding with a high fat diet, 
can be separated into groups with high predisposition to obesity (obesity prone, OP) or low 
predisposition to obesity (obesity resistant, OR) to test three hypothesis: i, there are primary 
differences in gut microbiome between OP and OR which determine differences in fatty acid 
harvesting; ii, there are no primary differences in gut microbiome but there are primary 
differences in fatty acid harvesting between OP and OR; and, iii, there are no primary differences 
in gut microbiome and fatty acid harvesting but there are primary differences in hypothalamic 
responsiveness to dietary fats. V2 region sequencing of the 16S rRNA gene revealed no 
differences in the distribution of phylum and genus of gut bacterial communities between OP and 
OR prior to high fat feeding. In addition, one day high fat feeding resulted in no differences on 
plasma free fatty acid composition between OP and OR. However, a continuous systemic 
infusion of palmitic acid using osmotic mini pumps for 24 h resulted in increased POMC and 
CART hypothalamic gene expression in OP as compared to OR. In addition, the infusion of 
palmitic acid led to increased hypothalamic expression of TNFα, F4/80, CD11b and fractalkine 
gene expression in OP as compared to OR. Thus, in an outbred mouse strain with different 
predisposition to obesity, there are neither differences in the landscape of gut microbiome before 
exposure to increased dietary fats, nor differences in fatty acid harvesting that could explain the 
induction of hypothalamic dysfunction in obesity. Nevertheless, OP mice present an early 
significant increase in hypothalamic markers of inflammation, which is accompanied by 
increased expression of POMC and CART. This data places a defect of hypothalamic 
responsiveness to dietary fats as an early and independent phenomenon that connects increased 
dietary fat with obesity. 
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Abstract: Maternal consumption of a high fat diet (HFD) during pregnancy stimulates the 
neurogenesis and migration of hypothalamic orexigenic peptide neurons in the offspring. This 
increase in neuropeptides may be attributed, in part, to the known stimulatory effects of a HFD 
on circulating inflammatory agents, such as chemokines. With our recent studies showing the 
inflammatory chemokine, CCL2, to stimulate the migration of hypothalamic neurons and their 
expression of orexigenic neuropeptides, this study tested whether prenatal exposure to a HFD 
alters these neuronal responses to CCL2. Using primary cell culture from dissociated 
hypothalamic neurons extracted from embryos on embryonic day 19, this study tested the effects 
of prenatal HFD exposure, first, on the expression of CCL2 and its receptors in embryonic 
hypothalamic neurons and, then, on CCL2’s actions in stimulating neuronal migration and 
expression of the orexigenic neuropeptides, enkephalin (ENK) and galanin (GAL). 
Unexpectedly, we found that prenatal HFD exposure for 12 days caused a significant decrease in 
expression of CCL2 in hypothalamic neurons, suggesting downregulation of this chemokine, 
along with an increase in expression of its CCR2 and CCR4 receptors which in turn may 
contribute to the decrease in CCL2 activity. This HFD-induced reduction in CCL2 mRNA was 
associated with a decline in neuronal responsiveness to this chemokine. Whereas CCL2 
treatment increased the number of migrated hypothalamic neurons from chow embryos, this 
effect was lost in the HFD embryos, suggesting a reduction in the sensitivity of these neurons to 
CCL2. This conclusion was substantiated by our additional finding that the CCL2-induced 
increase in the migrational velocity and distance traveled by neurons from chow embryos was 
absent in neurons from the HFD embryos. Lastly, the CCL2-induced increase in expression of 



ENK and GAL in hypothalamic neurons from chow embryos was also markedly reduced by 
prenatal HFD exposure. These results, while confirming a stimulatory effect of CCL2 on the 
migration and neuropeptide expression of normal hypothalamic neurons from chow embryos, 
reveal a strong, HFD-induced attenuation of the actions of CCL2 on embryonic hypothalamic 
neurons. With published studies showing CCL2 to have neuroprotective effects, this evidence for 
decreased sensitivity to CCL2 suggests that prenatal HFD exposure may interfere with this 
neuroprotective function of this chemokine. 
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Abstract: Hypothalamic inflammation has emerged as an important feature of experimental 
obesity. Studies have shown that dietary fat can trigger inflammation by activating TLR4 
signaling in hypothalamic microglia and also by inducing endoplasmic reticulum stress in 
neurons. As in humans, some outbreed strains of mice display great variability in their 
predisposition to diet-induced obesity. However, it is unknown if hypothalamic inflammation is 
involved in the differences in the obese phenotype presented by outbreed mice fed on a high-fat 
diet. In the present study, the outbreed strain, Swiss, was submitted to a short-term protocol that 
allows early identification of obesity-prone (OP) and obesity resistant (OR) mice. Using a RNA 
array, we identified leukocyte inhibitory factor (LIF) as an early responsive transcript that is 
increased in the hypothalamus of OR and decreased in the hypothalamus of OP. By real-time 
PCR we showed that OP and OR have similar levels of LIF transcript under chow. Three days 
feeding on a high-fat diet resulted in a two-fold increase of LIF in OR and no modification of its 
expression in OP. This was accompanied by increased POMC expression only in OR. Confocal 



microscopy of the hypothalamus identified LIF predominantly in POMC neurons, whereas low 
expression levels were detected in microglia and NPY neurons. Using an immuneneutralizing 
antibody, we inhibited LIF in the hypothalamus of OR and evaluated metabolic and 
inflammatory parameters. In the hypothalamus of mice fed on high-fat diet, LIF inhibition 
resulted in the increased expression of inflammatory cytokines. This was accompanied by 
increase caloric intake, increased body mass gain and increased adiposity, to levels similar to 
OP. In addition, LIF inhibition in the hypothalamus of OR resulted in impaired systemic glucose 
tolerance as determined by an intraperitoneal glucose tolerance test. All the metabolic and 
inflammatory changes induced by the inhibition of LIF in the hypothalamus of OR produced a 
phenotype similar to OP mice fed on a high fat diet. Thus, hypothalamic LIF is an early marker 
that allows the distinction of OP and OR mice fed on high-fat diet and the inhibition of LIF in 
OR mice results in metabolic and inflammatory changes, transforming OR mice in OP mice. 
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Abstract: Evidence suggests that small body size is a risk factor for Attention Deficit 
Hyperactivity Disorder (ADHD) and that ADHD patients are vulnerable to comorbid obesity. 
Mice with functional ablation of the neurokinin-1 receptor gene (NK1R-/-) express abnormal 
behaviours that are analogous to those seen in ADHD (1). Here we investigated whether NK1R-
/- and wildtype mice, of either sex, differ on measures of body size, body mass or %fat when fed 
either a normal or high fat (‘Western’) diet. Separate cohorts of mice (N=8-10 for each genotype 
& sex / cohort) were weaned onto normal (2018 global Rodent Diet, Harlan) or high fat (45% 



calories from fat) diet (Research Diets, NJ, USA). The weight and body length of all mice was 
measured immediately after culling at either 6 weeks (normal diet) or 7 weeks (high fat) of age. 
The carcasses were stored at 20°C for subsequent chemical analysis of milled, freeze dried 
samples using a modified Soxhlet extraction protocol. The data were analysed by 2-way 
ANOVA (with repeated measures, when appropriate), and posthoc LSD tests. NK1R-/- mice 
were shorter than wildtypes, regardless of sex or diet. On a normal diet, NK1R-/- mice weighed 
less than wildtypes, especially the males. However, after 28 days of high fat diet, there was no 
difference in the weight of male wildtype and NK1-/- mice and female NK1R-/- mice weighed 
more than their wildtypes [P=0.002]. NK1R-/- mice had a higher density (g/cm2: ‘mBMI’) than 
wildtypes regardless of diet or sex [normal diet: P<0.001; high fat: P<0.001]. On the high-fat 
diet, %fat was increased in male, but not female, NK1R / mice [P=0.003]. These findings are 
consistent with evidence that small body size is a risk factor for ADHD and that these patients 
have a high incidence of comorbid obesity. In view of evidence that polymorphism(s) of the 
equivalent human gene (TACR1) increases vulnerability to ADHD (2), the possibility that these 
patients (especially males) comprise a subgroup, with increased risk of developing obesity, 
merits investigation. 1) Yan TC et al., (2011) PLoS One.6:e17586. 
doi:.1371/journal.pone.0017586 2) Sharp SI et al. (2014) Am J Med Genet B Neuropsychiatr 
Genet. 165B:373 
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Abstract: Brain-derived neurotrophic factor (BDNF) infusions into the paraventricular (PVN) 
and ventromedial (VMH) hypothalamus inhibit food intake, whereas BDNF knockout in the 
VMH region increases feeding, suggesting BDNF is an anorexigen (Wang AJP 293:R992 2007; 
Unger J Neurosci 27:14265 2007). A western diet (WD) high in saturated fat and refined sugars 
consumed ad lib or pair-fed to controls for 14 wk reduced BDNF mRNA in the VMH (Yu 



Neurosci 160:295 2009). There has been no investigation, however, of how a WD impacts 
BDNF expression during initial consumption or weight gain. Should BDNF be altered at these 
early stages, and these changes contribute to obesity, they could be targeted for treatment and 
prevention of obesity. Consistent with this possibility, BDNF mRNA in the VMH is reduced 
after a 48 hr fast, and it increases within 30 min of a glucose injection in 48 hr fasted mice 
(Unger J Neurosci 27:14265 2007). We first examined whether the reduction of BDNF mRNA 
after a 48 hr fast was mirrored by BDNF protein. This was assessed by blind quantification of 
BDNF immunoreactive (IR) neurons in the VMH, PVN and arcuate (Arc) nuclei and 2 cortical 
control areas in fasted (n=6) and ad lib chow fed (n=6) mice with the aid of NIH Image J 
software. Fasting resulted in decreases in BDNF IR neuron numbers in the Arc (41%) and VMH 
(34%), but these were not significant. Next we examined short-term effects of a WD on BDNF 
IR neuron numbers in the VMH, PVN and Arc nuclei by feeding mice a WD (40% fat, 5TJN, 
TestDiets), chow, or the WD calorically paired to the chow gp (WD-PF) for 6 hr, 48 hr, 1 wk or 
3 wk. Food intake and bodyweight were measured daily. For the 6 hr time point body weight 
significantly increased in the WD and the WD-PF gps compared to the chow gp, whereas at all 
other time points only the WD gp gained significant weight. A similar pattern across groups was 
observed for caloric intake except at the 3 wk time point, for which WD and chow gps were 
similar and the WD-PF food intake was lower than for these gps as some mice did not consume 
all their food. Preliminary results for the 1 wk time point surprisingly showed moderate increases 
rather than decreases in BDNF IR neuron numbers in the PVN (44%), VMH (15%) and Arc 
(29%) in WD (n=5) vs. chow (n=4) gps. These trends were not significant. Smaller increases 
occurred for the WD-PF gp (n=4) and in the cortex for WD (10%) and WD-PF (15%) gps 
compared to the chow gp. Failure of decreased BDNF IR cell counts to reach significance after a 
48 hr fast could imply changes in protein are delayed compared to mRNA. Failure to observe 
decreased BDNF protein at 1 wk of WD feeding suggests either reduced mRNA does not result 
in reduced protein or reduced BDNF expression requires more prolonged WD feeding. 
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Abstract: Gene knockout studies in rodents have identified oxytocin as a causal factor in the 
development of obesity. Previous literature suggests that lower oxytocin levels may weaken 
responses to satiety signals after a meal and result in excessive carbohydrate consumption that 
could - eventually - predispose individuals to weight gain. Our study examined whether natural 
variants in the oxytocin receptor gene (OXTR) are involved in this process. We used child data 
(N=457) from the “Growing Up in Singapore Towards healthy Outcomes” longitudinal study 
(GUSTO). GUSTO tracks children from gestation to 7 years old. We compared OXTR genotype 
at birth to body mass index (BMI) at 3 years old, and eating behaviours at 1 year old. Eating 
behaviours were measured with the Child Eating Behaviour Questionnaire, a parent-reported 
index of children’s behavioural responses to food and food consumption. A key construct in this 
questionnaire is ‘satiety responsiveness’ (SR), which measures the extent that children feel sated 
and avoid eating after meals. SR is sometimes combined with the ‘slowness in eating’ (SE) 
subscale as a single construct (SR+SE); higher scores on either scale indicate greater 
responsiveness to post-meal satiety signals. None of the extracted oxytocin single nucleotide 
polymorphisms (SNPs) had a direct main effect on BMI. However, there were significant 
differences in SR or SR+SE based on allelic variations in six SNPs after adjusting for multiple 
comparisons. The absence of a main effect between OXTR genotype and BMI is understandable. 
If this relationship exists, it should only become apparent through a process that translates 
genotypic variations into phenotypic differences. Previous studies suggest that oxytocin’s effects 
on satiety may be one such process. Indeed, participants with the AA allele of rs1042778 had 
significantly higher satiety scores than those with the CC allele. This difference was consistent 
with previous research on oxytocin and sociability (e.g. empathy, prosocial behaviour), where 
the AA allele was related to sociability in a way that paralleled the administration of oxytocin in 
humans. Allelic variations in rs918316, rs2139184, and rs4686301 also showed significant 
differences in satiety response and may be involved in the same process; however, these have not 
received previous scientific attention, and their oxytocinergic effects remain unclear. Finally, 
SNPs rs237897 and rs11131149 show a counter-intuitive pattern, where the alleles with lower 
satiety scores have previously been associated with higher levels of oxytocin activity. This is not 
consistent with previous research on oxytocin and satiety. 
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Abstract: Melanin concentrating hormone (MCH) neurons of the lateral hypothalamus promote 
appetite and weight gain. We have found that they are chronically depolarized in diet induced 
obese mice and rats. However, questions remain as to whether the activation is a cause or effect 
of obesity, how they become depolarized, and how persistent the activation is. Therefore we 
tested MCH neuron activation with short term high fat diet feeding. Furthermore, we determined 
the mechanism underlying MCH neuron activation and whether it is reversible. We used whole 
cell patch clamp recording techniques on acute hypothalamic brain slices from male Sprague 
Dawley rats that were fed a high fat diet (Western Diet; WD) or a control low fat diet. An acute 
(1 week) WD feeding did not induce depolarization of MCH neurons. However, after 4 weeks of 
WD feeding, at the onset of excess weight gain, MCH neurons had significantly depolarized 
resting membrane potential (RMP) and higher firing frequency. Therefore activation of MCH 
neurons indeed occurs with short term high fat diet feeding corresponding to the onset of excess 
weight gain. Next, we determined the mechanism of MCH activation. MCH neurons were 
depolarized with no change in membrane resistance, indicating that an electrogenic pump or 
transporter is responsible. We tested ouabain, a Na+/K+ ATPase (NKA) inhibitor, as it is known 
to be inhibited in peripheral tissues during high-fat diet feeding. We found that the NKA is less 
active in the WD condition and its inhibition is the cause of depolarization in MCH neurons. 
Finally, we tested whether the NKA-induced activation of MCH neurons is reversible. After 
switching to the low-fat diet following 4 weeks of WD, we found that the RMP returned to 



baseline levels, indicating that MCH activation was reversible. However, it has been reported 
that diet cycling (altering between low and high-fat diets) can lead to increased weight gain. 
Therefore we tested what effect re-exposure to WD following the low-fat diet recovery period 
would have on MCH neurons. We found that MCH neurons are again depolarized by this 
treatment, but this effect was present after 1 week of WD. Since 1 week of WD feeding is not 
sufficient to induce depolarization in naïve animals, it appears that a previous exposure to WD 
increases the sensitivity of MCH neurons to undergo high fat diet induced plasticity. To 
conclude, our study suggests that diet-induced depolarization of MCH neurons due to reduced 
NKA activity may contribute to the onset and maintenance of obesity. Additionally, MCH 
neurons become more sensitive to high fat diet with previous exposures, which may have 
implications for dieting strategies to lose weight. 
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Abstract: AgRP and POMC neurons in the hypothalamic arcuate nucleus (ARC) play critical 
roles in feeding regulation. Previous studies have shown that stimulation of AgRP neurons is 
sufficient to drive a fed mouse to eat while stimulating POMC neurons reduces long-term food 



intake. While the ARC is known to integrate peripheral hormonal and humoral information 
related to an animal’s energy state, the dynamics of AgRP and POMC neurons in vivo had not 
been described. We used fiber photometry, a method for deep brain calcium signal recording, to 
monitor the activity of these neurons in freely behaving mice. We found surprisingly that AgRP 
neuron activity was inhibited (dF/F = -37% ± 4%) and POMC neuron activity was activated 
(dF/F = 38% ± 5%) very rapidly following the sensory detection of food. This rapid response 
was triggered by the sight and smell of food alone and preceded the onset of food consumption. 
These effects were reversed after removal of food but the reversal happened at a slower pace 
compared to the initial change. We also found that these neural activity changes depend on the 
animals’ satiety state, the palatability of the food, and the accessibility of the nutritional source in 
both AgRP and POMC neurons. Analysis of individual feeding bouts revealed that these 
neurons’ activity is also correlated with intrameal dynamics. Together these data show that the 
ARC feeding circuit is modulated by the anticipation of food consumption that will occur 
following food discovery, in contrast to previous work which had focused on the slow 
homeostatic regulation of this circuitry by circulating hormones and nutrients. I will discuss 
implications of these findings and directions for future research. 
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Abstract: The ventromedial hypothalamic nucleus (VMH) helps maintain energy homeostasis 
and regulates social and emotional behaviors. Nearly all VMH neurons, including those in the 
sexually dimorphic ventrolateral VMH (VMHvl) subregion, release the excitatory 
neurotransmitter glutamate. These neurons express the vesicular glutamate transporter 2 
(Slc17a6 or Vglut2), which is required for packaging and release of glutamate. To assess how 
glutamatergic signaling contributes to the collective metabolic and behavioral responses 
attributed to both the VMH and VMHvl, Vglut2 was eliminated using Sf1-Cre (Vglut2Sf1-Cre) in 
mice on the C57BL/6 background. Many phenotypes observed in these Vglut2Sf1-Cre mice are 
largely unexpected based on prior studies that perturbed VMH development or VMH function 
via knockouts of leptin or insulin inputs or glutamatergic output. Indeed, Vglut2Sf1-Cre mice fail to 
exhibit the anticipated increase in body weight after high fat diet (HFD) or the impaired glucose 
homeostasis after fasting. Instead, there is a sex-specific attenuation of body weight increase in 
response to HFD in Vglut2Sf1-Cre females, which mimics the negative energy state associated with 
estrogen receptor activity in the VMHvl. We hypothesize that this body weight phenotype 
reflects altered thermogenesis in Vglut2Sf1-Cre females and are currently evaluating the effect of 
this knockout on activation of thermogenic brown adipose tissue. In addition to the surprising 
metabolic phenotype, Vglut2Sf1-Cre mice have less anxiety-like behavior, unlike the anxiogenic 
phenotype previously observed in Sf1Nestin-Cre mice that lack a fully formed VMH. Vglut2Sf1-Cre 
males also display a sex-specific loss of conditioned-fear responses and aggression accompanied 
by more novelty-associated locomotion. Collectively, this study demonstrates that excitatory 
output from the VMH drives sex-specific differences in metabolism and social behaviors linked 
to the VMHvl, and is essential for adaptive responses to anxiety-provoking stimuli in both males 
and females. 
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Abstract: Making successful predictions about future events entails taking into account previous 
knowledge about the structure of the environment. Recent work has focused on simple structures 
defined by associative pairing, or probabilistic sequences. However, event structures in the 
environment (as in language, music, navigation) are typically hierarchical, comprising of simple 
repetitive to more complex probabilistic combinations. Yet, little is known about the neural 
mechanisms that mediate our ability to learn hierarchical structures. Here we combine 
behavioral, structural and functional brain imaging measurements to investigate the human brain 
circuits involved in predict upcoming events based on knowledge of hierarchical structures. We 
employed variable memory length Markov models to design temporal sequences of increasing 
complexity. We presented observers with a sequence of four symbols that differed either in their 
probability of occurrence (i.e. frequency statistics) or the length of the predictive temporal 
context (up to two items of context length). Observers were first trained with sequences 
determined by frequency statistics and then variable context length. In each trial, the sequence 
was interrupted by a test stimulus and observers were asked to indicate whether the test symbol 
matched their expectation based on the preceding sequence. Our behavioural results demonstrate 
different learning profiles across observers. Successful learners improved quickly (within 2 
training sessions) and learned to predict the most frequent symbol for each context (i.e. 
probability maximization). In contrast, weak learners based their predictions on symbol 
probabilities (i.e. probability matching) and required more (4-5) training sessions to learn the 
correct hierarchical structure. Our brain imaging results demonstrate dissociable brain circuits for 
learning frequency statistics vs. probabilistic context. In particular, fronto-parietal circuits are 
involved in identifying novel patterns early in the learning of frequency statistics, while 
subcortical regions (i.e. putamen) are involved in the learning of probabilistic context. Finally, 
functional activations and white matter connectivity in fronto-striatal circuits correlate with 
learning rate, suggesting enhanced learning-dependent brain changes for successful learning 
based on probability maximization. Thus, our findings propose that predicting upcoming events 
from past experience is implemented by dynamically recruiting different brain circuits across 
stages of probabilistic learning for hierarchical structures. 

Disclosures:  Z. Kourtzi: None. R. Wang: None. V. Karlaftis: None. Y. Shen: None. P. Tino: 
None. 



Nanosymposium 

113. Influence of Memory on Perception 

Location: N227 

Time: Sunday, October 18, 2015, 8:00 AM - 10:15 AM 

Presentation Number:  113.02 

Topic: F.01. Human Cognition and Behavior 

Support: NIMH K99MH099654 

 Howard Hughes Medical Institute 

 Picower Institute Innovation Fund 

Title: Temporal memories modulate the dynamic response properties of neurons in mouse V1 

Authors: *J. P. GAVORNIK1, M. F. BEAR2;  
1Biol., Boston Univ., Boston, MA; 2MIT, Cambridge, MA 

Abstract: We have previously demonstrated that passive visual experience is sufficient to 
encode representations of temporally organized visual sequences in the primary visual cortex of 
mice. This encoding is highly specific for both the spatial and temporal components of visual 
stimuli. It is also predictive in the sense that V1 responds as if an expected element of a familiar 
sequence were seen even when it is actually omitted. These predictive responses occur at 
precisely the time omitted stimuli would normally have been presented. This form of learning 
seems to happen locally in V1, and involves a form of long-term plasticity that develops over 
days. While generally consistent with some predictive coding models, our data does not comport 
with the long-held idea that V1 is a simple feature detector which reliably reports retinal activity 
using receptive fields established during the developmental critical period . Rather, our results 
show that V1 maintains a high degree of plasticity into adulthood and can learn to recognize and 
anticipate complex temporal relationships. There are many open questions about the implications 
of this plasticity both as it relates to V1 and to the neocortex generally. Here we will discuss 
possible mechanisms that underlie this learning and the role of attention. We will also consider 
the perceptual consequences of activity patterns in V1 that are initiated by visual stimuli but 
proceed with dynamics determined by memories of previous visual experience. 
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Abstract: Much like how attention prioritizes goal-relevant or perceptually salient bits of 
incoming information, our past experience might selectively filter our environment to promote 
the acquisition of new memories. A biased competition account of visual attention has been 
extremely fruitful in understanding how limited processing resources are allocated to sensory 
information, but less is known about how such competition plays out during long-term memory 
encoding. Here we examine the role of prior experience with an object in biasing the encoding of 
other objects. We tested the hypothesis that repetition of familiar objects will attenuate the neural 
response to those objects, in turn biasing processing toward other, novel objects presented 
simultaneously, and enhancing their encoding into long-term memory. This hypothesis was 
explored in a situation where, during each encoding trial, a novel object was presented in 
competition with a repeated object from a different visual category. We predicted that 
subsequent memory for the novel object would be associated with attenuated processing in brain 
areas coding for the repeated object, with enhanced processing in areas coding for the novel 
object, and with indices of competition between areas. These predictions were evaluated in an 
fMRI study in which participants were presented with the same face twice in a row, and then on 
the third event of each trial, the same face was surrounded by a novel scene. Consistent with a 
biased competition account, scenes were more likely to be later remembered when there was 
lower BOLD activity in face-selective fusiform gyrus, higher activity in scene-selective 
parahippocampal gyrus, and a greater difference in activity between scene- and face-selective 
areas. We further examined how these competitive dynamics impacted processing in other key 
brain structures involved in attention and memory beyond face- and scene-selective areas. Taken 
as a whole, these findings suggest that, like salience and goals, repetition attenuation can drive 
selection, especially as it relates to long-term memory encoding. 
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Abstract: We frequently encounter the same item in different contexts. How does this varied 
experience influence subsequent retrieval of the context(s) in which the item was experienced? 
We hypothesized that encountering a familiar item in a novel context will weaken prior 
contextual associations, but only insofar as these prior contexts are reactivated during this new 
encounter. To test this hypothesis, we ran an fMRI study that consisted of three phases. In the 
first phase, observers were exposed to a sequence of real-world objects that had been randomly 
assigned in advance to one of two orienting tasks: How easy would it be to draw the object? 
(artist task) or How useful is the object? (function task). These tasks served as the initial context 
to which the items were bound during encoding. In the second phase, some of these objects were 
presented again in a different task: How natural is the object? (organic task). Applying 
multivariate pattern analysis, we measured how much the initial artist or function task for each 
object was reactivated in the brain during the organic task. We predicted that such reactivation 
would trigger competition between this initial context and the current, novel context, weakening 
the initial association. More specifically, we predicted that stronger reactivation would induce 
more competition and greater weakening. To evaluate this possibility, we tested source memory 
for the initial context of each object in the third phase, with a forced choice judgment between 
the two initial tasks. Consistent with our hypothesis, greater classifier evidence for the 
artist/function task during the organic task was linked to worse subsequent source memory for 
the first task. These results could not be explained by an interference account in which memory 
for the initial task was overwritten by the organic task, as classifier evidence for the organic task 
during the second phase was not predictive of artist/function memory. Our findings emphasize 
the role of competition-dependent learning in updating episodic memory, both when binding 
multiple items to a single context (Kim et al., 2014, PNAS) and, as shown here, when binding 
multiple contexts to a single item. This kind of automatic regulation process might be adaptive, 
reducing potential clutter and interference from multiple related context memories. 
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Abstract: Attention can be strongly influenced by memory. While there is abundant evidence 
that the flexible, contextual representations encoded by the hippocampus can guide attention, 
there is less evidence suggesting other forms of memory--such as the rigid, stimulus-response 
associations learned by the striatum--can also facilitate attention. Here we present a new task in 
which participants show improvements in visual search by using mnemonic cues that depend on 
distinct memory systems. Participants are faster to respond to the target in a familiar context (a 
replication of the contextual cueing effect; Chun & Jiang, 1998) as well as when a stimulus-
response association provides a probabilistic (80%) cue to the location of the target and the 
participant’s motor response. Despite these improvements in reaction time, participants show no 
explicit memory for these associations. Using blood oxygen level dependent (BOLD) fMRI (N = 
35), we demonstrate that these memory cues depend on distinct neural systems. Change in 
hippocampal BOLD correlates with later context-guided (but not stimulus-response-guided) 
attention, while change in striatal BOLD correlates with stimulus-response-guided (but not 
context-guided) attention. On a trial-by-trial basis, we show that BOLD activity in these regions 
separately predicts reaction time on the next memory-guided trial. Subsequent attention is 
predicted by hippocampal (but not striatal) BOLD on context trials, and by striatal (but not 
hippocampal) BOLD on stimulus-response trials. These data provide novel evidence for the role 
of the striatum in guiding attention, and illustrate a double dissociation between mnemonic cues 
supported by distinct memory systems. 
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Abstract: Spatial and contextual associations in long-term memory are known to guide attention 
through top-down biasing of sensory processing. Brain-imaging studies of memory-based 
orienting of attention have revealed the involvement of the dorsal frontoparietal network 
implicated in spatial attention as well as the hippocampus. However, it remains unclear how the 
learning of spatial contextual associations comes to engage or implement attentional control over 
perceptual functions. In this study, we used magnetoencephalography (MEG) and 
complementary functional magnetic resonance imaging (fMRI) in order to reveal the spatial and 
temporal dynamics of the brain areas involved during the incremental learning of spatial 
contextual associations, and how this relates to neural and behavioural signatures of memory-
based perceptual facilitation. We tested for increases of activation in the network of brain regions 
implicated in forming spatial contextual memories, involving hippocampus, prefrontal cortex, 
and precuneus; and we investigated the involvement of theta-band oscillations, which have been 
implicated in integrating information across this network. Sensor-space MEG analysis revealed a 
parametric modulation of early evoked-activity depending on learning stage, as well as increases 
in theta power. FMRI as well as source-space MEG analysis showed increased activity both 
hippocampus-based frontoparietal networks during learning. Activity levels in brain areas, and 
theta-band oscillations, implicated in learning correlated with behavioral benefits of memory-
guided attention in a subsequent attention-orienting task. Our results provide important cross-
validation between neural signatures derived using MEG and fMRI in addition to revealing the 
dynamics in networks participating in learning and using spatial-contextual information to guide 



adaptive behavior. We aim to probe further the frequency specificity of the networks involved, 
and how these may change across learning and attention. 
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Abstract: Human attentional and short-term memory capacity is extremely limited (~ 4 objects) 
while real-world human visual performance is remarkably strong, especially in familiar 
environments. This apparent discrepancy between superior visual performance and limited 
attentional capacity can be reconciled by considering the role of long-term memory, which can 
guide attention to the most relevant information in an environment. Recent work from our 
laboratory (Rosen et al., 2015) has highlighted the contributions of three posterior nodes of the 
cognitive control network (CCN as defined in Yeo, Krienen et al., 2011), that were more 
strongly recruited during long-term memory-guided attention compared to stimulus-guided 
attention, including the lateral intraparietal sulcus (latIPS), posterior callosal sulcus (CaS-p), and 
the posterior precuneus (PrC-p). Recent work has suggested that these three regions form a 
subnetwork and a meta-analysis suggested that they support long-term memory retrieval (Power 
et al, 2011; 2014). Here, we designed an experiment to directly contrast long-term memory-
guided attention, stimulus-guided attention and long-term memory retrieval. Visual stimuli were 
matched in all conditions in order to investigate whether recruitment of these regions is specific 
for long-term memory-guided attention or general for long-term memory retrieval. Here, we 
replicate our previous finding that the PrC-p, latIPS, and CaS-p are recruited more strongly for 
long-term memory-guided attention than stimulus-guided attention and extend that finding to 



show that these regions are not recruited for long-term memory retrieval alone. Rather, this 
finding suggests that these regions are specifically recruited to support processing that integrates 
memory- and stimulus-based representations during long-term memory-guided attention. 
Furthermore, we examined subcortical activation patterns, using publically available functional 
connectivity-based parcellations of the cerebellum, striatum, and thalamus that parallel the 
cortical atlas parcellation (Buckner et al., 2011; Choi et al., 2012; Yeo et al., 2011). We observed 
that long-term memory-guided attention drives activation within the cognitive control network 
regions of each of these subcortical structures more strongly than either long-term memory 
retrieval or stimulus-guided attention alone. Taken together, these findings suggest that long-
term memory-guided attention is supported by a subnetwork within the cognitive control 
network that spans the cerebral cortex, striatum, cerebellum, and thalamus. 
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Abstract: While experience appears continuous and dynamic, reflecting on the past through 
memory is more discontinuous and discrete. Event segmentation theory hypothesizes that when 
an environment is stable and predictable, ongoing experience is bound together through the 
maintenance of an event model. However, a shift in experience (i.e. an event boundary) can lead 
to greater allocation of attentional resources towards the salient features of the environment. 
Prior empirical research has shown that event boundaries are associated with a loss in the 
accessibility of just experienced representations. However, the consequences of ongoing 
integration and event boundaries on long-term memory organization are less clear. In a series of 
behavioral and MEG experiments, we tested the idea that integration processes linking items 



across time and memory for information on each trial are differentially influenced by event 
boundaries. Namely, we predicted that boundaries would lead to a reduction in across-trial 
associative binding while at the same time should lead to enhanced within-trial associative 
binding, due to attentional orienting to salient boundary information. Our results confirmed these 
predictions and also highlight a trade-off between across-trial associative binding and boundary 
processing. Specifically, we found that the speed of processing (as measured by response times) 
at event boundaries was inversely correlated to associative memory for trials that flanked the 
boundary. In a follow-up MEG experiment using the same experimental paradigm, we 
investigated how oscillatory brain activity is modulated by event segmentation. We found that 
accumulating power within an event in the theta (4-8 Hz) and beta (13-30 Hz) band was 
associated with successful within-event integration. Furthermore, sharp drops in power in these 
same frequency bands were evident at event boundaries and were related to mnemonic event 
segmentation. Together, these findings highlight how transient boundary-driven shifts in 
attention and ongoing mnemonic integration processes interact to support the transformation of 
continuous experience into long lasting memories for episodic events. 
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Abstract: It is argued that the brain is a proactive organ, striving to know what is next. This 
proclivity for constant predictions creates an interesting paradox: we want to minimize 
uncertainty with predictions, but we also need to approach novelty and learn so that we can 
increase the pool of scenarios on which we are able to generate predictions in the future. These 
two conflicting demands imply different states of mind. There are states when we want to learn, 
and states when we prefer to exploit the certainty of a predictable environment; our minds 



sometime seek to maximize gathering of novel information, and in other times it prefers to 
minimize surprise. This constant tension between exploration and exploitation modes will be 
illustrated through a discussion of top-down and bottom-up processing, mental simulations, and 
the influence of load. Implications to topics such as creativity and mood will be proposed. 
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Abstract: Learning involves the adaptive reconfiguration of brain circuits based on experience. 
But understanding the changes in brain networks underlying learning and their relation to 
behavior has been challenging. One substantial roadblock to fully characterizing the role of 
networks in learning has been the lack of available tools to assess dynamic changes in brain 
networks and the ability to directly link such changes to specific aspects of behavior. Recent 
advances in dynamic network neuroscience have begun to allow for time-resolved descriptions 
of large-scale network coordination. Here we applied such an approach to data from functional 
magnetic resonance imaging in humans to explore the role of dynamic connectivity in learning 
from experience during a probabilistic reinforcement task. We found that learning was related to 
dynamic coupling of the striatum with different networks over time, a measure known as 
network flexibility. Flexibility on each learning block was significantly predictive of optimal 



choice on the next. Moreover, this flexibility in network dynamics was related to individual 
differences in participants’ learning rates as derived from standard reinforcement learning 
models. These results suggest that network dynamics play an important role in reinforcement 
learning. Further, these findings are consistent with the idea that flexible network communication 
provides a mechanism for information integration during reinforcement learning. 
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Abstract: There has been a growing interest in neuroscience in the use of Neurofeedback (NF) 
as a tool for plasticity training, as well as for the study and treatment of various clinical 
conditions. Recent advances in fMRI techniques and hardware have made real time fMRI 
(rtfMRI) a viable method for neurofeedback, allowing more accurate, spatially localized training 
than was previously possible with methods such as EEG. Recent studies have shown that 
participants can modulate their neuronal activity in the absence of an explicit strategy, thus 
greatly expanding the range of possibilities for neurofeedback. However, it is as yet unknown 
whether such training effects can be introduced without the active engagement or explicit 
knowledge of the participants. Here we show successful training effects that consequently 
produced long-term changes in functional connectivity. Participants received positive and 
negative rewards that were covertly coupled to activity in two high order category selective 
visual cortex regions (FFA and PPA). Participants had no knowledge of the nature of the 



experiment or of the possibility of influencing the rewards. Yet our results show that a high 
percentage of participants learned to modulate activity in these regions to enhance the positive 
rewards without any reportable awareness that they were so doing. Furthermore, the resulting 
changes in connectivity were also evident days later. The results indicate that brain networks can 
be modified even in the complete absence of intention and awareness of the learning situation, 
raising new possibilities for research and for clinical interventions. 
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Abstract: Functional neuroimaging has shown that non-declarative probabilistic classification 
learning on the Weather Prediction Task (WPT) with corrective feedback (i.e. rewards and 
punishments) involves the cortico-striatal circuits. During learning, activity increases an in the 
dorsolateral prefrontal cortex (DLPFC) and caudate nucleus and decreases in the medial 
temporal lobe (MTL). This decrease shows that learning on the task does not ordinarily require 
engagement of the MTL. In contrast, when the WPT is learned in a “paired associate” manner 
without corrective feedback, emphasizing declarative memory, MTL activity increases. 
Interestingly, inhibitory repetitive transcranial magnetic stimulation (rTMS) can be used to create 
a so called ‘virtual TMS lesion’ of specific cortical targets in healthy controls to determine their 
causal role during cognitive processes. The aim of the current study was to use the virtual lesion 
method to study the role of the DLPFC during WPT learning with (FB) and without (PA) 
feedback. In a parallel, sham-controlled design, we used inhibitory, continuous theta burst 
(cTBS) rTMS to inhibit the DLPFC in healthy volunteers during WPT learning with and without 
FB. Participants were assigned to one of two conditions that required completion of 150 trials of 
the WPT under FB or PA conditions, immediately after real cTBS over the DLPFC or sham 
cTBS. Real cTBS improved WPT learning under FB and PA conditions, relative to sham, with 
greater improvement in the PA condition. It is possible DLPFC inhibition, allows greater 



activation of the episodic memory system than normal during both FB and PA learning, and this 
release of the MTL, had a more striking effect on PA than observed for FB learning. 
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Abstract: Sleep plays a crucial role in the consolidation of newly acquired memories. Yet, how 
our brain selects the noteworthy information that will be consolidated during sleep remains 
largely unknown. Here we show that post-learning sleep favors the selectivity of long-term 
consolidation by retaining the most important (i.e., rewarded) memories (Figure B.i) while also 
enhancing subjective confidence for well-remembered information (Figure B.v), when tested 
after a nap or wake period and three months after initial encoding (Figure A). Our brain imaging 
data reveals that the functional interplay between dopaminergic reward regions, the prefrontal 
cortex and the hippocampus contributes to the integration of rewarded associative memories 
(Figure B.iii, B.iv and B.vi). We further show that sleep spindles strengthen memory 
representations based on reward values, suggesting a privileged replay of information yielding 
positive outcomes (Figure B.ii). These findings demonstrate that post-learning sleep determines 



the neural fate of motivationally-relevant memories and promotes a value-based stratification of 
long-term memory stores. 
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Abstract: Reward and punishment learning plays a critical role in navigating a dynamic 
environment, and is thought to be impaired in several neuropsychiatric disorders including 
addiction. We currently have a limited understanding of individual differences in punishment 
processing and whether dopamine is critical to this function. Here, we combined an 
approach/avoidance learning task with cognitive assays of dopamine-dependent cognitive 
function and functional magnetic resonance imaging (fMRI) to investigate how dopaminergic 
function and circuitry modulate human avoidance behavior. Thirty-one healthy individuals 
participated in the study. Avoidance learning was tested using a probabilistic selection task (PS). 
Previous research indicates that performance on the Reading Span Task (RST) and Barratt 
Impulsiveness Scale (BIS) correlate with striatal dopamine synthesis and release, respectively. 
These cognitive measures were, therefore, collected from participants to indirectly assay diverse 
aspects of baseline dopamine function. To examine the underlying neural circuitry, fMRI was 
employed to measure BOLD activity during the PS task and resting state functional connectivity 
(rsFC) immediately preceding the task. Avoidance learning showed a significant interaction of 
RST and BIS, and suggested an inverted U-shaped effect of putative dopamine efficacy on 
avoidance learning. Concurrently, activity in bilateral dorsal striatum also revealed an RST - BIS 
interaction effect at feedback on loss trials, with activity in the right caudate correlating with 
avoidance performance. Finally, caudate-mediodorsal thalamus rsFC was influenced by the RST 
- BIS interaction, further bolstering the argument that dopaminergic mechanisms underlie the 
processing of loss and punishing stimuli. Taken together, our data suggests that a circuit 
consisting of the dorsal striatum together with its efferents may shape avoidance learning and 
may involve dopaminergic mechanisms. Our findings have implications for drug addiction and 
other neuropsychiatric disorders associated with punishment processing. 

Disclosures:  V. Pariyadath: None. M. Zhou: None. T.J. Ross: None. B. Salmeron: 
None. M.J. Frank: None. E.A. Stein: None. 

Nanosymposium 

114. Reward Processing and Reinforcement Learning in the Human Brain 

Location: N228 



Time: Sunday, October 18, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  114.06 

Topic: F.01. Human Cognition and Behavior 

Support: NIH Grant MH091864 

Title: Effects of early life stress on the development of ventral striatal resting-state connectivity 
in humans 

Authors: *D. S. FARERI1,2, L. GABARD-DURNAM1, B. GOFF3, J. FLANNERY4, D. GEE5, 
D. LUMIAN6, C. CALDERA3, N. TOTTENHAM1;  
1Psychology, Columbia Univ., New York, NY; 2Derner Inst. of Advanced Psychological Studies, 
Adelphi Univ., Garden City, NY; 3Psychology, UCLA, Los Angeles, CA; 4Psychology, Univ. of 
Oregon, Eugene, OR; 5Weill Cornell Med. Col., New York, NY; 6Univ. of Denver, Denver, CO 

Abstract: Across species, evidence highlights the ventral striatum (VS) as crucially important 
for evaluating and learning from affective and social incentives. The VS is anatomically 
connected to both cortical (e.g., prefrontal cortex; PFC) and subcortical (e.g., amygdala, 
hippocampus) structures also supporting affective valuation and learning, forming a neural 
incentive-based valuation circuit (Haber & Knutson, 2010). Early life is a time during which 
learning about affective and social signals occurs at a rapid rate, as we begin to understand how 
to engage with the world, but is also a time of significant neurodevelopmental change and 
vulnerability to external environmental stressors. Adverse early life experiences, such as the 
absence of a stable caregiving environment can significantly impact neural and behavioral 
development (Tottenham & Sheridan, 2012; Gunnar & Quevedo, 2007). Rodents experiencing 
repeated maternal separation early in life show altered reward-related behaviors later in life 
(Matthews and Robbins, 2003) (e.g., reduced preference for reward-predicting stimuli (Matthews 
et al., 1996)). Human fMRI studies report that lack of a stable caregiving environment––
spending significant time in institutionalized care during infancy––is associated with decreased 
reward related activation in the VS to socially rewarding stimuli (Goff et al., 2013) and a 
decreased ability to learn the value of reward predicting cues (Metha et al., 2010). To date, there 
is little understanding of how early life stress in the form of maternal deprivation during the 
infancy period affects the development of functional relationships between the VS and connected 
structures in humans. We employed a seed-based correlation approach to investigate VS resting-
state functional connectivity (rsFC) in a sample of typically developing (TD) children and 
adolescents and those with a history of institutionalized care (PI) early in life ranging from 6-18 
years of age. Preliminary whole-brain analyses (p<.01, uncorrected) reveal stronger (i.e., more 
positive) VS rsFC with the amygdala/parahippocampus and lateral prefrontal cortex in TDs (n = 
46) than PIs (n = 39). Conversely, PI individuals show positive rsFC between the VS and a 
region of anterior medial PFC (BA9) whereas TD individuals demonstrate no significant VS 
rsFC with this region. Future planned analyses will examine interactive effects of age (linear, 



quadratic) and group on the development of VS rsFC. Taken together, these initial findings 
suggest that early life stress may alter normative development of VS functional connections with 
cortical and subcortical structures implicated in incentive-based behaviors. 
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Abstract: Major Depressive Disorder (MDD) is one of the leading causes of disability 
worldwide. At present there are no reliable biomarkers for treatment outcome prediction in 
MDD. Capitalising on previous evidence of impaired reinforcement learning in MDD, we 
hypothesized that responders and non-responders to computerised Cognitive Behavioural 
Therapy (cCBT) would exhibit differential neural activity in association with the update of 
choice value following negative and positive feedback information. We employed a longitudinal 
design. Prior to cCBT, unmedicated participants (n=40) meeting ICD-10 diagnostic criteria for 
MDD were scanned using functional magnetic resonance imaging (fMRI) whilst performing a 
probabilistic reversal-learning task. In order to track the trial-by-trial choice value update we 
fitted a computational model with a dynamic learning rate to each participant’s observed 
behaviour and used the model’s estimates of the dynamic learning rate to inform the analysis of 
the baseline fMRI data. Our results show a cluster in the paracentral cingulate cortex correlating 
with the model’s dynamic learning rate. After assessing participants’ response to cCBT at 4 
months follow-up, we found differential patterns of baseline BOLD activity within the 
paracentral cingulate cortex to be more predictive of differential response to cCBT than the 



model’s estimates of the dynamic learning rate. This finding represents preliminary evidence that 
different neural signatures in the context of reinforcement learning might help predict treatment 
outcome in MDD. 
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Abstract: In the mammalian brain, the neuromodulator dopamine is critical for decision-making 
and adaptive behavior. To date, measurements of dopamine release with the requisite temporal 
resolution and cognitive challenges necessary to test hypotheses about the computational role of 
dopamine release in the human brain have been lacking. We monitored dopamine levels with 
sub-second temporal resolution in humans (N=17) with Parkinson’s disease while they executed 
a sequential decision-making task. Participants placed bets and experienced monetary gains or 
losses. Dopamine fluctuations in the striatum fail to encode reward prediction errors as 
anticipated by a large body of work in model organisms. Instead, sub-second dopamine 
fluctuations encode an integration of reward prediction errors with counterfactual prediction 
errors; the latter defined by how much better or worse the experienced outcome could have been. 
Notably this combination of error terms is consistent with how one should feel given one’s 



decision, the resulting outcome, and the overall context of that outcome. This combination of 
information in a single physical signal could be one way that the human brain translates 
computations about actual and simulated experience to embodied states of feeling. How 
dopamine fluctuations combine the actual and counterfactual is unknown. One possibility is that 
this is the normal behavior of reward processing dopamine neurons, which previously had not 
been tested by experiments in animal models; alternatively, this superposition of error terms may 
result from an additional yet to be identified subclass of dopamine neurons. 

Disclosures:  K. Kishida: None. I. Saez: None. T. Lohrenz: None. M.R. Witcher: 
None. A.W. Laxton: None. S.B. Tatter: None. J.P. White: None. T.L. Ellis: None. P.E.M. 
Phillips: None. P.R. Montague: None. 

Nanosymposium 

114. Reward Processing and Reinforcement Learning in the Human Brain 

Location: N228 

Time: Sunday, October 18, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  114.09 

Topic: F.01. Human Cognition and Behavior 

Support: NWO Grant #404-10-062 

Title: Human choice strategy varies with anatomical projections from ventromedial prefrontal 
cortex to medial striatum 

Authors: *P. PIRAY, I. TONI, R. COOLS;  
Donders Inst. for Brain, Cognition and Behavior, Radboud Univ. Nijmegen, Nijmegen, 
Netherlands 

Abstract: Two distinct systems, goal-directed and habitual, support decision making. It has 
recently been hypothesized that this distinction may arise from two computational reinforcement 
learning mechanisms, model-based and model-free. Although individuals are largely different in 
the degree to which they employ model-based and model-free control, it is not known whether 
these differences depend on the relative strength of anatomical connectivity within frontostriatal 
circuits involved in learning and behavioral control. In this study, we fill this gap by combining 
diffusion tensor imaging with a multistep decision task known to distinguish model-based and 
model-free control. We exploited the presence of large inter-individual differences in the degree 
of model-based control in this task. We found evidence that the degree of model-based control is 
predicted by the structural integrity of white-matter tracts from the ventromedial prefrontal 
cortex to the medial striatum. Furthermore, a simulated lesion analysis suggests that this effect is 



driven by top-down influences from ventromedial prefrontal cortex to medial striatum. Our 
findings indicate that individuals with stronger afferences from the ventromedial prefrontal 
cortex to the medial striatum are more likely to rely on a model-based strategy to control their 
instrumental actions. These findings suggest a mechanism for instrumental action control 
through which medial striatum determines, at least partly, the relative contribution of model-
based and model-free systems during decision-making according to top-down model-based 
information from the ventromedial prefrontal cortex. These findings have important implications 
for understanding the neural circuitry that might be susceptible to pathological computational 
processes in impulsive/compulsive psychiatric disorders. 
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Abstract: Decision making is shaped by many factors, such as stress and cognitive strategy. We 
aimed to investigate if and how decision making is differentially influenced by breaks filled with 
diverse everyday life activities. We had young adults listening to music and playing a video 
game during breaks, in between trials of sequential two-step Markov decision task, to assess 
habitual as well as goal-directed decision making. Based on computational mixed-effects 
modeling, we observed that video gaming, as compared to music, reduced reliance on the goal-
directed decision-making system and led the habitual choices to become more dependent on 
intermediate value expectations as compared to final feedback. Our findings suggest differential 
effects of everyday activities on key decision-making processes. 
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Abstract: In order to make optimal choices, animals must generate internal representations of 
the value of available options. Numerous studies have focused on how such decision signals 
arise in the brain, and how they are implemented within a decision network to guide value-based 
behavior. However, these studies typically focus on the abstract value of outcomes as reflected 
on a “common scale”, and tend to overlook the need for systems to represent value signals that 
are specific to the identity of the available outcomes. In order to examine whether and how 
identity-specific value computations are incorporated in human decision-making, we 
implemented an instrumental conditioning task using visual symbols as conditioned stimuli and 
different food odors as unconditioned stimuli. On each trial of the choice task, hungry 
participants (N=9) chose either a visual symbol that predicted a low-intensity food odor, or a 
visual symbol that predicted a high-intensity food odor. Immediately after their choice, 
participants sniffed the associated odor and then rated the odor’s pleasantness. Analysis of choice 
frequencies in 12-trial bins revealed that subjects initially chose symbols at random (p(high 
intensity choice) = 0.51 ± 0.08, t(8) = 0.14, p = 0.89, t-test vs. chance). However, by the fourth 
bin of trials, subjects consistently chose the symbol leading to the higher intensity odor (p(high 
intensity choice) = 0.74 ± 0.09, t(8) = 3.09, p = 0.015). Pleasantness was significantly greater 
across all trial bins for high-intensity odors (F(1,9) = 5.162, p = 0.053, repeated measures 
ANOVA), indicating that higher intensity conferred increased value on the odor rewards. 
Additionally we found that the difference in pleasantness between high and low value odor 
rewards was directly related to the proportion of high intensity odor choices (r = 0.79, p < 0.001). 
Taken together, these results demonstrate that food odors serve as effective rewards that 
reinforce choice behavior during instrumental conditioning, such that human subjects will 
actively work to obtain them. By implementing this task in a forthcoming fMRI study, we will be 
able to directly test whether value-based choices rely on decision signals specific to the identity 
of the chosen reward outcome. Based on previous studies in our lab, we hypothesize that 
identity-specific value signals in the orbitofrontal cortex (OFC) would provide the neural basis 
for such choices. 

Disclosures:  J.D. Howard: None. T. Kahnt: None. 

Nanosymposium 



114. Reward Processing and Reinforcement Learning in the Human Brain 

Location: N228 

Time: Sunday, October 18, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  114.12 

Topic: F.01. Human Cognition and Behavior 

Title: Independent clustering and generalization of action-outcome and outcome-values in goal-
directed learning 

Authors: *N. T. FRANKLIN, M. J. FRANK;  
CLPS, Brown Univ., Providence, RI 

Abstract: A hallmark of goal-directed behavior is the ability to flexibly combine information 
about the effects of our actions with outcome values to devise a course of action. This can be 
difficult in a novel context as it often unclear to what degree learning from other contexts can 
apply to the new context. Often, it is adaptive to treat a new context as the same as an old context 
given substantial similarity between contexts. Previous behavioral and EEG data suggest that 
rather than learning about specific contexts, humans build abstract task structures and then learn 
which contexts should be linked to which structures. Computational models further suggest that 
this process involves context popularity-based clustering, such that task structures that are most 
popular across contexts are more likely to be revisited in new contexts. However, in ecological 
settings, often a novel context indicates that some aspects of task structure - such as what effects 
are actions have on subsequent states - should be generalized from one previous context whereas 
other aspects - such as the value of those states - might come from other contexts. A more 
flexible, goal-directed agent would treat action-effect and outcome-values separately. We first 
consider how a non-parametric Bayesian agent can learn and generalize latent structure in action 
effects and outcome values separately, forming independent clusters that may have different 
popularity across contexts. We show that this leads to qualitatively different predictions in 
behavior than an agent that considers generalizes both together. We develop a novel task to 
investigate how people can discover latent structure and generalize this knowledge in a flexible 
and goal directed way. We provide preliminary experimental evidence for this model of 
generalization and show that people generalize transition structure independently of reward 
value.  These finding suggest people consider complex structures over their environment and are 
able to leverage these structures to act adaptively in novel situations. 
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Abstract: Rewarding and aversive experiences exert a strong influence on later decision making. 
While decades of neuroscience research have shown how repeated reinforcement gradually 
shapes preferences, decisions are often supported by single past experiences. Surprisingly, 
relatively little is known about how episodic experiences influence later behavior. We predicted 
that the reactivation of distributed value-related neural representations could bias decision 
making and support memory for the positive value of single experiences. We tested this 
prediction in experiments where human participants experienced episodes of high vs. low reward 
in conjunction with the presentation of incidental, trial-unique neutral object pictures. In a 
surprise memory test for the value incidentally associated with the objects, we found that 
participants could indeed remember the associated level of reward, as evidenced by preferences 
and accurate memory for value. Neurally, we found significant evidence for reactivation of 
value-related neural patterns of activity, such that reward patterns significantly classified later re-
exposure to the originally neutral objects. Searchlight analyses demonstrated significant 
classification in the object-selective visual cortex as well as value-related regions of interest. Our 
results show that single affective experiences can build reliable associations between stimuli and 
value. Moreover, they provide a novel demonstration that affect-related neural patterns are 
reactivated during later experience. Taken together, our results demonstrate a mechanism by 
which episodic memory can guide value-based decision making. 
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Abstract: Humans possess a remarkable ability to learn complex relationships from a cluttered 
and multifaceted world. Additive reinforcement learning models, in which learning occurs 
independently over different sensory features of stimuli, can compactly describe many aspects of 
this learning. However, animals display some behaviors that cannot be described within this 
framework. The serial feature discrimination task illustrates one way in which latent features of 
the sensory world are employed for learning reward contingencies. In serial feature 
discrimination, information must be maintained across time to learn reward associations. 
Specifically, subjects are required to learn that one stimulus feature (e.g. A) functions as an 
“occasion setter” so that a later stimulus (e.g. B) can be associated with reward (i.e. A→B+). 
Maintaining information about the occasion setter is critical for learning since the second 
stimulus does not predict reward when presented alone (i.e. B-). Behavioral testing indicated that 
serial feature learning involves different types of mental representations than does classical 
Pavlovian conditioning effects. Specifically, information learned about the occasion setter does 
not lead to subsequent blocking for conjoint reward learning (i.e. subsequent training on AC+ 
does not block new learning about C; p>.05). However, when the time delay is removed (i.e. 
AB+ is learned initially, followed by AE+) then blocking does occur (p<.05). Our task 
additionally presents an opportunity to investigate the representations employed by the brain 
during learning. The orbitofrontal cortex (OFC) is thought to combine information from sensory 
cortex, prefrontal cortex, and subcortical structures into abstract state representations that are 
critical for learning tasks with latent structure. Our novel behavioral paradigm will allow us to 
test the hypothesis that the OFC represents state space when information must be maintained 
over time. This research will ultimately contribute a more nuanced understanding of the neural 
basis of reinforcement learning as well as a more mechanistic understanding of OFC function. 
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Abstract: Individuals with autism spectrum disorders (ASD) display reduced spontaneous 
mimicry of facial expressions (McIntosh et al., 2006; Beall et al., 2008). Mechanisms underlying 
spontaneous facial mimicry (SFM) are not well understood and believed to involve access to 
self-representations, i.e. SFM occurs as a result of mapping/embodying another person’s 
expression onto one’s own face (Niedenthal, 2007). The current study tested a) the effect of self-
face (compared to an unfamiliar other face) as a facilitating prime on SFM, and b) the effect of 
individual autistic traits in influencing SFM, using facial electromyography (EMG). 34 
neurotypical adults (3 males) participated in a 2-part study. All participants completed the 
Autism Spectrum Quotient (AQ) online. In the first session participants face was photographed 
holding a neutral expression. In the second session participants viewed videos of happy and 
angry expressions. Before viewing each video, participants were subliminally primed with ‘self’ 
or ‘unfamiliar other’ face (33 millisecond) followed by a backward mask (66 millisecond). 
Spontaneous muscle activity was recorded using EMG as participants passively viewed the 
videos. Baseline normalized Spontaneous muscle activity from Zygomaticus Major (happy 
condition) and Corrugator supercilii (angry condition) was recorded over the 0-2000 millisecond 
window after the start of the video stimulus. Outliers were removed using Cook’s d >4/N. 
Individuals with high autistic traits showed significantly reduced spontaneous mimicry for 
emotion expressions (N = (33); r =-.335, p=0.028). Specifically, this result was driven by the 
self-face prime condition (collapsed across emotions and muscles) [N= 31 pearson r=-.338 
p=0.031], and not the other-face prime condition [N= 32; pearson r: -.181 p=0.156]. There was 
no main effect of priming identity on magnitude of spontaneous mimicry of either happy 
(zygomaticus) expressions [t=-.197 p=0.845] or angry (corrugator) expressions [t=-.834 
p=0.410]. The present study shows high autistic traits reduce spontaneous mimicry of dynamic 
facial expression. Specifically, this relationship is statistically significant when the dynamic 



facial expressions are primed with self-face but not when primed with other face. SFM thus 
constitutes a potential dimension relevant for examining social behavioral symptoms across 
psychiatric categories. 
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Abstract: Imitation is a facilitator of social bonds in humans. Parents routinely imitate babies to 
build rapport. Behavioural studies show that neurotypical human adults like those who mimic 
them, and mimic others more that they like. Individuals with Autism Spectrum Disorders (ASD) 
show reduced spontaneous imitation and atypical social behaviour. Further, a recent fMRI study 
revealed that individuals high in autistic traits show a reduced modulation of mimicry-related 
brain regions by reward value, indicating an atypical link between reward and mimicry. Based on 
these observations, we hypothesized that being imitated may not be equally rewarding for 
individuals with ASD. 26 ASD and 30 neurotypical adults, matched for age, gender,and IQ, 
performed a 2-part task. The first part was a conditioning task outside the scanner, where 
participants were mimicked by one face and ‘anti-mimicked’ by another.The participants were 
instructed to make a facial expression (happy/sad) while watching faces on screen that would 
either make a congruent or an incongruent expression, 700ms after the participant initiated the 
instructed expression. This created the subjective impression of being mimicked/ anti-mimicked. 
The second part was done in a 3T fMRI scanner, where participants passively viewed the 
conditioned faces (mimicking vs anti-mimicking), one at a time, using an event-related design. 
We hypothesised that the neurotypical group would show greater reward-related ventral striatal 
(VS) response to the mimicking compared to the anti-mimicking faces. The VS cluster was 
defined using an independent meta-analysis of reward processing studies (Liu et al, 2010). The 



mean t-value of the contrast [mimicking> anti-mimicking faces] of the left VS was found to be 
significantly lower in the ASD group (t(54) = -1.69, p = 0.0486); (2) the contrast t-values in the 
left VS negatively correlated with self reported autistic traits, in the whole sample (r = -0.29, p = 
0.0307). No significant differences were observed in the right VS. The results support our 
hypothesis that in individuals with high autistic traits, and those with a clinical diagnosis of ASD 
being imitated is associated with lower reward-related striatal response as compared to controls. 
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Abstract: The neural mechanisms that underlie the relationship between reward and self-
regulation are poorly understood. Behaviorally, adults demonstrate better self-regulatory ability 
than children and it has been hypothesized that this difference relates to differential rates of 
development between prefrontal control regions and subcortical structures such as the nucleus 
accumbens (NAcc) (Somerville and Casey, 2010). To investigate potential asymmetric 
development of reward and control systems we applied network-based resting-state functional 
connectivity (RSFC) MRI methods and support vector machine learning. We predicted adults 
and children would demonstrate similar RSFC within the reward system (early maturation) but 
would show differences in RSFC in control systems (e.g., frontoparietal and cingulo-opercular 



systems; late maturation). Adults (N=48) and children matched on gender and motion parameters 
were included in the analysis. RSFC across 11 major systems incorporating 266 brain regions 
was measured. Whereas adults showed greater mean connectivity in the frontoparietal control 
system, children showed greater connectivity in the reward system. SVM classification between 
adults and children was significantly greater than chance using the whole brain network (>90%), 
and within individual systems. Adult/Children classification was significant in the reward system 
but not for the frontoparietal control system. A subsequent analysis (N=65) of individual 
differences within each system revealed that the reward system demonstrated reliable within-
subject RSFC and low between-subject variability. By contrast, the frontoparietal system 
demonstrated reliable within-subject RSFC and robust between-subject variability. These 
findings explain the failure of the SVM to classify adults and children using frontoparietal 
RSFC. Indeed, SVM classification accuracy for each system between adults and kids correlated 
with between-subject variability (r = -0.85). These findings also highlight systems that capture 
robust individual differences _ a finding that offers a potential blueprint for linking individual 
differences in RSFC to individual differences in behavior and personality. 
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Abstract: Psychopathy is a personality disorder with strong links to criminal behavior and 
recidivism. While research on the disorder has primarily focused on empathy and threat 
detection, deficits in reward and motivation processing have also long been suggested. 
Previously we have shown in community volunteers that higher psychopathy scores predicted 
heightened nucleus accumbens activity to the anticipation of rewards; as virtually none of these 



participants would meet forensic criteria for psychopathy, however, it is unclear whether these 
results generalize to a correctional setting, where rates of the disorder are disproportionately 
higher. Furthermore, whether this striatal hyperreactivity reflects circuit-level perturbations to 
reward and motivation, such as cortico-striatal connectivity, remained unclear. Here we use 
functional magnetic resonance imaging to examine the relationship between subjective-value-
related brain activity, functional connectivity, and psychopathy in a population of adult male 
incarcerated criminals. We found that higher psychopathy scores were associated with 
heightened subjective-value-related neural signals in the nucleus accumbens, as well as 
diminished functional connectivity between nucleus accumbens and medial prefrontal cortex. 
Furthermore, psychopathy moderated the relationship between inmates’ striatal connectivity and 
function: at low psychopathy scores, cortico-striatal connectivity was inversely correlated with 
striatal reactivity to subjective value, but at higher psychopathy scores this relationship broke 
down. Finally, weakened prefrontal-accumbens connectivity was associated with higher numbers 
of convicted crimes. These findings suggest that the neural circuitry underlying reward and 
motivated behavior is fundamentally perturbed in psychopathy, which in turn contributes to 
persistent antisocial behavior. 
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Abstract: The human reward system functions to drive appetitive behaviors across domains. 
Prior work has implicated regions of the reward system_in particular, the nucleus accumbens 
(NAcc) and orbitofrontal cortex (OFC)_in processing appetizing food cues and motivating eating 
behavior. However, less is known about how the development of these structures may predispose 
individuals to become obese. Here, we consider the relationship between reward system structure 
and two known obesity predictors: percentage body fat and FTO genotype. High-resolution T1-
weighted anatomical images and diffusion tensor imaging (DTI) scans were collected for a large 
cohort of subjects spanning childhood to young adulthood (ages 9-22). All participants were 
weighed on a clinical-grade Tanita body composition analyzer to determine percentage body fat. 
A subset of subjects (ages 9-12) was genotyped for the FTO SNP rs9939609. Using FreeSurfer, 
an automated segmentation tool, surface-based NAcc volume and OFC thickness estimates were 
extracted for each subject. These same regions were used as seeds to perform probabilistic 
tractography between the NAcc and OFC. For each subject, mean fractional anisotropy (FA) 
values were obtained within this tract to provide an estimate of white matter connectivity 
strength. Each of these structural measurements was used to predict an individual’s percentage 
body fat or FTO genotype. Across all subjects, reward system structural metrics correlated with 
adiposity, including NAcc volume, OFC thickness, and white matter connectivity strength 
between these regions. Collectively, these measurements were able to predict adiposity in a 
novel set of subjects using leave-one-subject-out cross-validation and support vector regression. 
Separately, NAcc volume predicted the number of FTO obesity risk alleles independent of 
adiposity, such that children at a higher risk for obesity demonstrated greater NAcc volume. 
These results suggest that high-adiposity individuals exhibit structural differences in regions 
underlying reward system function, consistent with reports of altered task-based reward 
responsivity in individuals with obesity. Further, preliminary evidence suggests that children 
with a higher genetic risk for obesity may be predisposed to differentially represent reward 
signals, which may in turn lead to unhealthy eating behaviors. 
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Abstract: The µ-opioid receptor (MOR) system is central to ‘liking’ and ‘wanting’ of food in 
rodents. MOR blockade also decreases liking of high-sucrose and high-fat foods in humans. 
Sweet liking phenotype, an individual difference measure of sucrose preference, is higher in 
substance dependent populations and associated with addiction-related phenomena such as 
impulsivity, novelty seeking, binge eating, and excessive alcohol intake. Sweet liking phenotype 
has been proposed as a behavioral measure of OR system sensitivity in humans, yet how MOR 
drugs modulate sucrose preference is unclear. We hypothesised that MOR stimulation would 
increase, and MOR blockade decrease, relative preference for sucrose drinks, without affecting 
perceived sweetness intensity. In a double-blind, 3-way cross-over design, 49 healthy men 
received a MOR agonist (morphine 10 mg), OR antagonist (naltrexone 50 mg) and placebo 
before completing a standard sweet taste preference task In each session participants tasted 15 
drinks of five sucrose levels in pseudorandomized order and rated perceived sweetness intensity 
and pleasantness. As hypothesized, a linear mixed model (LMM) showed no significant effects 
of either drug on sweetness intensity. An LMM of sweetness preference showed a significant 
interaction between drug and sucrose content (F(2,114)=4.121, p <.001). As expected, preference 
for high-sucrose drinks (slope across the five drink types) was significantly reduced by 
naltrexone compared to placebo. Morpine did not significantly increase slope, but planned 
comparisons revealed a significant morphine-induced increase in liking of the sweetest drink 
compared to placebo and naltrexone. We found no significant drug effects on sucrose preference 
between carriers of the A118G SNP of the OPRM1 gene coding for the MOR (AA=27, AG=22). 
Since our sample contained both participants who preferred the sweetest drinks (‘sweet likers’, 
n=23), and participants whose pleasantness ratings decreased with increased sweetness (‘sweet 
dislikers’, n=26), we were able to assess whether MOR manipulations would selectively affect 
pleasantness for sweet drinks that were perceived as pleasant. Analysis of phenotype*drug 
interactions indicated similar effects of MOR drugs on sweetness preference across ‘sweet likers’ 
and ‘dislikers’, consistent with a role for the MOR system in promotion of high-calorie food 
consumption rather than for hedonic eating. A neural system that promotes preference for sweet 
and fatty foods has clear evolutionary advantages. The mesolimbic MORs are a likely candidate 
system supporting high-calorie preference in humans. 
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Abstract: BACKGROUND: The endogenous µ-opioid receptor (MOR) system mediates 
positive responses to social rewards, and dampens pain and psychosocial stress. We have 
previously shown that the human MOR system promotes social motivation and gaze to the eye 
region of faces. Increased attention to the eyes enables more accurate assessment of social and 
emotional cues. We therefore hypothesised that morphine treatment would increase emotion 
recognition. A competing hypothesis is that MOR system activation with morphine would 
dampen responses to explicit negative expressions and promoting responses to positive ones. 
METHOD: We assessed evaluation of two facial expressions related to pro-social and aggressive 
behaviour in humans, happiness and anger, in a preliminary double-blind placebo-controlled 
cross-over study. So far, 11 healthy volunteers (4 female) received a MOR system agonist 
(morphine 10 mg) or placebo per-oral on separate sessions. As part of a larger task protocol, the 
participants viewed 200 images faces (20 males and 20 females) displaying explicitly angry, 
implicitly angry, neutral, implicitly happy and explicitly happy faces. Ratings of perceived anger 
and happiness were recorded for each image using visual analogue scales from 0 - 10, and were 
analysed in two generalized linear mixed regression models. Main factors were drug and facial 
expression. Control variables were session number, trial number and gender of participant and 
face stimulus. RESULTS: The morphine dose was chosen to activate mu-opioid receptors 
without causing sedation or euphoria. Indeed, t-tests revealed no significant differences between 
drug conditions on subjective reports of drug effect (M>P, p=.91), feeling high (M>P, p=.47), or 
feeling good (M>P, T.test p=.89). Preliminary analyses of perceived anger and happiness ratings 



confirmed the expected stimulus category effects. Contrary to the main hypothesis, morphine did 
not enhance overall emotion recognition. Morphine significantly decreased overall ratings of 
perceived anger [F(1,2169)=32, P<0.001] but did not significantly affect happiness ratings. 
CONCLUSION: While the results from this preliminary study point to a dampening effect of 
morphine 10 mg on perception of anger, it is too early to make any conclusions as to the role of 
MOR system in processing of emotional facial expressions. Results from recent studies 
investigating effects of MOR system manipulations on face perception have been mixed. The 
current study will be expanded to a larger sample and to include measures of autism spectrum 
traits. 
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Abstract: Despite a growing number of reports that dopamine impacts functional connectivity in 
brain imaging data, particularly within corticostriatal pathways, results of this work have been 
equivocal with respect to the nature and directionality of these effects. Variability in these results 
is likely related in part to the type of pharmacological agent used to perturb the dopaminergic 
system and the nature of the task performed during data acquisition. However, another important 
factor may be the composition of the study participants themselves. Previous research has 
indicated that the effect of dopamine intervention on working memory and attentional 
performance, task-evoked activation of the prefrontal cortex and striatum, as well as on the 
extent of correlated activity in corticostriatal pathways during task performance can vary 
substantially as a function of baseline dopamine synthesis or dopamine system genetics. Here, 
we test the hypothesis that dopamine intervention influences corticostriatal functional 
connectivity during rest in a way that is contingent on baseline dopamine system function and 
that conforms to an inverted-U-shaped function. Using a multisession, double-blind, crossover 



design, participants underwent functional MRI scanning once each after administration of 
placebo and bromocriptine (1.25mg), a dopamine D2 receptor agonist. During each session, 
eyes-open resting BOLD data were collected with a Siemens 3T Trio scanner and a 12-channel 
head coil, and one of several echo planar imaging acquisition protocols. The sample was 
dichotomized according to score on a verbal listening span task (a measure of working memory 
capacity) previously found to correlate positively with striatal dopamine synthesis capacity. 
Relative to individuals with high listening span scores, low span participants exhibited greater 
corticostriatal resting functional connectivity spanning multiple regions of the striatum and 
cortex. Following administration of bromocriptine, corticostriatal connectivity was in general 
decreased in low span individuals, but increased in high span participants. This pattern of results 
is consistent with an inverted-U-shaped relationship between baseline dopamine levels and 
neurobiological phenotype. This finding suggests that care should be taken when interpreting 
brain imaging data following a dopaminergic intervention, as aggregating across samples that are 
heterogeneous or skewed with respect to dopamine system function might significantly bias the 
directionality of observed effects or mask them altogether. 
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Abstract: Reactions to stressful negative events as measured by tests of posttraumatic stress 
disorder (PTSD) symptom severity receive independent contributions from two factors: narrative 



centrality and the personality of negative affectivity. Narrative centrality refers to the extent to 
which the narrative interpretation of a negative event is central to one’s life; negative affectivity 
is a personality trait related to the tendency to suffer from negative feelings such as anxiety, 
anger, and depressed mood. Using resting-state functional magnetic resonance imaging, we 
investigated brain regions whose fractional amplitudes of low-frequency fluctuation (fALFF) 
associated with these three factors in a large sample (N = 599) of healthy college students. 
Reactions to stressful events were assessed using the Posttraumatic Stress Disorder Checklist 
(PCL), narrative centrality was assessed using the Centrality of Event Scale (CES), and negative 
affectivity was assessed using Neuroticism in the Revised NEO Personality Inventory (NEO PI-
R). Reactions to stressful events were associated with fALFF in the medial frontal cortex and 
anterior cingulate cortex which are involved in appraisal and regulation of negative emotions. 
Narrative centrality was associated with fALFF in midline brain regions that are frequently 
reported to involve in self-referential processes. Negative affectivity was associated with fALFF 
in the anterior dorsal anterior cingulate cortex which is reported to be related to negative emotion 
processing and regulation. Interestingly, brain regions associated with narrative centrality and 
negative affectivity showed partial overlap with those associated with reactions to stressful 
events, which can clarify the neural basis of the contributions of narrative centrality and negative 
affectivity to reactions to stressful events. These results provide neural evidence for the 
relationship between these three factors, which is important for therapy developments for stress-
related disorders such as PTSD. 
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Abstract: Previous studies have shown that the degree of structural connectivity between the 
amygdala and the ventral prefrontal cortex - comprising multiple white matter fibers including 
the uncinate fasciculus - is inversely correlated with self-reported measures of trait anxiety. Here, 
we sought to replicate these findings in a larger study sample while adding a higher resolution 
imaging sequence. Our goal was to define any existing subdivisions within these amygdala-
prefrontal pathways based on their terminal location within prefrontal cortex, and to investigate 
their relationship with trait anxiety. From two independent datasets - a 61-direction high angular 
resolution dataset of 77 diffusion-weighted images and a 32-direction dataset of 142 diffusion-
weighted images - probabilistic tractography methods were applied to identify white matter fiber 
pathways that connected the amygdala with the ventromedial prefrontal cortex (vmPFC) and the 
lateral orbitofrontal cortex (lOFC). Each fiber pathway was defined using subject-specific 
amygdala masks, as well as vmPFC and lOFC masks. We used partial volume fractions (PVF), a 
fiber-specific measure analogous to fractional anisotropy that accounts for uncertainties 
associated with crossing fibers. Across the two datasets, trait anxiety showed a stronger inverse 
relationship with the average PVF of the amygdala-lOFC pathway than the amygdala-vmPFC 
pathway. Notably, this pattern was more prominent in the right hemisphere. Unexpectedly, this 
group effect was accounted for mostly by female participants. To summarize, we successfully 
replicated the inverse relationship previously observed between the structural integrity of an 
amygdala-prefrontal pathway and trait anxiety, in two independent datasets with a total of 219 
diffusion-weighted images. The unexpected gender effect calls for more research on this subject. 
These data further support the framework that the capacity for crosstalk between the amygdala 
and the prefrontal cortex predicts beneficial outcomes in terms of anxiety. 
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Abstract: The recent surge of interest in the relationship between brain structure and cognitive 
function has revealed numerous correlations between regional morphometric properties of the 
brain such as grey matter volume and cognitive traits such as cognitive abilities and personality 
traits (Kanai & Rees, 2011). While consistent results across multiple studies (e.g. Kanai, Dong, 
Bahrami & Rees, 2011; Sandberg et al., 2014; Kanai, 2015) suggest the presence of personal 
information in structural MRI data, it remains unknown to what extent such brain-behaviour 
correlations allow us to make predictions about an individual’s traits. In the present study, we 
used a machine-learning approach to predict an individual’s age, gender, intelligence, and big 
five personality traits from high-resolution T1 weighted MRI images (1mm isotropic). One of the 
challenges to construct a predictive model from MRI data is the dimensionality of features (i.e. 
the number of voxels), which is typically much higher than sample size (i.e. the number of 
participants). In our current study, we used a relatively large sample for a study of this sort 
(n=470), but there is still a 100-folds difference to the number of voxels corresponding to grey 
matter (i.e. ~450,000). To address this issue, we applied the regularization method called the 
elastic net, which has been shown to outperform other approach when the number of features is 
much larger than the number of samples (Zou & Hatie, 2005). Our results indicate that this 
approach can successfully construct highly accurate prediction models for age, gender, 
intelligence and all the five components in the Big Five Model of personality traits. This is in 
stark contrast with the conventional, univariate voxel-based morphometry (VBM) approach 
which shows only weak correlations between particular brain regions and traits. In summary, our 
study demonstrates the richness of the information we can extract from an individual’s brain 
MRI scan, and suggests that possibility that we can create highly precise predictions models for 
intelligence and personality traits. 
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Abstract: Injury to the central nervous system leads to irreversible neuron loss and the formation 
of a glial scar. This scar is initially beneficial for restricting secondary damage but ultimately 
inhibitory for neural regeneration. Strategies remodeling the scar-forming glial cells might 
enhance regeneration and promote functional recovery after neural damage. Through in vivo 
screens we recently showed that ectopic expression of SOX2 is sufficient to convert reactive 
astrocytes into neurons in the adult brain. Here we further demonstrate that a distinct cellular 
sequence is involved in SOX2-mediated in vivo reprogramming process. This includes ASCL1+ 
neural progenitors and DCX+ adult neuroblasts (iANBs) as intermediates. Importantly, ASCL1 
is required but not sufficient for the robust generation of iANBs in the adult striatum. These 
progenitor-derived iANBs predominantly give rise to calretinin+ interneurons when supplied 
with neurotrophic factors or the small molecule valproic acid. Patch-clamp recordings from the 
induced neurons reveal subtype heterogeneity, though all are functionally mature, fire repetitive 
action potentials, and receive synaptic inputs. Together, these results show that SOX2-mediated 
in vivo reprogramming of astrocytes to neurons passes through proliferative intermediate 
progenitors, which may be exploited for regenerative medicine. 
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Abstract: Neuronal loss is common to numerous brain diseases or injuries and is often 
accompanied with irreversible dysfunctions. One strategy to overcome the limited regeneration 
capacity of the central nervous system relies on cell replacement based therapies. Among them, 
direct reprogramming without passing through a pluripotent state of resident brain cells into 
neurons has been proposed as a new innovative strategy and has gained significant momentum 
within the last few years. Previous studies from our lab have shown that forced expression of 
Ascl1 and Neurog2 can direct postnatal cortical astrocytes towards GABAergic and 
glutamatergic neurogenesis in vitro (Heinrich et al., 2010; Heinrich et al., 2011). In this study, 
we aim at testing whether glia can be lineage converted in the postnatal mouse cerebral cortex in 
vivo. Glial cells proliferate locally in the early postnatal cortex (Ge et al., 2012). To target these 
cells for lineage conversion we transduced proliferating glia with retroviruses encoding for 
various neurogenic transcription factors. We found that overexpression of the transcription 
factors Ascl1 and Neurog2 alone in the postnatal cortex in vivo hardly gives rise to doublecortin 
(DCX) expressing neuroblasts. This suggests that glial cells in vivo are less responsive and that 
additional obstacles may to be overcome to acquire a neuronal identity. Thus, we tested whether 
co-expression of Sox2 can facilitate reprogramming induced by Ascl1. Consistent with the 
previously observed synergism between Sox2 and Ascl1 on lineage reprogramming of adult cells 
(Karow et al., 2012; Heinrich et al., 2014), we found here that combined expression of these two 
transcription factors results in the lineage conversion of proliferative glia into DCX positive 
neuroblasts in the early postnatal cortex in vivo. Together, our work demonstrates for the first 
time the feasability of direct in vivo lineage reprogramming in the healthy cerebral cortex and 
emphazises the influence of the in vivo milieu on the susceptibility of glial cells to be directed 
towards a neuronal identity. 
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Abstract: Conversion of non-neuronal cells into clinically relevant neurons emerges as a novel 
strategy to regenerate lost neurons for brain repair. We and others have explored the possibility 
of converting brain resident glia and non-neural cells into induced neurons (for review see 
Heinrich et al., 2015). This has led to the identification of astroglia and NG2 glia as well as 
pericytes as potential source cells for new neurons. Inducing the conversion of non-neuronal 
cells into neurons in the context of severe CNS injury remains a major challenge. Here we 
assessed whether glial cells proliferating during reactive gliosis can be reprogrammed in the 
adult mouse cerebral cortex following stab wound lesion. Forced expression of the potent 
reprogramming factors Neurog2 and Ascl1 failed in inducing neurogenesis. Based on our 
findings that co-expression of Sox2 and Ascl1 can reprogram adult human brain pericytes in 
vitro (Karow et al., 2012) we assessed the effect of combined expression of these factors within 
the lesioned brain. Retrovirus-mediated expression of Sox2 and Ascl1, but surprisingly also of 
Sox2 alone, could reprogram cells proliferating in response to stab wound injury. Intriguingly, 
the vast majority of the newly generated DCX-positive neurons originated from NG2 glia as 
revealed by genetic fate-mapping experiments. Sox2/Ascl1- and Sox2-induced neurons 
progressively acquire NeuN and a more complex neuronal morphology. Patch-clamp recordings 
showed that reprogrammed cells acquire the ability to generate action potentials and receive 



synaptic inputs from neighboring neurons. Consistently, we found that endogenous interneurons 
formed synaptic boutons on induced neuron processes. We next assessed whether stab wound-
induced changes are required for glia-to-neuron conversion. We performed injections of Sox2-
encoding lentivirus specifically targeting glial cells, in absence of prior stab wound injury. 
Strikingly, despite its massive expression Sox2 failed to convert both oligodendroglial and 
astroglial cells into neurons, indicating that prior lesion facilitates or perhaps even preconditions 
Sox2-induced reprogramming. This raises the important question how prior injury alters the 
permissiveness of glial cells to undergo transcription-factor driven neurogenesis. 
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Abstract: Transcription factor-mediated cell identity reprogramming has enabled the induction 
of functional neurons from terminally differentiated human fibroblasts. We have previously 
demonstrated that a single transcription factor (Neurogenin 2, NGN2) combined with two small 
molecules (forskolin, FSK and dorsomorphin, DM) can reprogram human fetal fibroblasts into 
functional cholinergic neurons with high efficiency 98±3% (doi:10.138/ncomms3138). To gain 
insight into the immediate-early mechanisms responsible for this fate respecification, we have 
focused on the synergistic actions of NGN2 and small molecules. An RNA-sequencing time 
course was performed to identify factor-dependent changes in transcription. The profiles of 
fibroblasts treated with NGN2 and small molecules independently and in combination were 
compared at three time points within the 48-hour period following treatment. In parallel, a ChIP-



sequencing time course was used to identify whether the binding dynamics of NGN2 change in 
the presence of FSK and DM. Interestingly, NGN2 binds more than 1,400 unique sites upon 
small molecules treatment and 46% of the genes upregulated during reprogramming are only 
induced in the presence of small molecules. The co-expression of NGN2 and the catalytic 
subunit of PKA, an enzyme activated though FSK-induced cAMP synthesis, is sufficient to 
generate neurons in the absence of FSK. Further, chromatin coimmunoprecipitation validated 
PKA-phosphorylated CREB1 as a co-binding partner of NGN2. NGN2-CREB1 co-binding at the 
SOX4 locus upregulates SOX4 expression within two days of treatment and short hairpin RNA-
mediated knockdown indicates a critical role for SOX4 in the specification of neuronal fate. We 
are presently investigating the roles of SOX4 and other small molecules-induced factors that 
might have critical roles in the DNA binding activity of NGN2 through chromatin remodeling. 
Overall, this work aims to significantly advance the molecular understanding of the earliest 
stages of fibroblast-to-neuron reprogramming. 

Disclosures:  D.K. Smith: None. C. Zhang: None. 

Nanosymposium 

193. Neuronal Lineage Reprogramming 

Location: N426A 

Time: Sunday, October 18, 2015, 1:00 PM - 3:00 PM 

Presentation Number:  193.05 

Topic: A.01. Neurogenesis and Gliogenesis 

Support: NIH Grant AG20047 

 Rosalind Franklin-DePaul Alliance Pilot Award 

Title: Neurogenin2-mediated direct in vivo reprogramming in adult rat cortex of cortical 
oligodendrocyte progenitor cells into cytoarchitecturally mature cortical neurons with subtype 
specification and synaptic contacts in the absence of injury 

Authors: *D. A. PETERSON, S. BAZAREK, A. MHETA, R. PATEL, C. BRIGGS, S. 
CHAKROBORTY, E. REISENBIGLER, G. E. STUTZMANN, R. A. MARR;  
Ctr. for Stem Cell & Regenerative Med., Rosalind Franklin Univ. Med. Sci., North Chicago, IL 

Abstract: Reprogramming cell lineage using developmental transcription factors has recently 
emerged as a potential therapeutic strategy. Respecifying lineage of resident cells to a new fate in 
the context of their normal tissue environment may confer advantages for complete phenotypic 
maturation and function. In the brain, some success with phenotypic maturation of converted 



non-neuronal cells has been reported, but, to date, only in the presence of an injury. The interplay 
of injury-response and inflammatory signals may alter phenotypic maturation in unpredictable 
ways. In this study, mature cortical neurons with subtype specification and synaptic contacts 
were generated from oligodendrocyte progenitor cells in two, distinct cortical regions by 
neurogenin2 (ngn2) expression in the absence of experimental lesion. Oligodendrocyte 
Progenitor Cells (OPCs) are the most abundant proliferating resident neural cell population in the 
adult CNS. Furthermore, there is evidence that OPCs maintain population homeostasis, 
suggesting the functional population of resident OPCs would not be depleted following lineage 
respecification to neurons. Adult rat cortical OPCs were isolated using magnetic activated cell 
sorting for O4 antigen selection and maintained as a primary culture for screening combinations 
of putative neurogenic transcription factors including neurogenin2 (ngn2), ascl1, dlx2, sox2, 
neuroD1, pax6, and VP16Olig2. Beta-III-tubulin-expressing cells were observed by 10 days post 
transduction (dpt) of OPCs with retroviral supernatants of ngn2, ascl1, ascl1/dlx2, or neuroD1, 
with ngn2 exhibiting the most robust response. Ngn2-transduced cells co-cultured with postnatal 
primary neurons expressed synaptophysin and displayed repetitive action potentials and 
spontaneous activity. As ngn2 also drove very high levels of neuroD1 expression, we delivered 
retroviral ngn2-GFP to adult rat motor cortex and entorhinal cortex. Delivery of vectors for GFP 
alone and an unsuccessful factor, pax6, validated that only proliferating OPCs had been 
transduced. By one week, cells transduced with ngn2 expressed DCX, weak NeuN, and 
displayed an elaborate, but still immature neuronal morphology. By three weeks, ngn2-converted 
cells displayed robust NeuN expression and subtype specification to glutamatergic neurons 
indicated by Tbr1 and CamKII staining. These newly-generated neurons displayed elaborate 
cytoarchitecture appropriate for their cortical location with abundant, but immature, dendritic 
spines with frequent synaptophysin-positive contacts. 
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Abstract: Traumatic brain injury (TBI) results in a significant amount of cell death in the brain. 
Unfortunately, the adult mammalian brain possesses little regenerative potential following injury 
and little can be done to reverse the initial brain damage caused by trauma. There is a large 
number of reactive glia surrounding the injury area following TBI. Reprogramming adult cells to 
generate induced pluripotent stem cell (iPSCs) has opened new therapeutic opportunities to 
reprogram these reactive glia to neural fate for possible cell-replacement therapy in vivo. In this 
study we show that four retroviral mediated transcription factors, Oct4, Sox2, Klf4 and c-Myc, 
expressed in the reactive glial cells and cooperatively reprogrammed infected glia into iPSCs in 
the adult neocortex following TBI. These iPSCs further differentiated into a large number of 
neural stem cells, which further differentiated into neurons and glia in situ, and filled up the 
tissue cavity induced by TBI. The induced neurons showed a typical neuronal morphology with 
axon and dendrites, and exhibited action potential. The glia were preferentially astrocytes and 
oligodendrocytes, but not microglia. Our results report an innovative technology to transform 
reactive glia into a large number of functional neurons in their natural environment of neocortex 
without embryo involvement and without the need to grow cells outside the body and then graft 
them back to the brain. Thus this technology offers hope for personalized regenerative cell 
therapies for repairing damaged brain. 
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Abstract: Keywords: reprogramming, NeuroD1, ischemic stroke. Our recent studies have 
demonstrated that overexpression of single transcription factor NeuroD1 enables direct 
reprogramming of reactive astrocytes into functional neurons, which can successfully integrate 
into the local neural circuits in adult mouse cortex (Guo et al., 2014, Cell Stem Cell). Our in vivo 
cell conversion technology makes it possible to develop a novel regenerative therapy to treat 
brain injury and neurodegenerative disorders, especially those with severe loss of neurons. Brain 
ischemic stroke is a major cause of death and disability, and there is no effective therapy 
currently available to restore neuronal loss or recover tissue damage after cerebral ischemia. 
After stroke, the injury core area is occupied with reactive astrocytes, which is a major obstacle 
for neuron functional recovery. Here we report an innovative approach to reprogram reactive 
astrocytes directly into functional neurons after stroke in order to restore the lost neuronal 
functions. We employed a mouse focal ischemic stroke model by injecting endothelin-1 into 
mouse cortex to cause blood vessel constriction and brain damage. After stroke, we regenerated 
functional neurons by infecting astrocytes with adeno-associated virus (AAV) expressing 
NeuroD1. Electrophysiological analysis demonstrated that the NeuroD1-converted neurons were 
functional in forming synaptic connections with other neurons. CTB retrograde tracing showed 
that the NeuroD1-converted neurons could project to long-range target regions. Intriguingly, we 
found great beneficial effects brought by NeuroD1-mediated glia-to-neuron conversion in the 
stroke area: (1) the cortical atrophy was significantly reversed, (2) loss of neuronal marker NeuN 
was greatly reduced, (3) the glial scar formation by reactive astrocytes and microglia was also 
significantly reduced. Taken together, our studies suggest that direct reprogramming of reactive 
astrocytes into functional neurons will provide a potential therapy for brain repair after stroke. 
This project was supported by National Institutes of Health and Penn State University 
Endowment Fund. 
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Abstract: Huntington’s disease (HD) is an inherited neurodegenerative disorder characterized by 
the midlife onset of abnormal involuntary movements and cognitive decline. HD is caused by an 
inherited mutation in the Huntingtin (HTT) gene harboring an excessive expansion of CAG 
codons leading to elongated polyglutamine (polyQ) repeats. The mutant polyQ HTT can misfold 
and form aggregates in the brain, eventually leading to the degeneration of striatal spiny 
projection neurons, also known as medium spiny neurons (MSNs), a class of inhibitory 
projection neurons that comprise 95% of the striatum and control movement initiation. However, 
the cell type-specific features that differentially renders this neuronal subpopulation more 
susceptible to cell death in HD is still largely unknown. Recently, the ability to reprogram human 
skin fibroblasts into neurons has prompted development of protocols to generate specific 
neuronal subpopulations and model neurodegenerative disorders in vitro. We have recently 
developed a novel approach to directly convert human fibroblasts specifically into MSNs with 
high efficiency by expressing neurogenic microRNAs (miRNAs), miR-9/9* and miR-124 (miR-
9/9*-124) with striatum-enriched transcription factors (CITP2, DLX1, DLX2 and MYT1L 
(CDM)) ectopically in human adult fibroblasts. Nonetheless, the applicability of this approach to 
reprogram fibroblasts from HD patients to generate MSNs and to model HD in tissue culture 
remains to be examined. In our current study we demonstrate the capability of miR-9/9*-124 + 
CDM to robustly reprogram fibroblasts from multiple HD patients of various ages and lengths of 
polyQ tract expansion. Furthermore, we show that HD-derived MSNs forms mutant HTT 
inclusion bodies, and display increased susceptibility to cell death in tissue culture. We believe 
this patient-specific neuronal subtype reprogramming may prove to be a useful approach for 
modeling Huntington’s disease and identifying novel genes involved in HD pathogenesis. 
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Abstract: Synaptic plasticity is mediated by complex signaling cascades that transduce short-
lived synaptic inputs into long-lasting changes of synaptic strength. The protein kinase C (PKC) 
family, consisting of more than 10 isozymes, has been shown to be involved in the induction, 
expression and maintenance of synaptic plasticity. However, technical limitations including poor 
isozyme discrimination, spatiotemporal resolution and sensitivity, impede our understanding of 
PKC function in plasticity. Here, we have developed highly-sensitive fluorescence-based sensors 
for PKC isozymes based on fluorescence resonance energy transfer (FRET) and 2-photon 
fluorescence lifetime imaging (2p-FLIM). These sensors report isozyme-specific PKC activity 
with high spatial and temporal resolution during structural plasticity of single spines. Through 
this approach, we have revealed the unique activity profiles of individual PKC isozymes during 
plasticity. These findings, together with molecular, genetic and behavioral approaches, clarify 
the role of PKC isozymes in the signaling cascades underlying plasticity, long term potentiation 
and learning and memory. 
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Abstract: Neuronal plasticity is believed to involve activity-dependent changes of proteins at the 
synapse. Calcium entry and downstream signalling are critical for the induction of plasticity yet 
other ions such as protons, transiently increase and have the potential to modify the structure and 
function of the synapse. It has previously been proposed that microdomains of pH fluctuation, 
induced by membrane depolarization and calcium entry, could influence neuronal function. At 
the synapse, voltage gated channels as well as CaMKII, which is critically involved in spine 
potentiation, are known to be pH sensitive. Furthermore, pH has long been known to influence 
intracellular trafficking and signalling such as the Erk signalling pathway. The influences 
protons have on synapses have been principally examined extracellularly, while less attention 
has been given to proton fluctuations intracellularly. We are testing the hypothesis that changes 
in intracellular pH modulate plasticity, by combining optical imaging of pH and Ca2+ 
fluctuations simultaneously in cultured rat hippocampal neurons. With the use of a genetically-
encoded ratiometric pH indicator (pHred), we have estimated the intracellular pH in various 
compartments of the neurons. Surprisingly, spines demonstrate a significantly more alkaline 
environment compared to dendrites. To further validate this observation, we repeated these 
measurements with a different fluorescent pH reporter (pHluroin2). We also used another 
method to quantify the pH, fluorescence lifetime imaging, since the fluorescence lifetime of 
pHred is also sensitive to pH. These experiments confirmed that several spines exhibit higher pH 
than their parent dendrite. This heterogeneity between spines might contribute to differential 
modulation of synaptic proteins. We are interested in understanding the impact of this 
heterogeneity in spine pH on synaptic plasticity. We have observed that chemical stimulation 
used to induce long-term potentiation in cultured hippocampal neurons (cLTP) results in an 
acidification of the soma, dendrites and spines. In our experiments recovery from this 
acidification is primarily dependent on sodium transport but is also influenced by bicarbonate-
dependant transport. In order to determine how pH fluctuation in spines can influence synaptic 
function we are combining optical, genetic and pharmacological approaches. We found that 
disruption of the acidification associated with synaptic stimulation results in a reduction of 
CaMKII clustering. These data suggest a regulatory role for protons on synaptic signalling and 
remodelling in dendritic spines. 
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Abstract: In the hippocampus, the dentate granule cell axons (mossy fibers, mf) provide strong 
synaptic drive onto CA3 pyramidal neurons. The mf-CA3 synapse is formed by large complex 
mf terminals synapsing onto thorny excrescences (TEs), specialized postsynaptic structures 
located exclusively in proximal dendrites of CA3 pyramidal neurons. These neurons also receive 
ipsi- and contralateral inputs from other CA3 pyramidal cells forming associational/commissural 
(A/C) synapses. Unlike mf-CA3 inputs however, A/C inputs synapse onto regular dendritic 
spines (non-TEs) located on distal dendrites. Mf-CA3 synapses are well known for expressing 
presynaptic forms of long-term plasticity (LTP and LTD), uniquely robust short-term plasticity, 
and for their ability to fire the postsynaptic CA3 neuron upon repetitive activity. More recently, 
our group reported that mf-CA3 can also undergo postsynaptically-expressed forms of LTP and 
LTD of NMDA receptor (NMDAR)-mediated transmission, whose induction requires 
postsynaptic Ca2+ rise, and NMDAR and group I mGluR co-activation. However, the exact 
contribution of these receptors to intracellular Ca2+ dynamics associated with postsynaptic 
plasticity is not well understood. Here we combined electrophysiology with 2-photon Ca2+ 
imaging in order to determine the intracellular Ca2+ dynamics associated with mf and A/C basal 
transmission, and also with burst timing-dependent plasticity protocols known to trigger 
NMDAR-LTP/LTD at mf-CA3 synapses (Hunt et al. 2013). In acute rat hippocampal slices, 
pyramidal CA3 cells were whole-cell patch-clamped and loaded with fluorescent Ca2+ indicator 
Fluo-5F. Ca2+ transients (CaTs) were measured across TEs or regular spines after electrical 
stimulation of either mf or A/C inputs, respectively. We found that CaTs measured at TEs 
showed a greater degree of compartmentalization compared to regular spines located in distal 
dendrites. Furthermore, paired activity that triggers NMDAR-LTP was associated with 
significantly larger CaTs in TEs than patterns of activity that trigger NMDAR-LTD. This 
observation supports the notion that Ca2+ dynamics in TEs during paired activity determines the 



direction of NMDAR plasticity (e.g. LTP/LTD). Ongoing experiments are focused on 
determining the different Ca2+ sources involved in the induction of NMDAR plasticity and the 
role of neuromodulatory pathways known to affect NMDAR Ca2+ permeability. 
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Abstract: The family of LIM serine/threonine kinases (LIMK) includes two highly related 
members: LIMK1 and LIMK2. LIM kinases regulate the architecture of actin cytoskeleton by 
phosphorylation and inactivation of the actin depolymerization factors cofilin, thereby 
participating in numerous biological processes of different cell types. LIMK1 is particularly 
important for axonal outgrowth and structural synaptic plasticity. NMDA receptor-mediated 
Ca2+ influx has been shown to induce CaMKII-mediated activation of Rho-associated protein 
kinase (ROCK) and p21-activated kinases (PAK), which trigger T508 phosphorylation of 
LIMK1 in its catalytic domain. Here we report that, during LTP, LIMK1 is directly and 
persistently activated by CaMKII independently of ROCK and PAK in dendritic spines. In 
hippocampal slice cultures, two-photon FRET-fluorescence lifetime imaging microscopy (FLIM) 
imaging experiments showed that LIMK1 persistently associates with CaMKII in single 
dendritic spines of CA1 pyramidal neurons after LTP induction by glutamate uncaging. This 
interaction is indicative of persistent phosphorylation of LIMK1 by CaMKII. Furthermore, 
CaMKII-mediated LIMK1 phosphorylation induced a significant increase in LIMK1-LIMK1 
dimerization as revealed by FRET between LIMK1 monomers and immunoprecipitation 
experiments. In vitro, CaMKII specifically phosphorylates LIMK1 in 6 novel phosphorylation 
sites, i.e., S179, S216, S298, T556, S637 and S638, in addition to canonical T508. Among these 
7 CaMKII-mediated phosphorylation sites of LIMK1, S216 was identified as a critical 
determinant of LIMK1 dimerization. Collectively, our findings provide novel evidence of a 



direct functional interaction between CaMKII and LIMK1 in single dendritic spines. Therefore, 
CaMKII-mediated LIMK1 phosphorylation could be a key signaling component in the regulation 
of glutamatergic synaptic plasticity. 
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Abstract: Ongoing activity of PKMs, persistently active truncated forms of PKC, has been 
proposed as a mechanism for memory maintenance. Yet the requirement for PKMs in memory is 
controversial, highlighting a need for clearer understanding. The sensory-motor neuron synapse 
of the mollusc Aplysia californica is an excellent reductionist model system for studying the 
molecular underpinnings of the synaptic changes that mediate memory. In Aplysia, calpain 
inhibitors block the formation of PKMs important for synaptic plasticity, but it is neither clear 
which isoforms of calpain are important for cleaving PKCs into PKMs, nor which PKCs are 
cleaved. We cloned the Aplysia Classical, SOL and PalB calpains, which we found to be 
expressed both in the presynaptic sensory neurons and postsynaptic motor neurons. We 



overexpressed dominant negative forms of these calpains along with FRET-based PKC cleavage 
reporter constructs in either the pre- or postsynaptic neuron and observed the effect on plasticity 
and PKM formation in several synaptic plasticity paradigms. Our results implicate different 
PKMs in different forms of synaptic plasticity and suggest that different calpains may mediate 
formation of PKM under different circumstances. In particular, classical calpain cleaves PKC 
Apl I in the presynaptic sensory neuron and this is important for activity-dependent facilitation, 
while the classical calpain cleaves PKC Apl III in the post-synaptic motor neuron and this is 
important for massed intermediate facilitation. In contrast, the Sol calpain cleaves PKC Apl III 
when it is overexpressed in a model for the positive feedback mechanism important for PKM 
maintenance. These findings suggest roles for distinct calpains and distinct PKMs in maintaining 
synaptic strength. 
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Abstract: Assemblies of hippocampal neurons provide the brain with an internal representation 
of space, a basis for the formation of memory episodes. Fast-spiking, parvalbumin (PV) 
expressing, perisomatic inhibitory interneurons (PIIs) support the formation of these content-
bearing neuronal groups in the hippocampal CA3 area by suppressing competing cell assemblies. 
This function critically relies on long-term plasticity of mossy-fibre synapses, by which dentate 
gyrus (DG) granule cells (GCs) are connected with PV expressing interneurons (Ruediger et al., 
Nature, 2011). Synapases between GCs and PIIs in the DG can undergo a Hebbian form of long-
term potentiation (LTP) or anti-Hebbian long-term depression (LTD; Alle et al., PNAS, 2001). 
The molecular mechanisms underlying synaptic plasticity at Mossy-fibre synapses onto PIIs, 
however, remain largely unknown. Using paired patch-clamp recordings between GCs and PIIs 
in acute brain slices of the rat DG, we show that blockade of group I metabotropic glutamate 
receptors (mGluRs), mGlur1a and mGluR5 abolishes LTP induction at GC-PII synapses. LTP is 
also abolished, when mGluR-evoked G-Protein signaling in PIIs is blocked. In contrast, 
exogenous activation of group I mGluRs disrupts the induction of LTD at the same synapse. 
Immunofluorescence and –electron microscopical investigation furthermore revealed, that 
mGluR1a as well as mGluR5 are located in the immediate vicinity of GC to PII synapses and are 
therefore likely to be activated by glutamate spill-over during high-frequent synaptic activity. 
Furthermore, our data indicate that group I mGluR signaling in PIIs depends on PII action 
potentials, which is likely to be caused by a voltage-dependent activation of mGluRs (Ohana et 
al., J. Biol. Chem., 2006). Previous studies revealed, that GC-PII LTP requires postsynaptic Ca2+ 
signals (Alle et al., PNAS, 2001). Using 2-Photon excitation Ca2+ imaging, we show that the 
main source of Ca2+ influx at GC-PII synapses arises from Ca2+ permeable AMPA receptors 
(CP-AMPARs) and no LTP can be evoked after CP-AMPAR blockade. Finally, our data indicate 
that Ca2+ from CP-AMPARs and G-Protein signals mediated by group I mGluRs converge in the 
postsynaptic PII in order to activate protein kinase C, which then drives LTP expression. An 
increased coupling of GCs to PIIs via LTP may be an important factor that helps to synchronize 
the DG network in fast gamma-oscillations (Bartos et al., Nature Reviews Neuroscience, 2007) 
and shape the extent of memory-encoding neuronal assemblies (Ruediger et al., Nature, 2011), 
thereby increasing the precision and stability of hippocampal memory representations. 

Disclosures:  T. Hainmüller: None. A. Kulik: None. M. Bartos: None. 

Nanosymposium 

194. Synaptic Plasticity: Mechanisms and Modulation 

Location: N226 



Time: Sunday, October 18, 2015, 1:00 PM - 3:45 PM 

Presentation Number:  194.07 

Topic: B.08. Synaptic Plasticity 

Support: Air Force Office of Scientific Research (DOD) 

Title: Electrical stimulation accelerates the rate and capacity of synaptic learning 

Authors: *A. RAHMAN1, M. BIKSON2;  
1Biomed. Engin., The City Col. of The City Univ. of New York, New York, NY; 2The City Col. 
of the City Univ. of New York, New York City, NY 

Abstract: Transcranial electrical stimulation (tES) is a non-invasive brain stimulation technique 
that may improve motor learning, memory formation, and accelerate learning in humans. While, 
it is widely speculated that tES boosts synaptic plasticity little cellular evidence exists to suggest 
the rate of learning can be accelerated. Our results in vitro demonstrated that electrical 
stimulation increases both the rate and capacity of synaptic strengthening during ongoing 
synaptic plasticity. Direct current and alternating current stimulation (DCS and ACS) applied 
during theta-burst stimulation (TBS) produced long-term potentiation (LTP) and accelerated the 
rate of synaptic strengthening towards the maximum synaptic strength, here considered as a 
model of task-specific training in humans. Synaptic strengthening, however, is finite within a 
modification range. Electrical stimulation in hippocampal brain slices increased the ceiling for 
LTP enabling an increase in the capacity to learn on a cellular level. We reveal the underlying 
mechanism as input-specific voltage-dependent late-phase LTP. Furthermore, electrical 
stimulation is functionally-specific by selectively modulating ongoing synaptic plasticity in 
active pathways. In summary, ongoing synaptic plasticity with TBS in brain slices, which 
emulates training induced plasticity in humans, is modulated by electrical stimulation. 
Transcranial direct current stimulation (tDCS) may accelerate the rate of learning and increase 
the range/capacity of learning in humans when matched with a training task. 
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Abstract: Timing-dependent LTP (t-LTP) is a physiologically relevant type of synaptic 
plasticity that results from repeated sequential firing of action potentials (APs) in pre- and 
postsynaptic neurons. t-LTP can be observed in vivo and is proposed to be a cellular correlate of 
memory formation. While brain-derived neurotrophic factor (BDNF) is essential to high 
frequency stimulation induced LTP in many brain areas, the role of endogenous BDNF in t-LTP 
is largely unknown. Here, we demonstrate a striking change in the expression and signaling 
mechanism of t-LTP in CA1 of the hippocampus following two distinct modes of synaptic 
activation. Using patch clamp techniques, we investigated t-LTP in CA3-CA1 synapses in acute 
hippocampal slices of rats and mice. Single postsynaptic action potentials (APs) paired with 
presynaptic stimulation (1EPSP/1AP) activated a BDNF-independent canonical t-LTP, which is 
expressed most likely presynaptic. In contrast, a theta burst of postsynaptic APs preceded by 
presynaptic stimulation (1EPSP/4AP) elicited BDNF-dependent postsynaptic t-LTP that relied 
on postsynaptic BDNF secretion and AMPA receptor incorporation. The latter protocol is 
furthermore activated by postsynaptic BDNF/TrkB signaling. Both protocols can be induced 
subsequently and without obvious occlusion. Using live-cell imaging of BDNF-GFP expressing 
hippocampal neurons, we observed a comparable activity-dependent dendritic release of BDNF 
by repetitive firing of backpropagating APs . In ongoing experiments, we now focus on further 
differences between those two forms of t-LTP. Preliminary data show differences in intrinsic 
plasticity following successful t-LTP induction and different homo- or heterosynaptic forms of 
LTP, which suggest that the different induction protocols recruit not only different types of 
signaling and expression mechanisms, but also activate different homeostatic processes. Taken 
together our data show that similarly effective t-LTP can be induced with various patterns of 
STDP protocols at hippocampal CA3-CA1 synapses. However, these t-LTP forms are mediated 
by activation of distinct BDNF/TrkB-dependent or -independent signaling cascades. Hence, our 
data suggest the existence of multiple and distinct types of synaptic plasticity which can be 
expressed at the same synapse and that might contribute to memory formation in the 
hippocampus. 
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Abstract: Behavioral and anatomical studies support a functional segmentation between dorsal 
(dHC) and ventral hippocampus (vHC). dHC performs primarily cognitive functions. vHC is 
involved with stress, emotion, and affect. Interestingly, perhaps supporting this functional 
differentiation, Schaffer collateral (SC) synapses onto pyramidal cells (PCs) in the CA1 region of 
dHC and vHC exhibit differences in long-term plasticity (LTP), as determined using 100Hz 
stimulation protocols. To determine whether disparities in LTP exist for more naturalistic 
stimulation protocols, we subjected SC-CA1 synapses in acute HC mouse slices to theta pulse 
stimulation (TPS). Delivering 150 individual pulses to the SC at 5 Hz induces TPS-LTP. While 
the fEPSP slope of dHC SC-CA1 synapses potentiated by ~50%, similar synapses in vHC 
exhibited virtually no LTP. Investigation of field responses during TPS revealed marked 
differences. Frequency facilitation of the fEPSP, characteristic of dHC responses from the first 
third of the TPS protocol, and subsequent depression of the dHC fEPSP, during the last third of 
this protocol, were not evident in vHC synapses subjected to TPS. In addition, complex action 
potential (AP) bursting in vHC field responses was absent, which was confirmed with whole cell 
recordings. AP bursting, essential for TPS-LTP induction, is a hallmark response to TPS in dHC. 
Measures of PC excitability, including input resistance, resting membrane potential, and firing 
frequency did not show differences that might explain this lack of bursting. Nor did AP measures 
including rheobase, after-depolarization, and AP height. Also, investigations of synaptic 
properties, including AMPA/NMDA ratio, E-S coupling, and EPSC-to-EPSP coupling provided 



no explanation for the observed differences in bursting. Tellingly, however, strong whole cell 
pairing-induced LTP protocols showed robust potentiation in SC-CA1 synapses from vHC, as 
well as dHC, arguing against insufficiency of vHC synapses to undergo LTP. In addition, whole 
cell recordings during TPS showed that, despite starting TPS at the same resting membrane 
potential, dHC PCs depolarized ~5 mV relative to vHC PCs during TPS, suggesting that an 
activity-dependent increase in [K+]o might occur and be necessary for TPS-LTP induction. When 
[K+]o was lowered at dHC synapses, TPS-induced AP bursting and LTP were prevented. At vHC 
SC-CA1 synapses, raising [K+]o during TPS, by blocking astrocytic K+-buffering with BaCl2, 
resulted in TPS-LTP. Together, these data suggest that differences in network, rather than 
neuronal, properties is responsible for differences in TPS-LTP induction between dHC and vHC. 
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Abstract: Pyramidal neurons in hippocampal area CA2 differ dramatically from neighboring 
CA3/CA1 pyramidal neurons in that synaptic long-term potentiation (LTP) is not as readily 
induced. We previously identified Regulator of G Protein Signaling 14 (RGS14) as a critical 
brake on CA2 synaptic plasticity and learning and memory. RGS14 knockout (RGS14-KO) mice 



display a robust and nascent capacity for LTP in CA2 pyramidal neurons, which is absent in 
wild-type (WT) mice, and exhibit enhanced hippocampus-dependent learning and memory. 
However, the cellular mechanism(s) by which RGS14 suppresses LTP in CA2 remain unknown. 
The lack of plasticity in CA2 has been attributed to robust calcium (Ca2+) buffering and 
extrusion mechanisms relative to CA3/CA1, but RGS14 has not been functionally linked to Ca2+-
activated signaling pathways critical for LTP induction. Therefore, we investigated whether 
RGS14 restricts LTP in hippocampal CA2 by regulating Ca2+-stimulated pathways required for 
LTP. To identify candidate signaling pathways through which RGS14 natively inhibits LTP in 
CA2, we first co-immunoprecipitated RGS14 from mouse brain. We find that RGS14 interacts 
with calmodulin (CaM), Ca2+/CaM-dependent kinase II (CaMKII), and other members of Ca2+-
activated LTP signaling pathways. We validated these novel binding partners using biochemical 
assays and demonstrate that RGS14 directly binds CaM in a Ca2+-dependent manner. Differential 
hydrogen/deuterium exchange (HDX) mass spectrometry reveals that Ca2+/CaM binding to 
RGS14 causes significant conformational changes. Further, we show RGS14 binds to and is 
phosphorylated by CaMKII in vitro. We also find that viral expression of RGS14 in CA1 
pyramidal neurons inhibits LTP induction, suggesting that RGS14 acts through pathways 
common to CA2 and CA1. To overcome technical barriers in identifying CA2 pyramidal neurons 
in hippocampal slices, we crossed RGS14-KO mice with an Amigo2-eGFP reporter mouse line. 
We demonstrate by confocal imaging that these Amigo2-eGFP mice specifically express eGFP 
in all CA2 pyramidal neurons of brain sections immunolabeled for CA2/CA1 molecular markers. 
To determine if RGS14 limits LTP in hippocampal CA2 through these candidate pathways, we 
performed whole-cell recordings from CA2 neurons with pharmacological inhibitors to 
determine whether LTP in CA2 of RGS14-KO mice was blocked by agents that block ‘typical’ 
LTP. Our findings suggest a critical role for NMDA receptors, postsynaptic Ca2+ entry, and 
downstream pathways. These studies provide novel mechanistic insight into the cellular 
regulation of synaptic plasticity in area CA2 and the key role RGS14 plays in this process. 
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Title: Perineuronal nets in hippocampal area CA2: a role in restricting synaptic plasticity? 
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Abstract: Perineuronal nets (PNNs) are a specialized form of extracellular matrix proteins that 
ensheath specific neuron cell types in the brain and spinal cord. The matrix predominantly 
concentrates around the cell soma and proximal dendrites of inhibitory interneurons and has been 
functionally implicated in inhibiting structural and synaptic plasticity during early development. 
PNNs have been linked to several disorders such as schizophrenia and epilepsy in that the lattice-
like structure of PNNs is either disrupted or fully degraded. We have characterized a dense 
population of PNN-positive cells in stratum pyramidale of mouse hippocampal area CA2 that 
appear to be pyramidal neurons. CA2 pyramidal neurons differ from other pyramidal neurons in 
hippocampus because they are resistant both to the induction of synaptic plasticity and to damage 
from seizures. In this study, we find evidence that PNNs in CA2 are developmentally regulated 
and are modulated by early-life experience. Staining for PNN markers in hippocampus is highly 
enriched in the pyramidal and dendritic regions of CA2 neurons, relative to the adjacent CA 
regions. Electron micrographs reveal that PNNs are localized to the membrane of CA2 pyramidal 
cell somata and perisynaptically around dendritic spines. Staining for PNNs in CA2 increases 
during early postnatal development, and early-life environmental enrichment from birth 
increases expression of PNNs in adult CA2 compared to control animals reared in standard 
housing: the largest difference was observed at postnatal day (PND) 45, with enriched 
environments having a 1.96-fold increase in staining intensity for wisteria floribunda agglutinin 
over controls (N=4). Differences were detected as early as PND14. Finally, we investigated 
PNNs in a mouse model of the neurodevelopmental disorder Rett Syndrome. We found that 
PNNs developed precociously in CA2 of MeCP2 KO mice, apparent at PND21. Together these 
data suggest that expression of PNNs in a population of excitatory hippocampal neurons is 
similar to that associated with interneurons. These studies may ultimately provide insight into a 
possible role for PNNs in regulating synaptic plasticity at excitatory synapses in normal and 
abnormal postnatal development. 
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Title: Grafted bone marrow-derived monocytes and glatiramer acetate maintain cognitive 
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Abstract: Loss of synaptic connections in Alzheimer’s disease (AD) is believed to lead to 
cognitive impairments, a seminal feature of AD. Evidence suggests that fibrillar and oligomeric 
forms of Aβ1-42 inhibit synaptic formation during the development of AD. Our studies indicate 
that glatiramer acetate (GA) immunization or grafting bone marrow (BM)-derived CD115+ 
monocytes into APPSWE/PS1ΔE9 double transgenic ADtg mice, prevents cognitive decline, 
reduces cerebral Aβ burden, and regulates neuroinflammation, at least partly through increased 
recruitment of monocyte-derived macrophages. However, it is unknown how GA 
immunotherapy or monocyte enrichment maintains cognitive functions and possibly impact 
synaptic preservation. To this end, we tested in vitro the effects of well-defined fibrillar and 
stabilized oligomeric forms of Aβ1-42 on synapses in primary cortical neuronal cultures. After 
12 hours of incubation, cortical neurons were highly susceptible to both oligomeric and fibrillar 
Aβ1-42, with a substantial loss of presynaptic VGluT1, postsynaptic PSD95, and co-localized 
synaptic puncta. Remarkably, co-culturing primary cortical neurons with BM-derived 
macrophages completely prevented this Aβ1-42-induced synaptic loss. We next explored in vivo 
the possible effects of GA immunization or blood infusion of BM-CD115+ monocytes on 
synaptic preservation in ADtg mice. Our studies indicated a significant 40-70% loss of 
presynaptic VGluT1 and postsynaptic PSD95 immunoreactive puncta areas and numbers in 
entorhinal cortex (ENT) and hippocampus of 13-month-old symptomatic ADtg as compared to 
age-matched non-transgenic wild-type mice. Notably, GA immunization led to substantial 
synaptic rescue, especially in ENT and molecular layer (ML) of the dentate gyrus. A significant 



preservation of synapse structure and number following GA immunotherapy was also seen in 
stratum lacunosum-moleculare (SLM), stratum oriens (SO), and in stratum radium (SR) of CA1. 
Blood enrichment with BM-monocytes, with or without GA, resulted in significant synaptic 
preservation, especially in the post-synaptic areas in ENT layers 2/3, ML, SLM, SO and SR. 
Moreover, significant correlations were noticed between synaptic area, cognitive function, and 
astrogliosis. Synaptic preservation was positively associated with improved cognitive scores 
(Barnes maze test) and negatively correlated with Aβ-plaque burden and astrogliosis. In 
conclusion, our combined in vitro and in vivo studies indicate that GA immunization or 
monocyte enrichment prevents synaptic loss and maintains cognitive function in ADtg mice. 
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Abstract: Leptin is an adipocyte-derived hormone that negatively regulates body weight, mainly 
through hypothalamic pathways. We previously reported that GFP-labeled NPY neurons in the 
arcuate (Arc) nucleus exhibit abnormal electrophysiological responses to leptin in hypothalamic 
slices from Tg2576 mice overexpressing the Swedish mutation of amyloid precursor protein 
(APP) or wild-type (WT) hypothalamic slices treated with oligomeric Aβ1-42 (J. Neurosci., 
2014, 34:9096). Since dysregulation of intracellular Ca2+ homeostasis has been implicated in 



Aβ1-42-mediated neuronal dysfunction (Cell 2012, 148: 1204), we tested the hypothesis that 
Aβ1-42 alters intracellular Ca2+ homeostasis in Arc NPY neurons leading to neuronal 
dysfunction and insensitivity to leptin. We first examined if Ca2+ influx is involved in leptin-
mediated electrophysiological changes in Arc neurons. Hypothalamic slices from WT mice were 
loaded with the cytosolic-free Ca2+ indicator fura-2 AM (5 µM) that was alternately excited 
through 340/380 nm filters. Application of leptin (100 nM) in a subset of Arc neurons decreased 
neuronal cytosolic-free Ca2+ (-56.7 ±21%; p<0.05, n=41 cells in 5 slices), while high K+ (30 
mM) and 4-bromo A23187 (5 µM) increased it (+259±17%, p<0.01; +199±26%, p<0.05; 
respectively, slice n=3-7, cell n=21-45). Next, we examined if the neuronal dysfunction caused 
by APP overexpression or Aβ1-42 in Arc NPY neurons was due to changes in Ca2+ influx. 
Using whole-cell current-clamp in GFP-labeled Arc NPY neurons from WT slices, we found that 
leptin hyperpolarized NPY-GFP neurons in WT (-9±1.8 mV; p<0.05). Moreover, Aβ1-42 dose-
dependently depolarized WT NPY-GFP neurons (EC50=29.7 nM, p<0.01 from 10 nM, n=7-25), 
and, importantly, the Aβ1-42-mediated depolarization was reversed by the voltage-gated L-type 
Ca2+ channel blocker nimodipine (5 µM; p<0.05, n=6). Similarly, nimodipine restored the 
resting membrane potential of Tg2576 NPY-GFP neurons to WT levels (vehicle: -65.3+/-6.42, 
nimodipine: -75.5+/-6.20 mV, p<0.01, n=6). These data suggest that oligomeric Aβ1-42 and 
APP overexpression may disrupt hypothalamic responses to leptin by changing the Ca2+ influx 
in Arc NPY neurons. Collectively, these findings implicate a cellular mechanism by which Aβ1-
42, through voltage-gated L-type Ca2+ channels, counteracts the hyperpolarizing effects of 
leptin in Arc NPY neurons and disrupts homeostatic mechanisms controlling body weight. These 
changes may underlie the body weight and metabolic deficits seen early in Tg2576 mice and, 
possibly, in patients with early-stage Alzheimer’s disease. 
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Abstract: Among the various hallmarks of Alzheimer’s Disease (AD), the activation process of 
the “amyloid-cascade” is one of the most studied. It assumes that the accumulation of oligomers 
of Amyloid Beta peptides (Abeta), produced by the proteolytic processing of the amyloid 
precursor protein (APP) is the initiating event that triggers the progressive dismantling of the 
synapses, neuronal circuits and networks. However, so far there are not yet clear data regarding 
any possible Abeta-induced impairment of neuronal excitability. Our previous results indicate 
that in Tg2576 mice neurons from Lateral Entorinhal Cortex (LEC) are characterized by early 
impairments of their excitable profile. Tg2576 mice are characterized by over-production of 
different Abeta peptides, like Abeta40, Abeta42, Abeta*56 and exhibit hyperphosphorylated tau. 
These considerations suggest that any difference between WT and Tg2576 mice on neuronal 
function cannot be related to a precise cause. To address this issue, here we propose to test the 
effects of Abeta42 on Ca2+ dependent excitability profile of hippocampal neurons from WT 
embryonic mice. This peptide is known to be able to induce severe and permanent changes of 
synaptic functions. Our preliminary experiments on cultured hippocampal networks reveal that 
pre-incubation of neurons with Abeta42 oligomers increases intracellular Ca2+ concentration 
(measured by Ca2+ fluorescence microscopy). This effect is accompanied by a paradoxical firing 
inhibition. The study of the cause of the Abeta42 dependent Ca2+ dyshomeostasis let us to 
conclude that both ryanodine (RYRs) and NMDA receptors (NMDARs) function is altered. 
When we focused on hippocampal network excitability, we indicated RYRs as the main target of 
Abeta42, being their inhibition followed by a (partial) recovery of both firing frequency and 
synchronism. We also found that incubation of the BK channels inhibitor paxilline with Abeta42 
oligomers revert the oligomers-induced inhibition of firing activity, thus indicating that BK 
channels may be a possible early target of AD. Finally, the block of NMDA receptors is followed 
by an increased firing synchronization, but a decreased firing frequency. In conclusion, by 
focusing on the Abeta42 dependent early effects on Ca2+ dependent neuronal excitability, we 
identified three main direct or indirect targets represented by RYRs, NMDARs and BK channels. 
Accordingly to previous reports, we further indicate RYRs as critically involved in AD 
development. Their inhibition may in turn be useful for identifying effective therapies that could 
enhance the quality of life of AD patients. 
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Abstract: Exercise can produce neuroprotective changes in different neural networks, including 
the hippocampus, and can prevent amyloid beta (Aβ) accumulation in transgenic models of 
Alzheimer disease. However, it is not known if exercise could change hippocampal activity and 
render the hippocampus resistant to Aβ itself. Thus, we tested whether voluntary-exercise 
modulates hippocampal network activity and if this modulation prevents the deleterious effects 
of Aβ. By means of local field potential recordings of hippocampal slices, and western blot 
analysis of GSK3β phosphorylation state, we found that mice voluntary exercised exhibited a 
change in their hippocampal spontaneous network activity, recorded in vitro, toward faster 
frequency components: power reduction of slow activity (1-5 Hz) along with power enhancing of 
fast activity (20-25 Hz). Exercise also rendered the hippocampus protected against Aβ ex vivo. 
Whereas the hippocampal network activity of slices obtained from sedentary animals was 
reduced upon Aβ application in vitro, this activity was no affected by Aβ in slices obtained from 
exercised animals. We also found that the inhibitory effect of Aβ on hippocampal activity 
correlated with the activation of GSK3β in slices obtained from sedentary animals and that this 
activation is precluded in those from exercised animals. We conclude that exercise produces a 
protective state in the hippocampus that prevents the inhibition by Aβ by avoiding GSK3β 
activation. 
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Abstract: Synaptic dysfunction is responsible for the cognitive deficits associated with 
Alzheimer’s disease (AD). Increasing evidence suggests that recurrent Herpes Simplex virus 
type-1 (HSV-1) infection in the brain is a risk factor for AD but the underlying mechanisms have 
not been fully elucidated yet. Aim of the present study is to check whether HSV-1 infection 
alters synaptic function and to identify the underlying molecular mechanisms. In cultured mouse 
cortical neurons, HSV-1 (5 MOI) triggered amyloid precursor protein phosphorylation at T668 
(pAPP; +185±8% vs. mock-infected cells at 24 hours post infection [hpi]; P<0.01). This effect 
primarily depended on activation of Glicogen Sinthase Kinase (GSK)-3 with smaller 
contribution of cyclin-dependent kinase 5 and c-Jun N-terminal kinase, as demonstrated by 
experiments with the specific inhibitors SB216763 (10 µM), roscovitine (10 µM) and Inhibitor I 
(5 µM) that reduced pAPP immunoreactivity by 54%, 39% and 20%, respectively (P<0.01 vs. 
HSV-1 alone). pAPP is a key event for Aβ production and HSV-1-infected neurons exhibited 
intracellular accumulation of Aβ assessed by Western Blot and immunofluorescence. HSV-1-
infected neurons (24 hpi) had reduced expression of the presynaptic proteins synapsin-1 and 
synaptophysin (-58% and -39% vs. mock, respectively; P<0.05) that was paralleled by a marked 
reduction of the frequency of spontaneous miniature excitatory post-synaptic currents (from 7.6 
to 3.7 Hz; P<0.01). These effects were significantly reversed by SB216763 and depended on Aβ 
accumulation. Indeed, an antibody recognizing Aβ and being uploaded intracellularly (4G8) 



rescued synaptic protein expression and synaptic transmission from the effects of HSV-1. In 
HSV-1-infected neurons derived from APP KO mice GSK-3 activation was not associated with 
Aβ accumulation and significant changes in synaptic protein expression, thus suggesting that 
GSK-3 alone is not sufficient to induce synaptic alterations in infected cells. Among the 
downstream components of the molecular pathways potentially responsible for the HSV-1-
induced synaptic dysfunction, we studied cAMP responsive element-binding protein (CREB) 
because it is target of GSK-3 and is modulated by Aβ. We found that 24 hpi the activatory 
phosphorylation of CREB (at S133) was reduced whereas the inhibitory one (at S129) was 
increased (-25±2% and +35±4% vs. mock, respectively; P<0.01). Either SB216763 or 4G8 
completely reversed these effects. Our data indicate that HSV-1 infections may contribute to the 
pathophysiology of AD by a mechanisms likely involving GSK-3 activation, Aβ accumulation 
and inhibition of CREB-dependent transcriptional program. 
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Abstract: Characteristics of association of multiple genetic loci as risk factors for LOAD and the 
multifactorial nature of its etiopathology impede the generation of LOAD mice model and the 
discovery Alzheimer’s disease modifying therapies. To circumvent these obstacles it is necessary 



to identify novel target(s) that simultaneously dysregulate functions of many genes involved in 
initiation and or progression of LOAD. To this end, we selected five miRNAs by target 
prediction algorithms that have potential to simultaneously dysregulate genes known to be 
involved in synaptic plasticity, neuronal survival, and energy metabolism. When profiling 
specific miRNA expression in LOAD brain regions, we found that expression of miR-34a and 
miR-146a compared to other three, namely miR-19, -132, -15 significantly increased in temporal 
cortex, less in frontal cortex, but not at all in the same subject’s cerebellum regions. Increased 
expression of miR-34a positively correlated with subject’s neuropathology. We also found that 
the level of synaptic proteins SYT1, VAMP2, HCN, GluR1, and NR2A; glycolytic enzymes, 
H6PD, PFK1, PFK2; and the protein components of electron transport chain, NDUFC2, SDHC, 
UQCRB, UQCRQ AND COX10 were significantly reduced in AD temporal cortex region 
compared to normal AMC and respective AD subject’s cerebellum. Ectopic expression of miR-
34a in primary neuronal culture in vitro severely decreased both glycolysis and oxidative 
phosphorylation, as well as reduced protein levels necessary for glycolysis and oxidative 
phosphorylation. In conclusion, simultaneous ability of miR-34a to repress target genes involved 
in neural circuit function and energy metabolism provides as a possible mechanism-based novel 
target overcoming the problems to discover LOAD modifying therapies. 
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Abstract: Synaptic dysfunction has widely been considered to play a key role in Alzheimer’s 
disease (AD) pathogenesis, and the hippocampal network is particularly vulnerable in AD. 



However, there have been few studies addressing whether AD genes are involved in the 
regulation of the hippocampal network. Despite presenilin (PS) is normally expressed highly in 
the entire hippocampus and plays essential roles in synaptic plasticity in the Schaffer collateral 
(SC) pathway, the role of PS in the regulation of other hippocampal synapses is unknown. In this 
study, we used excitatory neuron-specific presenilin conditional double knockout (cDKO) mice 
to determine and compare the role of PS in hippocampal SC and Mossy fiber (MF) pathways. 
We found unaltered synaptic transmission but impaired LTP in the MF pathway of PS cDKO 
mice. We further showed that paired-pulse facilitation (PPF) and frequency facilitations induced 
by 10 stimuli were significantly impaired. These results suggest that similar to the SC pathway, 
PS is required for normal presynaptic short-term and long-term synaptic plasticity at the MF 
pathway. Mitochondrial Ca2+ is also part of the intracellular calcium pool, contributing to the 
[Ca2+]i increment at presynaptic terminals during high-frequency stimulation (HFS), and is 
specifically required for post-tetanic potentiation (PTP). Our further analysis of MF and SC 
synapses in PS cDKO mice showed that PTP induced by HFS was significantly reduced at MF 
synapses, but not in SC synapses in PS cDKO mice. Interestingly, our quantitative analyses of 
electron microscopy (EM) study revealed the number of mitochondria in MF synapses is much 
higher relative to SC synapses. The hippocampus, particularly in the CA3 synapse, mediates 
pattern completion during memory recall, an ability to retrieve stored memory traces in response 
to incomplete sensory cues. According to the result of learning and memory task, PS cDKO mice 
displayed reduced target quadrant occupancy under partial-cue conditions, suggesting impaired 
hippocampal pattern completion. Our results underscored the importance of PS in the regulation 
of short-term and long-term synaptic plasticity in the hippocampal SC and MF synapses, and the 
difference between these two synapses in the mechanisms of regulation. 
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Abstract: Over the past 15 years, there has been a plethora of neurophysiological studies on a 
wide variety of amyloidogenic mice. More recently, the importance of altered intrinsic 
excitability (IE) of single neurons have received increased attention. We have previously 
reported changes in IE in relation to action potential (AP) properties from two different 
amyloidogenic mouse models. A common feature in their neurophysiological properties was the 
narrowing of the AP spike width. This in itself can produce substantial effects on activation of 
other downstream cellular processes e.g. presynaptic calcium entry. In this study we investigate 
whether the TASTPM mouse model, a heterozygous transgenic mouse with the Swedish 
(K670N; M671L) double familial mutation (Thy-1-APP695Sw, Line 10 (TAS10)) and the 
presenilin-1 (M146V) mutation (Thy-1-PS-1M146V) display any similarities. Horizontal 
hippocampal slices were prepared from TASTPM mice and their respective age-matched 
controls (9-10 month old). Whole-cell current clamp recordings were made from CA1 pyramidal 
neurones (CA1-PN). To highlight any changes that may occur in this particular amyloidogenic 
model, we used a series of different electrophysiological protocols to examine IE of both the 
passive and AP properties of single neurons. We found that although there was no significant 
difference in the passive properties, there was a significant narrowing in AP width, between the 
controls and the TASTPM mice. These data conform to the narrowing of AP spikes observed in 
our previous studies. Thus based on three mice lines (PSAPP, PDAPP and TASTPM) we have 
studied and one study performed elsewhere (CRND8), it would seem that a 10–15% narrowing 
of spikes in CA1-PC of Aβ overproducing transgenic mice is a repeatable finding across multiple 
transgenic lines. This may start to highlight the possibility of a pre-clinical neurophysiological 
hallmark that occurs in multiple Aβ overproducing lines. 
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Abstract: The M-transcript of human choline acetyltransferase (ChAT) produces an 82-kDa 
protein (82-kDa ChAT) that localizes to nuclei of cholinergic neurons, with this localization 
reduced in elderly individuals and Alzheimer’s disease (AD) subjects. The function of 82-kDa 
ChAT, and how the localization of the protein is altered in AD is currently unknown. Thus, in 
the present study we assessed whether the nuclear distribution of 82-kDa ChAT could be altered 
by cellular perturbations. Acute exposure of SH-SY5Y cells to oligomeric β-amyloid1-42 (Aβ1-
42) resulted in the association of 82-kDa ChAT with chromatin and formation of 82-kDa ChAT 
aggregates in nuclei. These aggregates were co-localized with special AT-rich binding protein 1 
(SATB1), a protein that forms scaffolding/matrix attachment regions (S/MARs). Based on the 
interaction between 82-kDa ChAT, SATB1 and chromatin, we performed chromatin 
immunoprecipitation followed by next generation sequencing (ChIP-seq) for both proteins. We 
found associations in 885 common genes between both proteins, with the highest significant 
associations found in cell stress response genes and synapse formation/maintenance genes. In 
addition, we found several genes with altered expression in AD or associated with AD risk. After 
Aβ1-42 exposure, both SATB1 and 82-kDa ChAT were associated with the same region on the 
APP gene, which coincided with an in silico predicted S/MAR. Finally, we found that 82-kDa 
ChAT expression prevented an increase in an isoform specific APP mRNA transcript, which is 
increased in AD and is correlated with levels of Aβ1-42. These experiments suggest that 82-kDa 
ChAT may play a critical role in how cells respond to Aβ exposure, with implications for 
understanding the etiology and progression of neurodegenerative diseases such as AD. These 
studies were funded by a CIHR grant to RJR and a Dean's PhD Scholarship to WW-N. 
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Abstract: Hypersynchronicity of neuronal brain circuits is a feature of Alzheimer’s disease 
(AD). Mouse models of AD expressing mutated forms of the amyloid-ß precursor protein (APP), 
a central protein involved in AD pathology, show cortical hypersynchronicity. We studied 
hippocampal circuitry in APP23 transgenic mice using telemetric electroencephalography 
(EEG), at the age of onset of memory deficits. APP23 mice display spontaneous 
hypersynchronicity in the hippocampus including epileptiform spike trains. Furthermore, spectral 
contributions of hippocampal theta and gamma oscillations are compromised in APP23 mice, 
compared to non-transgenic controls. Using cross-frequency coupling analysis, we show that 
hippocampal gamma amplitude modulation by theta phase is markedly impaired in APP23 mice. 
Hippocampal hypersynchronicity and waveforms are differentially modulated by injection of 
riluzole and the non-competitive N-methyl-D-aspartate (NMDA) receptor inhibitor MK801, 
suggesting specific involvement of voltage-gated sodium channels and NMDA receptors in 
hypersynchronicity thresholds in APP23 mice. Furthermore, APP23 mice show marked 
activation of p38 mitogen-activated protein (MAP) kinase in hippocampus, and injection of 
MK801 but not riluzole reduces activation of p38 in the hippocampus. A p38 inhibitor induces 
hypersynchronicity in APP23 mice to a similar extent as MK801, thus supporting that 
suppression of hypersynchronicity involves NMDA receptors-mediated p38 activity. In 
summary, we characterize components of hippocampal hypersynchronicity, waveform patterns 
and cross-frequency coupling in the APP23 mouse model by pharmacological modulation, 
furthering the understanding of epileptiform brain activity in AD. 
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Abstract: Alzheimer’s disease (AD) is the most common senile dementia. Cognitive deficits are 
widely believed to result from progressive synaptic dysfunction and neurodegeneration, most 
likely caused by soluble oligomers of the amyloid peptide (AbO). Synaptic plasticity (for 
instance long term potentiation (LTP)) that underlies memory, involves changes in synapse 
efficacy associated with a variation in number, size and morphology of dendritic spines. AbO 
induce dendritic spine abnormalities and inhibit synaptic plasticity. These effects are likely to 
account for the cognitive defects associated with AD but the mechanisms remain obscure. LTP 
depends on de novo protein synthesis. Using a non-radioactive technique known as surface 
sensing of translation, (SUnSET) and based on the detection of puromycin incorporated into 
nascent peptide chains, we observed an increase in de novo protein synthesis in dendrites of 
cultured hippocampal neurons upon induction of chemical LTP with Forskolin, BDNF, or 
dopamine. This activity-dependent mRNA translation was severely blocked by AbO (500 nM, 
3h). In contrast, in unstimulated neurons, lower doses of AbO (100 nM, 3h) increase de novo 
protein synthesis. Similar results have been obtained using cultures of neurons from Tg2576 
mice expressing a pathogenic mutant of the amyloid precursor protein APP. These effects of 
AbO on mRNA translation are due to changes in the activity of mTOR. Indeed, we observed that 
AbO at 100 nM increased mTOR activity by activating the BDNF/PI3-kinase/Akt pathway. 
Higher doses of AbO impair mRNA translation in neurons by activating NMDA receptors, 
Calcium/Calmodulin kinase kinase and AMP-kinase. The latter phosphorylates Raptor, a 
component of mTORC1, leading to mTOR inhibition at least in part by preventing the 
recruitment of mTOR on late endosomes and lysosomes. This dysregulation of mTOR activity 
and protein synthesis could play an important role in the early synaptic defects observed in 
Alzheimer’s disease. Thus, the correction of mRNA translation dysfunction could represent a 
new interesting angle to develop an effective cure for this disease. 
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Abstract: Alzheimer’s disease (AD), the most common and severe age-associated 
neurodegenerative dementia, currently affects one in every nine Americans >65 years of age and 
one in every three >85 years. There is currently no cure and the need to identify innovative 
targets for prevention and treatment are an urgent need. The accumulation of β-amyloid peptides 
(Aβ) at the synaptic level is an important mechanism that leads to the progression of cognitive 
decline, subsequent neuronal degradation and other hallmarks that characterize the loss of long-
term memory mechanisms in the progression of AD. Recent studies from our group have 
demonstrated a role for phospholipase D (PLD) as a key signaling element in the maintenance of 
long-term memory. Interestingly, studies conducted by independent groups over the past decade 
have elucidated a role for different isoforms of mammalian PLD (PLD1 and PLD2) in negatively 
regulating Aβ production/accumulation using in-vitro approaches. More importantly, it was 
demonstrated very recently that a variant of a third isoform, PLD3 expressed in lower levels is 
directly associated with progression of one form of late-onset AD. Such evidence provide a 
strong rationale to further study the role of PLD signaling as a possible biomarker/therapeutic 
target in AD. In the present study, we demonstrate that PLD levels are significantly lower 
[PLD1: 0.020 ± 0.001 (Control) vs 0.016 ± 0.0005 (AD); PLD2: 0.151 ± 0.005 (Control) vs 
0.120 ± 0.007 (AD), n=4-5, p<0.05] in the frontal cortex (synaptosomal fractions) of AD patients 
compared to age-match controls. Interestingly, this change is not reflected for PLD1 in the total 
homogenate fraction, while PLD2 is reduced [0.144 ± 0.008 (Control) vs 0.120 ± 0.009 (AD)]. 
Intriguingly, the phosphorylation states of the two isoforms do not show any significant change 
in the synaptosomal fractions. Taken together, these results suggest that PLD signaling, that is 
important for long-term memory, is altered in the synapses of AD patients. 
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Abstract: Perceiving the geometry of space for navigation is a core ability shared by all animals, 
with brain structures for spatial layout perception and navigation preserved across rodents, 
monkeys and humans. Spatial layout perception, that is demarcating the boundaries and the size 
of visual space plays a mediating role in spatial cognition between lower-level image analysis 
and navigation-related processing. Although the cortical loci of spatial layout perception have 
been well described, the dynamics of spatial cognition in humans remain unexplained because 
neuronal markers indexing spatial processing remain unknown. Here, we report the first 
electrophysiological cortical signal of spatial layout perception in the human brain. We recorded 
MEG in 15 healthy participants while those viewed 48 scene images differing in size and other 
factors (Fig. 1a). Using multivariate pattern classification and representational similarity 
analysis, we identified a marker of scene size perception around ~250ms (Fig. 1b). The scene 
size marker was independent of low-level image and semantic properties (i.e. luminance, 
contrast, clutter, semantic category) (Fig. 1c), thus indexing neural representations robust to 
changes in viewing conditions as encountered in real-world settings. To provide a quantitative 
account of how space size representations emerge in neuronal circuits we used computational 
modeling and direct comparison to brain data. We showed that a state-of-the-art deep 
convolutional neural network (Fig. 1d) trained to recognize natural scene categories (scene-
CNN) predicted the scene space size from pixel values better than previous models such as GIST 
and HMAX (Fig. 1e), and was the only model to explain away the electrophysiological scene 
size representation (Fig. 1f). Together our data provide a first description of an 
electrophysiological signal for spatial scene processing in humans, and provide a novel 
quantitative computational model of the dynamics of emerging visual scene space representation. 
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Abstract: Humans can quickly recognize a novel real-world environment according to its basic-
level scene category. Which visual features facilitate such efficient categorical scene perception 
in humans? To answer this question we combine multi-voxel pattern analysis of neural 
representations of scene categories throughout visual cortex with computational models of scene 
categorization. Participants viewed line drawings of six scene categories (beaches, forests, 
mountains, city streets, highways, and offices) while in an MRI scanner. We decoded scene 
categories from locally distributed neural activity patterns. We compared decoding error patterns 
to the error patterns from five computational models of scenes, each relying on the statistics of 
only one kind of contour property: orientation, length, curvature, junction types, or junction 
angles. We found that statistics of junction properties exhibited the largest contribution to the 
neural representations of scene categories in high-level scene-selective brain regions 
(parahippocampal place areas, PPA; occipital place area, OPA; lateral occipital complex, LOC), 
followed by orientation statistics (see figure). To assess the causal involvement of these visual 
properties in neurally representing scene categories, we manipulated the images in such a way 
that junctions or orientations were disrupted. In early visual cortex, scene categories could be 
successfully decoded under both manipulations. In the PPA, OPA and LOC, on the other hand, 
disruption of junction statistics severely reduced the extent of category-specific neural activity. 
When orientations were disrupted, scene categories could still be decoded successfully in the 
PPA and LOC. Based on these results we suggest a causal role for contour junctions, which 
provide cues for the 3D arrangement of surfaces in a scene, in the neural mechanisms of scene 
categorization. 
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Abstract: Boundaries are fundamental features that define a scene and contribute to its 
geometric shape. For example, 4-yr-olds reorient in accord with the geometry of a layout defined 
by a curb that is 2 cm high, but fail to do so when the curb is replaced by a flat mat (Lee & 
Spelke, 2011). Our previous research using fMRI showed a similar distinct sensitivity to 
boundaries in scene representation by the healthy adult brain (Ferrara & Park, 2014). In the 
present research, we aim to determine whether the finely tuned sensitivity to boundaries may be 
impaired by genetic deficit. We couple behavioral (Exp. 1) and neuroimaging (Exp. 2) methods 
to study individuals with Williams syndrome (WS), a developmental disorder characterized by 
the deletion of 25 genes on chromosome 7. It is accompanied by a profile that includes severe 
impairment in a range of spatial functions. In Exp. 1, individuals with WS (n = 12) and typically 
developing (TD) age-matched controls (n = 12) were disoriented and then recovered a hidden 
target in 3 different types of arrays that varied in terms of boundary cue: a mat, a curb (5cm) and 
full walls (2m). Unlike TD controls who reoriented geometrically in all 3 arrays, people with WS 
only reliably used geometry in the wall condition. These data indicate that the WS reorientation 
mechanism is fragile, with geometric sensitivity triggered only by the full wall, but not the small 
curb. In Exp. 2, we measured fMRI activity in scene-selective regions for the same WS and TD 
participants. We used artificially-created scene stimuli that mirrored the physical boundary 
arrays of Exp. 1: a mat, a curb with a small addition of structure, and a full wall. Participants 
viewed images in blocks of 12 seconds while performing a one-back task. For TD controls, the 
parahippocampal place area (PPA) showed an increase in activity from the mat, to curb, to wall. 
This indicates impressive sensitivity to the presence of the minimal curb, even though it and the 
mat are visually similar. For WS participants however, PPA activity did not distinguish between 
the mat and curb. Multi-voxel pattern analyses using a linear classifier confirmed these 
qualitative differences between the two groups. Taken together, these results reveal one of the 
crucial aspects of scene representation that is manifested behaviorally as fine-grained sensitivity 
to slight boundary cues in reorientation. Using WS as a test case, we find that atypical patterns of 
reorientation correspond with less fine-grained distinction at the neural level in WS compared to 



TD controls. By coupling behavioral and neuroimaging methods, this research sheds light on the 
connection between scene representation in the brain and fluid behavioral navigation. 
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Abstract: Humans are extraordinarily quick at processing natural scenes. Furthermore, good 
exemplars of natural scene categories are not only categorized more easily but are also more 
readily detected than bad exemplars. However, it remains unclear when and how this good 
exemplar advantage arises. Does the good/bad difference arise early in visual processing, due to 
differences in low- level visual features, or later, from differences in high level visual or 
semantic processing? To address this question, we measured event-related potentials (ERPs) 
while participants viewed (and made a delayed judgment about) good and bad exemplars of six 
scene categories: beaches, city streets, forests, highways, mountains and offices. Good and bad 
exemplars first evoked differential ERPs 250 to 350 ms after onset, with bad exemplars 
producing greater frontal negativity than good exemplars. This effect is consistent with the N3 
complex, previously associated with processing the global structure of an image, and indicates 
facilitated high-level visual processing for good relative to bad scenes. Such effects could arise 
because of differences in the properties of the images themselves or because high-level visual 
processing is being affected by stored representations (e.g., templates) of the scene categories. 
To differentiate between these mechanisms, we next examined whether these N3 effects could be 
modulated by expectation. In a follow-up experiment, participants were cued ahead of each trial 
with a category label (e.g. ‘Beach’) and the subsequent image shown either matched or 
mismatched the cue. We replicated the good/bad difference from the earlier experiment when the 



image matched the cue. Interestingly, the good/bad effect disappeared when the images were 
mismatched to the cue, consistent with the idea that the good/bad difference in the N3 time 
window may reflect a match to template. Overall, the results indicate that the good exemplar 
advantage may not only involve eased decision-making, but also arises in perceptual processing -
- and, more specifically, higher-order visual processing -- jointly affected, as early as 250 to 350 
ms, by visual properties of the image and top-down expectations. 
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Abstract: Landmarks are entities that have a special status in navigation because they are 
associated with specific locations or directions in the world. The use of landmarks is central to 
many wayfinding strategies, however little is known about how they are coded in the brain. Here 
we use multivoxel pattern analysis of fMRI data to address this issue. Subjects were scanned 
while viewing photographs of the interiors and exteriors of ten familiar buildings from the 
University of Pennsylvania campus. Despite their visual dissimilarity, the interiors and exteriors 
corresponding to the same building elicited similar activity patterns in the parahippocampal place 
area (PPA), retrosplenial complex (RSC) and occipital place area (OPA), three regions known to 
respond strongly to visual scenes. We then investigated the conditions necessary for this 
generalization across stimuli by performing the same experiment with two additional groups of 
subjects: (1) Temple University students, who did not know the correspondences between 
interior and exterior images and (2) Penn students who performed a concurrent memory task that 
blocked mental imagery. Generalization across stimuli depended upon knowing the 
correspondences among them in PPA but not in the other two regions, suggesting that the PPA is 



the key region involved in learning the different perceptual instantiations of a landmark. In 
contrast, generalization depended upon the ability to freely retrieve information from memory in 
RSC, and did not depend upon familiarity or cognitive task in OPA. Taken together, these 
experiments suggest a tripartite division of labor, whereby PPA codes landmark identity, RSC 
retrieves spatial or conceptual information associated with landmarks, and OPA processes visual 
features that are important for landmark recognition. 
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Abstract: It has recently been demonstrated that the scene-sensitive PPA is more active for 
judgments of the surface texture and material properties of objects, compared to judgments of 
object shape. This appears inconsistent with the view that PPA is specialized for processing 
scenes, since the single objects used did not invoke scene imagery. But surface texture (and the 
material-properties signaled by texture) is important in scene processing as it can be used to aid 
in image segmentation, can contribute to the recognition of scene identity, and can provide 
affordance-related cues relevant for navigation. Thus, the finding that attending to object texture 
and material activates PPA may be better interpreted as evidence that PPA utilizes multiple 
visual features, in addition to its well-known role in processing structural geometry, when 
representing scenes. In the present study we tested this hypothesis, and also examined whether 
the processing of these features (i.e., scene shape and material) is mediated by shared or distinct 
neuronal mechanisms. Using fMRI, we conducted both univariate and multivariate (i.e., 



multivoxel pattern analysis, MVPA) analyses to examine activity in PPA while participants 
made shape and material-property judgments of both objects and scenes (images consisted of a 
central object located within an indoor scene). We also examined activity in LOC, to explore if 
this object shape-sensitive region is involved in processing the geometry of scenes. Interestingly, 
judgments of object shape produced the highest activation in LOC (compared with judgments of 
scene shape, scene material, and object material, which did not differ), demonstrating that LOC 
is not a general-purpose shape-processing region. In PPA, activation was higher for judgments of 
object material compared with object shape, replicating previous results. But importantly, 
activation for both shape and material judgments of scenes, which did not differ, was higher than 
activation for judgments of object features. Moreover, MVPA analyses revealed that while 
patterns of object- and scene-related activity could be successfully decoded in PPA (and LOC), 
patterns for scene shape and scene material were quite similar and thus could not be 
distinguished from each other. Together, these results demonstrate that PPA is specialized for 
processing visual features of scenes, not single objects. But more interestingly, the consistency 
between the univariate and multivariate results suggest that the processing of multiple scene 
features (i.e., shape, texture/material) in PPA is mediated by shared neuronal mechanisms. 
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Abstract: Visual scene perception activates several areas in the human brain, including the 
Parahippocampal Place Area (PPA), Retrosplenial Cortex (RSC), and the Occipital Place Area 



(OPA). However, precisely what scene-related features are represented in these areas has been a 
subject of protracted debate. Previous studies have suggested that PPA, RSC, and/or OPA might 
represent at least three types of features: [1] low-level 2D features such as spatial frequency; [2] 
3D spatial features such as the distance to objects in a scene; or [3] abstract semantic features 
such as the categories of objects in a scene. We used a voxel-wise modeling approach to 
determine which of these features are most likely represented in scene-selective areas. Under this 
approach we construct encoding models based on multiple feature spaces that reflect alternative 
hypotheses about which features are represented in scene-selective areas. Specifically, we used 
fMRI to measure brain responses to a large set of natural images, and we modeled the responses 
using three feature spaces: [1] A low-level feature space based on the distribution of Fourier 
power in each image; [2] a subjective distance feature space based on human ratings of the 
distance to objects in each image; and [3] a semantic category feature space based on semantic 
labels assigned to each image by human raters. We used linear regression to fit each feature 
space to the BOLD fMRI data for each voxel in the brain, and we evaluated each fit model by 
estimating the amount of variance it predicted in a separate data set reserved for that purpose. 
We found that all three models predict similar amounts of variance in PPA, RSC, and OPA. The 
similarity in predictions of the three models might indicate that each feature space predicts a 
different component of response variance. Alternatively, all three models might predict the same 
response variance (due to correlations inherent in natural images). To address this issue we fit all 
three models jointly and conducted a variance partitioning analysis. This analysis revealed that 
most—but not all—of the variance predicted by the semantic model was also predicted by the 
other two models. Additionally, neither the low-level Fourier model nor the subjective distance 
model predicted any variance independent of the semantic model. Thus, all three models explain 
much common variance, but the semantic model is marginally better than the others. We 
hypothesize that PPA, RSC, and OPA represent complex features that are found in natural 
scenes, but which are not completely semantic. 

Disclosures:  M.D. Lescroart: None. D.E. Stansbury: None. J.L. Gallant: None. 

Nanosymposium 

196. Cortical Visual Representations of Scenes 

Location: S102 

Time: Sunday, October 18, 2015, 1:00 PM - 3:45 PM 

Presentation Number:  196.08 

Topic: D.04. Vision 

Support: NIH EY02316601 



 NSF BCS 025149 

 NIH RO1 MH64043 

Title: Mapping of scene category, exemplar, and image format representations across the visual 
system 

Authors: *J. G. KIM1, N. KRIEGESKORTE3, S. KASTNER2;  
1Princeton Neurosci. Inst., 2Princeton Univ., Princeton, NJ; 3Cognition and Brain Sci. Unit, Med. 
Res. Council, Cambridge, United Kingdom 

Abstract: Recent neuroimaging studies have shown that different categories of scenes elicit 
distinct patterns of fMRI responses in scene-selective areas such as the parahippocampal place 
area (PPA). In a series of behavioral experiments, we demonstrated that higher-order image 
statistics extracted from natural scenes provide meaningful category information, suggesting 
these features as the basis for the neuroimaging findings. Here we used intact and synthesized 
texture scenes that have preserved higher-order image statistics as the intact scenes (Portilla & 
Simoncelli, 2000) to test if stimuli with matched image statistics but are perceptually distinct, 
elicit similar fMRI response patterns across the visual hierarchy. Using a representational 
similarity analysis, we examined the amount of within category scene exemplar information 
(beach 1 vs. beach 2), scene category information (beach vs. city), and image format information 
(intact beach vs. texture beach) across 27 functionally defined regions of interests including early 
visual, category-selective and topographically organized fronto-parietal attention areas under two 
different tasks: passive viewing and scene categorization. Early visual areas (e.g., V2) elicited 
distinct patterns of responses to different exemplars, categories and image formats and the degree 
of the pattern separability across them were comparable (e.g., the degree of response separability 
between beach 1 vs. beach 2 was just as much as that for beach vs. city and intact beach vs. 
texture beach). Responses in scene-selective areas (e.g., PPA) showed the strongest separability 
to differences in image format, followed by scene categories and within category exemplars. 
While this order remained the same, the exemplar, category and image format information was 
greater under the categorization task than passive viewing. Responses in fronto-parietal areas 
(e.g., precentral cortex) did not elicit different patterns of responses to different exemplars, scene 
categories or image formats under passive viewing. However, under the categorization task, 
these regions showed distinct patterns of responses to image format and scene categories. 
Together our results demonstrate a gradual transformation of the representations of exemplar, 
scene category and image format information across the visual hierarchy that is dynamically 
represented under different task demands. 
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Abstract: We can judge image similarity on many different dimensions such as visual 
properties, semantics, or emotional quality. However, how these rich multi-dimensional 
representations emerge from cortical representations remains unclear. Regions in 
occipitotemporal cortex (OTC) exhibit category-selectivity (e.g. faces), and it has been reported 
that OTC represents stimuli according to underlying organizational principles such as animate 
vs. inanimate and real-world object size. Human object-similarity judgments are reflected in 
OTC representations and it may thus provide a substrate for perceptual and/or conceptual mental 
spaces. However, prior studies have often focused on isolated objects from a small set of 
categories with no context, and the generalizability across image sets is unclear. Here, we 
investigated the relationship between behavioral representations of naturalistic scenes (objects in 
context) and cortical representations throughout OTC. To characterize behavioral 
representations, two groups of participants (each n = 10) viewed independent sets of 144 unique 
scenes. Each set contained 48 categories (e.g. adults, pets, food, kitchens, dolls) with 3 
exemplars per category. Participants arranged the stimuli on a computer screen according to their 
perceived similarity (Mur et al., 2013). Representational similarity analyses revealed that 
subjects organized the stimuli in broad clusters of people, animals, household items, natural 
outdoor scenes, manmade outdoor scenes, and transportation with high correlation across image 
sets and subjects (r = .77, p < .0001), indicating stable representational structure. Importantly, 
these groupings appear to reflect a rich conceptual structure that goes beyond any simple 
organizational principles. A subset of participants (n = 5 for each set) also viewed the images 
during an fMRI scan at 7T prior to performing the behavioral task. Analyses on the patterns of 
response at both local (e.g. category-selective regions) and global (all of OTC) scales revealed a 
representational structure primarily distinguishing scenes containing faces and bodies from all 
other images, with high concordance across subjects. However, this did not readily map onto the 



conceptual structure observed in behavior. Our findings suggest that representations in OTC 
primarily reflect its large-scale spatial organization, with regions selective for faces and bodies, 
and do not capture conceptual representations that extend beyond simple dimensions readily 
captured in visual areas. These conceptual representations must emerge from highly distributed 
responses across brain regions, both within and outside OTC. 
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Abstract: People typically perceive their natural environment as rich tapestries of sights and 
sounds. How does visual and auditory information contribute to forming a mental representation 
of a particular type of environment? In the visual domain, neural representations of scene 
categories, global scene properties, scene content as well as relations between objects and scenes 
have been identified and characterized in early visual cortex as well as higher-level visual areas, 
such as the parahippocampal place area (PPA), the retrosplenial cortex (RSC), the occipital place 
area (OPA), and the lateral occipital complex (LOC). The representations of scenes in these brain 
regions are largely driven by regularities in visual properties of scenes. Here we ask how and 
where in the brain more general concepts of natural environments are represented. We presented, 
in separate blocks, images and sounds associated with four scene categories (beaches, forests, 
cities, and offices) to participants inside an MRI scanner. It was possible to decode visually 
presented scene categories in early visual cortex as well as the PPA, RSC, OPA and LOC. 



Analysis of patterns of decoding errors allowed us to characterize the extent to which neural 
codes are related to low-level visual features or to patterns of human behavior based on scene 
images. Low-level image properties provided a good explanation for error patterns in V1, 
whereas error patterns from behavioral scene categorization provided a good match with neural 
codes in the PPA and OPA. Sound categories could be decoded from five anatomically defined 
sub-regions of primary auditory cortex (A1) and adjacent parts of the superior temporal gyrus 
(STG). Errors from a behavioral categorization experiment with sounds matched well with 
decoding errors in A1, especially directly on Heschl’s Gyrus. Finally, we identified regions in 
the prefrontal cortex with neural representations of scene categories that generalize between 
images and sounds of scenes. Since scene images and sounds share no low-level sensory 
features, the category-specific activation patterns in these brain regions reflect a more abstract, 
conceptual representation of real-world environments. Moreover, error patterns in prefrontal 
regions could not be related to stimulus properties or behavior based on any one sensory 
modality alone. In conclusion, we found neural representations of scene categories triggered by 
images in visually active regions and those triggered by sounds in auditory cortex. Additionally, 
we identified conceptual representations of scene categories, which transcend sensory modalities, 
in prefrontal cortex. 
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Abstract: Research on visual scene understanding has identified a number of regions involved in 
processing natural scenes, but has lacked a unifying framework for understanding how these 
different regions are organized and interact. We propose a new organizational principle, in which 
scene processing relies on two distinct networks that split the classically defined 
Parahippocampal Place Area (PPA). The first network consists of the Transverse Occipital 
Sulcus (TOS, or the Occipital Place Area) and the posterior portion of the PPA (pPPA). These 
regions have a well-defined retinotopic organization and do not show strong memory or context 
effects, suggesting that this network primarily processes visual features from the current view of 
a scene. The second network consists of the caudal Inferior Parietal Lobule (cIPL), Retrosplenial 
Cortex (RSC), and the anterior portion of the PPA (aPPA). These regions are involved in a wide 
range of both visual and non-visual tasks involving episodic memory, navigation, and 
imagination, and connect information about a current scene view with a much broader temporal 
and spatial context. We provide evidence for this division from a diverse set of sources. Using a 
data-driven approach to parcellate resting-state fMRI data, we identify coherent functional 
regions corresponding to scene-processing areas. We then show that a network clustering 
analysis separates these scene-related regions into two adjacent networks, which show sharp 
changes in connectivity properties. Additionally, we argue that the cIPL has been previously 
overlooked as a critical region for full scene understanding, based on a meta-analysis of previous 
functional studies as well as diffusion tractography results showing that cIPL is well-positioned 
to connect visual cortex with other cortical systems. This new framework for understanding the 
neural substrates of scene processing bridges results from many lines of research, and makes 
specific predictions about functional properties of these regions. 
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Abstract: We recently demonstrated that electrically enabling motor control (eEmc) 
simultaneously at lumbar (L2) and sacral (S1) segments of the spinal cord influence the 
excitability of the spinal networks to evoke a much stronger stepping response in spinal rats than 
when stimulating at either segment alone. An L2 pulse applied at specific times after an S1 pulse 
evokes a variable stepping pattern, i.e., poor to coordinated stepping depending on the time of 
onset of the L2 pulse relative to the S1 pulse. In contrast, an L2 pulse prior to an S1 pulse 
consistently generates robust stepping. In all scenarios, the S1 pulse consistently amplifies the 
EMG bursting activity in the hindlimb muscles. These results suggest that in spinal rats L2 
serves to generate a locomotor rhythm, whereas S1 functions as a potent ‘modulator’ of sensory 
input to modulate the amplitude of the response. To test this idea, we hypothesized that a re-
transection at L2 would dramatically impede stepping, whereas re-transection at S1 would retain 
the pattern generation and formation features of the more rostral cord, but attenuate the EMG 
bursting and kinematics features of stepping. Adult rats (n=8) underwent a mid-thoracic spinal 
cord transection (ST) at T10. The rats then were divided into two groups: one group had a re-
transection at L2 and the other group had a re-transection at S1. The rats were tested for stepping 
ability (kinematics motion analysis and EMG) before and after the re-transection with eEmc at 
L2 or S1. Stimulation at L2 in the absence of S1 (transections at T10 and S1) facilitated bilateral 
and rhythmic, albeit irregular, stepping, whereas stimulation at S1 in the absence of L2 
(transections at T10 and L2) elicited a very weak stepping pattern. EMG burst characteristics and 
patterns in hindlimb flexor and extensor muscles were consistent with the kinematics data. The 
data provide the first in-vivo evidence that the rostral segments of the lumbar spinal cord play a 
predominant role in the initiation and generation of rhythmic activation patterns necessary for 
locomotion in the adult spinal rat. The data further suggest that the sacral spinal cord participates 
modestly in rhythm initiation and generation, but provides a strong facilitatory influence. 
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Abstract: Current published work suggests that a minimum of 9 months of rehabilitation is 
required to elicit significant improvement in upper limb function following incomplete spinal 
cord injury (iSCI). With over 12,500 new cases and a prevalence of 337,000 in the U.S. alone, 
however, such extensive rehabilitation programs are impractical. Here, we tested the hypothesis 
that the brain and its residual descending pathways represent the most spared, and hence ideal, 
innovative targets for maximizing and accelerating upper limb recovery in iSCI. In particular, 
since loss of representation of weaker muscles in the motor cortex exaggerates muscle weakness 
and limits recovery following iSCI, we aimed to boost inherent adaptive plasticity of weak 
representations using transcranial direct current stimulation (tDCS). We hypothesized that tDCS 
would accelerate increases in weak muscle cortical representational plasticity while also 
enhancing excitability of their descending pathways to paretic limbs to ultimately maximize 
functional outcomes following rehabilitation. To test our hypothesis, eight patients with chronic 
iSCI received either upper limb rehabilitation with tDCS (2 mA anodal) to motor cortical 
representations of weak muscles or rehabilitation alone. Representational plasticity was 
measured using TMS before and after treatment and diffusion tensor magnetic resonance 
imaging (DTI) quantified sparing of descending tracts. Functional recovery and muscle strength 
was assessed before and after treatment. We found that patients who received tDCS plus 
rehabilitation demonstrated significant focal increases in the cortical representation of their 
weaker muscle, where its excitability increased by 60% (p<0.05). Representational plasticity 
changes were associated with gains in motor function and muscle strength. In addition, level of 
recovery was related to cortical tract integrity, wherein patients that demonstrated the most 
recovery had greatest tract sparing following their iSCI (r=0.97; p<0.0001). Our results suggest 
that long-term pairing with tDCS applied to the motor cortex could result in significant 
functional improvements by facilitating more permanent plasticity of weaker cortical 
representations. Further, descending tract integrity, as measured with DTI, may serve as a 
valuable prognostic marker of impairment and functional recovery potential. 
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Abstract: We have previously recorded long term EMG activity using shorts with embedded 
electromyography (EMG) sensors on healthy subjects (Finni et al. 2007) and office workers 
(Pesola et al. 2014). However, we do not have detailed information about long term muscle 
activity in the spinal cord injury (SCI) population. Such information allows us to have specific 
details on the normal and abnormal patterns of muscle activity during an individual’s daily life 
outside of the laboratory and see the changes in activation patterns after rehabilitation 
interventions. EMG was recorded from eight upper limb muscles using a custom-made shirt with 
embedded EMG electrodes. Data was stored into a data collection module attached to the shirt. 
Five participants (injury levels C5-7) were asked to come in to the laboratory to perform 
exercises such as handgrip tasks, relaxation, and wheeling in the corridor with a wheelchair. 
After the testing the participants went home and wore the shirt for the rest of the day (mean 7hrs, 
range 3-13hrs). EMG was analyzed as mean values during exercises in the laboratory. Home 
recordings were analyzed using burst analysis modified from Kern et al. 2001 and Tikkanen et 
al. 2013. Average burst time when muscles were considered active was 52±10.8 % of the 
recording time. Average burst duration was 0.4 ±0.1 sec and average burst rate 1.8±0.5 bps. 



Average duration of the longest period of inactivity was 2.9±2.7 min, and average amplitude 
during daily testing was 50.8±4.8 % (36.7-68.6 %) of the activity level during wheeling. 
Wearable EMG recording system allows us to access more detailed information about 
rehabilitation progress outside of the laboratory. Because all wires are integrated into the shirt, 
no additional devices are needed, and patients experience no restriction in their movements. We 
believe that this novel wearable EMG system could be used in the future as a tool to assess 
spasms, daily physical activity levels, muscle coordination, and changes in activation patterns in 
individuals with neurological disorders. 
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Abstract: An incomplete spinal cord injury (SCI) results in the partial loss of motor and sensory 
function below the level of the injury. One secondary consequence is neuromuscular 
abnormalities causing hypertonia of muscle groups, which are thought to be the result of a 
combination of intrinsic and reflex-mediated muscle stiffness. Hypertonia commonly affects 
ankle-joint muscles, which have important roles during gait, however the relationship between 



hypertonia and gait function remains controversial in people with SCI. Clinical indications of 
spasticity have been proposed to be unrelated to gait impairment, however these tests do not 
provide information regarding the origin of spasticity. This study aimed to compare gait function 
of people with SCI, with and without reflex-mediated hypertonia. This study had IRB approval 
and 45 subjects with chronic, incomplete SCI were recruited. Neuromuscular properties were 
assessed with subjects seated in an isokinetic dynamometer with one ankle strapped to a 
footplate. Ankle position, torque and electromographic (EMG) activity of ankle muscles were 
measured during a series of passive isokinetic movements to maximum dorsi-flexion (DF) at two 
velocities: 5 and 100°/sec. Maximum voluntary isometric contractions (MVICs) and active range 
of motion (AROM) at the ankle joint were also measured. Functional scores (WISCI II) and 
clinical measures of walking speed (10 meter walk test), endurance (6 minute walk test) and 
mobility (timed up and go) were assessed. Based on EMG activity during isokinetic DF at 
100°/sec, 19 subjects were classified as having reflex-mediated hypertonia (reflex on) and 26 
without (reflex off). Subjects classified as reflex on had significantly higher peak torque and 
stiffness during fast movements (p<0.001), and torque dynamic gain (p<0.001), than those 
classified as reflex off. There were no significant differences between groups in terms of age, 
gender, WISCI II scores, AROM and MVICs. Walking speed, endurance and mobility were 
similar between subjects that did and did not have reflex-mediated hypertonia. Our data suggest 
that gait function may not relate to the presence of reflex-mediated hypertonia in people with 
chronic, incomplete SCI. It has been suggested that while inhibitory mechanisms are reduced in 
spastic muscles under passive conditions, inhibition is similar between people with SCI and 
healthy subjects during voluntary contractions, which may explain our findings, although this 
issue remains controversial. Gait function may still be affected by intrinsic muscle stiffness, and 
the positive or negative effects of reflex-mediated hypertonia on gait function may be subject-
specific. 
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Abstract: [Purpose] We have reported the effectiveness of cell transplantation therapy for spinal 
cord injury (SCI) using neural stem cells (NS cells) and induced pluripotent stem cells (iPS 
cells). However, the mechanisms of functional recovery as well as reconstruction of neuronal 
network remain to be elucidated. Recent studies have demonstrated that SCI changed the state of 
large cortical networks. SCI leads to atrophy of primary motor and sensory cortex, and then 
reorganization of the sensorimotor system occurs(Freund P. Brain 2011), which was detected by 
the functional magnetic resonance imaging (fMRI). However, few studies have reported SCI-
related functional changes of the cortex in detail. Here we analyze the relations between the 
cortical plasticity and the functional improvement after SCI using resting state- fMRI. 
[Method]Four C57BL6 female mice were subjected to resting-state fMRI. After careful 
acclimation to environmental stress, MRI was performed using a 7.0-Tesla MRI apparatus 
equipped with actively shielded gradients at maximum strength of 700mT/m (Biospec ; 70/16 
Brucker Biospin ) with CryoProbe (Brucker BioSpin AG). Mice received complete spinal cord 
transections at the Th9/10 level using a surgical blade. The severed ends of the cord were 
inspected under a surgical microscope carefully to ensure complete transection. MRI was 
performed before and two weeks after SCI. MRI data analysis was performed using SPM12 
software and CONN toolbox. This consisted of head movement correction, adjustments of 
acquisition timing across slices, and smoothing. Structural and functional images were spatially 
normalized to a standard structural brain averaged from C57BL6 mice (n=20). Functional 
connectivity was analyzed based on the AMBMC labels (Ulmann, JFP,et al. Neuroimage 2013). 
[Result] First we successfully detected the normal functional brain network connectivity (FBNC) 
using fMRI in the mice before SCI. Then we compared the change of FBNC before and after 
SCI. The bilateral primary somatosensory area changed the synchronicity after SCI. In addition, 
the bilateral primary motor cortex has connected with contralateral cingulate area strongly in the 
normal mice, but the primary motor cortex has connected strongly with another area in the mice 
after SCI. [Conclusion] These results demonstrate that it is feasible to analyze FBNC of mice 
using fMRI. Our findings also provide the evidence that SCI induced FBNC alterations in the 
brain cortex. In the future, we would like to take fMRI in various degree of SCI model to explore 
the specific spatial and temporal pattern of brain functional changes after SCI. 
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Abstract: Implantation of olfactory ensheathing cells (OECs) after a spinal cord lesion has been 
shown to promote axon regeneration across the lesion site and to promote some functional 
recovery. In addition, a regimen of rehabilitative motor training facilitates the extent of 
functional recovery. The spinal cords of 20 adult Sprague Dawley rats were completely 
transected at ~T8 and randomly assigned to 4 groups (n=5/group). The rats received a 
transplantation of either OECs or skin fibroblasts (FBs) immediately after the spinal cord 
transection and were either trained to climb a grid or not trained. Two groups (OEC-Trained, and 
FB-Trained) began training 2 weeks post-injury. The rats were trained to climb up a grid (1-inch 
spacing) inclined at 60 degrees for 20 min/day, 3 days/week. During training, the rats received 
sub-threshold epidural stimulation (40 Hz at L2 and S1). Two other groups (OEC-CSA and FB-
CSA) were immunosuppressed with cyclosporine A (CSA) for the duration of the study but did 
not receive any training or epidural stimulation. Transcranial electrical stimulation (TES, 
singular monophasic pulse, 0.2 Hz) was performed in a non-anaesthetized state to 
electrophysiologically assess connectivity across the lesion site. Two months post-injury, TES 
elicited more early responses (ERs) and silent period responses (SPRs) in the hindlimb muscles 
of trained than non-trained rats. The greatest number of ERs was observed in the OEC-Trained 
group. At 7 months post-injury, TES was performed after the rats were given a dose of 
strychnine (0.5 mg/kg body weight, i.p.), a glycine receptor antagonist. Under these conditions, 
the majority of trained rats showed ERs, whereas only one untrained rat had an ER. TES after 
strychnine administration also elicited spontaneous bursting responses (SBRs) in the majority of 
untrained rats but in only 1 trained rat. The variety of responses elicited highlights the 
advantages of performing TES in awake rats and in rats under the influence of strychnine. These 
methods allow for the detection of changes in a range of networks projecting to specific muscles. 
These data also suggest that using strychnine can maximize evidence of supraspinal connectivity 
by exposing networks that would not be observed without systemic disinhibition. Overall, these 



results suggest that a training regimen involving grid climbing with epidural stimulation can 
enhance the regenerative effects of OEC transplantation. 
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Abstract: The mammalian lumbar spinal cord has the capability to generate locomotor activity 
in the absence of input from the brain. Previously, we reported that transcutaneous electrical 
stimulation of the spinal cord at vertebral level T11 can activate the locomotor circuitry in non-
injured subjects when their legs are placed in a gravity neutral position using horizontal 
suspension device. In this conditions the mechanical stimulation to the soles of the feet could 
induce the locomotor like activity as well. The objective of this study was to evaluate the effect 
of non-invasive activation of the neural networks on the spinal cord via transcutaneous 
stimulation and/or sensory mechanical stimulation of the foot while normal subjects were 
suspended in vertical position with 100% body weight support over a treadmill with no contract 
with the treadmill surface. We observed that multi-site independent spinal cord stimulation at 
T11, T12, and L1 at 30 Hz can activate the neural locomotor networks to generate alternating 



movements of the two legs with well coordinated EMG patterns in proximal and distal muscles. 
Sensory stimulation on the other hand resulted in lower excursions in the various joints with less 
robust EMG patterns. The overall integrated EMG was lower in all muscles except the ankle 
extensors during sensory stimulation compared to spinal cord stimulation. The best results were 
observed in all subjects during simultaneous sensory stimulation and spinal cord stimulation with 
significantly higher EMG levels, robust excursion of various joints and activation patterns. This 
synergistic effect suggest the convergence of sensory afferent inputs from foot receptors and 
transcutaneous spinal cord stimulation on similar neuronal networks. This phenomenon has high 
impact as a strategy to neuromodulate the spinal circuitry and to regain motor functions after a 
severe SCI. 
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Abstract: Serotoninergic agonists have been shown to improve the recovery of stepping ability 
in spinal animals by modulating the excitability of the locomotor circuits in the lumbosacral 
spinal cord. In the present study we tested whether or not buspirone, a partial serotonin 5-HT1A 
receptor partial agonist, would facilitate fine forelimb motor recovery, such as reaching and 
grasping, after a cervical spinal cord injury in rats. Adult Long-Evans rats were trained and then 



tested to reach and grasp sugar pellets. Intramuscular EMG electrodes were implanted in 
forelimb muscles and epidural stimulation electrodes were implanted at cervical spinal cord 
segments C6 and C8. Spinal motor evoked potentials (sMEPs) were elicited by stimulating the 
C6-C8 spinal segments. sMEP latencies and amplitudes were determined in each muscle 
implanted with EMG electrodes. After baseline testing the rats received a bilateral dorsal funiculi 
crush injury at spinal cord level C4. At 4 weeks post-injury, five rats were tested 
electrophysiologically and behaviorally with and without the administration of buspirone (5 
gm/kg, ip.). The success rate for reaching and grasping 4 weeks post injury was greater with than 
without buspirone administration for all rats except one (p = 0.0339; paired t-test). After 
buspirone administration, the sMEPs increased in the number and amplitude of late responses, 
suggesting an increased activation state of the cervical interneuronal motor network. The 
improved success rates of reaching and grasping and the increase in sMEPs reflect a recovery of 
motor function and improved forelimb motor circuit activity throughout the spinal cord-muscle 
pathway. Combined these data suggest that buspirone treatment has therapeutic potential for 
motor recovery after a cervical spinal cord injury. 
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Abstract: Electrically enabling motor control (eEmc) via epidural stimulation of spinal cord is a 
promising therapeutic technique for the recovery of motor function after spinal cord injury. In 
the present study, we tested whether electrical stimulation delivered epidurally in the cervical 
spinal cord would facilitate the recovery of fine forelimb motor function after a dorsal funiculi 
crush (DFC) injury at C4. Adult Long-Evans rats were trained to reach and grasp sugar pellets. 
Intramuscular EMG electrodes were implanted in forelimb muscles and epidural stimulation 
electrodes were implanted at cervical spinal cord segments C6 and C8. Immediately after the 
spinal cord injury, the rats demonstrated significant deficits in forelimb fine-motor function of 
reaching and grasping. The rats were tested to reach and grasp sugar pallets with and without 
eEmc during 10 weeks post-injury. To determine the best stimulation parameters to activate the 
cervical spinal networks involved in fine forelimb motor function, monopolar and bipolar pulses 
were delivered at varying frequencies (20, 40, and 60Hz) concomitant with the reaching and 
grasping task. Video and forelimb EMG were recorded during this behavioral task. The DFC 
injury resulted in a significant drop in the success rates for reaching and grasping scores. Bipolar 
stimulation (C6- C8+ and C6+ C8-) resulted in a better success rate compared to monoplar 
stimulation (C6- Ref+ and C8- Ref+). Lower frequency stimulation (20 Hz) had a better effect in 
improving forelimb function compared to higher frequencies (40 and 60Hz). Interestingly, the 
reaching and grasping scores remained elevated after cessation of the stimulation, suggesting that 
eEmc had a durable effect beyond the stimulation period. Video analyses revealed improved 
movement trajectories during forelimb reaching and grasping with eEmc compared to without. 
Combined, these data suggest that eEmc has therapeutic potential for rehabilitation after a 
cervical SCI. 
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Abstract: Ankle foot orthoses (AFOs), a common intervention to improve the gait of children 
with myelomeningocele (MMC), facilitate balance, stability and efficiency of gait. Evidence 
suggests that walking involves a cognitive component. As one walks there may be the need to 
concurrently allocate attentional resources to the motor component of gait and to cognitive tasks 
such as conversing. Clinical observations suggest that walking aids may improve performance of 
cognitive tasks and gait. The purpose of this study was to assess the effects of AFOs while 
walking and performing a cognitive task.    Eighteen children with MMC (7-13 years old, 
GMFCS I-III) were assessed in two visits. During the first visit children walked at self selected 
speeds on a GAITRite instrumented walkway with shoes, but no AFOs, under two conditions: a 
dual task involving walking while counting (WC) and walking only (W). During the second visit, 
2 weeks later, WC and W were performed with the AFOs. The order of tasks was 
randomized. Repeated measures analysis of variance was performed on walking velocity, 
cadence, stride length, rate of responses and rate of correct responses (a<0.05). Data were 
analyzed for 16 subjects. Table 1 shows the statistically significant variables. Velocity and stride 
length significantly increased with the use of AFOs in W. During WC only velocity significantly 
increased. Rate of responses and rate of correct responses significantly improved with the use of 
AFOs during WC. This is, to our knowledge, the first study examining the effect of AFOs under 
a dual task paradigm in this population. Our data support previous findings that AFOs improve 
the gait of children with MMC during W. The use of AFOs also allowed concurrent 
improvements in gait and the performance of the cognitive task. This is most likely due to the 
AFOs decreasing the attentional demands on ambulation. These resources then can be used to 
facilitate performance of the cognitive task.  It appears, therefore, that ambulatory aids do 
facilitate performance of concurrent motor and cognitive tasks.   Table 1. Gait data and Verbal 
responses. Velocity (V), Stride length (SL), Rate of responses (R), Rate of Correct Responses 
(RC) with (AFO) and without (NAFO) AFO during single walking (W) and dual, walking and 
counting (WC) tasks. 

    



Variable Mean SD p 

W NoAFO V 
W AFO V 

65.9 
77.3 

29.5 
27.6 .00 

W NoAFO SL 
W AFO SL 

79.6 
94.2 

17.4 
38.3 .00 

WC NoAFO V 
WC AFO V 

43.8 
55.8 

24.6 
24.4 .00 

WC NoAFO R 
WC AFO R 

0.4 
0.5 

0.3 
0.3 .02 

WC NoAFO RC 
WC AFO RC 

0.3 
0.4 

0.3 
0.3 .00 

 

Disclosures:  N. Pirouz: None. T. Karakostas: None. B. Malas: None. 

Nanosymposium 

197. Advances in Spinal Cord Injury Research 

Location: S403 

Time: Sunday, October 18, 2015, 1:00 PM - 3:45 PM 

Presentation Number:  197.11 

Topic: D.10. Spinal Cord Injury and Plasticity 

Title: Effects of varying bone marrow-derived MSC concentrations and transplant locations for 
reducing motor and morphological deficits in a rat model of spinal cord injury 

Authors: *J. J. MATYAS1, A. STEWART2, A. GOLDSMITH3, S. ZEILER3, Z. NAN3, J. 
ROSSIGNOL4, G. DUNBAR2;  
1Field Neurosciences Inst. Lab. for Resto, Mount Pleasant, MI; 2Program in Neurosci., 4Col. of 
Med., 3Field Neurosciences Inst. for Restorative Neuroscence, Mt Pleasant, MI 

Abstract: Spinal cord injury (SCI) is widely considered to be a permanently disabling condition, 
constraining those affected by it to wheelchairs and requiring intense daily care and assistance. 
Spontaneous recovery is limited, and most current therapies have been inadequate in fully 
restoring function. Strategies targeting regeneration and protection of cells in the injured cord are 
currently gaining momentum in the field of SCI research, particularly those of cell replacement 



therapies. Human trials involving the transplantation of autologous stem cells have been 
conducted in several countries. However, determining the types of cells and the concentrations 
which are most efficacious is still widely debated. Therefore, it is important to determine what 
cell types, concentrations, and locations would provide the maximum benefit in functional 
recovery. The current study explored the optimization of bone marrow-derived mesenchymal 
stem cells (MSCs) by transplanting various concentrations of them into the injured rat spinal 
cord, and testing various transplant locations. No significant differences between MSC-treated 
animals and lesioned controls in measures of locomotor assessment and the horizontal ladder 
task were observed, though there were trends toward a therapeutic effect. Footprint analysis 
revealed mild sparing on the measure of base of support in animals receiving cells of any 
concentration, but not in those receiving transplants to the lesion penumbra. Histological 
assessment for myelin content and glial scarring indicated that MSCs may provide a potential 
protective effect against progressive demyelination following SCI, and may also reduce the 
density of fibrotic scar tissue. Collectively, results indicate that MSCs may provide a modest 
therapeutic effect, especially at concentrations approaching 50,000 cells/µL, and when 
transplanted in and rostral to the lesion epicenter, though further work is needed to elucidate the 
optimum transplant locations and cell concentrations necessary to provide maximum benefits 
towards functional recovery. Support for this study was provided by the Office of Research and 
Sponsored Programs at CMU, the College of Humanities and Social Behavioral Sciences, the 
College of Medicine, and the Field Neurosciences Institute and John G. Kulhavi Professorship, 
as well as the Jeff Lichon Spinal Cord Injury Foundation and the James & Catherine Steinmetz 
Graduate Scholarship. 
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Abstract: Up to 10% of women with hypertension during pregnancy develop hemolysis elevated 
liver enzyme low platelet (HELLP) syndrome, which is a life threatening syndrome with high 
maternal mortality and morbidity. As women with a history of HELLP syndrome are reported to 
be at an increased risk of developing postpartum depression or post-traumatic stress disorder 
(PTSD) we set out to determine if we could detect PTSD and depressive like behavior in an 
animal model of HELLP syndrome. On gestational day (GD) 12, mini-osmotic pumps infusing 
sFlt-1 and sEng are placed into rats to induce HELLP syndrome and were not removed until 12-
24hrs post-delivery. All pups were permanently removed at the time of pump removal. On post-
partum day (PPD) 10 rats were subjected to a single marble burying test followed by sucrose 
preference test for 5 consecutive days on PPD17. In a different group of rats, at GD19 mean 
arterial pressure was significantly increased in HELLP rats compared to NP rats (124+3.34 vs. 
108+2mmHg; p=0.04), as were brain concentrations of interleukin-1beta in the posterior cortex 
(384.74+74 vs. 119.7pg/mg/mL; p=0.03; n=6/group). At PPD3 dams in the HELLP groups 
displayed sickness behavior as there was a significant (p=0.05)reduction in conspecific contact 
grooming and investigatory sniffing over a three day period compared to NP dams. Dams in the 
HELLP group buried significantly more marbles (56+4.3%, p=0.006) compared to NP 
(30.2+6.3%) dams at PPD10. A separate group of dams was tested at PPD 17 and HELLP rats 
also had a significant increase in marble burying (61.1+11%, p=0.03) compared to NP rats 
(30.2+7.38%). Texas red dextran infusion at PPD30 into revealed a trend towards an increase in 
BBB leakage in the posterior region compared to NP rats (n=3/group). These results suggest that 
hypertension and peripheral inflammation during pregnancy contributes to an increase in blood 
brain barrier permeability and neuroinflammation which previous studies have shown to be 
accompanied by alterations in behavior. Current studies are ongoing to determine if sucrose 
preference tests are altered in response to HELLP syndrome during pregnancy. The results from 
the current study suggest that this might be one mechanism of PTSD and post-partum depression 
in women with hypertension and inflammation during pregnancy. 
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Abstract: A diagnosis of cancer is a life-changing event, which impacts the patient's mental 
well-being. Mood characteristics and the quality of life of subjects receiving treatment for cancer 
have been recently highlighted as one of the main components determining the success of cancer 
therapy. Previous studies have linked psychological and cognitive factors with the regulation of 
the immune response, which is known to play a key role in tumor progression, angiogenesis and 
metastasis. However, mechanistic studies into this association have primarily focused on the 
effects of stress on immunity. Increasing evidence indicates that a positive emotional state also 
affects immunity. A key component in the formation of a positive effect is the brain’s reward 
system. We used a pharmacogenetic approach (Designer Receptors Exclusively Activated by 
Designer Drugs-DREADDs) to activate the dopaminergic neurons in the ventral tegmental area 
(VTA), a key component of the brain reward system. We found that the activation of the VTA in 
tumor-bearing mice (Lewis lung carcinoma; LLC) affects tumor growth. We found that repeated 
stimulations of the VTA significantly reduced the size of the tumor (p=0.0064). We attribute 
these effects to changes in the anti-tumor immune response, specifically, CD11b+Gr1+Ly6+ 
myeloid cells (G-MDSCs), which were significantly reduced in the tumor microenvironment of 
the VTA-activated mice compared to controls. We further demonstrated that these effects were 
mediated, at least in part, via the sympathetic nervous system (SNS). Taken together, our data 
indicates that the reward system can affect tumor progression by enhancing the anti-tumor 
immune response. These findings highlight the potential involvement of mood-regulating circuits 
in the organism’s ability to fight cancer. 
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Abstract: Microglia, the immune cells of the CNS, are implicated in a variety of 
neurodegenerative diseases. In some diseases (e.g. Alzheimer’s), they clear the brain of debris 
and amyloid deposits, while in others (e.g. Huntington’s), microglia are pro-inflammatory and 
may contribute to neuronal death. In our recent work, we showed a profound activation of 
microglia in the brains of mice with experimental autoimmune encephalomyelitis (EAE), a 
model for multiple sclerosis, and that the FDA approved drug Ganciclovir (GCV) rescued 
symptoms of EAE by selectively inhibiting the proliferation of microglia. We now show that 
GCV and its derivatives remarkably reduce inflammation in microglia via the anti-viral innate 
immune response. Unbiased profiling of the microglial secretome showed that GCV modulates 
the secretion of several proteins induced as a part of the anti-viral response. GCV and its 
derivatives mimic cyclic dinucleotides to induce the production of IFNβ and the chemokine 
CXCL10 (or IP10). This activity is dependent on the presence of the innate immune adaptor 
STING and the transcription factor Stat1. In microglia lacking STING, GCV and its derivatives 
are unable to induce IFNβ, CXCL10 or reduce inflammation. Blocking IFNβ further reduced the 
induction of CXCL10 by GCV suggesting IFNβ is upstream of CXCL10. Finally, CXCL10 
production by GCV was reduced upon inhibition of Jak/Stat signaling. Together, these results 
elucidate the molecular mechanism for reduction of microglial inflammation by the antiviral 
drug GCV. 
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Abstract: Background: Clinical studies show maternal consumption of alcohol during pregnancy 
to increase alcohol drinking in the offspring, and in animal studies, prenatal exposure to ethanol 
stimulates neurogenesis and density of neurons expressing orexigenic peptides known to increase 
ethanol intake. With studies showing ethanol drinking to activate the peripheral immune system, 
we investigated in male rats whether prenatal ethanol also stimulates neuroimmune function in 
the hypothalamus, by examining: 1) weanling offspring for changes in the chemokine CCL2 and 
its receptor CCR2 as they relate to the development of peptide-expressing neurons; and 2) 
pubertal offspring for changes in consumption of and preference for alcohol. This study focused 
on the orexigenic peptide, melanin-concentrating hormone (MCH) in the perifornical lateral 
hypothalamus (PFLH), which has an important role in the ingestion and rewarding properties of 
ethanol and colocalizes with CCL2 which acts through CCR2 to stimulate neuronal 
development. Methods: The offspring of Sprague-Dawley dams, given ethanol (2-4 g/kg/day) or 
water intraorally from gestational day 11-15, were either sacrificed on postnatal day 25 for brain 
analyses using multi-label immunohistochemistry or examined behaviorally on postnatal days 
40-70 for measurements of ethanol intake and preference with a two-bottle choice. Results: 
Prenatal ethanol exposure compared to water control increased circulating levels of CCL2 in the 
dam and density of MCH- and CCR2-positive neurons in the PFLH of the offspring. Double-
labeling studies showed that CCR2 co-exists with MCH in 20% of the peptide neurons in control 
rats and ethanol markedly increases to 60% the density of these CCR2/MCH co-labeled neurons. 
Further analyses of the offspring of dams injected with BrdU, a marker of cell proliferation, 
demonstrated that in utero exposure to ethanol during the period of hypothalamic neurogenesis 
stimulates the birth of new neurons that co-express CCR2 and MCH, as revealed by a significant 
increase in triple-labeled BrdU/CCR2/MCH neurons in the PFLH. This increased proliferation of 
CCR2/MCH neurons in weanling offspring was accompanied by a behavioral change in pubertal 
offspring, a two-fold increase in the drinking of and preference for ethanol. Discussion: These 
results demonstrate a strong stimulatory effect of prenatal ethanol on the hypothalamic 
CCL2/CCR2 chemokine system in association with MCH neurons and link this increase in 
neuronal development to greater alcohol intake, consistent with other evidence showing 
knockout of the CCR2 receptor to reduce ethanol intake and PFLH injection of MCH to increase 
ethanol intake. 
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Abstract: Antibodies to astrocytic aquaporin-4 (AQP4-IgG) are a highly specific biomarker in 
Neuromyelitis Optica Spectrum Disorders (NMOSD), which is comprised of astrocytic diseases 
of the Central Nervous System (CNS) and can result secondarily in demyelination. In vivo 
models showed that AQP4-IgG contributes to the disease pathogenesis. However, those studies 
required either direct injection of AQP4-IgG into the brain together with human complement or 
prior blood brain barrier disruption by lipopolysaccharide (LPS). Recently, it was suggested that 
AQP4-IgG results in an increased frequency of miscarriages in NMOSD, raising the possibility 
that AQP4-IgG affects either the placenta or the developing fetus. To address this possibility, we 
injected intravenously different concentrations (60 to 200 ug) of human monoclonal AQP4-IgG 
or an isotype matched control antibody to pregnant mice at embryonic day E14.5. qPCR results 
show that AQP4 is expressed at significantly higher levels in the fetal brain compared to the 
placenta throughout all gestational stages and Western blot analysis suggests a novel AQP4 
isoform in the developing brain. At high concentrations, maternal AQP4-IgG resulted in death of 
the offspring. Prenatal exposure to AQP4-IgG at lower concentrations resulted in living 
offspring. Behavioral analysis of those offspring showed that mice born to pregnant dams 
injected with AQP4-IgG exhibit an impairment in flexible learning. This behavioral phenotype 
was observed in male mice only and was associated with alterations in the astrocytes in the 
hippocampus. This animal model will help us to understand the immediate and long term 
consequences of maternal AQP4-IgG antibody on the offspring. 
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Abstract: Alzheimer's disease (AD) is a neurodegenerative disorder in which chronic 
neuroinflammation plays an active part in disease progression. Nevertheless, whereas 
immunosuppressive drugs have repeatedly failed in treating this disease, boosting recruitment of 
immune cells to the CNS under chronic neurodegenerative conditions in general, and in AD in 
particular, was associated with attenuation of pathology. Our group has recently pointed to 
choroid plexus (CP), an epithelial layer that forms the blood-cerebrospinal fluid-barrier (B-CSF-
B), as a selective gateway for leukocyte entry to the CNS in homeostasis and following injury, 
and showed that boosting CP-mediated inflammation-resolving immune cell recruitment to the 
CNS, can facilitate the resolution of the neuroinflammatory response. Here, we hypothesized that 
in AD, suboptimal recruitment of immune cells to the brain is an outcome of systemic immune 
failure, involving CP gateway dysfunction. Examining the CP of 5XFAD AD transgenic (AD-
Tg) mice along disease progression, we found dysfunction of CP gateway activity, which was 
associated with local CP deficiency in interferon (IFN)-γ levels, and reduced epithelial 
NFκB/p65 signaling. We show that breaking systemic immune tolerance by transient conditional 
depletion of Foxp3+ regulatory T cells (Tregs), or pharmacological inhibition of their activity, in 
AD-Tg mice, augmented IFN-γ-dependent CP-gateway activity for leukocyte trafficking. The 
activation of this immune-brain axis was followed by accumulation of immunoregulatory cells at 
cerebral sites of amyloid-β pathology, plaque clearance, and mitigation of cognitive decline. 
Conversely, augmenting systemic Treg levels in AD-Tg mice was associated with accelerated 
disease pathology. Collectively, our findings identify Treg-mediated immune suppression in AD 



as an obstacle to mounting a systemic immune response for the resolution of neuroinflammation, 
and suggest a novel therapeutic approach for treating AD. 
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Abstract: Recent evidence supports a role for peripheral inflammation and immune responses in 
the pathophysiology of Alzheimer’s disease (AD). Conditions of chronic peripheral 
inflammation, such as metabolic syndrome and diabetes, and markers of inflammation, such as 
tumor necrosis factor (TNF), are associated with increased risk for development of AD. TNF is 
elevated in AD patients both in the plasma and associated with plaque pathology. Altered 
peripheral immune cell trafficking is evident in the brains of AD patients by the presence of T 
cells, which circulate in the CSF of healthy adults. TNF is known to have many functions 
including altering BBB permeability and modulation of glutamate receptor physiology. 
Transmembrane TNF (tmTNF) binds primarily TNFR2 and induces pro-survival signaling that 
plays a role in immunity of infection, remyelination, and is neuroprotective. Soluble TNF (sTNF) 
binds primarily TNFR1 and induces proinflammatory signaling that plays a role in microglial 
activation and neurodegeneration. Systemic XPro1595, a novel biologic that selectively 
neutralizes sTNF without immunosuppression and spares tmTNF signaling may ameliorate AD-
like pathology induced by inflammation and/or regulate immune cell traffic across the BBB. In 



the 5xFAD transgenic (Tg) mouse model we assessed changes in immune cell populations in the 
CNS flowing peripheral dosing of XPro1595. We report that XPro1595 alters immune cell 
populations in both the myeloid and T cell compartments within the brain, as well as peripheral 
lymphoid organs. In the brain, XPro1595 alters immune cell populations in a genotype-
independent manner. XPro1595 reduces microglial activation representative of a shift towards 
quiescent microglia. The MHCII+ CD45high CD11b+ population is significantly decreased in 
non-Tg mice only, potentially due to a floor effect in Tg mice that have a reduced baseline 
MHCII+ CD45high population. To investigate the synaptoprotective properties of XPro1595 
long-term potentiation (LTP) was assessed in slices of CA1 of the hippocampus in Tg mice 
following peripheral dosing of XPro1595. Slices from 5xFAD mice exhibited significant 
reductions in LTP, as compared to non-Tg mice, that was significantly increased with XPro1595 
to near non-Tg levels. Experiments are ongoing to determine if these TNF-mediated changes in 
LTP and immune cell populations correlate with changes in synaptic proteins, amyloid burden 
and cognitive function. [Funding support from the Emory ADRC, the Alzheimer’s Disease Drug 
Discovery Foundation and a Training Grant Fellowship in Translational Neurology 
(5T32NS007480]. 
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Abstract: We hypothesized that chronic psychosocial stress can precipitate an immune reaction 
in the brain directly through activation of resident microglia and that the degree and kind of 
activation are dependent on the psychological status of the animal following the stress. To model 
psychosocial stress in rodents, we used chronic social defeat (CSD). Mice exposed to CSD 
become subordinate, and mice susceptible to CSD (CSD-S) show enduring deleterious 



psychological and physiological consequences. However, a subset avoids this outcome, which 
we call resilient (CSD-R). We first performed a microarray analysis on microglia isolated from 
CSD-S and CSD-R mice to understand how these cells differentially respond to and perhaps 
contribute to stress adaptability. Gene expression profiles revealed that microglia from CSD-S 
relative to CSD-R mice are more phagocytic and promote a permeable blood brain barrier (BBB) 
that might support entry of peripheral monocytes into the brain. A series of ex-vivo and in-vivo 
experiments was performed to test the array results. First, cultured microglia from CSD-S and 
CSD-R brains were exposed to fluorescently labeled apoptotic cells and assayed for phagocytic 
activity. Microglia from CSD-S mice were significantly more phagocytic compared to CSD-R 
mice, and they contained higher levels of labeled debris. Second, BBB permeability was 
quantified in CSD-S and CSD-R mice using i.v.-injected sodium fluorescein and, in addition, 
visualized using i.v.-injected fixable FITC-dextran. CSD-S brains showed substantial increases 
in BBB permeability compared to brains from CSD-R and non-stressed mice. Third we tested 
cellular extravasation by injecting mice previously exposed to two weeks of CSD with peripheral 
blood mononuclear cells (PBMCs) isolated from ubiquitous cell GFP reporting mice. Stressed 
mice were exposed to three further days of CSD after adoptive transfer, and then brains and 
spleens were examined for GFP+ cells. Although spleens from all groups showed colonization of 
GFP+ cells, neither FACS analysis nor immunohistochemistry showed the presence of GFP+ 
cells in brain in any condition, suggesting that CSD does not cause extravasation of PBMCs into 
brain. Together these results demonstrate that CSD-S microglia are more phagocytic and secrete 
molecules that break down the BBB, though at the time point examined, peripheral cells do not 
enter the brain. We hypothesize that these kinds of activities represent a CNS-centric 
inflammatory state that contributes to the susceptible phenotype. Causal relationships between 
microglia phenotype and behavioral phenotype are under current investigation. 
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Abstract: Neurological implications of malarial infection are almost always studied in the 
context of cerebral malaria. However, the neurological repercussions of mild malarial infection, 
the most prevalent form of the disease, remain poorly understood. Using a self-limiting non-
cerebral mild murine malaria model of Plasmodium Chabaudi adami, we investigated the 
behavioural, cellular, and molecular effects of malarial infection. The infection induced 
proinflammatory cytokines in the serum and the brain. At the peak of parasitemia, the infection 
selectively impaired social interaction and induced anxiety-like behaviour; but did not alter 
depression-like, locomotor, or cognitive behavior. Correlated with these behavioural alterations, 
hippocampal neuroinflammation and a concomitant decline in adult hippocampal neurogenesis 
was also observed. Although these cellular and behavioural effects of the infection were transient 
and disappeared post-parasite clearance, the serum and the brain cytokine profile remained 
altered even two weeks post parasite clearance. These results suggest that even a history of mild 
malarial infection may result in an altered CNS immune milieu that persists post infection. 
Further experiments revealed that a history of mild malarial infection in juvenile animals resulted 
in enhanced susceptibility to the anxiogenic consequences of chronic mild stress in adulthood. 
Taken together, our findings suggest that even a single episode of mild malarial infection has 
both immediate and relatively persistent neurological implications. 

Disclosures:  S.K. Guha: None. R. Tillu: None. I. Sarkar: None. A. Sood: None. M. 
Patgaonkar: None. A. Sengupta: None. I. Nanavaty: None. S. Sharma: None. V.A. Vaidya: 
None. S. Pathak: None. 

Nanosymposium 

198. Neuroinflammation and Diseases 

Location: S404 

Time: Sunday, October 18, 2015, 1:00 PM - 4:30 PM 

Presentation Number:  198.10 

Topic: E.02. Neuroimmunology 

Support: Vinnova 

 KAW 



 KCAP 

 SciLifeLab 

Title: Anoctamin 2 as an autoimmune target in multiple sclerosis 

Authors: *P. NILSSON1,2, B. AYOGLU2, N. MITSIOS3, M. KHADEMI4, I. KOCKUM4, M. 
UHLEN2, J. MULDER3, J. SCHWENK2, T. OLSSON4;  
2SciLifeLab, 1KTH - Royal Inst. of Technol., Stockholm, Sweden; 3Neurosci., 4Clin. Neurosci., 
Karolinska Institutet, Stockholm, Sweden 

Abstract: Background: The increasing availability of recombinant components of the human 
proteome and multiplex array platforms provide unique opportunities for both targeted and 
discovery-driven analyses of autoantibody repertoires. We previously identified enriched affinity 
for 51 out of 11,520 human protein fragments by plasma IgG of individuals with multiple 
sclerosis (MS). Almost all of these antigens were novel autoantibody targets not previously 
described in the context of MS. Methods: Here, we present an in-depth analysis and further 
characterization of these previously identified targets together with targets suggested in literaure 
(e.g. KIR4.1), using an independent cohort of 2,169 plasma samples from MS cases and 
population-based controls on bead-based antigen arrays. Findings: We confirmed and 
strengthened the presence of autoantibodies against one of our previously proposed targets, a 
calcium-activated chloride channel protein called anoctamin 2 (ANO2), in ~15% of MS cases. 
Here, autoantibodies against AN02 revealed the most prominent difference within the IgG 
repertoire between MS cases and controls. These results were reproduced for a subset of samples 
in independent assays performed at a different laboratory. Using peptide arrays, ANO2 
autoantibody epitopes were mapped with higher amino acid resolution. Additionally, we found 
that the conspicuous HLA complex MS-associated risk genes interacted strongly with the 
presence of ANO2 autoantibodies, reinforcing a potential role of the ANO2 auto-reactivity in 
MS ethiopathogenesis. Further immunofluorescence analysis on human MS brain tissue revealed 
a clear increase in ANO2 staining as small cellular aggregates near and inside MS lesions. 
Interpretation: These findings demonstrate the potential for the existence of an ANO2 
autoimmune sub-phenotype in MS. They lay the ground for further studies focusing on this 
particular target with regard to its pathogenic role in MS, either directly or as an epiphenomenon 
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Abstract: We have previously identified a subset of anti-DNA antibodies that cross-reacts with 
the GluNR2A and GluNR2B subunits of the NMDA receptor. When these antibodies penetrate 
the blood brain barrier in the hippocampus, they cause an immediate loss of neurons. Surprising, 
surviving neurons are both structurally and functionally impaired. They exhibit decreased 
dendritic complexity. Electrophysiologic studies reveal an increased place field size in 
hippocampal neurons which translates into a deficit in spatial memory. These changes are not 
seen at two weeks after blood brain barrier breach but can be seen at 4 weeks after antibody 
penetrates the hippocampus and persist for an additional several weeks until the experiment was 
terminated; thus, this pathology arises after antibody is no longer present in the hippocampus. 
Interestingly, SLE patients with these antibodies also exhibit an impairment in spatial memory. 
Together, these studies suggest a longer therapeutic window for protecting memory function. 
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Abstract: Sleep disruption and circadian dysfunction are common symptoms of several 
neurodegenerative diseases, including Alzheimer Disease. The mechanisms by which these 
processes influence disease pathogenesis are still under investigation. Circadian clock genes 
mediate cell-autonomous oscillations in gene transcription and cellular function. We have 
recently shown that disruption of clock gene function in the mouse brain causes gliosis, synaptic 
damage, oxidative stress, and exacerbates neurodegeneration, but the cellular and molecular 
mechanisms remain unclear. Here, we report that neuron-specific deletion of Bmal1 only 
partially recapitulates the neuropathological astrogliosis phenotype observed in global Bmal1 KO 
mice, suggesting a cell-autonomous role for Bmal1 in astrocyte activation. Accordingly, Bmal1 
deletion induces pronounced astrocyte activation in isolated astrocyte cultures with robust 
upregulation of transcripts including Gfap, Aqp4, and ApoE, and alters the astrocytic response to 
inflammatory stimuli. Bmal1 deletion in astrocytes causes widespread transcriptional changes 
consistent with astrocyte activation, with markedly diminished expression of certain critical 
inflammatory suppressors, including Chi3L1 (YKL-40). Accordingly, Chi3L1 (YKL-40) 
deficient mice exhibit exaggerated neuroinflammatory responses, suggesting that BMAL1-
mediated regulation of Chi3L1 regulates neuroinflammation. Similar changes in astrocyte 
activation markers and inflammatory transcripts are present in cortex tissue from Bmal1 -/- mice. 
Finally, co-culture of wild-type primary neurons with Bmal1-deficient astrocytes impairs 
neuronal survival and neurite outgrowth, and increases neuronal sensitivity to oxidative stress. 
Our results demonstrate a novel role for circadian clock genes in the regulation of astrocyte 
activation and neuroinflammation, and suggest that disruption of astrocyte circadian signaling 
could exacerbate neuronal injury in neurodegenerative diseases. 
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Abstract: A spectrum of alcohol use disorders exist which include alcohol abuse and alcohol 
dependence. Approximately 7-10% of the population of the United States exhibits some form of 
alcohol use disorder and this results in an economic health burden of greater than $225 billion 
per year. It has previously been demonstrated that excessive alcohol consumption can result in 
brain inflammation. Interestingly, Toll-like receptor (TLR) 4 has been shown to modulate 
ethanol-induced inflammation in the CNS. TLR4 has been demonstrated previously to control 
inflammation through two downstream signaling pathways termed the MyD88-dependent or the 
TRIF-dependent pathways. The present studies were designed to determine if the MyD88-
dependent signaling pathway controls ethanol induced inflammation in the CNS. We 
demonstrate that in adult wild-type C57BL/6 mice, ethanol (6 g/kg, 15% w/v, split dose) 
increased the expression of mRNA encoding the chemokine CCL2 (MCP-1) in the hippocampus, 
cerebellum, and cerebral cortex. Furthermore, IL-6 mRNA was increased in the cerebellum of 
these mice. Importantly, we demonstrated a critical role for the MyD88-dependent signaling 
pathway in ethanol-induced CNS inflammation since the expression of CCL2 and IL-6 mRNA 
were not stimulated by ethanol treatment in MyD88 knockout mice. These findings have 
implications for alcohol use disorders given clear evidence of a link between CNS inflammation 
and alcohol addiction. Therefore, defining the mechanisms by which ethanol induces 
neuroinflammation may result in development of therapies to suppress alcohol mediated 
neuropathology and alcohol use disorders. Supported by AA18834, AA18839, AA19108, 
AA023723. 
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Abstract: Introduction: Binge ethanol (EtOH) consumption increases neuro-immune gene 
expression and neurodegeneration. Although glia are known to participate in neuroimmune 
signaling in brain, recent data from the Crews and other labs suggest that neurons also express 
immune signaling molecules (ISMs). In order to investigate the respective neuroimmune 
response of neurons and microglia, we examined ISMs in BV2 (mouse microglia cell line) and 
SH-SY5Y (human neuronal cell line) after treatment with EtOH, lipopolysaccharide (LPS), and 
PolyI:C. Methods: BV2 and neuroblastoma-derived SH-SY5Y were grown to 85-90% 
confluence prior to treatment. SH-SY5Y cells were differentiated into mature neuronal 
phenotype using retinoic acid for 4-5 days. Cells were treated with either TLR3 agonist PolyI:C 
(50ug/mL), TLR4 agonist LPS (100ng/mL), or EtOH (150mM) for 24hr. ISMs were analyzed in 
cell lysates and media by ELISA, Western blot (WB), and RT-PCR. Gene expression data is 
shown as % control for respective cell-type. Results: ISM mRNA expression (TLR2-4;7-8, 
CD14, RAGE, HMGB1, TNFα) and protein expression (RAGE, HMGB1, TLR4) was present in 
both SH-SY5Y and BV2. In neuronal SH-SY5Y cells, EtOH increased mRNA expression of 
TLR3 (398±80%,p<0.05), TLR7 (575±100%,p<0.05), TLR8 (320±17%,p<0.05), RAGE 
(170±15%,p<0.05) and HMGB1 release in media (31±2.5ng/mL[CON]vs.83±5.2ng/mL). 
PolyI:C increased mRNA expression of TNFα (10427±2133%,p<0.05), HMGB1 
(126±2.9%,p<0.05), and TLR3 (921±260%,p<0.05) in SH-SY5Y. LPS had no measurable effect 
on SH-SY5Y. In microglial BV2 cells, EtOH increased mRNA expression of TNFα 
(204±15,p<0.05), TLR2 (170±15,p<0.05), TLR7 (158±8.4%,p<0.05), TLR8 (194±9.5%,p<0.05), 
and HMGB1 release in media (30±1.5ng/mL[CON]vs.43±0.4ng/mL,p<0.05). PolyI:C increased 
mRNA expression of TNFα (217±30%,p<0.05) in BV2. LPS increased mRNA expression of 
TNFα (440±27%,p<0.05) and CD14 (242±21,p<0.05) and HMGB1 release in media 
(53±4.6ng/mL[CON]vs.78±4.5ng/mL,p<0.05) in BV2. Conclusions: Our results indicate that 
neuronal cell line SH-SY5Y expresses innate immune signals following EtOH stimulation. 
Responsiveness of SH-SY5Y to TLR3 but not TLR4 stimulation suggests an alternative innate 
immune signal pathway in neurons compared to microglia. Future studies will examine signaling 
in primary cells and in vivo. 
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Abstract: The Drosophila mushroom body (MB) is a key associative memory center that has 
also been implicated in the control of sleep. However, the identity of MB neurons underlying 
homeostatic sleep regulation, as well as the types of sleep signals generated by specific classes of 
MB neurons, has remained poorly understood. We recently identified two MB output neuron 
(MBON) classes whose axons convey sleep control signals from the MB to converge in the same 
downstream target region: a cholinergic sleep-promoting MBON class and a glutamatergic 
wake-promoting MBON class. Here we deploy a combination of neurogenetic, behavioral, and 
physiological approaches to identify and mechanistically dissect sleep-controlling circuits of the 
MB. Our studies reveal the existence of two segregated excitatory synaptic microcircuits that 
propagate homeostatic sleep information from different populations of intrinsic MB “Kenyon 
cells” (KCs) to specific sleep-regulating MBONs: sleep-promoting KCs increase sleep by 
preferentially activating the cholinergic MBONs, while wake-promoting KCs decrease sleep by 
preferentially activating the glutamatergic MBONs. Importantly, activity of the sleep-promoting 
MB microcircuit is increased by sleep deprivation and is necessary for homeostatic rebound 
sleep. These studies reveal for the first time specific functional connections between subsets of 
KCs and particular MBONs and establish the identity of synaptic microcircuits underlying 
generation of homeostatic sleep signals in the MB. 
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Abstract: In recent years, there has been a focus on peripheral regulation of central sleep and 
circadian processes. Many of these studies have focused on highly metabolic tissues such as the 
liver and pancreas. Here, we add to this existing literature by investigating how the circadian 
clock of the skeletal muscle alters wheel running rhythms and the ability to recover from short-
term sleep deprivation. These experiments utilized an inducible Cre recombinase mouse driven 
by a human α-skeletal actin promoter. With this model, Bmal1 which is part of the positive limb 
of the transcriptional-translational feedback loop could be knocked out following a 5 d regimen 
of i.p. tamoxifen (10 mg/kg; n=8), an estrogen receptor antagonist. In experiment 1, wheel 
running rhythms were measured across 2 wk of a 12:12 light-dark cycle (LD) and constant 
darkness (DD) in tamoxifen-treated and vehicle-treated flox/cre mice and C57 wild-types. Under 
LD, there were no differences in nighttime activity onset and duration (alpha) between genotypes 
(p=0.05). Under DD, tamoxifen-treated flox/cre mice had significantly shorter free-running 
rhythm (23.2+0.1 h) compared to vehicle-treated flox/cre mice and C57 wild-types (23.7+0.2 
and 23.8+0.2 h, respectively; p<0.001). In experiment 2, flox/cre mice received EEG/EMG 
implants. Following a 24 h baseline recording, mice were sleep deprived by gentle handling 
beginning at lights-on. Prior to tamoxifen treatment, flox/cre mice recovered 35+10% of the 6 h 
of sleep lost. After tamoxifen treatment, the recovery response was reduced to 10+5% (p=0.03). 
Analyses of sleep-wake fragmentation revealed a reduction in the number of NREM bouts after 
tamoxifen treatment compared to prior (p=0.001). To conclude, this study reveals the muscle-
specific knockout of the clock gene Bmal1 alters both circadian and sleep homeostatic processes, 
recapitulating that peripheral tissues can influence sleep and circadian timekeeping. 
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Abstract: Polysomnography (PSG) has been the go-to method for determining sleep stage. 
However, the required equipment, number of probes, and labor-intensive manual scoring are 
hindrances to taking sleep stage identification out of the lab. Our objective is to develop an 
automated model for sleep stage determination using only ECG data, with the practical 
motivation of creating an efficient alternative to PSG. The proposition that “sleep is of the brain, 
by the brain and for the brain” (Hobson, 2005) has steered sleep science into an almost singular 
focus on the brain. However, the electroencephalogram is insufficient to determine sleep stage, 
as even PSG critically utilizes electrical data from the muscles of the eye and chin. Sleep is a 
corporal state, and the interactions between the brain and bodily organs, such as the heart, are 
likely to be valuable in determining sleep stage. We hypothesize that the ECG contains sufficient 
data for reliable determination of sleep stage, since it reflects the changes in activity in the 
parasympathetic and sympathetic nervous systems seen in distinct stages of sleep. Using an 
ECG-based technique to determine sleep stage would make data easier to acquire and analyze, 
enhance its clinical potential and expand its real world applicability. Due to the heart's non-
metronomic beat pattern, converting ECG data into intervals between consecutive R waves of the 
ECG inevitably leads to an irregularly sampled RR time series. Most studies have erroneously 
used traditional Fourier analysis to overcome this complication when transforming the RR time 
series. Past studies also have not controlled for the undesirable effects on the RR spectrum due to 
the prominent, non-sinusoidal, respiratory sinus arrhythmia (RSA). We propose three key 
improvements to make an ECG-based technique viable. First, we developed a mathematical 
function, the parameterized flexible cosine (flexcos), to model the RSA and compensate for its 
undesirable spectral effects. Next, we used least-squares spectral analysis to transform the non-
uniformly sampled data without the adverse side effects of interpolation while also suppressing 



spurious components in the RR spectrum. Finally, we used state-of-the-art machine learning with 
the features extracted from the RR spectrum and the parameters of the detected RSA, to identify 
the sleep stage in each 30 s epoch and compare with existing PSG-based "ground truth" scores. 
Preliminary results indicate our methods are more robust at dealing with difficult inputs, 
rendering reliable determination of sleep stage from the ECG likely. Sleep may well also be of, 
by, and for the body; knowledge of body state may reliably shed light on sleep stage. 
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Abstract: Over the past two decades, the focus of much sleep research has shifted from the 
temporal dynamics of sleep to the spatio-temporal aspects with the advance of high-density 
electroencephalography (EEG) and novel experimental paradigms. The most common approach 
has been to use frequency based analysis to detect 'slow wave power'. However, this is generally 
just a proxy measure of various properties of the individual slow waves found in deeper stages of 
sleep, and the accurate detection and exploration of these individual waves would provide much 
greater insight and specificity into the local mechanisms under investigation. Here we present a 
user-friendly, open-source, toolbox designed for the analysis of high-density EEG recordings in 
sleep. The toolbox's main aim is to provide the user with a fast and accurate tool to detect the 
various waves found in these recordings, such as individual slow waves, sleep spindles and saw-
tooth waves. Although default settings for all measurement paradigms are given, the user is able 
to freely change the parameters and explore the results using a wide range of visualisation 
options available. We examine the typical workflow from the preparation of raw data recordings, 
to publication ready measures, including how the toolbox can be used in the scoring sleep stages, 
as well as the available parameter settings and their expected effects on a sample of 11 control 



participant's sleep recordings. In the analysis parameter settings such as choice of EEG reference, 
amplitude threshold, and channel correlation are examined for their effect on several outcome 
measures such as basic measures of mean amplitude and wave density to more detailed measures 
of wave globality, and traveling properties of the individually detected waves. The principle 
conclusions are that even minor changes in parameter settings can have large subsequential 
effects on the number and properties of the waves ultimately detected, and as such there is a need 
to standardise the detection methods, and provide clear justifications for any chosen settings. The 
toolbox is easy to use, is consistently updated with new features, visualisation options and 
algorithm optimisations, as well as being designed specifically with potential collaborations in 
mind. The toolbox can be freely downloaded from https://github.com/Mensen/swa-matlab. 
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Abstract: The EEG during REM sleep is similar to that during awake activity: irregular and of 
low voltage. In awake activity, during cognitive tasks, oscillations do emerge in task-relevant 
areas of the brain. These oscillations are thought to play an important role in aspects of cognition 
such as working memory and communication between brain areas. Thus knowledge of the 
prevalent oscillatory activity patterns during REM sleep in brain structures known to be 
important for memory is likely key for understanding the neural mechanisms underlying memory 
consolidation during REM sleep. Yet, little is currently known about the oscillatory activity in 
cortical regions of the brain during REM sleep. To gain a better understanding of cortical 
oscillatory activity during REM sleep, we analyzed intracranial electrode data from epilepsy 
patients. We found prominent theta and beta oscillations in the frontal cortices, in particular the 
cingulate and prefrontal cortices. These beta and theta rhythms were coherent within and 



between the cingulate and prefrontal cortices, spatially disparate regions that are both important 
for memory. We believe the coordination of the beta and theta rhythms across these structures 
during REM sleep might play an important role in implicit memory consolidation, since REM 
sleep is known to play an important role in implicit memory consolidation. 
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Abstract: Introduction: Sleep spindles, a defining feature of non-rapid eye movement stage 2 
(NREM2) sleep, play a critical role in memory consolidation. Schizophrenia (SZ) patients have a 
dramatic reduction in sleep spindle activity that correlates with impaired sleep-dependent 
memory consolidation, IQ and executive function. This deficit is also seen in first-degree 
relatives of SZ patients, suggesting that it indicates genetic risk. Moreover, spindles can be 
manipulated to improve memory in healthy adults and animal models, suggesting the possibility 
that treating spindle deficits may improve cognition in SZ. To further characterize the spindle 
deficit in SZ and its relation to memory we identified the cortical sources of spindles that are 
associated with procedural motor memory consolidation in healthy adults and examined whether 



these differ in SZ. Methods: Twelve SZ patients and 12 demographically-matched healthy 
controls (HC) spent two overnights in the Clinical Research Center, and were monitored with 
polysomnography (58 EEG channels, EOG and EMG). They learned a finger-tapping motor 
sequence task (MST) before bedtime on the second night and were tested on the same sequence 
the following morning. Sleep spindles during NREM2 sleep were identified using automated 
wavelet spindle detector. For each participant we used structural MRI to constrain current source 
estimates of spindles to the cortex. The cortex was segmented into 110 anatomically-defined 
regions in each hemisphere using FreeSurfer. We computed spindle 9-16 Hz power in each 
cortical region derived from time-frequency decomposition. Determination of regional 
significance was based on permutation tests at p≤0.05 level, corrected for multiple comparisons. 
Results: Relative to HC, patients showed trends of reduced spindle density and overnight 
memory consolidation. At baseline (night one), spindles were localized in bilateral centro-
parietal and superior parietal regions in HC, and in bilateral frontal regions in SZ. Following 
learning, we observed increased spindle activity in HC in right M1, contralateral to the hand that 
performed the MST, and in right dorsolateral prefrontal cortex. In SZ, learning was associated 
with increased spindle activity in right M1 and superior frontal regions. Conclusions: We 
demonstrate that SZ patients show qualitatively different cortical sources of spindles. In both 
groups, learning was associated with more focused spindle activity in motor areas relevant to 
task performance. We are increasing our sample size and refining these methods to also 
determine the characteristics of spindles that contribute to memory consolidation and are 
abnormal in SZ. 
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Abstract: In wakefulness, rapid eye movements (REMs, or saccades) allow us to direct our 
attention to specific parts of the visual scene, shaping visual perception. Intriguingly, REMs are 
also prevalent during REM-sleep, a state associated with rich mental imagery, while they are 
absent in non-REM-sleep, during which vivid dreams are less frequent. Are REMs non-specific 
signatures of arousability or do they represent specific times at which visual processing is 
updated? The goal of this study was to establish the relation between REMs and the neuronal 
activity in visual-mnemonic regions, and to compare such modulations with those occurring 
during awake vision. To this end, we examined intracranial EEG (n=172 depth electrodes) in 13 
neurosurgical epilepsy patients as well as single-unit activities in association with REMs during 
full-night sleep and episodes of wakefulness (n=600 units) and during controlled visual 
stimulation (n=1457 units). Recordings sites spanned numerous regions across the medial 
temporal lobe (MTL) and neocortex. REMs were detected semi-automatically and visually 
inspected to ensure a sensitive and specific detection. Accordingly, REMs were almost 
exclusively detected in wakefulness and REM-sleep. These REMs were indistinguishable in 
shape. Neuronal activity was similarly modulated by REMs in wakefulness and sleep, with a 
decrease in firing rate prior to REMs onset followed by an increase peaking at 250ms after 
REMs onset. Neurons that modulated their activities around REMs were more readily observed 
in the MTL (24% and 18% in wakefulness and REM sleep) compared with frontal lobe regions 
(13% and 12% respectively). REMs in both wake and sleep were associated with a positive peak 
in the depth EEG immediately before REM onset, akin to PGO potentials observed in animals. 
The transient reduction in MTL neuronal activity immediately before REM onsets ([-300, 0]ms) 
could be related to saccadic suppression, while the post-REM increase ([50, 400]ms) is probably 
related to the update of visual information, since it was absent in REMs performed by awake 
patients in darkness. Moreover, this increase was associated with a phase-reset within the theta-
band and with ERPs in both scalp and depth EEG that were similar to those observed when 
processing a new image with eyes fixed. Finally, post-REM increases in spiking activity 
exhibited response latency and selectivity that were conserved across vigilance states at the 
single-unit level. Overall, the results demonstrate, for the first time, that REMs in sleep represent 



privileged time-points at which neuronal activity is updated in a similar fashion as when 
processing visual information in wakefulness. 
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Abstract: There is growing evidence for a functional link between sleep and memory. Yet, the 
underlying mechanisms are still debated. It is unclear whether sleep promotes active memory 
consolidation through synaptic up-scaling of information replayed in sleep or, on the contrary, 
synaptic normalization during which re-activation would lead to synaptic down-scaling. Here, 
we addressed this issue by tracking the formation and consolidation of a new memory trace 
across various vigilance states. We focused on the learning of acoustic noise, a fast and 
automatic form of perceptual learning. In the noise-memory paradigm, participants have to 
discriminate between sequences of continuously running white noise (N) and sequences made of 
repeated fragments of the same, frozen, noise (RN). When one particular repeated fragment 
recurs across trials (Reference RN: RefRN), repetition-detection dramatically improves, 
revealing perceptual learning. Importantly, learning can here be tracked with EEG recordings. 
Twenty human subjects were exposed to acoustic white noise during a full-night protocol. They 
were first exposed to noise stimuli while being awake (Pre-Test). Consistent with past research, 



perceptual learning was evidenced through increased performance for RefRN compared to RN 
stimuli. Participants were then presented with similar stimuli while they were asleep (Test). 
Crucially, distinct sets of RefRN stimuli were played selectively during NREM and REM sleep, 
so as to distinguish their respective influence. In the morning (Re-Test), RefRN from the Pre-
Test, NREM and REM-sleep periods, were presented along with new stimuli to quantify memory 
retention. EEG was recorded during the whole protocol. Behaviorally, prior exposure to RefRN 
in wakefulness and REM-sleep increased performance at Re-Test. This reveals that perceptual 
learning for acoustic noise can be established and consolidated not only during wakefulness but 
also during REM-sleep. Interestingly, however, exposure to RefRN sounds in NREM sleep led to 
worst performance, suggesting that NREM involves synaptic normalization with a suppression of 
memory traces. Our EEG marker of learning at Re-Test mirrored this pattern of results. 
Moreover, memory suppression at Re-Test was correlated with the amount of slow-waves (delta 
power) during sleep, and RefRN sounds specifically perturbed NREM sleep hallmarks (sleep 
spindles and slow-waves). These results suggest that synaptic up and down-scaling both occur 
during sleep, but crucially depend on the sleep stage during which a memory trace is established. 
The drop of acetylcholine in NREM compared to REM sleep and wakefulness could account for 
this reversal. 
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Abstract: Dopaminergic (DA) neurons in the ventral tegmental area (VTA) play a central role in 
many wake-related processes including motivation, reward and learning. While these functions 
are associated with heightened arousal, the role of these neurons in generating and maintaining 
arousal is largely unknown. Psychiatric disorders, such as Schizophrenia and substance abuse, 
are often accompanied by alterations in dopamine neurotransmission, as well as in sleep-wake 
architecture. However, dopamine was traditionally regarded as the only aminergic group not 
involved in sleep-wake regulation, since early electrophysiological findings showed that VTA-
DA neurons do not change their mean firing rate across sleep-wake states. Nevertheless, it has 
been recently shown that VTA-DA neurons do change their temporal firing pattern across sleep-
wake states. Further support to the premise that dopamine signaling participates in sleep-wake 
regulation arises from studies using knockout animals and pharmacological manipulations. 
However, to reveal the causal role of VTA-DA neurons in sleep-wake regulation, it is essential 
to manipulate their activity with spatial and temporal resolutions relevant to natural sleep-wake 
events. To this end, we combined pharmaco/optogenetic tools with polysomnographic recordings 
in freely-behaving mice. To selectively target DA neurons, we stereotactically injected AAV5-
EF1α-DIO-ChR2-eYFP (for activation) or AAV5-EF1α-DIO-hM4Di-mCherry (for inhibition) to 
the VTA of TH:Cre mice. As control, TH:Cre littermate were injected with a virus expressing 
only the fluorescent protein. We also implanted the mice with a custom-made EEG-EMG device 
and a fiber optic cannula (in optogenetic experiments). We assessed the effects of optogenetic 
stimulation/CNO injection on sleep-wake architecture and EEG power spectra. We found that 
pharmacogenetic inhibition of VTA-DA neurons during the dark phase reduced wakefulness and 
increased both NREM and REM sleep. In contrast, phasic stimulation of VTA-DA neurons 
during the light phase induced immediate sleep-to-wake transitions and decreased slow-wave 
activity, irrespective of sleep pressure. We also found that semi-chronic stimulation of VTA-DA 
neurons induced long-term wakefulness and suppressed both NREM and REM sleep. 
Optogenetic stimulation of VTA-DA terminals at the NAc accounted for the majority of the 
effects of VTA-DA neurons on arousal, whereas mPFC terminals were found to have a minor 
role. Our results demonstrate a causal role for VTA-DA neurons in the promotion of wakefulness 
and suppression of sleep, and identify this neuronal population as a key node in the sleep-wake 
circuitry. 
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Abstract: Sleep loss impairs memory storage, but the molecular mechanisms by which sleep 
deprivation negatively impacts cognitive processes are unknown. We show in mice that 5 hours 
of sleep deprivation decreases the number of dendritic spines in the hippocampus, which is 
paralleled by reduced filamentous actin levels, and increased activity of the F-actin severing 
protein cofilin. A brief period of recovery sleep restores hippocampal spine numbers as well F-
actin levels and cofilin activity. Viral suppression of cofilin function selectively in hippocampal 
excitatory neurons prevents this loss of dendritic spines and filamentous actin levels, and 
reverses the deficits in hippocampal synaptic plasticity (LTP) and long-term memory caused by 
sleep deprivation. The elevated cofilin activity observed after sleep loss is caused by the cAMP-
degrading phosphodiesterase isoform PDE4A5, which hampers cAMP-PKA-LIMK signaling. 
Viral suppression of PDE4A5 function selectively in hippocampal neurons prevents changes in 
LIMK and cofilin signaling as well as the cognitive deficits associated with sleep deprivation. 
Our work demonstrates that alterations in structural plasticity in hippocampal neurons underlie 
the deficits in synaptic plasticity and memory caused by sleep deprivation. 
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Abstract: Relational memories are formed by flexibly linking shared components of directly 
learned memory associations to better inform future judgments. Both direct associative and 
relational memories have been found to benefit from a period of sleep compared to wake. 
However, the impact of incorporating emotionally salient information into the learned material 
and the subsequent interaction of emotional salience and sleep in facilitating both types of 
memory is unknown. Forty participants initially encoded two sets of picture pairs, with either 
emotionally negative or neutral objects paired with neutral faces. The same objects were present 
in both picture sets, paired with two difference faces. Baseline memory for these directly paired 
associates was tested immediately after encoding, followed by either a 90-min nap opportunity or 
wake. Five hours after learning, a surprise test was given to assess relational memory, the 
indirect association between the two faces paired with the same object during encoding, followed 
by a retest of direct associative memory. Across conditions, negative information was 
remembered better than neutral, both for face-object pairs and face-face pairs associated 
indirectly through negative objects. A nap was found to facilitate the preservation of direct 
associative memories from baseline to retest and formation of relational memories, compared to 
remaining awake (F1,37=6.00, p=.02; F1,36=5.18, p=.03, respectively). Interestingly though, this 
sleep benefit was strictly observed for neutral pairs for both direct associative (t37=3.25, p=.002) 
and relational memories (F1,36=4.71, p=.04). We also found that a full cycle of sleep, including 
roles for both NREM and REM sleep, was important for neutral relational memory 
performance.Taken together, the current study provides strong evidence that sleep plays a role in 
processing both direct and indirect neutral associative memories. 
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Abstract: How did humans sleep before the modern era? Because the tools to measure sleep 
under natural conditions were developed long after the invention of the electric light, television, 
the Internet and related devices that are suspected of delaying and reducing sleep, there is no 
reliable data on how sleep has changed from levels more characteristic of our species' 
evolutionary history. To address this question, we have investigated sleep in three traditional 
human societies, by doing actigraphic recordings from 94 individuals for a total of 1,165 days. 
Despite their varying genetics, histories, and environments, we find that all three groups show 
similar sleep organization, suggesting that they express core human sleep patterns, probably 
characteristic of pre-modern era Homo sapiens. Group sleep time averaged between 5.7 and 7.1 
hours across groups with the sleep period between 6.9 and 8.5 h, amounts at the low end of 
durations reported for healthy subjects in industrial societies, with a difference of nearly one 
hour between summer and winter sleep durations. Daily variation in sleep duration was strongly 
linked to the time of sleep onset, rather than the time of sleep offset. Although they lack electric 
lights, none of these groups began sleep near sunset, with sleep onset occurring, on average, 3.3 
h after sunset. Furthermore, awakening was usually before sunrise. The sleep period consistently 
occurred during the nighttime period of lowest environmental temperature, was not interrupted 
by extended periods of waking and terminated near the daily nadir of temperature. Light 
exposure was maximal in the morning and greatly decreased at noon, indicating that all three 



groups seek shade at midday, a finding with implications for the timing of light input into the 
suprachiasmatic nucleus. Napping occurred on less than 7% of days in winter and 22% of days in 
summer. Mimicking aspects of the natural environment experienced by these groups might be 
effective in treating certain modern sleep disorders. 
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Abstract: Sleep plays a crucial role in memory consolidation and sleep deprivation causes 
cognitive impairment. However the molecular mechanism by which sleep mediates structural 
changes in synapses and neuronal networks is not well understood. Contextual fear memory 
(CFM) consolidation depends on both post-training sleep and hippocampal protein synthesis. We 
hypothesized that sleep promotes CFM via cell type-specific protein translational changes. We 
used translating ribosome affinity purification (TRAP) to assay these changes in pyramidal 
neurons within the dorsal hippocampus and prefrontal cortex. Cell type specificity was achieved 
by crossing Ribo-tag transgenic mice (expressing a floxed construct with HA-tagged RPL22 
protein) with mice expressing Cre-recombinase in excitatory neurons (Camk2a-CRE). This 
genetic strategy allowed us to rapidly affinity purify translating ribosomes and associated 
mRNAs from these specific neuronal populations, after a period of post-CFM-training sleep. 
TRAP combined with tissue sample pooling significantly increased the ratio between 
glutamatergic neuronal markers and glial/GABAergic neuronal markers (signal: noise ratio). We 



compared three behavioral manipulations: control sleeping mice (sham training+3h sleep), CFM 
sleeping mice (CFM training+3h sleep), and CFM sleep-deprived mice (CFM training+3h sleep 
deprivation). Ribosome-associated mRNAs from these groups were quantified and identified 
using Affymetrix microarray (Mouse gene ST2.1) and confirmed by quantitative real time RT-
PCR. Compared to the CFM sleeping group, mRNAs associated with synaptic plasticity, 
metabolic, epigenetic, cell cycle, circadian, inflammatory, transcription factors and miRNAs 
showed differential association with ribosomes in CFM sleep-deprived group, in both 
hippocampus and prefrontal cortex. Surprisingly, however, there were no single mRNAs 
changed in CFM sleeping group compared to control sleeping group. We hope that by clarifying 
which mRNAs are translated during sleep-dependent memory consolidation, these studies will 
open a new window on sleep function in the brain. 
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Abstract: Memory schemas are acquired knowledge structures into which new, but related 
information can be integrated easily and rapidly. Schemas have been demonstrated to enhance 
learning and memory consolidation, however the focus in human memory schema research has 
been on declarative memory so far. Here we report the effects of a piano motor schema on 
procedural learning and memory consolidation across the lifespan. 128 participants, 
systematically varied in terms of piano experience, intelligence, gender, and age, performed a 
sequential finger tapping task as a simple model for piano playing during two sessions 24 hours 
apart. We observed significantly enhanced learning speed and offline memory consolidation for 



participants with a piano motor schema, however no differences in absolute training gains. In 
contrast, general intelligence did not affect learning or memory consolidation, indicating that the 
schema effect was due to differences in piano experience. The consolidation results were, 
however, largely driven by a strong schema effect in the older participants, whereas younger 
participants did not benefitted significantly from a piano motor schema, which was reflected by a 
significant interaction between schema and age. Our results demonstrate that memory schemas 
enhance learning and consolidation also in the procedural memory domain, and may allow older 
individuals to compensate for age-related memory decline. 
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Abstract: One of the most enduring ideas in the past quarter-century of neuroscience is that of 
biased competition as a mechanism for attentional prioritization. We sought evidence for biased 
competition among population-level stimulus representations by applying multivariate pattern 
analysis (MVPA) to fMRI data while subjects performed a visual search and sustained attention 
task. First, we trained classifiers to discriminate neural activity associated with three stimulus 
types -- a face; a doughnut; and an abacus - while subjects performed a change-detection task, in 
which the stimulus flickered with a cycle of 750 msec on/250 msec off, and subjects counted the 
number of “state changes” that the stimulus undergoes during a block. (The face alternated 
between two expressions; the doughnut between how large a bite has been taken out of it, and the 
abacus between two configurations of beads.) The experimental task will begin with the 500 
msec presentation of a search target (drawn from the set of three stimulus types) followed by a 7-
sec delay, followed by a “search array” comprising the target plus a second stimulus, both 



flickering and periodically changing state. Results (n=7), revealed clear evidence of biased 
competition. During the initial delay period, while the subject retained a representation of the 
search template, MVPA indicated that there was sustained, elevated active representation of 
search target. Although the onset of the two stimuli of the search array prompted a transient 
increase in the neural representation of the nontarget, this representation was quickly suppressed 
to an level of activity intermediate between that of the target and baseline. Importantly, this 
suppression was sustained throughout the search array epoch, despite the fact that the target and 
the nontarget were both on the screen and were comparably salient in terms of bottom-up 
properties. The ability to assay, with MVPA, the moment-to-moment activation state of neural 
representations, offers a powerful means for exploring the mechanisms underlying high-level 
cognition in the human brain. 
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Abstract: Previous research on visual working memory suggests a privileged role of the most 
recent item in a sequence in working memory. However, the neural correlates of this “recency 
privilege” remain unclear. Here, using fMRI and a forward encoding model, we directly assessed 
the dynamic updating process of visual information held in working memory. Participants 
viewed two sequentially presented gratings and were cued to remember the orientation of one of 
the gratings over prolonged delays. Our results demonstrated distinct neural tuning patterns for 
the initial and final memory items in higher-order frontal and parietal regions compared to early 
visual areas: while the early retinotopic cortex (V1-V3) maintained representation of the task-
relevant item only, regardless of its serial position, higher-order cortical regions such as the 
intraparietal sulcus (IPS) and the frontal eye fields (FEF), carried robust representation of the 
final item over delay even when it was task-irrelevant. Such selective tuning responses to the 



most recent item were maintained in IPS and FEF throughout the entire retention period. This 
result suggests that the representation of the most recent item in frontal and parietal regions is 
resistant to updates required by task demand once it is encoded into working memory, thus 
obtaining a privileged representational state. Our results provide evidence for a potential neural 
mechanism of dynamic updating in working memory. 
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Abstract: Where in the human brain are the contents of visual short-term memory (VSTM) 
stored? Univariate fMRI analyses have suggested that regions in the parietal lobe, in particular 
superior intraparietal sulcus (IPS), play a central role in VSTM storage. In contrast, fMRI 
multivariate pattern analysis (MVPA) has implicated primarily sensory cortices, in particular 
early visual cortex, in the storage of visual information. In a previous study, we found that, while 
behavioral performance was unaffected by the presence of distracting visual stimuli during the 
memory delay, in early visual cortex, VSTM decoding performance depended, not only on 
whether distractors were present during the delay, but also on participants’ foreknowledge of 
their presence. However, in superior IPS, successfully VSTM decoding was obtained regardless 
of the presence or absence or the predictability of distractors during the delay, mirroring 
behavioral performance and supporting previous univariate findings. In the present study, we 
sought to establish a more direct connection between superior IPS VSTM representation and 
behavior. We asked participants to retain one of six distinctive orientation gratings in a VSTM 
task and obtained fMRI response patterns for these six orientations during the delay period. 



Using support vector machine, we performed pairwise discrimination of these patterns and 
constructed a neural representation similarity measure for these orientation gratings in early 
visual areas V1-V4 and superior IPS. We also conducted a behavioral change detection VSTM 
task using the same six orientated gratings. We used reaction time (RT) in this task as a measure 
of the similarity between the sample and the test gratings. From the pairwise RTs, we 
constructed a behavioral representation similarity measure for the six orientations and correlated 
it with the neural representation similarity measures. We found a significant correlation in 
superior IPS but not in V1-V4. Thus, representations formed in superior IPS, but not in V1-V4, 
tracked the behaviorally perceived contents of VSTM. These results provide definitive evidence 
showing that superior IPS, and not early visual areas, plays a central role in the storage of VSTM 
contents. 
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Abstract: Structural MRI, neuropsychological testing (Cambridge Neuropsychological Test 
Automated Battery (CANTAB)) and blood counts were acquired in individuals positive for HIV 
infection (HIV, n=36, 49.9yrs, 13 women) and controls (Ctrl, n=31, 44.6yrs, 12 women). Each 
CANTAB subtest score was standardized on controls’ performance and 3 theoretically-driven 
composite scores were computed: Working Memory (WM), Visual Recognition Memory 
(VRM), and Decision Making (DM). HIV scored significantly lower (p=.003) than Ctrl on all 3 
CANTAB composite scores. MRI data were quantified with an automated parcellation procedure 



using the SRI24 atlas. HIV had smaller volumes in two cortical regions: lateral frontal cortex 
(p=.04) and precentral gyrus (p=.004). Total red blood cell (RBC) count was lower in HIV than 
Ctrl (p=.004). In the HIV group, poorer WM performance correlated with smaller temporal lobe 
volumes (r=.56, p=.0003) and lower levels of hemoglobin (r=.40, p=.02) and hemotocrit (r=.37, 
p=.03). Together, these variables explained 38% of the variance in WM performance; temporal 
lobe volume uniquely explained a significant proportion of the variance (p=.004). Poorer VRM 
performance correlated with smaller volumes of temporal (r=.40, p=.01), parietal (r=.36, p=.03), 
and precuneus (r=.37, p=.03) regions, lower white blood cell (WBC, r=.44, p=.007) and RBC 
(r=.35, p=.04) counts, and lower hemoglobin (r=.51., p=.001) and hematocrit (r=.50, p=.002) 
levels. Together, these variables explained 53% of the variance in VRM performance; WBC 
count independently explained a significant proportion of the variance (p=.009). DM 
performance did not correlate with any brain volumes but correlated with RBC count (r=.54, 
p=.0006), hemoglobin (r=.52, p=.0009), and hematocrit (r=.59, p=.0002) levels. Together, these 
variables explained 40% of the variance in DM performance; RBC count uniquely explained a 
significant proportion of the variance (p=.03). The combined influence of brain structural 
integrity and hematological indices of nutrition or physiological status (e.g., effects of 
medications or of HIV on hematopoiesis) on level of cognitive ability indicates their interactive 
roles and suggests a need to address cytopenias in HIV patients even in the era of highly active 
antiretroviral therapy. 
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Abstract: INTRODUCTION: Is neural information coded continuously or discretely [1-3]? 
Neural signaling takes place in channels (i.e. axons) that are continuous, stochastic. Information 
is typically transmitted not once but many times. Under repeated transmissions using a 
continuous coding protocol, error accumulates and any signal is eventually reduced to noise. A 
discrete coding protocol is a method that uses a noisy continuous channel but avoids the 
accumulation problem by limiting the number of possible transmitted signals (messages) to a 
finite set [4] and reconstructing the signal at each stage. The cost of a discrete protocol is a 
positive probability (e > 0) that the reconstructed signal is not the transmitted signal. This error 
probability can be made arbitrarily small [5,6]. We compare the accumulation of errors in 
discrete and continuous protocols for signals transmitted along a single model axon and through 
a series of model neurons. METHODS: We modify a model by Rushton [7]. The transmitted 
signal is bounded within the range [a,b]; a continuous protocol allows any value within [a,b], 
whereas a discrete protocol only allows a finite subset of values. An axon is modeled as a chain 
of myelin segments delimited by Nodes of Ranvier (NoR). As the signal propagates along the 
myelin, it is degraded by conduction loss and thermal noise. The NoR boosts the signal back up 
with some imperfections before it traverses the next myelinated segment. We first simulate the 
effect of noise accumulation as a function of the number of myelin-NoR segments. We extend 
these results to transmission over multiple neurons. RESULTS: With continuous coding, 
information decays rapidly and irreversibly: after ~100 segments, discrete protocols dominate 
continuous. DISCUSSION: We conclude that, in the presence of noise, there is no way to 
communicate reliably between neurons by using a continuous protocol. A discrete protocol is the 
only feasible option. Maximum information rate is achieved when the signal has only two 
possible coding values [8]. We extend these results to successive transmissions from one neuron 
to the next. 
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Abstract: While neurons in the human medial temporal and frontal lobes have been reported to 
respond to relatively abstract properties of images, such as object identity, very few studies have 
examined the effect of lower level image properties, such as luminance and contrast. In the 
present study, we varied the size of images shown to 9 human epilepsy patients as they 
performed a one-back working memory task while we recorded single neuron activity in the 
amygdala, hippocampus, anterior cingulate and ventromedial prefrontal cortices. Forty images 
drawn from 12 categories, including faces, plants, animals, and household objects, were shown 
in 4 blocks of two sizes: large (subtending ~14 degrees) and small (~9 degrees). The average 
firing rate from 0-1000 ms after image onset was used as the dependent variable in a linear 
model of the response including independent factors of image size, luminance (bright or dark), 
orientation (normal or upside-down for faces), and level of interest to people with autism (for 
non-faces). An ANOVA showed that image size had a significant effect on the response of 
neurons in the amygdala (23%), anterior cingulate cortex (29%), hippocampus (24%), and 
ventromedial prefrontal cortex (20%). These fractions of neurons were significantly above that 
expected by chance (binomial test, p<0.05) and remained significant when each area in each 
hemisphere was considered separately. Larger image sizes produced reduced responses, 
suggesting narrower receptive fields, in the right anterior cingulate cortex and left hippocampus. 
By contrast, larger images sizes produced greater responses in the left ventromedial prefrontal 
cortex during presentation of images of faces. These results demonstrate a robust effect of 
relatively low-level image properties, such as image size, on the responses of single neurons in 
the human medial temporal and frontal lobes. They add to a growing body of evidence that 
neural coding in these brain areas reflects a variety of image properties represented in a 
distributed code. These results also highlight the importance of controlling for low-level image 
properties when studying object selectivity. 
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Abstract: Background: Being physically more active seems to enhance cognitive performance in 
children. The underlying neurobiological mechanisms in children need further investigations. 
Being more active influences the hypothalamic-pituitary-gonadal axis (HPG) with its hormone 
testosterone. The HPG is related to several neurobiological growth processes and therefore might 
offer an explanatory approach for enhanced cognitive processes. Testosterone changes through 
acute exercise bouts have shown to influence cognitive performance (Budde et al., 2010) and 
fine motor skills (Wegner et al., 2014). Methods: 66 children at the age of M = 9.4 years (SD = 
0.6) were randomly assigned to an aerobic exercise group (AE), a coordinative exercise group 
(CE), and a control group (CON). During a 10-week intervention the AE and CE exercised three 
times a week for 45 minutes, while the CON participated in assisted homework sessions. The AE 
practiced at a mean intensity of 60-70% of HRmax. The CE completed a coordinative training 
with a lower intensity of 55-65% of HRmax. The letter-digit span task was performed to measure 
participants’ working memory performance (WMP). Testosterone levels have been conducted as 
well before and after the intervention. Results/Discussion: A stepwise hierarchical regression 
analysis showed main effects for change in testosterone level and both exercise groups. An 
increase in testosterone was associated with improved WMP in all exercising children, B = .392, 
SE = .174, t = 2.26, p = .028. In addition, both participants in the AE, B = .729, SE = .207, t = 
3.52, p = .001, as well as in the CE, B = .973, SE = .205, t = 4.74, p = .001, showed 
improvements in WMP. Only in the AE increases in WMP were moderated by testosterone 
changes over the period of intervention, B = .516, SE = .243, t = 2.13, p = .038. Therefore, 
children who experienced higher testosterone increase during the 10 weeks additional aerobic 



exercise benefited more in their cognitive performance. References: Budde, H., Voelcker-
Rehage, C., Pietrassyk-Kendziorra, S., Machado, S., Ribeiro, P., & Arafat, A. M. (2010). 
Psychoneuroendocrinology, 35(3), 382-391. Wegner, M., Koedijker, J.M.,& Budde, H. (2014). 
Plos One 9, e92953. 
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Abstract: Successful performance in a working memory (WM) task requires both maintenance 
of relevant and inhibition of irrelevant information. The alpha rhythm (9-13Hz) has been found 
to inhibit redundant visuo-spatial information during WM maintenance. Whether such inhibitory 
role of alpha activity generalizes to maintenance of other features remains elusive. We used a 
delayed match-to-sample task with two conditions engaging either ventral or dorsal visual 
stream. In each trial, participants memorized either the identity or the spatial orientation of a trial 
unique face. Passive viewing with no memory load was used as a control condition. We recorded 
intracranial EEG (iEEG) in presurgical epilepsy patients simultaneously from the ventral and 
dorsal visual stream of extrastriate cortex and from prefrontal cortex. We observed a double 
dissociation between alpha power in dorsal and ventral visual stream. Alpha power was reduced 
in ventral stream during maintenance of identity, and in the dorsal stream during maintenance of 
orientation. We further observed a double dissociation of long-range connectivity between task-
relevant visual and prefrontal areas. Theta (3-9Hz) phase synchronization between prefrontal 
cortex and ventral stream was enhanced during maintenance of identity. In contrast it was 
enhanced between prefrontal cortex and dorsal stream during maintenance of orientation. 



Finally, we found an increased inter-regional phase amplitude coupling (PAC) in fronto-dorsal 
and fronto-ventral networks which suggest that the prefrontal cortex provides phase-based top-
down control over feature specific networks in extrastriate cortex. Our results indicate that task-
relevant visual areas are activated during WM maintenance via a reduction of alpha power and 
selectively interact with prefrontal cortex. 
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Abstract: Previous work has demonstrated that maintenance of spatial relationships and spatial 
locations in working memory (WM) rely on distinct neural mechanisms. It has been shown that 
maintaining an abstract spatial relation in WM results in suppression of sensory regions, 
compared to maintaining a concrete spatial location in WM. Previous results suggest a general 
role of oscillatory activity in suppressing irrelevant sensory information. Suppressing irrelevant 
information is particularly important when WM load increases. However, studies of the effects 
of WM load on oscillatory activity suggest a complex relationship since the literature contains 
many inconsistencies. One possible explanation for these inconsistencies is that the effect of WM 
load on oscillatory activity might interact with the type of information maintained. The current 
study used EEG to investigate how oscillations in the alpha (8-13Hz) and theta (4-7Hz) 
frequency bands change as a function of WM load and the type of memory representation being 
maintained in WM. Participants were asked to maintain either 1 or 3 spatial locations (i.e., 



absolute spatial coordinates) or 1 or 3 spatial relations (i.e., relative spatial position between 
objects) in WM. Nonparametric permutation tests were used to test for differences in delay 
period power between loads and trial types. We replicated our previous work by demonstrating 
that maintaining 1 spatial relation in WM resulted in increased posterior alpha power compared 
to maintaining 1 spatial location, which suggests that sensory cortex is suppressed when a spatial 
relation is maintained. Consistent with some previous studies, increasing WM load for spatial 
locations resulted in increased posterior alpha power. Increasing WM load for spatial relations, 
however, resulted in marginally decreased posterior alpha power. Theta power also demonstrated 
a dissociation between trial types. While higher WM load for locations lead to lower frontal 
midline theta power, maintaining a higher load of spatial relations resulted in less posterior theta 
power. These results suggest that the distinct neural mechanisms found previously for WM 
maintenance of spatial relations vs. locations is not simply a function of load or difficulty. 
Importantly, these results suggest that within the context of WM, low frequency oscillations 
reflect more than a generic effect of load, difficulty, or suppression of sensory information. 
These low frequency bands appear to also be sensitive to the type of representation that is 
maintained in WM and further support the idea that the neural mechanisms for abstract, 
relational WM are distinct from those for concrete, sensory WM. 
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Abstract: BACKGROUND - Short-term memories are represented by patterns of synchronized 
activity across a large-scale fronto-parietal network. Multiple bands appears to participate both 
through amplitude modulation and cross-frequency interactions. Gamma-band activity generally 
underlies the active maintenance of relevant working memory (WM) items, however cross-
frequency couplings are believed to be stimulus and task dependent. While theta-gamma phase-
amplitude coupling (TGC) role is suggested to be limited to sequential ordering of items during 
serial presentation in non-visual tasks, such fronto-temporal pattern has been suggested to be 
replaced by involvement of alpha synchronization in parietal-occipital networks during coding of 
discrete visual or spatial information. Such a perspective is largely based on robust positive 
findings of TGC in sequential presentations and negative findings of theta amplitude modulation 
during maintenance of simultaneously visually presented items. However the biophysical 
mechanisms underlying coupling and amplitude can be distinguished, and to date no study has 
specifically probed the role of TGC in the latter context. Here we provide MEG evidence 
supporting memory load-dependent TGC during maintenance of simultaneously visually 
presented items. METHODS - Ten subjects performed a visual delayed-match-to sample task 
during MEG. Source-localized activity (cortically-constrained minimum-norm current estimates) 
was wavelet transformed to analytically extract frequency specific phase and amplitude 
measures. The strength of their association during the maintenance was quantified by mutual 
information and provided coupling estimates for each trial. RESULTS - TGC in the right middle 
frontal gyrus appeared to be modulated by the working memory load. Moreover individual 
coupling measures also showed robust correlations with WM capacity (r=0.8). CONCLUSIONS 
- Such findings suggest TGC to be a general mechanism underlying WM, extending to 
maintenance of non-serially presented items. The evidence speaks against the sequential ordering 
functional hypothesis of coupling or suggests that itemization and storing of a simultaneously 
presented array is effectively accomplished by items ordering on a time microscale. Impairments 
of the TGC machinery should be investigated in the pathophysiology of conditions accompanied 
by generalized working memory deficits. 
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Abstract: Crossmodal reorganization in humans is the result of an interplay between sensory 
and cognitive factors. Congenital deafness provides a unique model to understand the 
contribution of each of these factors, given that neural reorganization is not only caused by 
sensory deprivation, but also by the use of language in a visual modality (i.e. sign language and 
lipreading). Here we characterized plastic changes driven by auditory deprivation and sign 
language experience in the neural substrates supporting visual working memory (WM). We 
conducted a functional magnetic resonance imaging (fMRI) experiment with three groups of 
participants: deaf native signers, hearing native signers and hearing non-signers. Participants 
performed a 2-back WM task and a control task on two sets of stimuli: signs from British Sign 
Language or moving non-sense objects. Stimuli were presented as point-light displays to control 
for differences in visual features. Our results show characteristic activations in a fronto-parietal 
network for WM processing in all groups, independently of stimulus type. We also replicated 
previous findings showing stronger activations in deaf signers for all stimuli and tasks in the 
right posterior superior temporal cortex (STC) - a crossmodal plasticity effect for visuospatial 
processing driven by auditory deprivation. The group of deaf signers also showed stronger 
bilateral STC activation for sign language stimuli, an effect that was not present in the hearing 
signers group. Stronger activations in bilateral STC and reduced activation in the left inferior 
parietal cortex for WM were found in deaf signers compared to both groups of hearing 
individuals. These activations were independent of the linguistic content of the stimuli, being 
observed in both WM conditions: signs and objects. These results suggest a cognitive role for 
STC in deaf individuals, beyond sign language processing. 
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Abstract: Brain imaging studies show that visual, auditory and tactile working memory (WM) 
tasks activate the prefrontal cortex (PFC), and suggest possible functional parcellation between 
spatial and nonspatial WM. Navigated transcranial magnetic stimulation (nTMS) of a middle 
frontal gyrus (MFG) site with tractography-informed connectivity with the primary 
somatosensory cortex (S1) facilitates tactile working memory (WM)1. Here we examined with 
nTMS the role of the MFG-S1 link in tactile temporal and spatial WM and introspective 
accuracy, and compared the results to nTMS of a tractography-informed SFG-S1 link and a 
control cortical site (vertex). Healthy, right-handed subjects performed tactile temporal and 
spatial WM tasks. Tactile stimuli were delivered using a Braille stimulator (Metec AG, Stuttgart, 
Germany). Trials consisted of tactile mechanical stimulus pairs, whose interstimulus interval and 
distance were varied. Before the WM experiment, we examined whether the Braille pin distance 
and interstimulus interval (ISI) affect temporal discrimination of a pin pair. Then, in the temporal 
WM task, the subjects indicated, by pressing one of two buttons, whether the first or second 
stimulus pair was longer. In the spatial WM task, the subjects answered whether the first and the 
second stimulus pair had the same spatial pattern or not. In addition, subjects gave a verbal 
confidence rating for each response. WM performance was evaluated with Type I Receiver 



Operating Characteristic curve (ROC[AUC]) and introspective accuracy with Type II 
ROC(AUC)2. A single nTMS pulse was delivered during WM retention period to the MFG-S1 
link, SFG-S1 link, or to vertex. ISI (n=10, F=86.1, p=0.05), between the pins of a pair affected 
temporal discrimination. nTMS of the PFC affected WM performance. So far (n=5), ANOVA 
showed significance when comparing Type I ROC(AUC)’s of the three different stimulation 
sites and two tasks (F=4.7, p=0.03), the most pronounced changes being facilitation of temporal 
and suppression of spatial WM performance by nTMS of the MFG-S1 link. Comparing Type II 
ROC(AUC)’s produced a near-to-significant result, the most pronounced change being 
facilitation of introspective accuracy by nTMS of the SFG-S1 link. The results suggest that the 
PFC, through the MFG-S1 link, may control in a dissociative fashion tactile temporal versus 
spatial WM ability. Moreover, Type II ROC responses suggest that the PFC, through the SFG-S1 
link, may affect metacognitive, introspective accuracy. References 1. Hannula et al., Neuroimage 
2010;49:1091-8. 2. Fleming et al., Science 2010;329:1541-3. 
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Abstract: Background. Working memory (WM) is an important brain function for cognition as 
it is optimized for storage and manipulation of novel information. Due to the very limited 
capacity of WM, efficient use is likely to be an important factor for cognitive performance. 
Regulation of brain activity in areas relevant to WM might prove beneficial for WM efficiency. 
Several neuroimaging studies have shown that the left dorsolateral prefrontal cortex (DLPFC) is 
an important part of the WM system in the brain [1]. In the current study we examined the ability 
to regulate the level of activity in the left DLPFC using neurofeedback (NF) with fMRI. Method. 
24 healthy volunteers participated in a 7 tesla fMRI experiment (TR/TE: 2.0 s/25 ms; 2.2 mm 



isotropic). A ‘count back’ paradigm was used to reliably activate the left DLPFC. Participants 
performed a NF task, where they were able to control the position of a figure on the screen by the 
BOLD signal in left DLPFC. By moving the figure, subjects could pick apples from a tree, where 
the goal was to pick as many apples as they could in 2.5 minutes. Participants were divided in an 
experimental group (N=13) that was allowed to practice the task for five periods and a control 
group (N=11) which received sham feedback during these five periods. Both groups also 
performed the task before and after these five practice periods. Several characteristics of the 
BOLD signal were analyzed in a number of subjects to examine the effect of practice on the 
ability to control DLPFC activity. Results. The experimental group showed an improvement in 
task performance after practice that was significantly higher than that of the control group 
(F(1,22) = 3.38, p = .040). Furthermore, the slope of the declining BOLD signal correlated 
highly with the task performance (r = 0.62, p < .001). The experimental group was able to 
decrease their BOLD signal significantly faster after practice (t(9) = -2.940, p = .016), which was 
not the case in the control group (t(5) = .081, ns). Conclusion. The results provide evidence that 
it is possible to gain control over DLPFC activity with a short period of practice. The significant 
improvement of the performance and faster decline of the BOLD signal indicate that the 
improvement is due to increased control over deactivation of the left DLPFC. Our results suggest 
the possibility to use NF as a way to improve efficiency in WM usage, and can thereby perhaps 
improve cognition. Additionally, a more efficient use of WM could be beneficial in patients with 
schizophrenia, where the WM-system responds differently to WM demands in comparison to 
healthy people [2]. Refs. [1] Wager, T. D. & Smith, E. E. (2003). Cog Aff Beh NeuroSci, 3(4) 
[2] Jansma et al. (2004). Schiz res, 68(2) 
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Abstract: Spatial, temporal and item information are the constituent of contextual experience in 
memory, recent evidence has indicated that these information are associated with different 
frequency bands of neural oscillation during the maintenance stage of working memory tasks. 
Temporal information has been consistently linked to the theta (4-8 Hz) band; whereas spatial 
and item information have been observed in the alpha (8-12 Hz) and the beta (14-28 Hz) bands. 
We examined whether oscillatory neural activity during the presentation of the preparatory 
encoding cue influences the memory encoding for a working memory task. Specifically, we 
examined whether this activity varied according to the type of information required for encoding, 
or whether a similar set of preparatory activity operated independent of the task demand. EEG 
activity was recorded while participants performed a working memory task in which they were 
cued on a trial-by-trial basis to encode the “temporal”, “spatial”, or “item” information for four 
sequentially-presented encoding images that appeared at four fixed screen locations. After a 
short delay, participants were required to retrieve the relevant information according to the pre-
stimulus cue. For temporal trials, participants indicated “when” the test image appeared in the 
study sequence. For location trials, participants indicated “where” the test image appeared on the 
screen location. For item trials, participants indicated “which” image, out of four (1 old and 3 
new), was previously seen. Behavioral accuracy and reaction times were similar across 
conditions. Neural oscillatory activity time-locked to the encoding cues was calculated for the 3 
conditions based on trials associated with correct retrieval responses. The preliminary EEG 
analysis indicated that the preparatory oscillatory activity in the theta, alpha and beta bands 
varied according to the specific task demands (type of information to encode) indicated by the 
preparatory encoding cues. This suggests that the idea of a generic preparatory mechanism 
independent of task demands is too simple, instead the preparatory mechanism can vary 
according to the type of information required to encode. These different neural oscillatory 
activities could reflect the allocations of cognitive resources according to the working memory 
demand. 
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Abstract: Learning requires networks of neurons to generate new patterns of activity. Brain-
computer interface (BCI) users can learn to modulate neural activity to control a computer 
cursor, via a relationship specified by the experimenter, making it a valuable paradigm for 
studying learning. To this end, we used a closed-loop BCI paradigm to study learning in a 
population of neurons recorded in the primary motor cortex (M1) of a rhesus monkey. The 
activity of a neural population can be represented in a high-dimensional neural space, wherein 
each dimension corresponds to the activity of one neuron. Characteristic activity patterns 
comprise a low dimensional subspace, termed the intrinsic manifold (IM), within the neural 
space. We can create new BCI mappings for the monkey to learn that require unique neural 
activity patterns within the IM or outside the IM. In our previous work, we found that the IM 
shapes learning, such that, on the timescale of hours, the monkeys could readily learn to control 
the cursor using neural activity patterns within the IM, but could not consistently generate neural 



activity patterns outside the IM. Here, we hypothesized that with extended exposure to outside-
manifold mappings the monkey could learn to generate these neural activity patterns more 
consistently. We observed improved learning of outside-manifold mappings when the monkey 
was given several days to practice compared to learning within one day. In order to achieve this, 
we guided the monkey through a series of successively more difficult mappings, which traversed 
the neural space between the IM and the space required to perform well under the outside-
manifold mapping. Using this "neural coaching", the animal improved performance with outside-
manifold mappings within 5-7 days. In summary, our multi-day coaching strategy facilitated the 
learning of neural activity patterns that were initially outside the IM. This raises important 
questions about how extended practice leads to skill: perhaps it overcomes network constraints, 
or perhaps it rearranges the existing network structure. 
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Abstract: We report that neuronal activity in the auditory cortex of monkeys is related to 
auditory working memory (WM). The monkeys performed different tasks that were designed 
such that contrasting them allowed to separate activity related to WM from activity related to 
other aspects of WM tasks. Neuronal activity related to auditory WM was specific to the 
frequency of the to-be-remembered tone and was not present in trials in which subjects did not 
perform the WM tasks correctly. Our results underline the importance of storing information 
about sounds for several seconds, which is a prerequisite for the analysis of temporal sound 
patterns in auditory cortex. They also provide support for the hypothesis that early sensory cortex 
maintains representations of WM content. 
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Abstract: What are the neural mechanisms of skill acquisition? Motor skill learning is 
associated with a functional reorganization of the neural activity in primary motor cortex. 
However, the link between these changes in neural activity and the behavioral improvement that 
occurs is not well understood, especially for long-term practice that takes place over several 
weeks. Here we leveraged a brain-computer interface (BCI) learning paradigm to probe this link 
in detail. In a BCI, the experimenter provides the subject a definitive mapping between neural 
activity and the movement of an effector (in our case, a computer cursor). Each new BCI 
mapping thus provides the subject a new tool that must be mastered through continued practice. 
We trained two Rhesus macaques to perform a two-dimensional center-out cursor control task 
using a BCI. Each BCI mapped neural activity recorded from a multi-electrode recording array 
placed in primary motor cortex to the velocity of the computer cursor using a population vector 
algorithm decoder. Once subjects were proficient at the brain-control task, we provided new 
mappings for them to learn by rotating the directions in which randomly selected subsets of 
neurons pushed the cursor. We then held this decoder fixed for several weeks by tracking the 
neurons so that subjects would have extensive time to practice under the new mapping. Our prior 
work has identified two types of adaptive responses to this type of perturbation: a global “re-
aiming” response that impacts the activity of all neurons equally, and a local “re-tuning” 
response selective to the perturbed subset of neurons (Jarosiewicz et al. 2008; Chase et al., 
2012). In that work, we determined that the global re-aiming response dominated the adaptive 
response that occurs within the first several hundred trials, accounting for ~85% of the overall 



error reduction, while re-tuning accounted for only 15% of the response. Here we found that the 
weak local re-tuning response gradually builds up with long-term training, eventually accounting 
for nearly half of the overall error reduction. Interestingly, this long-term cortical reorganization 
occurs even after the angular error has reached asymptote (which typically takes only one day of 
training on perturbed BCI). Our study suggests that skill acquisition is a two-stage process, in 
which rapid global changes in neural activity acting to reduce movement error are followed by 
gradual local changes in neural tuning acting to increase efficiency. 
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Abstract: In order to increase the survival rate, prematurely-born infants are exposed to multiple 
invasive procedures. Newborn rats and humans evoke similar behavioral repertoire in response 
to noxious stimulation. Previous studies have shown that early noxious stimuli may alter the 
neurogenesis rate in the dentate gyrus and the behavioral repertoire of adult rats. Having this in 
mind, here we evaluated the late effects of noxious stimulation, imposed in different phases of 
development on spatial memory by means object recognition (OR) and Morris water maze (WM) 
tests, carried on in 60 day-old male and female rats. Noxious stimulation was induced by intra-
plantar injection of Complete Freund’s adjuvant (CFA) on postnatal (P) day 1 (group P1) or 8 
(P8). Control animals were not stimulated in any way. In WM three domains of the task were 
evaluated: task acquisition, probe trial performance and reversal re-acquisition. The number of 
Nissl stained cells in the dentate granule cell layer was accessed after P60 by stereological 
counting. The OR test revealed that P1 male rats had poor long term memory compared to 
control and P8 groups. In the WM test no differences were detected in terms of short- or long-
term memory in early postnatal-stimulated male and female rats, when compared to controls. 



However, the ability to find the hidden platform moved to a new position was reduced in P1 
male rats. The number of dentate granule cells in P8 males is higher than all other groups. This 
study confirm the previous findings that neonatal noxious alter hippocampal neurogenesis and 
demonstrates that noxious stimulation on P1 results in spatial deficit in male animals but does 
not disrupt the development of the hippocampus-dependent strategies of learning and memory. 
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Abstract: In reinforcement learning, reward outcome evaluation and action selection are thought 
to take place in prefrontal cortex, parietal lobe and striatum. By contrast, the hippocampus (HPC) 
is thought to influence reinforcement learning by providing contextual information(1). Although 
one study in rodents(2) showed that the HPC also encodes value information during 
reinforcement learning, human imaging results have not shown consistent value encoding in 
HPC. To directly compare the reinforcement learning signals in the monkey HPC and striatum, 
we recorded 46 cells in the HPC in 3 monkeys and 59 cells in the striatum in 1 monkey as they 
performed a conditional motor associative learning task. In this task, monkeys learned to 
associate particular scenes with particular rewarded target locations by trial-and-error. Every trial 
started with a fixation period (750ms) followed by the presentation of a natural scene (1000ms). 
After a delay period (750ms) where fixation was still required, the fixation spot disappeared and 
two saccade targets were presented. Monkeys were required to make an eye movement to one of 
the targets. An auditory cue was given if they made a correct choice and animals were rewarded 
with juice after a random delay (750 ~ 1200 ms). To successfully perform this task, monkeys 



need to update both the action value (how good the particular action will be given the particular 
scene) and the chosen value (how good the chosen action is given the current scene) by 
evaluating reward prediction error (RPE), defined as the difference between the reward outcome 
and the predicted action value of the current trial. Consistent with previous studies, we found a 
large proportion of neurons in the monkey striatum encoding action value (30%), chosen value 
(49%) and RPE (34%). Consistent with a recent report in rats(2), we also found a substantial 
proportion of neurons in HPC that signaled action value (30%), chosen value (28%) and RPE 
(26%). Like the striatal neurons half of the hippocampal neurons signal RPE or action value 
before the animal’s behavioral response. Half of the striatal chosen value cells also signals this 
information before the animal’s behavioral response. By contrast, most of the hippocampal 
chosen value cells signaled this information after the animal’s behavioral choice was made. The 
results provide new evidence that hippocampal neurons signals robust reward prediction error 
signals during an associative learning task. The analysis of the time course of the signals across 
the two areas suggest a more prominent role of the striatum relative to the HPC specifically in 
chosen value. Reference 1.Lee D. et. al., 2012 Ann. Rev. Neuro. 2.Lee H. et. al., 2012 J. Neuros. 
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Abstract: The current study investigated how cognitive emotion regulation (CER), a critical 
human ability to face emotional stimuli in a behaviorally flexible way, relates with aversive 
prediction error (aPE) activity - a critical brain signal relevant for adaptive behavior - in the 



ventral striatum (VST). VST is widely known for its role in Pavlovian conditioning, a form of 
associative learning driven by PEs. A number of studies have indeed demonstrated the existence 
of aPEs in the VST. Based on animal models of adaptive motivated behavior, VST is seen as an 
‘integration area’, controlled by a number of afferent regions, including the prefrontal cortex 
(PFC), amygdala, hippocampus and ventral tegmental area (VTA). In the case of human 
emotional behavior, which is characterized by both emotion adaption and emotion regulation, 
these models suggest that VST aPE-related signals might be modulated by signals from the PFC, 
hippocampus, amygdala, or VTA during CER. Using aversive classical conditioning with and 
without CER (i.e., self-distancing) during fMRI, we provided evidence that CER modulated both 
aPE-related activity in the VST, as well as aPE-related functional connectivity between the VST 
afferents (i.e., PFC, amygdala, hippocampus, VTA) and VST. Data suggest that VST aPE 
activity is a critical target in human CER. 
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Abstract: Single neurons in the primate dorsolateral prefrontal cortex (dlPFC) are thought to 
encode working memory (WM) representations of visual space via sustained firing after the 
removal of external input. Four decades of studies and resulting models tacitly assume that such 
spatial representations are homogenous; this assumption has never been quantitatively verified. 
Furthermore, it is unclear if single neuron representations of WM differ from those of 



simultaneously-recorded neuronal populations. For example, correlated variability between 
neurons is known to have dramatic effects on the fidelity of neural representations in other tasks 
and brain areas, but experimental evidence addressing its effects on WM representations is scant. 
In order to investigate these problems, we used microelectrode arrays to record from neural 
ensembles in macaque dlPFC area 8a while subjects performed an oculomotor delayed response 
task. Here we report that WM representations of visual space in macaque dlPFC area 8a are 
biased by both vertical and horizontal meridians of the visual field, resulting in a non-linear, 
quadrantic division of mnemonic space. This bias is consistent across multiple levels of 
examination: in the firing rates of single neurons, in their ensemble code, in the structure of 
correlated variability between pairs of neurons, and in the patterns of eye movements. Removing 
the correlated variability between neurons increases the fidelity of WM representations. These 
results reveal the need to re-conceptualize models of WM to accommodate the observed non-
linearities and correlated variability underlying mnemonic representations of visual space. 
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Abstract: Social comparison, whereby we utilize information to evaluate our standing relative to 
others, is pervasive in human society, and has been liked to a variety of behavioral outcomes. We 
are interested here at how social comparison plays a role in subsequent interactive social 
decision-making. The particular social choice we explore is that of cooperation. Cooperation is 
one of the most important functions in human society. Successful cooperation often benefits both 
ourselves and others, however, cooperative choices often put us at risk of being taken advantage 
of by others. The present study aimed to identify the neural mechanisms by which social 
comparison impacts cooperative decisions. Participants first played a simple cognitive reaction 
time task, following which various forms of feedback were given about their performance. 
Participants were sometimes told they performed the best (top rank), sometimes average (middle 
rank) and sometimes worst (bottom rank), Two conditions were used, one in which these 



rankings were relative to other players, and one in which the rankings were relative to their own 
previous performance, thereby with no social impact. Participants then played a modified Public 
Goods Game, a standard experimental measure of cooperation. Behaviorally, we found that 
individuals were more cooperative when they were previously ranked higher as compared to 
those who ranked at the bottom. This comparison effect is similar but less strong in the non-
social (self comparison) condition than the social condition. In terms of neural activation, 
comparing feedback from higher ranks to that of lower ranks was associated with activity in the 
right caudate. Secondly, when examining the other- and self-comparison conditions, comparing 
high versus low rankings led to increased activity in bilateral putamen in the other-comparison 
condition, whereas this effect was not observed in the self-comparison condition. Interestingly, 
contrasts between individuals at the higher ranks in the social as compared to the non-social 
condition was positively correlated with the activity in the bilateral insula, anterior cingulate 
cortex (ACC), bilateral caudate, medial prefrontal cortex (mPFC), supplementary motor area 
(SMA), and bilateral temporal parental junction (TPJ). In summary, the present research shows 
that social comparison (induced via social rankings) shows a demonstrable effect on cooperative 
behavior, and that the motivation to cooperate may be associated with both reward processing 
(the so-called ‘warm-glow’ effect of altruism) as well as with theory of mind mechanisms. 
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Abstract: Alcohol abuse is a devastating addiction disorder that causes severe damage to 
multiple organ systems including the brain. Alcohol can exert these effects via global gene 
expression changes through epigenetic phenomena such as DNA methylation and histone 
modifications. One such histone modification that is usually associated with active genes and 
implicated in several psychiatric disorders is the histone 3 lysine 4 trimethylation (H3K4Me3) 
mark. Our previous studies showed altered total H3K4Me3 levels in brain samples of alcoholics 
that correlated with gene expression in a subset of genes (Ponomarev et al., 2012, J. Neurosci). 
As a follow-up to these studies, we used a modified version of the ChIP-seq (chromatin 
immunoprecipitation followed by next generation sequencing) protocol [n=8 alcoholic and n=8 
control, post-mortem frontal cortex] to determine individual genes differentially modified in 
alcoholics vs. controls. Our preliminary data suggests a total of 2,260 H3K4Me3 peaks (showing 
differential abundance between groups (n=874 lower occupancy, n=1386 higher occupancy) in 
alcoholics vs. controls, p< 0.05). Functional enrichment analysis of peak-associated genes 
identified several candidates involved in synapse formation, assembly (e.g. BDNF), voltage-
gated channel (e.g. KCN4) and protein kinase activity (e.g. ERBB4). We are currently expanding 
on our preliminary studies with extended sample sizes (total n=24 alcoholics, n=24 control 
samples), in order to identify additional biological networks that are regulated significantly by 
H3K4Me3. We aim to uncover novel gene targets of H3K4Me3 that are involved in alcohol 
abuse to aid therapeutic intervention. 
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Abstract: Traditional biological studies of bulk cell populations mask the true heterogeneity 
within a population of seemingly homogeneous cells. A major promise of the emerging field of 
single-cell analysis (SCA) is the ability to observe and characterize this heterogeneity. Here, we 
use Fluidigm’s microfluidics-based BioMark qPCR platform to examine the heterogeneity of a 
population of cortical neurons derived from induced pluripotent stem cells (iPSCs) by Cellular 
Dynamics, Inc. We find that (1) the cortical neurons can be reliably subdivided into ~4 
subpopulations, with the two largest seeming to correspond with GABAergic and glutamatergic 
cell lineages; (2) ~30 genes, from a total of 121 genes measured, act as state-specifiers for these 
subpopulations; and (3) the population structure is dynamic and changes over time with an 
additional subpopulation appearing at later timepoints. We are currently in the process of 
verifying that these subpopulations’ distinct gene expression profiles correlate with distinct 
biological phenotypes. 
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Abstract: Autism spectrum disorder (ASD) is a genetically complex neuropsychiatric disorder 
with immense locus heterogeneity. A fundamental question is whether autism represents an 
etiologically heterogeneous disorder in which various genetic and environmental factors perturb 



common underlying molecular pathways in brain. We previously addressed this question using 
microarray analysis of gene expression in post mortem brain, identifying convergent molecular 
pathology in ASD cerebral cortex (Voineagu et al., 2011). To gain more complete coverage of 
the genome and to increase sample size, we conducted Nextgen RNA sequencing (RNA-seq) to 
compare frontal cortex (FC), temporal cortex (TC), and cerebellum (CB) in a cohort of 81 
individuals (46 ASD, 35 control (CTL), 205 samples). We use ribosomal RNA depleted library 
preparation followed by RNA-seq, which reduces sequencing coverage bias across transcripts 
and allows more accurate evaluation of long noncoding RNA (lncRNA) expression and 
transcript splicing. Through analysis at multiple levels, including differential gene expression 
(DGE), splicing, lncRNA, and co-expression network analysis, we identify shared biological 
pathways affected at the transcriptomic level. Analysis of DGE independently replicates 
previously observed patterns of shared transcriptomic dysregulation in ASD brain, finding a 
pattern shared by 2/3 of subjects, including subjects under age 10. We were also able to replicate 
and extend our analysis of disrupted cortical patterning in ASD brain, by showing that regional 
patterns of gene expression that typically distinguish frontal and temporal cortex are significantly 
attenuated in the ASD brain. By analyzing samples from 8 individuals with duplication 15q 
syndrome (dup15q), a major recurrent form of ASD, we show that all of the major alterations in 
DGE, splicing and gene networks are shared with idiopathic ASD, providing more evidence that 
these changes observed in the brain are a consequence of genetic perturbations. Together, these 
findings implicate transcriptional and splicing dysregulation as underlying mechanisms of 
neuronal dysfunction in ASD. 
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Abstract: Massive changes in brain gene expression underlie many neurological and psychiatric 
diseases, yet the roles of specific transcriptional regulators remain poorly understood. We 
developed a novel approach for Transcriptional Regulatory Network Analysis (TReNA) that 
predicts interactions between transcription factors (TFs) and their target genes by integrating cis-
regulatory DNA sequences, DNase footprinting, and brain gene expression profiles. We applied 
TReNA to reconstruct genome-scale models of transcriptional regulation in the mouse and 
human striatum in order to identify TFs involved in the progression of Huntington’s disease 
(HD), a debilitating neurodegenerative disease. Transcriptional changes in the striatum are 
among the earliest detectable phenotypes in HD mouse models, so it has been proposed that 
aberrant transcriptional regulation in this brain region is a proximal disease mechanism. Our 
transcriptional regulatory network model accurately predicted the expression of >10,000 target 
genes (r2 > 50%) in both the human and mouse striatum based on the expression levels of ~650 
TFs. Comparison to ChIP-seq data for 78 TFs indicated that our model’s predictions reflect 
physical interactions between TFs and their target genes. Our model suggests that distinct 
regulatory mechanisms control HD-related changes in gene expression related to neuronal 
excitability, lipid metabolism, and neuroinflammation. 17 TFs were predicted to be key drivers 
of HD progression because their target genes were differentially expressed both in mouse models 
of early-stage HD and in human post-mortem striatum from late-stage HD. We used ChIP-seq to 
validate genome-wide binding sites for two of these TFs in striatal tissue from the Hdh.Q111 
mouse model. The driver TFs identified by our model include promising targets for novel 
therapeutics. Our approach can be readily applied to reconstruct genome-wide models of 
transcriptional regulation in any human or mouse tissue. 
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Abstract: X-inactivation in female mammals equalizes gene expression with males by 
epigenetically silencing transcription from one X chromosome. X-inactivation is essential for 
healthy cell function and cognition, yet the epigenetic mechanisms controlling it are not 
completely established. Because of the stochastic inactivation of maternal and paternal alleles 
across cells in the same individual, it has been difficult to study the distinct epigenetic and 
transcriptional regulation of the active (Xa) and inactive (Xi) X chromosomes. Here, we focus on 
the potential role of brain-specific DNA methylation patterns in regulating a subset of genes that 
escape X-inactivation and are expressed from Xi. Non-CG methylation accumulates in neurons, 
and to a lesser extent glia, during post-natal brain development. Notably, non-CG methylation on 
the X chromosome is reduced in brains of adult females compared to males, yet it is enriched at 
escape genes. Still, the distribution of these marks on Xi and Xa are unknown. Here, we identify 
allele-specific patterns of DNA methylation and address their relationship with gene expression 
in mouse brain. We used an F1 cross between male Spretus wild type and female C57/BL6 Xist 
mutant mice. The loss of function of one allele of Xist, the long noncoding RNA that initiates X-
inactivation in cis, causes deterministic inactivation of the paternal allele in these mice. Whole-
genome bisulfite sequencing (MethylC-Seq) was used to measure methylation, and RNA-Seq to 
profile gene expression in frontal cortex in two independent biological replicates. Genetic 
variants between Spretus and BL6 were used to assign sequencing reads to the parents of origin. 
CG methylation at promoters on the active X chromosome (Xa) showed a bimodal distribution as 
on the male X, but was consistently high at promoters on the Xi. Gene bodies on the Xa 
accumulate substantial non-CG methylation as in the male X but was virtually absent on the Xi. 



Based on RNA-seq we confirmed 14 previously reported escape genes and identified seven 
novel escape genes in mouse frontal cortex. Of the 21 escape genes identified, we found that 
eight genes, previously shown to escape X-inactivation in multiple tissues, had gene body non-
CG hypermethylation on the Xi. These genes also showed low promoter CG methylation. In 
summary, allele-specific, base-resolution DNA methylation profiling offers insight into the 
unique epigenetic regulation of X chromosome expression and dosage compensation in brain 
cells. 
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Abstract: Introduction: We recently reported a link between the C677T variant (MAF=0.245) in 
the methylene-tetrahydrofolate reductase (MTHFR) gene with smaller regional brain volumes in 
Mild Cognitive Impairment (MCI). We subsequently expanded these findings to healthy and 
demented elderly individuals, and reported an interaction of C677T with circulating Vitamin B12 
levels affecting CSF neurodegeneration markers. The T “risk” allele also confers increased 
susceptibility for cardiovascular diseases (CVDs), which are strongly linked to both cognitive 
decline and depression in old age; here, we hypothesized that this variant may modulate 
associations between emotional and cognitive functioning. Methods: We used general linear 
models (GLMs) to examine associations between scores on the Mini Mental Status Examination 



(MMSE) and Geriatric Depression Scale (GSD-15), and their modulation by C677T and 
circulating Vitamin B12 levels, in a large cohort of elderly individuals (N=738, mean age 75.52 
years) from the Alzheimer’s Disease NeuroImaging Initiative. Participants included 300 women, 
206 healthy elderly subjects, 359 individuals with MCI, and 173 patients with Alzheimer’s 
disease. Age and sex were included as covariates in all analyses. Results: The C677T variant 
showed no significant main effects on GDS scores, but the genotype by MMSE interaction term 
was a strong predictor of mood scores (p=0.011), and these results became even more significant 
after including Vitamin B12 levels as an additional covariate (p=0.002). Within carriers of the T 
“risk” allele, lower cognitive functioning strongly predicted higher depression scores (p=0.012 
and p=0.003 with and without Vitamin B12 as a covariate, respectively). In non-carriers, we 
detected no significant associations between emotional and cognitive functioning in this cohort. 
Conclusion: MTHFR is the enzyme that produces the form of folate (vitamin B9) necessary to re-
methylate homocysteine into methionine. Vitamin B12 is another co-enzyme required for 
methionine synthesis. The C677T functional variant, which results in reduced enzymatic activity, 
is therefore associated with hyperhomocysteinemia, which in turn correlates with higher rates of 
atherosclerosis. Our results suggest a possible genetic mechanism underlying previously reported 
associations between MMSE and GDS-15 scores in elderly individuals at elevated risk for 
CVDs. Given the causal relationship between atherosclerosis and both cognitive decline and 
depression in the elderly, vascular risk factors and their genetic modulators represent promising 
research avenues for the prevention and treatment of these devastating conditions. 
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Abstract: Preventive therapies for neurodegenerative disease will require early detection in 
order to intervene before irreversible changes occur. Early warning signs, such as increased 
variance of state variables, increased auto-correlation or critical slowing down (slower returns to 
equilibrium states) precede critical transitions in some physical, environmental, and ecological 
systems. To determine if clinical manifestation of neurodegenerative diseases represent critical 
transitions of a dynamical system, we searched for early warnings in neurodegenerative disease. 
We analyzed the temporal evolution of brain gene expression profiles from mouse models of 
Huntington’s disease, prion disease, and Alzheimer’s disease. Using novel network-based 
algorithms to extract high-dimensional equivalents of early warning signs, we found age- and 
model-specific changes in the variance of expression profiles and in the strength of gene-gene 
correlations prior to the detection of differentially expressed genes or cellular pathology 
indicating disease onset. These changes occurred specifically in gene networks that later became 
differentially expressed, suggesting disease-specific processes rather than generic indicators of 
sickness. Our results suggest that the onset of neurodegenerative disease is preceded by early 
warning signs in the states of brain gene networks and identify network biomarkers for the 
transition from wellness to disease. 
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Abstract: Single-cell transcriptome analysis holds great promise for understanding neuronal 
diversity and cell type-specific gene expression in the brain. With the advent of technologies 
such as optogenetics, allowing the functional assessment of specific circuitry, the significance of 
precise neuronal circuits to drive behaviors is becoming increasingly apparent. It has become 
clear that precision molecular understandings at the levels of single circuits and single cells are 
actually necessary to fully appreciate the molecular drivers of behavioral function. We have used 
optogenetics to demonstrate defined functions of the dopamine D1 and D2 receptor expressing 
medium spiny neurons (MSN) in the striatum. Our studies demonstrate that they alone can drive 
relevant and opposing behaviors indicating that for therapeutic benefit specific modulation is 
critical. To identify specific transcriptomes of MSN subtypes we developed a pipeline for 
neuronal circuit-specific drug target identification. Fluorescent reporter transgenes in 
combination with stereotaxic dye injection for cell type- and region-specific labeling of striatal 
MSN have been utilized to identify distinct functional MSN subtypes. Single MSN were isolated 
by fluorescence-activated cell sorting (FACS) and screened for expression of dopamine D1 
and/or D2 receptor genes. Selected MSN were then compared for expression of over 1000 genes 
using multiplexed quantitative real-time RT-PCR (qRT-PCR) analysis on the Biomark platform. 
Our data confirm major known MSN subtype-specific marker genes including Drd1a, Pdyn, 
Tac1, Chrm4, Drd2, Penk, Adora2a, and Gpr6. In comparison to other state-of-the-art 
approaches for cell type-specific gene expression profiling our studies demonstrate the 
importance of single-cell resolution in generating understandings that are independent of 
limitations including reporter transgene specificity or contaminating signal from the neuropil. 
We identified that reportedly differentially expressed genes identified by less focused approaches 
can be understood as false positives. For the first time we demonstrate that single-cell 
transcriptomics using qRT-PCR can be multiplexed to over 1000 genes per cell and thus give a 
coverage to greatly enhance our understanding of cell type-specific therapeutic targets in the 
brain. 
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MCD Biol., Univ. of Colorado, Boulder, CO 

Abstract: In order to better understand the cellular and molecular processes associated with 
Down syndrome (DS) in the human central nervous system (CNS), we generated a model of 
early neuronal development that capitalizes on the use of human induced pluripotent stem cells 
(IPSc) as a starting template. We obtained IPSc from an individual where lines had been created 
that both contained (C2; T21), and had lost the extra copy of chromosome 21 (C2-43; D21). 
With some modifications to the method first described by Lancaster et al (Nature, 2013), we 
successfully generated human cerebral organoids from both the C2 and C2-43 cell lines and used 
them for imaging experiments with whole-mount immunostaining and laser scanning confocal 
microscopy as well as a deep proteome profile with label-free quantitation of over seven 
thousand proteins in each sample. Our imaging analysis shows that at the time of our sample 
preparation, neurons had been generated that populated the outer edges of the tissue, with 
evidence of populations of radial glia restricted to the inner regions of the tissue; a distribution of 
cell types indicative of radial migration and differentiation, similar to the development of human 
cortex. Our proteomics analysis shows many proteins changing in significant abundance due to 
Trisomy 21, with striking alterations in members of the Wnt and Notch signaling pathways, as 
well as catecholamine metabolism, axon guidance, and cell adhesion. These early data are the 
first to demonstrate the utility of IPSc-derived cerebral organoids in the study of complex genetic 
conditions with a spectrum of neurological phenotypes. 
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Title: Proteomic maps of the excitatory and inhibitory synaptic clefts via peroxidase-mediated 
biotinylation in living neurons 
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Abstract: The synaptic cleft is the central subcellular structure that underlies brain function, 
learning, and memory. Yet our molecular understanding of this region is very incomplete. A 
major challenge to defining the “parts list”, or proteomic composition, of the cleft has been the 
inability to purify it for subsequent mass spectrometric analysis. Here, we apply an enzymatic 
proximity tagging strategy to map the cleft proteome in living neurons, bypassing the need for 
organelle purification. A peroxidase was genetically targeted to the cleft of either excitatory 
(glutamatergic) or inhibitory (GAGAergic) synapses in cultured rat neurons. The peroxidase 
catalyzed biotinylation of proximal endogenous proteins in the cleft over 1 minute. 
Subsequently, biotinylated proteins were enriched and identified by mass spectrometry. The 
resulting excitatory and inhibitory proteomic lists consist of 214 and 39 surface-exposed 
proteins, respectively. >83% of each list consists of proteins with prior synapse annotation. The 
remaining members include novel, previously unrecognized synaptic cleft proteins, confirmed by 
follow-up fluorescence and electron microscopies. We will further describe our characterization 
of two novel proteins that play a role in regulating excitatory versus inhibitory synapse 
specificity. 

Disclosures:  K. Loh: None. P.A. Stawski: None. N.D. Udeshi: None. T. Svinkina: None. T.J. 
Deerinck: None. M. Ellisman: None. S.A. Carr: None. A.Y. Ting: None. 

Nanosymposium 

202. Genomic and Systems Level Analyses of Neurologic Disease 

Location: N230 

Time: Sunday, October 18, 2015, 1:00 PM - 4:15 PM 



Presentation Number:  202.11 

Topic: G.02. Genomics, Proteomics, and Systems Biology 

Support: Swiss National Science Foundation (FNRS) grant 31003A_140945/1 

 SwissTransMed grant “Gene therapy platform for CNS and sensory organ pathologies » 

Title: Cell-type specific transcriptome profiling in the adult mouse striatum 
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Abstract: Neurons have been long considered as the major actors of thoughts and actions in the 
central nervous system (CNS). However, a critical step to take into account the vast cellular 
diversity of the brain and contributions of neuronal and non-neuronal cell populations to cerebral 
functions, is a cell-type specific characterization. Here, we report a new and original protocol for 
physiological cell-type specific profiling of adult CNS cells. The method combines the 
advantages of fluorescent transgenic mice from the GENSAT project and sectioning in 
physiological conditions to avoid fluorescent signal loss together with laser-captured 
microdissection (LCM) without fixation to guarantee high quality cellular content. We 
performed a transcription-wide profiling of astrocytes (GLT1-eGFP mice), microglia (Cx3cr1-
eGFP mice) and the two medium-sized spiny neurons types implicated in striatonigral (direct 
pathway, Drd1-Tomato mice) or striatopallidal (indirect pathway, Drd2-eGFP mice) loops. 
Neurons from these two pathways are morphologically identical but have distinct implications in 
the basal ganglia networks, highlighting the necessity to deeply characterize their specific 
features. RNA sequencing (RNAseq) and microarray were used to identify messenger RNA 
(mRNA) and microRNA (miRNA) profiles of striatal populations. Bioinformatic analysis reveal 
differentially expressed genes as molecular signatures discriminating astrocytes, microglial and 
the two neuronal subtypes. In addition, a comparison with published databases highlights cell-
type specific responses to a neurodegenerative context. 
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Title: The coding and noncoding landscape of nuclear transcription in neurons and glia 

Authors: *J. D. DOUGHERTY, D. O'BRIEN, N. PISAT, J. DALAL, A. REDDY;  
Genet. and Psychiatry, Washington Univ. Sch. of Med., Saint Louis, MO 

Abstract: Recent characterization of the transcriptional landscape of cell lines or bulk tissues 
has suggested widespread transcription of the genome, and there are a variety of key regulatory 
non-coding RNAs that do not escape the nucleus. Here, we have defined the nuclear 
transcriptional landscape of the three major cellular divisions of the nervous system and 
characterized the unique expression of coding, non-coding and intergenic RNAs in the mature 
mouse brain. We discovered a remarkable diversity across the cell types in vivo in all classes of 
RNAs, including long non-coding RNAs, several of which were confirmed as highly enriched in 
the nuclei of specific cells with anatomical methods. Finally, we also discovered several 
examples of the cell-type specific expression of tandem gene fusions, and cell-type specific 
expression of circular RNAs, notably a neuron specific and nuclear enriched RNA arising from 
Hnrnpu. 
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Authors: *C.-F. CHUANG;  
Natl. Tsing Hua University/Molecular Med., Hsinchu, Taiwan, Taiwan 

Abstract: Neurons consist of three major structural compartments, cell body, dendrite and axon. 
A typical neuron contains a slender and long axon. In the early phase of development, the growth 
cone at the tip of axon guides the axon to navigate through the maze of cells to reach its target 
area. Upon reaching the target area, part of axon differentiates into presynaptic termini, which 
participate in signal transmission between the neuron and its target cells. Various studies have 
indicated that the protein composition of axon is distinct from that of somatodendrites. Here, by 
using a chip which allows us to harvest pure axons, we have collected the axons of cultured rat 
cortical neurons. Equal amounts of proteins of the lysate of isolated axons and the lysate of 
whole cells were dimethyl labeled by formaldehyde-13C-D2 (heavy) and formaldehyde (light) 
respectively, mixed and then subjected to 2D-LC-MS/MS analysis. A total of 1800 proteins are 
identified with their heavy-to-light ratios being quantified. There are 300 proteins enriched in 
axons. These proteins are categorized by their subcellular localizations and functions. Among the 
axon-enriched proteins are 60S and 40S ribosomal proteins, translation machinery proteins, 
heterogeneous nuclear ribonucleoproteins, RNA-binding proteins, Golgi and ER proteins and 
signaling molecules. The abundances of axon proteins have also been compared with their 
respective mRNAs in the axon. The protein composition of the axon will shed lights to the 
molecular basis of functions of this unique cellular compartment. 
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Abstract: In the retina, amacrine cells develop a unipolar morphology, with one dendrite that 
forms synapses restricted to the inner plexiform layer (IPL). We previously showed that in mice 
lacking the atypical cadherin Fat3, retinal amacrine cells develop two dendritic arbors: one in the 
IPL and one that extends outside of the IPL to form an ectopic layer of synaptic connections. To 
understand how this change in morphology emerges at the cellular level, we developed a time-
lapse slice culture imaging method that allowed us monitor the progression of amacrine cell 
development in mice for the first time. Amacrine cells migrate toward the IPL with a leading and 
a trailing process. Ultimately the leading process elaborates into a dendritic arbor and the trailing 
process is removed. Comparison of wildtype and fat3 mutant amacrine cells revealed an overall 
increase in the movement of the cell body in fat3 mutants. However, the mutant cells reversed 
direction more often and were therefore slower to reach their final position near the IPL. Next we 
examined trailing process dynamics during amacrine cell development. In wildtype amacrine 
cells, the trailing process was smoothly retracted, but in fat3 mutants the trailing process 
extended towards and away from the IPL more frequently, showed increased branching, and 
ultimately failed to be fully retracted. Taken together, these observations indicate that fat3 
mutant amacrine cells are less polarized throughout development. Since Fat3 is a transmembrane 
molecule, we hypothesized that it dictates amacrine cell polarity by inducing asymmetries in the 
cytoskeleton through its intracellular domain (ICD). We focused on three sites in the Fat3 ICD 
that were predicted to bind the Ena/VASP family of actin regulatory proteins. We determined 
that the Fat3 ICD does bind Ena/VASP family members, but only through one of the predicted 
sites. Since Fat3 protein localizes to amacrine cell processes in the IPL, one possibility is that 
Fat3 recruits Ena/VASP proteins and thus alters the overall organization of the actin 
cytoskeleton. To test this idea, we wanted to recruit Ena/VASP uniformly to the membrane 
without changing protein levels. To do this, we used in vivo electroporation to express an 
Ena/VASP binding domain with a membrane targeting sequence in a subset of amacrine cells. 
This resulted in amacrine cells that formed ectopic neurites outside of the IPL, thereby 
recapitulating the fat3 mutant phenotype. Taken together our results indicate that Fat3 acts in 
IPL-restricted processes to recruit cytoskeletal regulators, thereby creating an asymmetry in the 
cytoskeleton that confines dendritic arborization and synapse formation to the IPL. 
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Abstract: The role of metabotropic glutamate receptor 5 (mGluR5) in dendritic morphogenesis 
is complex, with both loss and excess of mGluR5 function increasing the intricacy of dendritic 
networks. We found that either deleting or stimulating mGluR5 receptors resulted in similar 
increases in nerve growth factor (NGF). Postnatal overexpression of NGF increased the dendritic 
complexity of layer IV cortical glutamatergic neurons, in a fashion reminiscent of the dendritic 
complexity of these same neurons in mGluR5 KO mice. Using Tropomyosin receptor kinase 
AF592A (TrkAF592A) mice, we demonstrated that TrkA (and its kinase activity) mediates NGF 
signaling to modulate neuronal morphology. Genetic deletion of mGluR5 increased the 
abundance of calcium-permeable AMPA receptors (CP-AMPARs), and inhibiting these 
receptors in mGluR5 KO neurons reversed NGF levels to normal. Interestingly, in wildtype 
neurons, excessive glutamate neurotransmission upregulated NGF transcription in an AMPAR 
and mGluR5-dependent fashion. In these neurons, mGluR5 activation also increased dendritic 
complexity in a TrkA-dependent manner. Taken together, our data suggest that either too much, 
or too little, mGluR5 activity upregulates NGF expression, culminating in excessive dendritic 
arbors of layer IV cortical glutamatergic neurons leading to miswiring of cortical circuits. 
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Abstract: Pathogenic mutations in the mechanistic target of rapamycin (mTOR) pathway cause 
abnormal brain development and lead to epilepsy, intellectual delay, and autism spectrum 
disorders (ASDs). mTOR is a kinase that maintains a homeostatic balance between anabolic 
protein translation and autophagy. Imbalances in protein translation and autophagy may be a 
cause of ASDs. Mutations in translational regulatory proteins are common in ASDs and loss of 
translational machinery is sufficient to cause ASD-like behaviors. For example, Tuberous 
Sclerosis Complex (TSC) patients have elevated mTOR activity, anabolic protein translation, 
and a high co-morbidity with autism. In ASDs and TSC, mTOR causes sustained inhibition of 
autophagy and defects in neuron morphology. The previous studies of my colleagues and I have 
ascribed cell specific developmental roles for mTOR pathway proteins in the brain including for 
those that cause TSC. We have found that hyper-activation of mTOR leads to developmental 
abnormalities including cytomegally and dendritic hypertrophy. However, mTOR activity is 
tightly regulated during development, restricted to specific cell types and subcellular regions, 
leading us to propose that mTOR is selectively turned on and off in the brain. Amino acids can 
activate mTOR in culture and are required for anabolic protein translation. More specifically, 
mTOR is activated by arginine, glutamine and leucine. These amino acids are transported by 
solute carrier (SLC) family members of amino acid transporters. We hypothesized that a SLC 
transporter is required for mTOR-dependent control of protein translation, inhibition of 
autophagy, and proper control of neuronal morphology in the developing cortex. Our data 
demonstrate that an SLC is expressed within newborn neurons of the developing cerebral cortex 
of mice and in neurogenic regions of the adult brain. SLC knockdown in Neuro2a cells and in 
vivo reduces mTOR activity, protein translation, and cell size. In the absence of amino acids or 
the SLC transporter, mTOR activity is dampened leading to reduced anabolic protein translation 
and disinhibition of the ULK1 pro-autophagic kinase. Over-expression of the amino acid 
transporter also reduces mTOR activity. Ultimately, knockdown or over-expression of the amino 
acid transporter have the same effect, activation of autophagy at the expense of anabolic protein 
translation and reduced dendrite formation. Based on these results, we suggest that amino acids 
and their transporters are critical regulators of cortical development and neuron morphology and 
that changes in their levels may have a lasting effect on the developmental trajectory of the 
cerebral cortex. 
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Title: Imaging the growth and pruning of dendritic trees using in vivo 2-photon microscopy 
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Abstract: The dentate gyrus (DG) is one of two regions of the mammalian brain where 
neurogenesis takes place during adulthood. The integration of newborn neurons into DG 
circuitry has been extensively studied using histology and in vitro slice preparations but thus far 
it has been impossible to follow the same adult-born cell at several time-points during its 
maturation process. Here, by placing an imaging ‘window’ implant into the hippocampus we are 
able to image retrovirally labeled adult-born granule neurons and follow them for 6+ weeks in 
vivo at different development stages, using 2-photon laser scanning microscopy. This approach 
allowed us to characterize the dendritic development time-course of individual adult-born 
dentate granule cells (DGCs). We found that DGC dendrites grow in size and increase their 
branching up to ~21 days post-mitosis, followed by a period of pruning that is characterized by a 
net removal of branches. By the end of the fourth week post-mitosis dendritic trees are generally 
mature and stable. Dendritic growth is influenced by both molecular cues and neuronal activity. 
Knocking-down CELSR3, a core component of the Wnt/Planar Cell Polarity (PCP) pathway 
resulted in stunted dendritic growth, confirming our previous findings (Schafer et al. 2015). 
Interestingly, increased neuronal activity resulted in faster dendritic growth and earlier pruning. 
In summary we established a novel method for longitudinally following the morphological 
development of adult-born DGCs and we were able to characterize the effect of specific 
molecular cues and neuronal activity on dendrite growth and pruning. 
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Abstract: Oxidative stress and mitochondrial dysfunction are considered to be important in the 
etiology of several neurodegenerative disorders such as Alzheimer’s and Parkinson’s diseases. 8-
Oxoguanine (8-oxoG), a common DNA lesion caused by oxidative stress, is known to be highly 
accumulated in patient brains with neurodegeneration. MTH1 with an 8-oxo-dGTPase activity 
hydrolyzes 8-oxo-dGTP to 8-oxodGMP and pyrophosphate in nucleotide pools, while OGG1 
with an 8-oxoG DNA glycosylase activity excises 8-oxoG paired with cytosine in DNA, thereby 
minimizing accumulation of 8-oxoG in DNA. We have shown that Mth1/Ogg1-double knockout 
(Mth1/Ogg1-DKO) mice are highly vulnerable to neurodegeneration under oxidative condition 
with increased accumulation of 8-oxoG in mitochondrial DNA (mtDNA) in neurons. In the 
present study, we examined how MTH1 and OGG1 contribute to protect neurons from oxidative 
stress using in vitro cultured neurons. We isolated cortical neurons from 15-19 week-old wild-
type and Mth1/Ogg1-DKO brains and maintained them in medium supplemented with B27 
containing or lacking antioxidants for 2 to 5 days, and examined neuritic regeneration. 
Regenerating neurites were identified by MAP2-immunofluorescence with confocal imaging. 
After 2 days of culture, neuronal populations were classified and quantified based on the extent 
of neurite outgrowth as follows: stage 1 neurons lacking neurites, stage 2 with one or more minor 
neurites, and stage 3 with one neurite at least twice as long as any other. We also quantified 
neuronal dendritic arborization after 5 days of culture with the Sholl analysis. In the presence of 
antioxidants, Mth1/Ogg1-DKO as well as wild-type neurons exhibited efficient neuritic 
regeneration: about 10% in stage 1, 15 to 20% in stage 2, and 60% in stage 3. On the other hand, 
when neurons were maintained in the absence of antioxidants, neurons isolated from 
Mth1/Ogg1-DKO cortices exhibited significantly less population in stage 3 (20%), compared to 
those from wild-type cortices (60% in stage 3). Mth1/Ogg1-DKO neurons also exhibited 



significantly decreased complexity of dendritic arborization only in the absence of antioxidants, 
indicating that the neuritic regeneration is highly vulnerable to oxidative DNA damage. 
Furthermore, we found that levels of 8-oxoG accumulated in mtDNA were significantly 
increased in Mth1/Ogg1-DKO neurons compared with wild-type neurons. Now, we are 
examining extents of mitochondrial dysfunction in these neurons in order to delineate the 
molecular pathology induced by 8-oxoG accumulated in mtDNA. 
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Abstract: During development, hippocampal neurons progress through stereotypical shape 
changes to achieve a polarized morphology integral to the structure and function of hippocampal 
circuitry. Here we show that the brain-enriched E3 ubiquitin ligase TRIM9 is a novel regulator of 
hippocampal cell morphology, hippocampal anatomy and hippocampus dependent learning and 
memory. Using TRIM9-/- mice, we show that TRIM9 is expressed in the hippocampus at both 
developmental and adult timepoints. In dissociated embryonic hippocampal neurons, genetic loss 
of TRIM9 leads to accelerated cell shape progression and a significant increase in dendritic 
arborization. Increased dendritic arborization also occurs in TRIM9-/- mice in vivo, and is 
associated with an increased hippocampal size, the presence of long, immature spines, and an 
increase in hippocampal axons projecting into the septo-fimbrial area compared to TRIM9+/+ 
littermates. Using behavioral testing we found that TRIM9-/- mice exhibit hyperactivity in the 
open field test, and a significant decrease in marble burying activity. Furthermore, these mice 



exhibited overt deficits in hippocampal-dependent spatial learning and memory as observed in 
the Morris water maze. Taken together, these behavioral data suggest that TRIM9-mediated 
regulation of hippocampal neuron morphology and circuitry during development is required for 
proper hippocampal circuit formation and function. 
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Abstract: Evolutionarily conserved Mammalian Ste20-like 1/2 (MST1/2) (hippo in Drosophila) 
kinase cascade is regulated by cell-cell contact, cell polarity and mechanical cues to control cell 
proliferation, survival, organ size and tissue growth, which when deficient could lead to cancer, 
via a main output of Yes-associated protein (YAP) transcription factor. Although hippo/ MST1/2 
kinase signalling cascade has received widespread interest in its roles on tissue size control and 
cell fate determination, little is known about MST1/2’s role in neuronal connectivity. Neuron-
specific deletion of hippo or its target warts (wts/ LATS1/2 in mammals) in Drosophila sensory 
neurons leads to deficiencies in maintenance of neuronal dendritic arbors1,2, while deletion of 
hippo and its target tricornered (trc / NDR1/2 in mammals) causes increased dendrite branching 
in flies1 and mammals3, implicating hippo/MST1/2 signalling in dendritic development. Whether 
or not MST1/2 functions in mammalian neuronal development is an open question. MST1 and 
MST2 are expressed in the mouse brain. We have characterized MST1 and MST2 expression in 
developing brain and in various brain regions and found that both MST1 and MST2 are 
expressed during development in most brain regions. In addition, in situ hybridization revealed 
MST1’s localization to hippocampal pyramidal cell layers and dentate granule cells. MST1 and 
MST2 can substitute each other’s function as single mutants are viable without any major 
phenotypes while Mst1/2 double mutant is embryonically lethal. In order to test if MST1/2 
function is required in neurons, we generated conditional MST1/2 knockout mice where MST1 



and MST2 are knocked out in excitatory neurons of hippocampus and cortex. As expected, 
MST1 and MST2 protein levels were reduced in the knockout hippocampi. Remaining protein 
could be due to expression in inhibitory neurons and/or non-neuronal cells. We have started 
conducting electrophysiological and morphological analysis of hippocampal neurons. Changes in 
synaptic properties in these knockout mice were identified and will be described. 1. Emoto, K., 
Parrish, J. Z., Jan, L. Y. & Jan, Y. N. The tumour suppressor Hippo acts with the NDR kinases in 
dendritic tiling and maintenance. Nature 443, 210-213 (2006). 2. Emoto, K. Signaling 
mechanisms that coordinate the development and maintenance of dendritic fields. Curr Opin 
Neurobiol 22, 805-811, doi:10.1016/j.conb.2012.04.005 (2012). 3. Ultanir, S. K. et al. Chemical 
genetic identification of NDR1/2 kinase substrates AAK1 and Rabin8 Uncovers their roles in 
dendrite arborization and spine development. Neuron 73, 1127-1142, 
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Abstract: Background: Thrombocytopenia, low blood platelets, is a common hematological 
condition in pre-term and sick neonates. Neonatal platelet transfusions are accompanied by 
numerous side effects, making thrombopoietin mimetic treatment (e.g. eltrombopag) a potential 
alternative therapy for neonates with severe and prolonged thrombocytopenia. However, 
eltrombopag also chelates intracellular iron, which may result in unwanted side effects during 
development. Iron deficiency (ID) affects an estimated 2 billion people and is particularly 
deleterious during fetal/neonatal brain development, impairing neurotrophic factor signaling, 
dendritic arborization, neurotransmission, and synaptic plasticity in the developing hippocampus. 



This ultimately leads to long-term neurological impairments (e.g. hippocampal-dependent 
learning and memory). Objective: The objective of this study was to determine whether 
eltrombopag causes neuronal ID and impairs hippocampal neuron development. Methods: 
Embryonic hippocampal neuronal cultures were treated with 5-Fluoro-2'-deoxyuridine (an anti-
mitotic drug that inhibits glia proliferation) beginning at 3 days in vitro (DIV) and either 6 µM 
eltrombopag or 10 µM deferoxamine (an iron chelator) beginning at 7DIV. At 14DIV, 
quantitative PCR was used to quantify changes in mRNA levels for genes indexing neuronal iron 
status and neurodevelopment. At 18DIV the dendritic arbors of deferoxamine-treated neurons 
were manually traced and total dendritic branching was determined. Results: Transferrin 
receptor 1 and Divalent metal transporter 1 mRNA levels were 133% and 44% higher in 
eltrombopag-treated neurons, respectively, indicating neuronal ID of the degree seen in animal 
models of ID and human ID infants. Eltrombopag treatment decreased Brain derived 
neurotrophic factor VI, Calcium/calmodulin-dependent protein kinase II alpha, and Vesicle-
associated membrane protein 1 mRNA levels by ~20% suggesting impaired dendritic and axonal 
development and synaptic function. These mRNA changes were similar to deferoxamine-treated 
neurons, which also showed a 25% reduction in total dendritic branching at 18DIV. Conclusions: 
Our findings suggest that treatment of neonates or young infants with eltrombopag may impair 
neurodevelopment due to secondary neuronal iron deficiency, although it is unknown if 
eltrombopag crosses the developing blood-brain barrier. More pre-clinical studies are warranted 
to assess the safety and efficacy of thrombopoietin mimetics in developing children. 
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Abstract: Frizzled3 (Fzd3), one of core planar cell polarity (PCP) members, plays critical roles 
in brain development, particularly in axonal wiring in different regions. Studies have shown that 
Fzd3 inactivation in retinal ganglion cells (RGCs) results in subtle abnormalities in RGC 
projections. Here we conditionally removed Fzd3 in bipolar cells and some RGCs by crossing 
Fzd3 "floxed" mice with Isl1-Cre mice to generate Fzd3f/-;Isl1-Cre mice (Fzd3|Isl1 for short). 
Using anti-LacZ staining, we found Fzd3 is highly expressed in bipolar cells, horizontal cells, 
amacrine cells and ganglion cells at postnatal day (P) 0, 5, 7, 14 and 18. By double staining, 
Fzd3 and Isl1 were co-expressed in rod bipolar cells and some RGCs. In Fzd3|Isl1 mice, the 
numbers of rod bipolar cells and RGCs were significantly reduced compared to the control, 
although the retinal lamination was undisrupted in line with the reports. In Fzd3|Isl1 mice, the 
dendrites of rod bipolar cells were abnormally fasciculated, which formed a disordered pattern in 
the outer plexiform layer (OPL). The dendrites of bipolar cells failed to invaginate into the rod 
spherules and to form the ribbons. Optomotor tests showed Fzd3|Isl1 mice had a reduction in 
visual acuity. Using electroretinogram (ERG), we found that Fzd3|Isl1 mice harbored an obvious 
reduction of b-wave and the ratio b-wave/a-wave compared to control animals, suggesting the 
function of bipolar cells to convey information from photoreceptor to ganglion cells is defective 
in our mutants. In conclusion, conditional knockout Fzd3 in bipolar cells and some RGCs affects 
mouse visual function and local connections, particularly between photoreceptors and bipolar 
cells. 
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Title: Cypin overexpression distinctly alters dendrite arborization at different developmental 
time points as shown by novel Sholl analyses 
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Abstract: The dendritic architecture of a neuron determines how it receives input, and thus, 
changes in dendrite morphology affect connectivity among neurons. Aberrant changes in the 
development of the arbor or after the arbor has formed can disrupt the functioning of neural 
circuits, causing severe brain dysfunction and leading to pathologies seen in cognitive disorders, 
neurological diseases, and trauma. Much work has been done by our laboratory and others to 
characterize the intrinsic and extrinsic factors that regulate dendrite number. Usually, this 
analysis consists of Sholl analysis and/or simple dendrite counting. However, neither of these 
methods offers a complete picture of the changes that can occur to the arbor. Previously, our 
laboratory developed a program called “Bonfire” to perform centripetal (outside in) Sholl 
analysis and Sholl analysis that assesses changes to root, intermediate, and terminal neurites in 
addition to conventional centrifugal (inside out) Sholl analysis and simple dendrite counting. We 
reported that these new Sholl analyses revealed previously unknown changes to hippocampal 
dendrites when cultures were treated with brain-derived neurotrophic factor (BDNF). In specific, 
exposure to BDNF increases primary branching with no effect on higher order branches, 
consistent with previous studies. We also found that BDNF significantly increased root and 
terminal branches with no effect on intermediate branches, pointing to a reorganization of the 
arbor. Here we show how cytosolic PSD-95 interactor (cypin), an intracellular protein through 
which BDNF signals to increase dendrites, alters the dendritic arbor when it is overexpressed in 
hippocampal neurons from DIV 6-10 and from DIV 10-12. We perform our novel Sholl analyses 
to reveal previously unknown changes to the arbor. Our results suggest that conventional Sholl 
analysis and dendrite counting are not sufficient methods for revealing the changes that occur in 
the arbor at different times in neuronal development. 
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Abstract: The bipolar structure of neurons is established and maintained through the differential 
trafficking of vesicles carrying axonal and dendritic proteins. In particular, vesicles carrying 
dendritic proteins enter the proximal axon but then halt and reverse course. Previously, we 
provided evidence using electron microscopy as well as observation of vesicle trafficking and 
myosin movement in living cells that this halting and reversing took place as a result of 
interaction with actin filaments within the proximal axon. Here we directly observe actin patches 
and bundles within the proximal axon of living neurons, characterize their structure and 
demonstrate how they function as a vesicle filter. We conclude that, as previously observed, the 
vesicle filter is comprised of actin filaments that are oriented in parallel with their plus ends 
facing the cell body. Specialized actin structures comprised of high density patches and/or 
bundles of filaments are present in 100% of cortical neurons in culture. This actin filter is present 
immediately following specification of the axon. Vesicles carrying dendritic proteins halt and 
reverse following contact with the elements of the filter and disruption of the filter causes those 
vesicles to proceed to the distal axon. Thus, the vesicle filter restricts dendritic proteins 
specifically to the somatodendritic compartment and plays a key role in the specification and 
maintenance of neuronal polarity. 
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Abstract: Neuronal activity triggers the rapid expression of immediate early genes (IEGs) that 
play important roles in experience-driven synaptic changes, learning, and memory. IEGs are 
primed for rapid induction in many ways. Even in the absence of a stimulus, the chromatin 
landscape at IEG promoters is highly permissive for transcription, and the promoters are already 
decorated with activating transcriptional factors, and even paused RNA polymerase II (RNAPII) 
in some cases. Despite these details, however, the precise molecular switch that governs the 
rapid induction of IEGs in response to neuronal activity remains poorly understood. Here we 
report that the expression of an important subset of IEGs, including Fos, Npas4, and Egr1, is 
normally constrained through the imposition of a topological barrier by the architectural protein, 
CTCF. Even more surprisingly, activity-dependent stimulation of neurons triggers the formation 
of DNA double strand breaks (DSBs) in the promoters of these IEGs. We show that activity-
induced DSBs are generated by the topoisomerase, Topo IIβ, and that Topo IIβ-mediated DSBs 
are sufficient to drive the expression of these IEGs even in the absence of an external stimulus. 
Together, our observations suggest that activity-induced DSB formation is a physiological event 
that rapidly overcomes topological barriers to gene expression in response to neuronal activity. 
The existence of such “hotspots” for DSB formation in neurons also has important 
pathophysiological implications. Defects in DNA repair have been linked to various congenital 
and age-related neurological disorders, yet the specific contribution of DNA damage to the 
development of these disorders remains unclear. We describe how changes in the formation and 
repair of activity-induced DNA breaks could underlie the etiology of neurological disorders that 
manifest from defective DNA repair. 

Disclosures:  R. Madabhushi: None. F. Gao: None. A. Pfenning: None. L. Pan: None. S. 
Yamakawa: None. J. Seo: None. R. Rueda: None. T. Phan: None. H. Yamakawa: None. P. 
Pao: None. R. Stott: None. E. Gjoneska: None. A. Nott: None. S. Cho: None. M. Kellis: 
None. L. Tsai: None. 

Nanosymposium 

279. Transcription and Translation in Plasticity I 

Location: N230 



Time: Monday, October 19, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  279.02 

Topic: B.08. Synaptic Plasticity 

Title: An enhancer code underlying the epigenomic regulation of learning and memory 

Authors: *F. TELESE1, Q. MA2, P. MONTILLA PEREZ2, D. NOTANI2, W. LI2, S. OH2, D. 
COMOLETTI3, M. G. ROSENFELD2;  
1Med., 2UCSD, La Jolla, CA; 3Rutgers Univ., New Brunswick, CA 

Abstract: Reelin controls a signaling pathway required for proper lamination of the neocortex as 
well as for the plasticity of mature glutamatergic synapses. Alteration of Reelin signaling has 
been linked to the etiology of various neuropsychiatric disorders, including schizophrenia. Here, 
we provide genetic and global genomic evidence that the Reelin-LRP8 pathway is required for 
hippocampal-dependent associative learning measured by fear conditioning paradigms. By using 
a wide array of deep sequencing technologies, we establish a link between higher cognitive 
behaviors and epigenetic control of gene transcriptional programs initiated by the delivery of 
Reelin to neurons. The molecular cascade triggered by the Reelin signaling involves a novel 
crosstalk between N-methyl-D-aspartate receptor (NMDA-R) activity and γamma-secretase-
dependent release of the intracellular domain of the Reelin receptor LRP8, and converges on the 
activation of specific cohorts of enhancer elements in the genome that we refer to as LRP8-
Reelin Regulated Neuronal (LRN) Enhancers. LRN enhancer regulation involves the dismissal 
of NCoR corepressor complex that functions as a gatekeeper for the fine-tuned activation of 
enhancer-dependent transcriptional events. Here, we provide data showing the in vivo function of 
NCoR in mechanisms of learning and memory. Together our results uncover a novel epigenetic 
mechanism modulated by Reelin-LRP8 signaling that contributes to the molecular basis of 
normal cognition and offers a candidate mechanism underlying the pathophysiology of cognitive 
deficits observed in psychiatric disorders. 
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Abstract: Neural circuits in the cortex adapt to sensory-evoked activity during development and 
in adult life. This plasticity is mediated in part by the experience-dependent induction of genes 
that function at synaptic sites to regulate circuit activity and to maintain the balance between 
excitation and inhibition (E-I balance). Nevertheless,cortical circuits exhibit significant cellular 
diversity, particularly at the level of inhibitory cell types, where multiple functionally distinct 
types of GABAergic neurons play key roles in the processing of sensory input. Despite an 
emerging understanding of the connectivity and function of inhibitory circuits in the cortex, the 
molecular mechanisms underlying the adaptation of specific inhibitory neuron subtypes to 
sensory experience are still not well understood. Here, we report the gene expression profiles of 
inhibitory neuron subtypes in the visual cortex upon manipulation of visual experience. We find 
that visual experience induces unique programs of gene expression in each inhibitory neuron 
subtype, and that notably, these transcriptional programs include genes that encode subtype-
specific neuropeptides and growth factors. In particular, we identify IGF-1 as a cell-type-specific 
experience-induced secreted factor in disinhibitory VIP neurons, and demonstrate that IGF-1 
specifically controls inhibitory input to VIP neurons. Taken together, this analysis reveals that 
experience-induced gene programs in inhibitory neurons are far more subtype-specific than 
previously appreciated, and these gene programs are adapted to the function of each neuronal 
subtype within a circuit. Thus, by inducing the expression of distinct subsets of secreted factors 
in each neuronal subtype within a cortical circuit, experience-dependent gene programs mediate 
neural circuit homeostasis and plasticity within the cortex. 
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Abstract: The myocyte enhancer factor 2 (MEF2) family of transcription factors activate 
numerous transcriptional programmes to regulate both universal and neuronal-specific functions, 
including those involved in memory formation. MEF2 activity is well established to regulate 
structural plasticity, and has also recently been shown to modulate synaptic plasticity via AMPA 
receptor (AMPAR) endocytosis, though the molecular mechanisms behind this are unclear. Here, 
we show MEF2A is required for metabotropic glutamate receptor (mGluR)-dependent AMPAR 
internalisation in cortical neuronal culture. Chronic knock-down of MEF2A prior to Group I 
mGluR activation by dihydroxyphenylglycine (DHPG) prevents the endocytosis of GluA2-
containing AMPARs that is associated with mGluR long term depression (LTD). Since MEF2A 
is a transcriptional activator and therefore mediates cellular processes on a time scale of hours to 
days, it is possible that MEF2A is required to prime neurons for mGluR LTD by increasing 
expression of the mRNAs and/or proteins required for AMPAR endocytosis in response to 
Group I mGluR activation. We are currently investigating the molecular mechanisms and 
transcriptional targets underlying the requirement of MEF2A in mGluR-dependent AMPAR 
endocytosis and investigating possible activity-dependent signalling that may regulate MEF2A to 
mediate mGluR LTD priming. Additionally, Small Ubiquitin-like Modifier 1 (SUMO1) 
modification has been reported to repress MEF2A-dependent transcription, so we are 
investigating possible roles of MEF2A SUMOylation in mGluR-dependent AMPAR 
endocytosis, via knock-down/rescue experiments with MEF2A mutants exhibiting altered 
SUMOylation. 
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Abstract: Homeostatic scaling is a phenomenon seen in neuronal cultures, in which neurons 
globally change their synaptic strength in response to changing activity levels. This process 
allows cells to maintain a proper firing rate, and deficits in scaling have been seen in models of 
autism spectrum disorder and schizophrenia. One mechanism by which this occurs is through up- 
or down-regulating surface AMPA receptors. Decreasing activity by blocking action potentials 
with the sodium channel blocker, TTX, leads to an upregulation in synaptic strength, as seen by 
increases in mEPSC amplitudes. In the opposite way, increasing activity with the GABAA 
receptor antagonist, bicuculline, decreases mEPSC amplitudes. It was previously shown that the 
increase in mEPSC amplitude in response to TTX could be blocked by the transcription inhibitor 
Actinomycin D, suggesting that transcription is necessary for the scaling response (Ibata, 2008). 
However, very little is known about the genes whose transcription is directly regulated by 
activity suppression or the signaling mechanisms underlying the transcriptional control. To 
determine whether there were genes that were specifically upregulated, we performed RNA-Seq 
in cortical neurons that were treated with TTX. We identified nearly 100 genes that were 
upregulated in response to TTX, suggesting that neurons do possess a transcriptional program to 
control the increase in synaptic strength. These genes were largely non-overlapping with genes 
that are upregulated in response to bicuculline, indicating that this program is distinct from that 
induced by an increase in activity. Future experiments will aim to understand how these genes 
contribute to the scaling process as well as the signaling mechanism that activates the 
upregulation of these genes during this quiescent state. 
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Abstract: How an individual responds to a situation is a function of cumulative past experience. 
We are interested in identifying plastic changes induced in the brain by experience, and 
understanding how they modify the behavior in future. We focus on experience-dependent 
plasticity at the molecular level, aiming to identify signatures of transcriptional dynamics that are 
unique to the encoding of aversive or rewarding experiences in the mesolimbic and limbic brain 
areas. Our entry point to this study is the comparative investigation of rewarding (cocaine, 
sucrose) and aversive (LiCl, foot shock) experiences. For each experience, we assessed the 
induction of immediate-early genes (0,1,2,4 hrs following the experience) in multiple brain 
regions: Nucleus Accumbens, Dorsal Striatum, Prefrontal Cortex, Amygdala, Lateral 
Hypothalamus, Hippocampus and Ventral Tegmental Area. We investigated the transcriptional 
response to different experiences, by assessing gene expression patterns in naïve mice and mice 
exposed to acute or repeated experiences. Unique and robust transcriptional programs were 
identified in response to distinct experiences, and dramatic differences were revealed in the 
encoding of aversive vs rewarding experiences. We observed a strong linkage between different 
features of an experience and the activation of specific brain regions. Aversive experiences (LiCl 
administration or foot shock) induced a robust transcriptional response in the Amygdala. On the 
other hand - the Nucleus Accumbens responded both to positive and negative experiences. Also, 
development of a transcriptional response differed between experiences. Transcriptional 
response to sucrose developed after repeated exposure while acute exposure had no effect. On 
the other hand, robust acute response to LiCl was diminished following repeated exposure. In 
contrast, cocaine administration showed immediate response that persisted following repeated 
administration. Our results suggest that the acquisition of a natural rewarding habit, as opposed 
to direct, pharmacological stimulation of the mesolimbic circuit, requires repeated exposure to 
pass a salience and encoding threshold, while aversive experiences are immediately registered as 
salient and encoded. Our results reveal that different experiences are encoded by unique 
transcriptional patterns. Gene expression in distinct brain structures, dependent on the context 
and quality of the experience, represents encoding that may lead to different behavioral outcomes 
in the future. 
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Abstract: Long-lasting forms of synaptic plasticity that underlie learning and memory require a 
tight control of gene expression and de novo transcription and protein synthesis. Neurons are 
highly polarized cells that elaborate extensive processes, form thousands of synapses and are 
thus comprised of a multitude of subcellular compartments. This remarkable polarity raises 
questions about the mechanisms underlying the spatial and temporal regulation of gene 
expression within neurons. This project is aimed at elucidating the mechanisms underlying 
activity-dependent post-transcriptional gene regulation during long-term potentiation (LTP) of 
hippocampal CA3-CA1 synapses in mouse. Towards this end, we are focusing on mechanisms of 
post-transcriptional regulation involving 3’UTR of mRNAs, using deep sequencing to identify 
changes in alternative 3’UTR usage and in the population of miRNAs following induction of 
LTP in acute mouse hippocampal slices during post-induction time course. Analysis of 
3’READS and RNA-seq from LTP-induced and time-matched control slices allows us to 
uncover novel activity-dependent 3’UTR switches and wide changes in the transcriptome. 
Additionally, by small RNAs sequencing we identified the populations of miRNAs that are 
regulated in an activity-dependent manner and how their expression changes over time. The 
results of these studies are starting to elucidate networks of alternative 3’UTR isoforms and 
miRNA-regulatory mechanisms implicated in long-term memory formation and thereby 
contribute to a deeper understanding of the function of post-transcriptional regulation in the 
CNS. 
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Abstract: Synaptic vesicles (SVs) are neuronal presynaptic organelles that load and release 
neurotransmitter at chemical synapses eliciting local changes in membrane excitability that form 
the basis for locomotion, behavior, learning and memory. In addition to classic 
neurotransmitters, we have found that synaptic vesicles isolated from the electric organ of the 
marine ray Torpedo californica also contain small ribonucleic acids (sRNAs), the most abundant 
of which are around 30 nucleotides (nt) in length. We tested whether the vesicular content of 
sRNAs is a general phenomenon in the nervous system by isolating SVs from the central nervous 
system (CNS) of Mus musculus. We found abundant levels of sRNAs within CNS SVs, 
including sRNAs known to be involved with transcription and translation regulation. The 
discovery of sRNAs inside of synaptic vesicles indicates that in addition to neurotransmitter-
induced changes in local excitability, SVs may, through the release of specific RNAs, directly 
regulate local dendritic transcription and translation in an activity dependent manner. 
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Abstract: Altered insulin signaling within the brain has been linked to cognitive dysfunction and 
neurodegenerative disease. Appropriate signaling downstream of the insulin/IGF-1 receptor has 
been linked to a number of cell processes that could contribute to the effects of insulin signaling 
on brain function including maintenance of neuronal health, reduced cell stress, neuron 
development, and synapse function. However, a role for insulin signaling during the regulation 
of neurotransmission has not been demonstrated. Using a novel synaptic preparation in adult 
Drosophila, we have found that cell autonomous insulin signaling negatively regulates the 
presynaptic release of neurotransmitter via the activity of the eif-4e binding protein (4eBP), a 
negative regulator of protein translation. In this context, the activity of 4eBP is regulated 
transcriptionally by the forkhead transcription factor Foxo and not the mammalian target of 
rapamycin (mTOR). Furthermore, the regulation of neurotransmission by insulin signaling 
requires the mRNA binding protein Staufen, which is known to localize mRNAs to distinct 
compartments within neurons, and is blocked by the protein synthesis inhibitor cycloheximide. 
Our data supports the model that cell autonomous insulin signaling regulates the presynaptic 
release of neurotransmitter via the local translation of negative regulators of synaptic vesicle 
exocytosis. Analysis of candidate molecules required for the effect of insulin signaling on 
synaptic vesicle exocytosis will be presented. 
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Abstract: Localization of mRNA allows protein synthesis within discrete compartments. In 
dendrites, β-actin mRNAs move as observed by single molecule imaging and traffic to synaptic 
spines stimulated by diffraction-limited glutamate uncaging. Localization occurred within 10 
minutes after stimulation and required the activity of NMDA receptors and dynamic actin 
cytoskeleton. Strikingly, β-actin mRNA failed to localize in ZBP1 knock-out neurons upon 
uncaging. To assess local uncaging-dependent translation, we expressed a β-actin reporter fused 
to MS2 stem-loops and HaloTag to visualize the reporter RNA and the translated fusion-protein 
in dendrites. Newly synthesized actin was enriched in dendritic spines near the site of 
stimulation. Thus, our results demonstrate that post-synaptic activity leads to capture and 
subsequent translation of β-actin mRNA. 
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Title: Cell type specific knock-out of TSC1 in excitatory or inhibitory cells differentially affects 
hippocampal synaptic transmission, plasticity and contextual fear memory 
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Abstract: Tuberous sclerosis is one of the most common monogenic causes of autism and 
epilepsy in humans. Tuberous sclerosis complex 1 (TSC1) is one of the two TSC genes 
associated with this disease and mice lacking the TSC1 gene express a hyperactive mechanistic 
target of rapamycin (mTOR) pathway. The mTOR pathway is central in the regulation of cell 
growth and protein translation, and its hyperactivation has been shown to result in alterations in 
synapse structure, function and plasticity as well as in aberrant behavioral phenotypes. Whether 
the different cell types in forebrain circuits are differentially affected by TSC1 knock-out, thus 
resulting in cell type specific synaptic and behavioral phenotypes is still largely unknown. Here, 
we study cell-type specific heterozygous conditional knockout of TSC1 in either forebrain 
excitatory principal cells or inhibitory interneurons by crossing, respectively, Emx1Cre/Cre or 
Nkx2.1Cre/wt mice with TSC1flox/flox mice. In mice with heterozygous TSC1 knock-out, mTOR 
pathway is hyperactive, as determined by phosphorylation of ribosomal protein S6, and cell 
survival is normal. Basic membrane properties of excitatory and inhibitory neurons were 
unaffected in whole cell current-clamp recordings in acute hippocampal slices from either knock-
out mouse. Synaptic transmission was, however, altered. The amplitude and frequency of 
miniature excitatory postsynaptic currents (mEPSCs) were reduced in pyramidal cells of 
Emx1Cre/wt;TSC1flox/wt mice. Inhibitory synaptic responses evoked by optogenetic stimulation of 
Nkx2.1 expressing interneurons, and recorded in CA1 pyramidal cells, were reduced in 
Nkx2.1Cre/wt;TSC1flox/flox mice. Late form of long-term potentiation (L-LTP), assessed with field 
potential recordings in CA1 hippocampal slices, was enhanced in Emx1Cre/wt;TSC1flox/wt mice and 
reduced in Nkx2.1Cre/wt;TSC1flox/wt mice. At the behavioral level, contextual fear memory was 
enhanced in Emx1Cre/wt;TSC1flox/wt mice, whereas context discrimination in fear memory was 
impaired in Nkx2.1Cre/wt ;TSC1flox/wt mice. In conclusion, our data suggest that conditional 
heterozygous knock-out of TSC1 in principal cells or in interneurons differentially affects 
hippocampal synaptic network function and hippocampus dependent memory processes. 
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Abstract: The nervous system requires tight control of transcription in response to external 
signals. Rapid activation of immediate early gene (IEG) transcription in response to stimulation 
is critical for synaptic plasticity and is observed in vivo during learning and memory. 
Transcription is regulated in part by modifications of the histone proteins that fold and regulate 
DNA. However, the link between stimulation and proteins that directly interact with histone 
modifications to mediate inducible transcriptional activation in neurons remains unclear. In other 
cell types, the bromodomain protein Brd4 is critical in regulating the recruitment of protein 
complexes that allow for transcription of target genes in response to a signal. Brd4 is a member 
of the bromodomain and extraterminal (BET) protein family and functions as a chromatin 
‘reader’ that binds acetylated lysines in histones. Recent work indicates that small molecule 
inhibitors of BET proteins are a promising therapeutic strategy for several types of cancer yet 
little is known about how these inhibitors affect the brain. Here we show that Brd4 is critical to 
neuronal function and mediates the transcriptional regulation underlying learning and memory. 
We find that Brd4 regulates IEG transcription in neurons in response to activity and is regulated 
by casein kinase II. Loss of Brd4 function affects critical synaptic proteins and the BET inhibitor 
Jq1 results in memory deficits but also decreases seizure susceptibility in mice. These results 
provide the first demonstration of Brd4 function in the brain and provide a critical link between 
neuronal activity and transcriptional activation that underlies memory formation. In addition, our 
data call attention to the potential for small molecule inhibitors of BET proteins such as Jq1 to 
cause neuronal deficits. While BET protein inhibitors are a promising therapeutic strategy for 
several types of cancer, modifications preventing blood brain barrier penetrability may be 
necessary to prevent neurological side effects for patients receiving these drugs. 
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Abstract: Contextual memory formation requires new protein synthesis in the hippocampus. 
However, the identities of the proteins critical for memory formation have remained elusive. We 
found that novel context exposure induced a rapid significant increase in the expression of 
neurogranin in mouse hippocampus. This experience-dependent increase of neurogranin 
wasmediated by elevated translation most likely triggered by NMDAR and adrenergic-dependent 
signaling. The temporal profile of this experience-dependent upregulation of neurogranin fell 
into the domain when new protein synthesis is absolutely required for contextual memory 
formation. Neurogranin is a small calmodulin binding protein primarily expressed in the 
postsynaptic compartment of projection neurons in selected brain regions including 
hippocampus, cerebral cortex, and striatum. It has been associated with schizophrenia, mental 
retardation and neurodegenerative diseases, and is potentially regulated at the translational level. 
Biochemical and modeling studies have implicated that the levels of neurogranin regulate 
calcium-dependent signaling events that lead to synaptic plasticity critical for learning and 
memory. Using viruses expressing the 3’-UTR of neurogranin but not the 3’-UTR of a control 
gene, we prevented activity-dependent translation of neurogranin. Virus-mediated expression of 
3’-UTR of neurogranin in hippocampus blocked contextualmemory formation and protein-
synthesis-dependent phase of long-term potentiation. The impairment of contextual memory 
formation could be rescued through overexpression of the neurogranin along with the expression 
of the 3’-UTR of neurogranin. Furthermore, overexpressing neurogranin in hippocampus 
sufficiently facilitated contextual memory formation. Taken together, our results show that 
activity-dependent translation of neurogranin in hippocampus in response to novel experience is 
obligatory to gate contextual memory formation. 
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Abstract: The construction and adaptation of neuronal circuits is a carefully orchestrated series 
of events, which includes the formation of synapses and the morphogenesis of the dendritic arbor 
of individual neurons. These events are largely dependent on the relationship between 
spontaneous and experience-dependent activity and underlying intracellular signaling pathways. 
However, the identity of the molecules that link these changes in sensory experience to 
corresponding changes in intracellular signaling and, ultimately, neuronal structure and function 
remain largely unknown. We have identified a previously obscure Ras-like GTPase called Rem2 
that has several hallmarks of being a major activity-dependent plasticity gene. For example, 
dialing Rem2 expression up or down in the context of increased sensory experience in the 
Xenopus optic tectum decreases or increases dendritic complexity accordingly. Further, Rem2 is 
a novel target of CaMKII: phosphorylation of Rem2 by CaMKII regulates Rem2 subcellular 
localization and function. Our preliminary data strongly suggests that Rem2 functions to mediate 
structural plasticity via translocation to the nucleus where it regulates gene expression; this 
represents a novel paradigm for GTPase function. Our molecular studies promise to yield 
significant insight into the transcriptional program by which a neuron instructs its dendritic 
morphology. In addition, we are investigating the relationship between activity-dependent 
changes in neuronal morphology and neural circuit function in the visual cortex of transgenic 
mice harboring either a null (Rem2null) or conditional (Rem2flx, i.e. flanked by loxP sites) allele 
of the Rem2 gene. Thus, we are combining our in vitro, molecular studies of Rem2 signaling 
mechanisms with in vivo assays of Rem2 function, to determine the molecular underpinnings of 
experience-dependent changes in circuit connectivity. 
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Abstract: Alzheimer’s disease (AD) is the most common cause of dementia and is characterized 
by extracellular plaques formed by the deposition of amyloid-β (Aβ) peptide and intracellular 
tangles comprised of hyperphosphorylated forms of the tau protein. The majority of AD patients 
also have abundant Aβ deposition along the walls of cerebral vessels termed cerebral amyloid 
angiopathy (CAA). CAA leads to vascular dysfunction due to the gradual death of smooth 
muscle cells as well as micro- and macro-hemorrhages that can be fatal. Although the impact of 
allelic variants of APOE on CAA has been well studied, another major brain apolipoprotein, 
clusterin (CLU, aka ApoJ), binds to the Aβ peptide both in vitro and in vivo but has not been 
previously implicated in CAA. Multiple large-scale genome wide association studies (GWAS) 
have demonstrated a highly significant association of CLU with human AD cases. To further 
explore the role of CLU in AD pathogenesis, we crossed Clu-/- knockout mice to the APP/PS1 
mouse model of amyloidosis. We found a dramatic reduction in the amount of parenchymal 
amyloid plaque in APP/PS1;Clu-/- mice compared to control APP/PS1;Clu+/+ littermates. 
However, to our surprise, we found that APP/PS1;Clu-/- mice had a dramatic increase in the 
amount of cerebral amyloid angiopathy. Other pathological endpoints and mechanisms are 
currently being explored. These data suggest that CLU can have differential effects not just on 
the amount of fibrillar amyloid, but more importantly where amyloid deposits. 
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Abstract: Mitochondria are the organelles responsible for energy metabolism and have a direct 
impact on neuronal function and survival. Mitochondrial abnormalities have been well 
characterized in Alzheimer disease, and significant advances have been made in the 
understanding of the changes in morphology and distribution of neuronal mitochondria in this 
devastating diseases. It is believed that mitochondrial fragmentation, due to impaired fission and 
fusion balance, likely causes mitochondrial dysfunction that underlies many aspects of 
neurodegenerative changes. To examine how impaired mitochondrial fission/fusion balance 
causes neurodegeneration, we developed a transgenic mouse model using the CAMKII promoter 
to knockout mitofusin 2 (mfn2) in the hippocampus and cortex. Electron micrographs of neurons 
from these mice show swollen mitochondria with cristae damage and mitochondria membrane 
abnormalities. Over time the mfn2 KO model demonstrates a progression of neurodegeneration 
via mitochondrial morphological changes, oxidative stress response, inflammatory changes, cell 
cycle induction, and loss of MAP2 in dendrites, leading to severe and selective neuronal death. 
In this model, hippocampal CA1 neurons were affected earlier and resulted in nearly total loss, 
while cortical neuronal death was associated with fewer neurons and decreased cortical size, but 
no changes in neuronal density. Hemizygous mfn2 KO mice showed no neurodegeneration, but 
did display heightened levels of oxidative stress at old age. Finally, knockout of mitofusin 1 
(mfn1) did not show any neuronal degeneration, with only subtle changes in mitochondria 
structure seen by electron microscopic analysis. Overall, our findings indicate that impaired 
mitochondrial fission and fusion balance can cause many neurodegenerative changes and 
eventual neurodegeneration that characterize AD in the hippocampus and cortex which makes it 
a potential target for treatment strategies for AD. 
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Abstract: Understanding the vascular contributions to cognitive impairment and dementia 
(VCID) is of great importance given the high coincidence of neurovascular damage in post-
mortem tissues derived from dementia and Alzheimer’s disease cases. Interestingly, vascular 
injury has been linked to an increase in the release and circulation of extracellular chaperones. 
One such chaperone in particular, the small heat shock protein 27 kDa (Hsp27), increases in the 
blood and extracellular space in peripheral vascular diseases and stroke, but any role for Hsp27 
in VCID is completely unknown. While intracellular Hsp27 has been shown to have anti-
inflammatory effects, this extracellular Hsp27 up-regulates many pro-inflammatory factors by 
interacting with the toll-like receptors. We hypothesized that in this capacity, extracellular Hsp27 
could damage blood-brain barrier (BBB) integrity in Alzheimer’s disease and dementia, serving 
as a major player in VCID. We have found that Hsp27 is highly expressed in activated 
astrocytes, and following neurovascular stress, is released from these cells in the brain. Hsp27 
levels increase in the brains of rTg4510 tau transgenic mice, which model dementia, neuronal 
loss and even late stage BBB impairment, and this Hsp27 is found along the vasculature, 
appearing to be extra-astrocytic. Application of intact, but not heat-denatured, extracellular 
Hsp27, to an endothelial cell model impaired their resistance capacity as measured by electric 
cell substrate impedance sensing (ECIS). Biochemical analyses revealed that these changes in 
resistance were concomitant with reductions in the levels of several junction proteins. These 
findings suggest that the pro-inflammatory Hsp27 extracellular chaperone could be contributing 
directly to BBB damage. Therefore, strategies to remove this protein from the blood could 
mitigate VCID. 
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Abstract: Epidemiological studies show that metabolic disorders such as type 2 diabetes 
mellitus (T2DM) and metabolic syndrome (MetS) increase the risk of developing Alzheimer’s 
disease (AD), yet the molecular mechanisms linking the diseases remain largely unknown. Here, 
we report that high glucose concentrations, as found in T2DM/MetS, increase neuronal Ca2+ and 
nitric oxide (NO) levels. Previously, we had observed a similar effect of oligomeric Aβ, as 
observed in AD. Furthermore, we found that the increased level of NO leads to S-nitrosylation of 
insulin degrading enzyme (IDE). IDE is a zinc-metalloprotease that degrades insulin and Aβ. 
IDE hypofunction has been reported in both T2DM and AD, potentially contributing to 
hyperinsulinemia and increased Aβ. Here, we show that NO inhibits IDE enzymatic activity via 
S-nitrosylation of specific cysteine residues, and this inhibition can be rescued by a non-
nitrosylatable IDE mutant. Taken together, our results suggest that S-nitrosylation of IDE may 
represent an important molecular mechanism linking T2DM/MetS to AD, and apparently occurs 
because of an altered redox state that is shared by these diseases. 
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Abstract: A prominent challenge to treat mitochondrial dysfunction, the featured brain 
pathology in Alzheimer’s disease (AD) is the yet obscured mechanisms of mitochondrial defects 
in this disorder. Recent studies revealed the multifaceted roles of mitochondrial F1FO ATP 
synthase in mitochondrial oxidative phosphorylation (OXPHOS) and mitochondrial permeability 
transition pore (mPTP) which seems to lend credibility to the hypothesis that F1FO ATP 
synthase dysfunction may stand at the nexus of OXPHOS deregulation and mPTP activation, the 
known hallmark mitochondrial defects in AD. However, comprehensive study on this issue is 
still lacking. Here we show the alterations of oligomycin sensitivity conferring protein (OSCP) 
including its expression loss and interplay with Amyloid beta (Aβ) in AD individuals and 
5xFAD mice. Such OSCP changes are associated with F1FO ATP synthase dysfunction, 
suppressed mitochondrial OXPHOS and sensitized mPTP formation in 5xFAD mouse neuronal 
mitochondria. Either Aβ exposure or OSCP knockdown leads to severe neuronal mitochondrial 
dysfunction which is substantially attenuated by OSCP overexpression in mouse or human 
neurons, highlighting the value of OSCP as a potential AD therapeutic target. Taken together, the 
simplest interpretation is that neuronal mitochondrial F1FO ATP synthase failure via OSCP may 
constitute a primary AD event that can be prevented by OSCP protection. 
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Title: Dysfunctional tubular endoplasmic reticulum in Alzheimer's pathogenesis 
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Abstract: Aging is the most common predisposing factor for the onset of Alzheimer’s 
disease(AD) and cognitive dysfunction. One distinguishing pathological feature in AD is the 
occurrence of dystrophic neurites in areas surrounding amyloid deposition. The presence of 
dystrophic neurites is shown to closely associated with synaptic failure in AD patients, but their 
formation and molecular origins remain poorly understood. By taking the advantage of the 
mouse model that overexpresses reticulon 3 (RTN3; Tg-RTN3) and spontaneously develops age-
dependent dystrophic neurites in their hippocampus, here we demonstrate that RTN3-
immunoreactive dystrophic neurites (RIDNs) contain both RTN3 and REEPs, which are 
topologically similar proteins and localized in the tubular endoplasmic reticulum (ER). Our 
ultrastructural examinations of RIDNs, prior to and after their formation in Tg-RTN3 mouse 
hippocampi, reveal the gradual accumulation of tubular ER in the axonal termini, and such 
abnormal tubular ER inclusion is also found in surrounding amyloid plaques from biopsy 
samples of AD patient brains. We also will show that abnormally clustered tubular ER induces 
enhanced mitochondrial fission in the early stage of RIDNs formation, and eventually causes 
mitochondrial degeneration at the late stage. Finally, we demonstrate that dysfunctional tubular 
ER-associated RIDNs are abrogated when RTN3 is knocked out in aging and AD mouse models. 
Hence, we conclude that clustering tubular ER is functionally impaired as manifested by 
disruption of mitochondrial dynamics. RTN3, an age-dependently regulated protein, appears to 
play a critical role in this process via altering tubular ER organization. Our data are the first to 



link dysfunctional tubular ER to the occurrence of dystrophic neurites in aging and AD brains, 
and suggests a novel mechanism for preserving mitochondrial integrity and synaptic function. 
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Abstract: Our understanding of the highly specialized functions for small non-coding single-
stranded RNA (ssRNA) in the human central nervous system (CNS) continues to evolve. 
Circular RNAs (circRNAs) are a naturally occurring, recently discovered class of ssRNA highly 
represented in the eukaryotic transcriptome. Traditional methods of RNA analysis and 
quantitation requiring a free 3′ or 5′ ribonucleotide terminus may have significantly 
underestimated circRNA abundance and significance in CNS function in health and disease. 
Highly stable and intrinsically resistant to exonucleolytic attack, circRNAs are significantly 
enriched in human brain and retinal tissues. Interestingly, specific ssRNAs such as the 
evolutionary ancient homo sapien microRNA-7 (hsa-miRNA-7; chr 9q21.32; ~23 nt; 
http://www.mirbase.org/cgi-bin/mirna entry.pl?acc=MI000020263; an important post-
transcriptional regulator of phagocytosis), are not only very abundant in the human CNS, but are 
also associated with a circRNA for miRNA-7 (ciRS-7) in the same tissues. ciRS-7 contains about 
~70 tandem anti-miRNA-7 sequences; ciRS-7 (~1400 nt) thereby acts as a kind of endogenous, 



competing, anti-complementary miRNA “sponge” to adsorb, and hence quench, normal miRNA-
7 function(s). Using DNA and miRNA arrays, RNA-sequencing, enhanced Northern and 
Western blot hybridization and the circularity-sensitive probe RNaseR we here provide initial 
evidence of a misregulated miRNA-7-circRNA system in sporadic Alzheimer's disease (AD) 
brain and retina. Deficits in ciRS-7, and ciRS-7 “sponging activities” might be expected to 
increase ambient miRNA-7 levels in AD-affected cells, as is observed, to ultimately contribute to 
the down-regulation of selective miRNA-7-sensitive messenger RNA (mRNA) targets. Up-
regulated miRNA-7, due to a deficiency in ciRS-7 and ciRS-7-mediated “sponging” effects, was 
shown to down-regulate AD-relevant targets, including the ubiquitin conjugase protein (UBE2A; 
miRNA-7-UBE2A mRNA energy of association, EA = −22.86 kcal/mol). UBE2A, a central 
effector in the ubiquitination cycle that helps to orchestrate the clearance of amyloid peptides via 
autophagy, is depleted in sporadic AD brain and retina and contributes to amyloidogenesis. Such 
circRNA-miRNA-mRNA regulatory systems represent another important layer of epigenetic 
control over normally homeostatic gene expression programs in the human CNS targeted by the 
AD process. 
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by severe 
cognitive deficits and visual deficits in motion perception, contrast sensitivity, acuity and color. 



It is of paramount importance to establish the causes for visual deficits in AD, as they may 
precede cognitive decline. To evaluate the possible role of the retinal cholinergic system (RCS) 
in these visual deficits we measured sex differences in acetylcholine receptor (AChR) expression 
in the J20 mouse model of AD. J20 mice overexpress human amyloid precursor protein (hAPP) 
with the Swedish KM670/671NL and the Indiana V717F mutations. We conducted quantitative 
real-time polymerase chain reaction (qPCR) with validated and optimized primers using whole-
retina cDNA. After correcting for multiple comparisons, we observed statistically significant 
(p<0.045) differences in nicotinic AChR (nAChR) and muscarinic AChR (mAChR) transcripts 
in the retinas of J20 mice (6-8.9 months old) as compared to age-matched wild type (WT), 
namely upregulation (fold-change) in α2 (7.9), α4 (5.9), α7 (6.1) and α9 (9.1) nAChR subunit 
transcripts; and downregulation in α6 (2.5) nAChR subunit transcripts. We also identified 
substantial gender-specific differences. As compared to female WT mice, J20 females exhibited 
upregulation in α2 (79.5), α4 (55.6), α7 (89.0), α9 (107.7) and α10 (14.2) nAChR subunit 
transcripts, as well as downregulation in α6 (3.3) nAChR subunit transcripts. Furthermore, J20 
males as compared to J20 females showed upregulation in α5 (4.3), β2 (2.3) and β3 (2.9) nAChR 
subunit transcripts and mAChR m2 (5.6) and m3 (7.6) subtype transcripts, as well as 
downregulation in α2 (9.1), α4 (9.5) and α7 (27.2) nAChR subunit transcripts. There were no 
statistically significant differences between J20 males and WT males. WT males as compared to 
WT females showed upregulation in α2 (8.7) and α4 (9.2) nAChR subunit transcripts and 
mAChR m2 (3.9) subtype transcripts, as well as downregulation in mAChR m4 (2.7) subtype 
transcripts. The data showed that there are normal gender-related differences (WT males vs WT 
females), but they are more prominent in transgenic females (J20 females vs WT females) and 
are exacerbated by AD (J20 males vs J20 females). This suggests that females may be more 
affected by AD and/or may start displaying changes earlier than males. These data indicate 
potential involvement of the RCS in AD-related visual dysfunctions and that AD may affect 
females differently. These results may lead to different paths for gender-tailored treatment, 
earlier diagnosis, monitoring of disease prophylaxis and progression. 
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Abstract: Weight loss is an early manifestation of Alzheimer’s disease (AD) occurring before 
the mental decline, but its underlying mechanisms are unknown (Arch Neuro 63: 1312, 2006). 
We recently reported that young (3 month old) Tg2576 mice overexpressing a mutated form of 
the amyloid precursor protein (APP) exhibit lower body weight and reduced adiposity associated 
with hypothalamic dysfunction (J Neurosci 34: 9096, 2014). Since the low adiposity was driven 
by increased energy expenditure, we tested the hypothesis that dysfunction in key hypothalamic 
areas promotes catabolism by increasing thermogenesis in brown fat (BAT) and inducing BAT 
specific genes (browning) in WAT through sympathetic activation. To identify hypothalamic 
areas with aberrant activity, we used phosphorylated ribosomal S6 protein (pS6) 
immunohistochemistry as an activity marker. Compared to WT mice, young Tg2576 mice had 
increased pS6+ cells in ventromedial (VMH: 189±28.8%) and dorsomedial hypothalamus 
(DMH: 211±36.7%, n=5/group, p<0.05), two critical areas that modulate BAT and WAT by 
sympathetic activation (Ann NY Acad Sci 1302: 30, 2013). Next, we investigated if the 
increased hypothalamic activity was reflected into changes in WAT and BAT. While BAT cell 
size and morphology were unremarkable, the number of small adipocytes was higher in 
subcutaneous (SQ) and visceral (VISC) WAT of Tg2576 mice compared to WT mice (VISC 
WAT: 271±26.8%, SQ WAT: 982±200%, n=5/group, p<0.05). As the small adipocytes could 
represent browning of WAT, mRNA levels of uncoupling protein 1 (UCP1), a marker of 
browning, were measured. Surprisingly, UCP1 mRNA levels were lower in BAT and WAT of 
Tg2576 mice (VISC WAT: WT 1.00±0.21, Tg2576 0.27±0.02; SQ WAT: WT 0.04±0.01, 
Tg2576 0.014±0.006; BAT: WT 34.8±3.62, Tg2576 23.1±5.76, n=5-7/group, p<0.05 for VISC 
WAT and BAT). Additional expression profiling in WAT and BAT did not reveal substantial 
differences in genes involved in thermogenesis or lipolysis between Tg2576 and WT mice. 
However, beta-3 adrenergic receptor mRNA levels were elevated in SQ WAT of Tg2576 mice 
(219.5±38%, n=5/group, p<0.05), suggesting increased sympathetic activity. Collectively, the 
data are consistent with the hypothesis that aberrant activation of DMH and VMH in Tg2576 
mice stimulates sympathetic activity in SQ WAT resulting in a catabolic state. Although the 
mechanisms of these changes need to be defined and verified in AD patients, the findings may 
provide key insights into the factors underlying the reduced adiposity associated with APP 



overexpression and AD. Supported by Leon Levy Foundation (M.I.), BrightFocus Foundation 
(M.I.), and NS37853 (C.I.). 
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Abstract: Objectives: Septins are a highly conserved family of guanosine triphosphate-binding 
proteins, which play a central role in the axonal transport and vesicle trafficking in the synapses. 
Particularly SEPT5 has been shown to interact with syntaxin-1 of the SNARE complex and 
regulate synaptic vesicle (SV) localization at the presynaptic terminal. Furthermore, SEPT5 
interacts with SEPT8, which in turn has been suggested to impact SV recycling. Thus, SEPT5 is 
a potential target for further studies in the molecular pathogenesis of Alzheimer’s disease (AD). 
Methods: Here, we have investigated the possible alterations in SEPT5 mRNA expression and 
splicing in relation to the AD-related neurofibrillary pathology in the temporal cortex of human 
brain. Furthermore, we investigated whether the siRNA-mediated down-regulation of SEPT5 in 
human SH-SY5Y neuroblastoma cells impacts amyloid precursor protein (APP) processing and 
amyloid-β (Aβ) production. Results: Our data suggest that the expression of SEPT5 is 
moderately decreased in relation to AD-related neurofibrillary pathology in the brain and that the 
down-regulation of SEPT5 reduces β-secretase (BACE1), soluble APPβ and Aβ levels in vitro. 
Conclusions: Considering the known mechanistic functions and interactions of SEPT5, our 
results suggest that SEPT5 plays a role in the regulation of post-translational levels and activity 



of BACE1. Further characterizations of the potential role of SEPT5 in the early molecular 
pathogenesis of AD are currently undergoing. 
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Abstract: Alzheimer’s disease (AD) is characterized by accumulation of the neurotoxic amyloid 
beta peptide (Aβ), a proteolytically-derived fragment of the amyloid precursor protein (APP). 
Therefore, identifying treatments that inhibit Aβ production may reduce neurodegeneration and 
cognitive dysfunction associated with AD. Multiple reports suggest that dimerization of APP 
may play a role in Aβ production. In most cases APP dimers increase Aβ, however, the 
mechanism is not fully understood. Using APP-Firefly luciferase enzyme complementation, we 
conducted a high throughput screen of a compound library of 77,440 compounds for inhibitors of 
APP dimerization, and identified several promising compounds that both inhibited APP 
dimerization and reduced Aβ levels. These compounds have in common a motif found in several 
known kinase inhibitors. To elucidate the precise mechanism involved, APP phosphorylation 
was examined by IP-western blotting using anti Aβ/APP antibodies for IP, and anti-
phosphotyrosine antibodies for western blot. Of the dimerization inhibitors we tested, one 
compound significantly increased APP phosphorylation. These findings indicate that the 
mechanism of action of our compounds likely involve inhibition of a critical kinase implicated in 
phosphorylation of APP at one of the protein’s several phosphorylatable residues. Interestingly, 
this inhibitor and its analogs increased APP phosphorylation, suggesting an indirect effect either 
via activation of a second kinase or inhibition of a phosphatase. Substantial evidence suggests 
that phosphorylation of APP is important for regulating its intracellular localization, which 



influences Aβ production. We hypothesize that phosphorylation of a specific tyrosine residue 
within the APP intracellular domain is critical for inhibiting APP dimerization, and reducing Aβ 
levels. To this end we have mutated several potential phosphorylatable amino acid residues at the 
C-terminus of APP and identified an amino acid responsible for the effects on Aβ reduction. 
Thus, regulation of APP phosphorylation by small molecule compounds should be considered as 
a novel therapeutic intervention for AD. 
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Abstract: The dentate gyrus is hypothesized to function as a "gate," limiting the flow of 
excitation through the hippocampus. Adult hippocampal neurogenesis is a unique form of neural 
circuit plasticity that results in the generation of new neurons in the dentate gyrus throughout 
life. During epileptogenesis, adult-generated granule cells (DGCs) can form aberrant neuronal 
connections with neighboring DGCs, disrupting the dentate gate. The PI3K/Phosphatase and 
tensin homolog (PTEN)/mammalian target of rapamycin (mTOR) pathway regulates a variety of 
neuronal functions, including cell proliferation, survival, growth and plasticity. Deletion of 
PTEN from a subset of adult-generated granule cells (DGCs) leads to the development of 
epilepsy in mice. The ability to selectively remove the PTEN gene using cre/lox technology 



provides a unique opportunity to examine how this gene alters neuronal behavior. We used 
electrophysiological techniques, immunohistochemistry, and 3D neuronal reconstruction to 
investigate the impact of PTEN deletion on DGC physiology and morphology. Consistent with 
prior studies, PTEN KO cells exhibited dramatically increased soma area (111.93 µm2 in 
controls; 246.58 µm2 in KO DGCs) and reduced input resistance (control, 547 ± 36 mΩ; KO, 
262 ±48 mΩ). Many KO cells (~56%) exhibited a doublet (2 spikes in succession) with an 
interval of 13.8 ± 4.8 ms; n=18; whereas control cells lacked doublets and had a mean spike 
interval of 34.1 ± 11.1 ms; n=46. The second spike of the doublet could be abolished by 25µM 
Ni2+, indicating that it may be meditated by T-type Ca2+ channels. In addition to the increase in 
soma area, KO cells also exhibited hilar basal dendrites and had a range of abnormal apical 
dendrite morphologies. KO cells exhibited an increase in total apical dendrite number and length, 
with more nodes and branches throughout the sub regions of molecular layer. Our results suggest 
that hyperactivation of mTOR by PTEN deletion can lead to remarkable changes in DGC 
physiology and morphology. These changes indicate the PTEN deletion increases granule cell 
excitability, likely contributing to spontaneous seizures in the animals. 
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Abstract: Integration of abnormal hippocampal granule cells is hypothesized to contribute to the 
development of temporal lobe epilepsy. Isolating the specific effects of abnormal granule cells 
on hippocampal function, however, has been difficult to assess in traditional epilepsy models as 
changes occur throughout the brain, and are not restricted to granule cells. The recent 
development of a novel mouse epilepsy model, in which the mTOR pathway inhibitor PTEN is 
deleted from postnatally-generated neurons, provides an opportunity to isolate the effects of 
abnormal granule cells. PTEN deletion from >10% of the granule cell population produces a 
profound epilepsy syndrome. Here, we conducted acute slice physiology experiments to assess 
the impact of these cells on hippocampal function. Perforant path stimulation evoked larger 
amplitude population spikes in slices from knockout animals relative to control slices, and 
strikingly, multiple spikes were evoked in knockouts, while stimulation of controls elicited only 
single spikes. Excitatory post-synaptic potentials (EPSPs) were also larger in knockout slices vs. 
controls. Interestingly, this effect was restricted to lateral perforant path, and was not evident for 
the medial perforant path. Morphological analysis of knockout cells revealed a 50% increase in 
dendrite length in the lateral perforant path terminal field, while the medial perforant path field 
was unchanged; the difference likely accounting for the increased EPSP slopes in the former but 
not the latter. Results demonstrate that selective disruption of a subset of granule cells can induce 
hyperexcitability at the network level and implicates abnormal granule cell development in 
driving hippocampal pathophysiology. 
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Abstract: Study objective: To develop a dynamic clamp model that incorporates synaptic noise 
and inputs for the evaluation of drugs and mutant ion channels. Methods: A voltage clamp based 
dynamic clamp model was developed using xPC target and Simulink (Mathworks) that can 
incorporate virtual or real sodium and potassium channels. A single compartment model was 
developed that incorporated channel densities similar to those found in the distal AIS of layer 5 
pyramidal neurons. In addition to this and in an effort to simulate in vivo conditions, a stochastic 
model of synaptic noise was incorporated. Finally, an excitatory post-synaptic AMPA receptor 
conductance was used to probe the excitability of the hybrid model. We first explored the effects 
of the anti-epileptic drug, carbamazepine (CBZ) as a prelude to using this model to explore 
precision therapies in ion channel based neurological disorders. NaV1.6 channels were stably 
expressed in Chinese hamster ovary (CHO) cells. After establishing whole cell mode the 
dynamic clamp was initiated. Currents were fed, in real time to the model and synaptically 
triggered action potentials (APs) were readily elicited and excitatory:inhibitory (gExc:gInh) 
synaptic background noise varied as needed. This model could be tuned to incorporate disease 
state physiology that could be used to select for interactions of drugs with the expressed sodium 
channels in voltage and time regimes appropriate to the pathology. Experiments were conducted 
with and without application of 30uM CBZ to test performance of the model. Results: CBZ had a 
more significant effect on excitability as the ratio of excitatory to inhibitory conductances 
increased. This was indicated by a significant reduction in the number of APs generated during a 
12s sweep with the higher gExc:gInh but not with the lower. A significant reduction in AP height 
and a 40% reduction in AP firing probability was observed in the presence of CBZ suggesting a 
reduction in sodium channel availability. As expected a small yet significant increase in 
threshold was seen that would impact AP timing and network function. Conclusion: This study 
uses the dynamic clamp to understand the effect of CBZ on sodium channels in a context 
relevant to the epileptic phenotype; CBZ is most potent when the ratio of network 
excitation:inhibition grows, however it still compromises the efficacy of synaptic transmission 
under non-pathological conditions. In order to adequately characterize changes in ion-channel 
function - whether induced by mutation or pharmacology - it is ideal to expose the channels to 
the dynamic voltage trajectories they would experience in vivo. Using the dynamic clamp it is 
possible to do this. 
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Abstract: Epilepsy affects 0.5 - 1% of the population and 30% of patients are resistant to 
antiepileptic drugs (AED), which target neurotransmission. Innate immune signaling, including 
proinflammatory cytokine modulation of astrocytic function, has been implicated in 
epileptogenesis. Far less is known about the role of adaptive immunity, although T cells have 
been found in brain tissue of both epilepsy patients and experimental animals after seizure. 
Furthermore, autoantibodies against brain antigens are found in a fraction of patients with AED-
resistant epilepsy. To determine whether an antigen-driven response against a non-neuronal 
target is sufficient to initiate epilepsy, we generated a transgenic mouse line (GFAP-HA) in 
which astrocytes expressed a non-functional antigen (HA). GFAP-HA mice were bred to clone 
6.5 (SFE) mice in which >95% of CD4+ T cells recognize HA antigen. Unmanipulated double 
transgenic GFAP-HA/SFE mice appeared normal, but developed visually overt seizures after 
pertussis toxin adjuvant stimulation. Immunohistochemical analysis of whole brain sections 
showed that no one brain structure was specifically targeted, and instead CD4+ T cells were 
observed throughout the sagittal sections. CD4+ T cells were present in perivascular, 
periventricular, as well as parenchymal spaces. We looked at the progression of events leading 
up to seizures to find: 1) altered neuronal activity in hippocampus, as recorded by implanted 
EEG electrodes, prior to presentation with visually overt seizures; 2) infiltration of macrophages 
and B cells; 3) Th1-polarized T cells; 4) progressive activation of microglia; and 5) astrogliosis. 
Unlike brain-infiltrating antigen presenting cells (APCs), microglia expressed low levels of 
molecules regulating T cell activation, phagocytosis, and inflammatory responses, but 
upregulated many of these molecules (including CD40 and CD36) over the course of disease 
progression. This suggests that microglia may be more plastic and are able to progressively 
become highly activated, providing a greater contribution to inflammatory signaling and 
regulation of T cell responses later into disease progression. However, APCs appear to have a 
greater capacity to phagocytose and produce inflammatory responses, and thus may be the 
determinants of disease initiation. Here we show that autoimmune targeting of astrocytes, and 
not neurons, can result in progressive seizures. Using this model, we can manipulate the 



contribution of distinct immune cell types to progression of epileptogenesis, perhaps working 
toward development of novel epilepsy therapeutics. 
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Abstract: Up to a third of patients with mitochondrial disease develop epilepsy. Patients with 
mitochondrial epilepsy have extremely poor prognosis and a difficult to control epilepsy. Drug 
development in this field has been lagging due to a lack of good functional models. Post-mortem 
neuropathology of temporal neocortex from patients with mitochondrial epilepsy has shown 
deficiency in mitochondrial respiratory chain complexes I and IV in both GABAergic 
interneurons and astrocytes, with a pattern of astrogliosis.Building on these observations, we aim 
to develop a novel in vitro brain slice model of mitochondrial epilepsy using various 
mitochondrial inhibitors; rotenone (complex-I inhibitor), potassium cyanide-KCN (complex-IV 
inhibitor), and fluorocitrate (astrocytic specific aconitase inhibitor). Epileptic activity was readily 
generated in both the hippocampus (CA3) and temporal neocortex by adding fluorocitrate (0.1 
mM) followed by co-application of rotenone (500nM) and KCN (10µM). Applying either 
fluorocitrate or rotenone-KCN alone did not generate any epileptic activity. We have also 
replicated these experiments in surgically resected human temporal neocortical slices from 
patients undergoing amygdalohippocampectomy or tumour removal (n=6). Six commonly used 
conventional antiepileptic drugs - carbamazepine, lamotrigine, levetiracetam, sodium valproate, 
midazolam, and sodium pentobarbital - were tested and all the drugs but sodium pentobarbital 



failed to suppress the epileptic activity. Post-hoc immunohistochemistry of these epileptic brain 
slices showed a pattern of astrogliosis. There was also a significant reduction in the population of 
GABA-ergic interneurons (n=5), especially parvalbumin-expressing interneurons (n=6) and 
calbindin-expressing interneurons (n=5), in the hippocampus CA3 while relatively sparing the 
excitatory pyramidal neurons (n=3).The epileptic activity is responsive to administration of 
GABA, L-glutamine, and L-ketoglutarate, suggesting deficiency in the glutamate-glutamine 
cycle downstream of aconitase inhibition in the astrocyte. In conclusion, we have successfully 
developed a novel in vitro brain slice model for mitochondrial epilepsy. It replicates most of the 
features seen in the human neuropathology and also shows pharmacoresistant properties. 
Together, the data suggest a susceptibility of inhibitory interneurons towards mitochondrial 
dysfunction, that when coupled with astrocytic impairment, could lead to epileptogenesis. 
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experimental temporal lobe epilepsy 
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Abstract: Cognitive dysfunction is an important comorbidity of temporal lobe epilepsy (TLE). 
However, the mechanisms underlying cognitive impairment, specifically deficits in learning and 
memory associated with TLE remain unclear. We hypothesize that oxidative damage and 
consequent neuronal loss contributes to cognitive decline associated with injury-induced 



epileptogenesis. Isoketals (IsoKs) and Neuroketals (NeuroKs) are highly reactive gamma-
ketoaldehydes (γ-Ks) formed via the free-radical catalyzed isoprostane and neuroprostane 
pathways, respectively. They are attractive candidates for oxidative protein damage and resultant 
cognitive dysfunction due to their ability to rapidly and irreversibly adduct lysine residues and 
crosslink proteins. We asked if γ-Ks were increased in the perirhinal cortex (PRh) following 
epileptogenic injury and whether scavenging them with salicylamine (SA), an orally available, 
brain permeable γ-K scavenger would attenuate neuronal loss in the PRh and recognition 
memory deficits. PRh tissue was obtained from adult male, Sprague-Dawley rats, 24 hours after 
kainic acid (KA)- induced status epilepticus (SE) and subjected to mass spectrometry for 
analysis of γ-K lysine adducts. Compared to saline treated controls, rats that experienced SE 
showed significantly higher levels of IsoK and NeuroK adducts in PRh (p= 0.03, p= 0.04 
respectively). A separate cohort of animals was treated with KA, followed by a single injection 
of SA 30 minutes later and allowed free access to water supplemented with SA for 7 days. SA 
treatment starting 30 minutes after KA had no effect on overall intensity of electrographic 
activity or activity in any frequency band (i.e. alpha, theta, etc.) as measured by EEG observation 
of a separate cohort. After a 7 day treatment period, animals were tested for indices of learning 
and memory in a novel object recognition task (NOR). KA treated animals that received SA 
performed significantly better than control (saline treated) animals (KA vs KA+SA p= 0.01), at a 
level equivalent to control animals (KA+SA vs Control p= 0.15). Upon completion of the 
behavioral task, brain tissue was collected for FluoroJade B (FJB) staining of degenerating 
neurons. Rats treated with SA had significantly fewer FJB positive neurons compared to KA 
alone (55% decrease, p= 0.03) suggesting that SA is neuroprotective and providing a potential 
mechanism by which scavenging of γ-s protects cognition. These data suggest that γ-Ks are 
potential mediators of cognitive dysfunction associated with experimental TLE and establish SA 
as a novel therapeutic to attenuate these deficits. 
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Title: Role of anti-inflammatory and antioxidant drugs in the treatment of spasms in the 
multiple-hit rat model of infantile spasms 
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Abstract: BACKGROUND: Infantile Spasms (IS) are epileptic seizures that typically occur in 
infants, have poor neurodevelopmental and epilepsy outcomes, and may increase early mortality. 
Early cessation of spasms may improve outcomes. To identify new therapies for IS which 
achieve rapid cessation of spasms, we used the multiple-hit rat model of medically refractory IS 
due to structural lesions. OBJECTIVE: To determine whether a single injection of anti-
inflammatory and/or anti-oxidant drugs, given after the onset of spasms, can stop spasms. We 
tested the effects of the tripterene celastrol (inhibits lipid peroxidation, NF-kB activation and 
cytokine release) and edaravone (free radical scavenger and antioxidant, inhibits NF-kB 
activation). METHODS: Male Sprague-Dawley rats received right intracerebral injections of 
doxorubicin and lipopolysaccharide on postnatal day (PN) 3 and intraperitoneal (i.p.) injection of 
p-chlorophenylalanine on PN5. Neurodevelopmental milestones were scored daily. Video 
monitoring was done intermittently on PN4 (1 hour pre-drug injection and 5 hours post-drug 
injection) and on PN5 (2 two-hour sessions). A blinded, randomized, dose-response study design 
was used, with single i.p. injection of drugs or vehicles given after spasms onset on PN4. 
Celastrol (1, 2, or 4mg/kg) or edaravone (1, 10, or 30 mg/kg) or their respective vehicles were 
tested. Histology was done on PN5 for injury. Immunofluorescence assays for inflammatory 
markers were done on perfused PN4 rat brains. Linear mixed model analysis of raw or 
normalized log-transformed spasm rates, considering the repeated observations was used. 10-17 
rats per group were studied. RESULTS: Activation of NF-kB was seen on the cerebral cortex of 
PN4 rats treated with the multiple-hit protocol. A single i.p. injection of Celastrol suppressed 
spasms acutely dose-dependently within 3 hours and was well tolerated. Edaravone has no effect 
on spasms. DISCUSSION: Targeting anti-inflammatory and/or anti-oxidant pathways may be 
useful for the acute treatment of IS. The superiority of celastrol over edaravone may indicate 
distinct effects on specific targets (currently under investigation). Video-EEG studies to confirm 
the efficacy of celastrol on electroclinical spasms and EEG background are in progress. 
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Abstract: Mesial temporal lobe epilepsy (mTLE) is a common and often intractable epilepsy 
associated with extensive hippocampal pathology. In the hippocampal dentate gyrus in human 
and experimental mTLE, dentate granule cells (DGCs) are located ectopically, and show mossy 
fiber sprouting and hilar basal dendrites (HBDs). Evidence suggests that newly generated DGCs 
produced following epileptogenic insults contribute to these abnormalities, and that integration 
of altered DGCs produces hyperexcitability. Persistent deficits in neural stem cell (NSC) self-
renewal and maturation in chronic mTLE are also implicated in comorbidities such as depression 
and memory loss. However, the relative contributions and the mechanisms leading to disturbed 
adult neurogenesis during epileptogenesis are largely unknown. Here we focus on potential 
molecular mechanisms underlying perturbed DGC neurogenesis in experimental mTLE. We first 
evaluated the spatiotemporal distribution of type-1 and type-2 neural progenitors within the 
dentate subgranular zone (SGZ) in the adult mouse pilocarpine status epilepticus (SE) model of 
mTLE. We evaluated brains at 24 h, 3, 7, 21, 28, 42 and 56 d after pilocarpine induced SE. 
Immunolabeling for Sox2, the cleaved Notch intracellular domain (NICD), glial fibrillary acidic 
protein and doublecortin indicate that there is a dynamic shift in pro-neuronal gene expression 
that could underlie aberrations observed in mTLE. A transient alteration of NICD abundance was 
observed in the SGZ, returning to baseline 7 d post-SE. This change was associated with 
increased Sox2-expressing progenitors 24 h after SE, followed by a decrease 21 d later. These 
findings implicate altered Notch signaling in seizure-induced changes in neurogenesis. Notch-
dependent expression of Hes5 is downstream of Reelin, known to be decreased in human and 
experimental mTLE. Thus, to examine whether suppression of Notch signaling generates 



changes similar to those seen in mTLE, we used a mouse line with conditional expression of a 
dominant negative (DN) form of mastermind-like protein 1 (MAML1). DNMAML suppresses 
Notch signaling by preventing coactivators from binding to the Notch-CSL/RPB-J complex. We 
find that inhibition of canonical Notch signaling increases SGZ cell proliferation and 
neurogenesis. Additionally, the dysregulation of Notch produces ectopically located neurons and 
HBDs. These results suggest that NICD plays an integral role at each phase of adult DGC 
progenitor differentiation. Moreover, a transient imbalance of Notch signaling may give rise to 
aberrantly integrating cells that contribute to the spontaneous seizures and comorbidities of 
mTLE. 
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Abstract: Optical stimulation of GABA neurons may be used to suppress seizures and has been 
recently shown to increase hippocampal neurogenesis. However, the role of GABA transmission 
in adult neurogenesis is controversial since activation of GABA receptors decreases 
neurogenesis, while direct stimulation of GABA interneurons promotes neuronal progeny 
survival and enhance neurogenesis. One possible reason for this discrepancy is that hilar GABA 
interneurons co-release the trophic factor Sonic Hedgehog (Shh). While there is extensive 
literature describing how Shh targets hippocampal neurogenesis, the source and secretion 
mechanisms of Shh remain ill-defined. The fact that Shh is “secreted” glycoprotein acting at 
multiple levels through long range diffusion makes difficult the identification of cellular sources. 
By using a gene reporter system that restricts expression to cells producing the protein, we found 
that GABAergic neurons are the main cellular source of Shh in the hilar dentate gyrus (DG). 
Next, to investigate whether the activation of the Shh signaling pathway is linked to local activity 



of GABAergic neurons, we stimulated DG GABA neurons using a transgenic mouse that 
expresses Channelrhodopsin 2 (CHR2) under the control of the vesicular GABA transporter 
(VGAT) promoter. We found that stimulation of GABA neurons (8 Hz/30s blue light pulse every 
5 min for 2 h) induced electrophysiological responses in GABAergic cells that was associated 
with a robust transcriptional upregulation of several Shh downstream pathway genes (Shh, Ptc 
and Gli). These experiments support the hypothesis that Shh is produced and release by DG 
GABA neurons though activity dependent/non- cell autonomous mechanisms. The therapeutic 
implications of these findings for epilepsy and neurodegenerative diseases are discussed. 
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Title: Intracellular chloride accumulation in dentate granule cells in pilocarpine treated 
organotypic cultures studied using fluorescence lifetime imaging microscopy (FLIM) 
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Abstract: In the brain, maintaining low levels of intracellular chloride concentration ([Cl-]i) is 
critical in sustaining GABAA receptor-mediated inhibition. Chloride ions (Cl-) play a crucial 
role in inhibitory function by mediating neuronal hyperpolarization during activation of Cl- 
permeable GABA receptors. In the current study, mouse organotypic hippocampal slice cultures 
were prepared from P3-8 mice, maintained for 3 weeks, and then treated with 5 mM of the 
convulsant, pilocarpine, for 24 hours. Using extracellular recording and calcium imaging, we 
verified that there was no ictal-like activity in control slices, while sustained seizure-like activity 
was observed ~30 min after pilocarpine treatment. One and two days after pilocarpine treatment, 
[Cl-]i of dentate granule cells was determined using FLIM in cultures bulk loaded with N-



(Ethoxycarbonylmethyl)-6-Methoxyquinolinium Bromide (MQAE), a chloride sensitive dye. We 
employed a two-photon microscopy system equipped with a femtosecond laser (SpectraPhysics 
MaiTai DeepSee) tuned at 780 nm and the emission between 440 nm and 500 nm was collected 
with a GaAsP PMT. The signal was then processed with Becker-Hickle time correlated photon 
counting system for FLIM analysis. FLIM allowed us to evaluate 30-50 individual granule cells 
in each field of view. The data from chloride FLIM indicated that [Cl-]i was significantly 
increased (n > 1000, p < 0.001) in pilocarpine treated granule cells. The effect was not 
homogeneous in all cells, as multiple Gaussian distributions of [Cl-]i were observed. This [Cl-]i 
accumulation would change synaptic responses, and presumably increase granule cell 
excitability. This pathophysiological process may be one of the mechanisms contributing to 
injury-mediated epileptogenesis in vivo. 
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Title: Morphology of Interictal Epileptiform Discharges (IEDs) and the BOLD signal: A study 
of haemodynamic coupling using simultaneously acquired intracranial EEG - fMRI data 
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Abstract: The use of BOLD fMRI to locate sources of neuronal activity conventionally captured 
by electrophysiological techniques (e.g. EEG) is particularly relevant in epilepsy, where the non-
invasive 3D mapping capability of fMRI complements the temporal richness of EEG. However, 
the mechanisms underlying the BOLD and EEG signals differ, which raises the need to improve 



our understanding of the relationship between them. Most EEG-fMRI studies in epilepsy use 
delta functions at each Interictal Epileptiform Discharge (IED) onset as the predictor of BOLD 
changes. Only a few reports have investigated the relationship between IED amplitude and 
related BOLD signal, in humans and animals [1-3]. We used simultaneous and co-localised 
icEEG and fMRI data to investigate whether a number of IED features (amplitude, width, 
sharpness, and field (spatial) extent) explain additional variance of the BOLD signal, when 
compared to IED onsets alone. We focused on the individual icEEG data from the 10 contacts 
showing the largest IED (contact of interest: COI) in 6 different patients; and on the BOLD 
signal within a 10mm radius sphere centred at each COI (region of interest: ROI). The amplitude 
and width of individual IED were estimated using STEP1 [4]. IED sharpness was defined as the 
ratio of amplitude over width. IED field extent was computed as the sum of the correlation 
coefficients between 600ms data epochs centred at each IED marked at the COI, and the 
concurrent epochs at all other contacts. For each IED feature, the residual variance (unexplained 
BOLD signal) for the model comprising the IED feature, IED onsets, and motion-related 
confounds was compared with the residual variance for the model comprising IEDs onsets and 
motion-related confounds. BOLD signal models were estimated using SPM12 
(www.fil.ion.ucl.ac.uk/spm/software/spm12/). The residuals of each model were computed using 
the R2adj metric, which accounts for the different degrees of freedom. The amount of variance 
explained by the additional regressor (VE) was obtained as the difference between the R2adj 
value of each new model and the R2adj value of the base model. VE values were averaged over 
the ROI voxels. At the group level, we found a trend for significantly positive VE for IED 
amplitude only (p=0.07). Future EEG-fMRI studies in epilepsy should include IED amplitude as 
a modulatory effect, as it seems to explain additional variance of the co-localised BOLD signal. 
[1] Benar CG et al. (2002) Neuroimage [2] Levan P et al. (2010) Neuroimage [3] Geneslaw AS 
et al. (2011) J Cereb Blood Flow Metab [4] Hu L et al. (2011) Journal of Neurophysiology 
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Abstract: Deep brain electrical stimulation (DBS) is a treatment modality being explored for 
many neurological diseases and is a potentially potent means for disrupting the aberrant rhythms 
that arise during the epileptic seizures that afflict over 1% of the population. However, current 
DBS protocols typically employed are formulated a priori and do not reflect the 
electrophysiological dynamics within the brain as seizures arise which may underlie their limited 
efficacy. In this study, multi-site brain dynamics were calculated in a chronic rat limbic epilepsy 
model. Male Sprague-Dawley rats were induced via lithium chloride/pilocaprine intraperitoneal 
injections. Stimulation/recording electrodes were placed in the CA3 region of left and right 
hippocampi and the anteromedial nucleus of left thalamus. Local field potentials (LFPs) 
containing evoked and spontaneous seizures were recorded from the animals. Deconvolution of 
the LFPs using empirical mode decomposition (EMD) and phase synchrony analysis revealed 
multi-site coherence as seizures approached natural termination. Synchrony analysis using 
standard Fourier techniques were unable to identify these same dynamics. The location and 
frequency of the natural termination synchrony varied between subjects but was stable in time 
within each animal. DBS protocols were significantly more effective at rapidly stopping seizures 
when the frequency and location of multi-site stimulation reflected the endogenous synchrony 
dynamics observed in each subject at natural termination. These results strongly suggest that 
tailoring DBS protocols to individual endogenous rhythms that may represent how brains 
naturally resolve epileptic seizures could play a critical role in vastly improving the overall 
efficacy of this important therapy. 
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Abstract: The electrocorticogram (ECoG) observed during seizures strongly depends on the 
local field potential (LFP) associated with postsynaptic potentials evoked around these 
macroscopic electrodes. Here, we tested the hypothesis that the postsynaptic ECoG activity can 
predominantly be attributed to neuronal output (i.e. spike trains from multiunit firing activity) of 
a relatively small (core) area in the epileptic zone. In this context, we focused on two principal 
questions. (1) How much of the ECoG can be explained by local multiunit activity? (2) How far 
does this postsynaptic effect of local neuronal activity reach? In order to address these questions, 
we extended the methods from Nauhaus et.al. (2008) and estimated the post-synaptic effects of 
ictal LFPs by creating spike-triggered averages (STAs) from concurrent microelectrode array 
(MEA) and ECoG recordings of human seizures. We investigated effects across grid distances 
between spiking neurons and ECoG records up to 4cm. For each distance we estimated the 
signal-to-noise ratio (SNR) and amplitude range of the STA, and found clear effects of spiking 
activity on the ECoG, plateauing at 3cm away from the spiking neurons (SNR reduction from 
~45 dB to ~28 dB and amplitude reduction from ~313 µV to ~220 µV. To investigate the linear 
effect of local multiunit activity on the produced signal, we then convolved the estimated post-
synaptic effects (STAs) and the individual spike trains to produce a reconstructed ECoG. These 
reconstructions were compared to the measured ECoG recordings from distances up to 4cm 
away from the MEA as measure on the ECoG grid. Correlations between the measured and 
reconstructed signals decreased from > 0.75 to < 0.3 over a distance of 3cm. Similarly, 
coherence analysis between these signals showed a strong peak, > 0.65, in the theta band 
frequencies (3-7Hz) that decreased to ~ 0.5 beyond 3cm. Our data indicates that ictal spike 
activity from groups of neurons in an mm-sized network can be used to reconstruct signals 
recorded on ECoG electrodes multiple centimeters away, supporting the notion of an epileptic 
core in which pathological neuronal outputs affect a wide area of surrounding cortex, previously 
defined as penumbra. 
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Abstract: Background: Protein pathology is a major hallmark in chronic conditions of brain 
disease, such as typically found in neurodegenerative diseases resulting from disturbed 
proteostasis. It is likely that intermediate forms of disturbed proteostasis underlie the wide 
spectrum of chronic brain conditions observed. Schizophrenia is a chronic brain condition, 
though currently with no detectable degeneration. Identification of insoluble proteins specific for 
schizophrenia or of patient subsets will help to biologically improve disease classification. 
Methods: Insoluble proteome was prepared similar to a previously described approach (Leliveld 
et al., 2008 J Neurosci 28:3839) from brain samples provided by the Stanley Research Medical 
Institute (SMRI). Pools of insoluble proteins from four conditions schizophrenia, depression, 
bipolar disorder and normal controls, each composed of 15 individual samples were each 
analyzed by mass spectrometry. Genetic analysis was applied to support significance of data. 
Results: Proteomic analylsis of the insoluble proteome, identified NKCC1, but not KCC2, 
specifically in the insoluble proteome of the diseased brain, which was confirmed by Western 
blotting of individual samples. Genetic analysis of a Northern Finnish birth cohort confirmed 
genetic association of NKCC1 with an endophenotype of schizophrenia both independently and 
in a DISC1-dependent way. Conclusion: NKCC1 has been attributed a role in schizophrenia 
(Mortia et al. 2014, J Neurosci 34:4929) and has been demonstrated to interact with DISC1 (Kim 
et al, 2012, Cell 148:1051). Here we further our understanding of NKCC1 by demonstrating it to 
be associated with protein pathology in a disease-specific way. 
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Title: Fragmented cortical microcircuit motifs in an NMDAR-hypofunction mouse model 
support an attractor hypothesis of psychotic states 
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Abstract: At the microcircuit level, layer 2/3 neocortical neurons cooperate in distributed 
synchrony, forming recurrent patterns of activity which are the likely building blocks of 
perceptions or thought. Psychotic brain states, such as those experienced in schizophrenia (SZ) 
or some neurological syndromes (e.g. anti-NMDA-receptor encephalitis), may involve a critical 
disruption in the stability and reliability of these network activity patterns (i.e., motifs). Such a 
disruption could theoretically explain abnormalities in perception and thought characteristic to 
psychosis. Past work has only supported this hypothesis computationally, or has probed 
patterned network dynamics indirectly with electrophysiology (EEG, LFPs). Here we used two-
photon calcium imaging to measure the simultaneous activity of 60-110+ cortical neurons in 
awake mice. We virally expressed calcium indicators (GCaMP6s/f) in primary visual cortex, a 
region with known functional and anatomical abnormalities in SZ as well as direct functional 
relevance for understanding psychosis phenomenology (e.g. visual hallucinations). We imaged 
populations at rest (no visual stimuli) and during the presentation of full-field moving square 
wave gratings (6 orientations, 12 directions) of 100 % contrast and .08 cycles per degree. We 
quantified single cell responses and network-level activity before and one week after continuous 
delivery of ketamine (KET), an NMDA-receptor antagonist previously demonstrated to recreate 
perceptual and cognitive symptomology of SZ in healthy humans as well as electrophysiological 



and anatomical biomarkers of SZ in rodents. Chronic KET increased ongoing activity and 
decreased orientation selectivity at the single neuron level, consistent with known abnormalities 
in cortical inhibitory interneurons identified in SZ brains post-mortem as well as after chronic 
KET in rodents. When network activity was considered en masse, population-level activity 
patterns became largely disorganized after KET, exhibiting diminished regularity across both 
periodic “upstates” during rest and in visually evoked brain states. Pairwise correlations between 
cells showed a shift toward intermediate values across the network (i.e. away from uncorrelated 
and highly correlated values). These changes were not accompanied with an increase in 
functional dimensionality (or number of activity states), suggesting an overall disorganization of 
cortical activity. These results suggest a shallowing of the basins of dynamical attractors in 
cortical microcircuits which could explain or contribute to disordered perception and cognition 
fundamental to psychotic pathology. 
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Abstract: Psychiatric and neurodevelopmental disorders may arise from anomalies in long-range 
neuronal connectivity downstream of pathologies in dendritic spines. However, the mechanisms 
that may link spine pathology to circuit abnormalities relevant to atypical behavior remain 
unknown. Using a mouse model to conditionally disrupt a critical regulator of the dendritic spine 
cytoskeleton, the actin-related protein 2/3 complex (Arp2/3), we report here a molecular 
mechanism that unexpectedly reveals the inter-relationship of progressive spine pruning, 
elevated frontal cortical excitation of pyramidal neurons and striatal hyperdopaminergia in a 
cortical-to-midbrain circuit abnormality. The main symptomatic manifestations of this circuit 
abnormality are psychomotor agitation and stereotypical behaviors, which are relieved by 
antipsychotics. Moreover, this antipsychotic-responsive locomotion can be mimicked in wild-
type mice by optogenetic activation of this circuit. Collectively these results reveal molecular 
and neural-circuit mechanisms, illustrating how diverse pathologies may converge to drive 
behaviors relevant to psychiatric disorders. 
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Abstract: The neuronal primary cilium and the pericentriolar matrix (PCM) have established 
roles in neurogenesis. However, the role of this subcellular region in the postnatal brain is not 



clear. Here we show that perturbation of the PCM alters brain anatomical and behavioral patterns 
in a spatial and temporal manner. Ablation of the pericentriolar material 1 gene (Pcm1) in the 
mouse leads to enlarged lateral ventricles and sensorimotor gating deficits in adult, but not 
juvenile animals. Cytoanatomical analyses revealed progressive shortening of the primary cilium 
in discrete brain regions, most prominently the CA1 region of the hippocampus, the amygdala, 
and the prelimbic cortex. These were associated with an aggregation of dopamine D2 receptors 
(D2R) at the PCM and failure to fully ameliorate adult sensorimotor gating defects by treatment 
with antipsychotic drugs. Given the previous association of PCM1 with schizophrenia (SZ) and 
our present observations, we sequenced the locus in a cohort of SZ patients unresponsive to 
antipsychotics. In doing so, we identified a significant enrichment for rare alleles in cases, the 
effects of which were established by systematic modeling in a zebrafish pcm1 model. Together, 
our data highlight a role for the PCM in the postnatal brain; they suggest that a progressive 
degenerative ciliary/PCM phenotype can induce behavioral defects in adults, and intimate a role 
for PCM1 in severe psychosis. 

Disclosures:  E. Oh: None. 

Nanosymposium 

282. Neuropathology: Mechanisms and Biomarkers 

Location: S102 

Time: Monday, October 19, 2015, 8:00 AM - 10:45 AM 

Presentation Number:  282.05 

Topic: C.15. Schizophrenia and Bi-polar Disorder 

Title: Evaluation of chronic nicotine treatment on hippocampal oscillatory activity and sleep 
pattern analysis of a G72 transgenic mouse model for schizophrenia 

Authors: *A. PAPAZOGLOU1, A. LUND1, J. SOÓS1, C. HENSELER1, M. BAKKI1, D. 
OTTE2, B. HAMBSCH2, A. ZIMMER2, K. BROICH1, M. WEIERGRAEBER1;  
1Federal Inst. for Drugs and Med. Devices, Bonn, Germany; 2Inst. of Mol. Psychiatry, Univ. of 
Bonn, Bonn, Germany 

Abstract: The primate specific gene locus G72/G30 encoding the G72 protein is highly 
associated with the cognitive and behavioral symptoms of schizophrenia. Transgenic mice 
expressing the human G72/G30 gene locus show similar cognitive deficits as seen in 
schizophrenia patients which are often related to hippocampus dysrhythmia. In addition, 
disturbed sleep could be found in 30-80% of schizophrenic patients, depending on the degree of 
psychotic symptomatology. It is quite common schizophrenia patients to present difficulties 
initiating or maintaining sleep. Several studies suggest that treatment with nicotine reduces the 



cognitive impairments in schizophrenia patients. G72 mice showed increased α7-nAChR density 
in the dentate gyrus and the motor cortex. To investigate the impact of chronic nicotine treatment 
on hippocampal oscillation activity and the hippocampus/motor cortex interaction, we performed 
radiotelemetric intrahippocampal (dentate gyrus) recordings in nicotine treated G72 mice. 
Chronic nicotine treatment was delivered by subcutaneous implanted osmotic mini-pumps. The 
effect of nicotine on EEG recordings was evaluated by time-frequency analysis. We also studied 
sleep patterns of spontaneous and artificial urethane-induced sleep on G72 mice using 
implantable video-EEG radiotelemetry. Data would be analysed for alterations in sleep 
architecture using sleep staging software and time-frequency analysis. 
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Title: GCLC gene predicts prefrontal glutathione levels: association with peripheral glutathione 
peroxidase/glutathione reductase 
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Abstract: Introduction: Oxidative stress and redox dysregulation may be involved in the 
pathogenesis of schizophrenia. As a major redox regulator, glutathione (GSH), is metabolized by 
glutathione peroxidase (GPx) to detoxify ROS and generate oxidized GSH (GSSG), which is 
reduced back to GSH by glutathione reductase (GR).The ratio of GPx/GR enzymatic activities 
could be a peripheral biomarker for the (dys)regulation of redox status. GAG-trinucleotide repeat 
polymorphisms (GAG-TNR) in glutamate-cysteine ligase catalytic gene (GCLC), the rate-
limiting enzyme for GSH synthesis, are associated with schizophrenia [Gysin&al.2007]. The aim 
of this study is to investigate brain GSH levels, its association with GCLC genotypes and blood 
GPx/GR activity in early psychosis patients (EP). Methods: Subjects: Caucasian 29 EP patients 
and 33 controls. MRS measurement: 3T Trio MR scanner; Spectra obtained in medial prefrontal 
cortex (mPFC) using SPECIAL sequence [Mekle&al.2008]; Metabolite concentrations were 
quantified by LCModel [Provencher&al.1993]. GAG-TNR polymorphism was genotyped 
[Gysin&al.2007] and the activities of GPx and GR in blood cell were determined 
[Günzler&al.1974 and Long&al.1961]. Statistics: The potential effect of medication was 
assessed by correlating antipsychotic doses with GSH levels, GPx and GR activities. The effects 
of disease, GCLC GAG-TNR polymorphism, age and gender on mPFC GSH level, GPx and GR 
enzymatic activity were investigated using generalized linear model. The correlation of brain 
GSH levels with GPx/GR ratio was evaluated. Results : mPFC GSH levels, GPx and GR 
activities were not significantly different between patients and controls. Subjects with the GAG-
TNR high-risk genotype had lower GSH levels (p=0.006) as compared to those with low risk 
genotype. No correlation was found between medication dose and GSH, GPx, GR activity. Since 
GR activity is different between male and female (p=0.009), the correlation between GSH and 
the ratio of GPx/GR was investigated in separated gender groups. GSH levels were inversely 
correlated with GPx/GR activity in male patients (p=0.02) and such correlation was not observed 
in male controls and female subjects. Conclusions: We show for the first time that GAG-TNR of 
GCLC gene predicts mPFC GSH levels, with high-risk genotype associated with lower GSH, 
extending to CNS previous results from fibroblasts. Moreover, mPFC GSH demonstrated a 
negative correlation with blood redox profile markers in EP patients but not in control subjects: 
low GSH brain levels are associated with more oxidative state of the blood redox profile, thus 
paving the way for the search of central and peripheral markers. 
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Title: Decoupling of transcription and translation in schizophrenia 
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Abstract: Identification of molecular signatures and cellular susceptibilities associated with 
psychiatric disorders, such as schizophrenia (SZ) and bipolar disorder (BP), is crucial to 
understand their pathophysiology and discover novel therapeutic targets. Recent advances in 
human cell technologies have provided us opportunities to use neuronal cells from patients, such 
as olfactory epithelium (OE)-derived neuronal cells, which show immature neuronal traits and 
have been enriched to near homogeneity from biopsied OE. High- throughput deep sequencing 
techniques allow the monitoring of physiological processes including transcription and 
translation. Among these techniques, RNA sequencing (RNA-seq) is used to investigate gene 
expression and ribosome profiling (Ribo-seq) assesses global measurement of ribosome-
associated RNAs and the regions of the transcriptome that are actually translated. In this pilot 
study, we have performed RNA-seq and Ribo-seq with OE-derived neurons taken from age-, 
gender- and smoking status-matched 3 controls, 3 SZ and 3 BP subjects. To minimize 
confounding effects of medications, we selected patients with SZ and BP who took 
antipsychotics. The same cell lysate from each subject was used for both RNA-seq and Ribo-seq. 
By comparing fold change at the transcriptional level (RNA-seq) and at the translational level 
(Ribo-seq) in individual genes, we found translational alterations between controls and SZ 
subjects, but almost no mRNA transcriptional changes were observed. We did not find similar 
deviation between controls and BP subjects. These observations suggest that a decoupling of 
transcription and translation for certain gene products is associated with SZ. Profiling with 
additional SZ and control subjects is under way to validate this initial working hypothesis. 



Further mechanistic studies are also warranted to investigate the origins of the translational 
perturbations reported in OE-derived neuronal cells from SZ patients. 
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Abstract: Object: It is well known that schizophrenia has a strong genetic component. Despite 
its high heritability, there are many patients with no family history of schizophrenia, who are 
regarded as sporadic cases. The purpose of the present study was to detect de novo non-
synonymous mutations in sporadic schizophrenia patients by a trio-based exome sequencing in 
the Japanese population. Methods: We collected 18 family trios consisting of a patient with 
schizophrenia and two unaffected parents from Tokushima University, Ehime University, Kochi 
University, and Nagasaki University in Japan. The diagnosis of schizophrenia was made 
according to DSM-IV criteria. Exome enrichment was conducted by TruSeq DNA Sample Prep 
Kits and TruSeq Exome Enrichment Kit (Illumina). We performed paired-end (2 × 100 bp) 
exome sequencing with HiSeq1000/1500 (Illumina). The sequencing reads obtained were 
mapped to the human reference genome (build hg19) by using the Burrows-Wheeler Aligner 
(BWA v0.5.9). We analyzed the mapped sequence data with the Genome Analysis Toolkit 
(GATK, v2.6-4 and v2.6-5) software. Candidate de novo mutations were validated by the Sanger 



method of DNA sequencing. Result: We obtained average 15.4 GB of raw sequence data per 
sample, and 96.9 % of these data was mapped to the reference genome. We found 82 de novo 
single-nucleotide variants and 354 de novo insertion/deletion mutations in 18 proband-parent 
trios. Among these de novo mutations, 28 were predicted to be non-synonymous mutations. Of 
the 28 de novo non-synonymous mutations, we performed the Sanger sequencing of 17 candidate 
mutations, and validated 9 de novo non-synonymous mutations from 8 trio families. Conclusion: 
Our results suggest that de novo non-synonymous mutations may be involved in the pathology of 
schizophrenia. 
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Title: Age-dependent role of Nrg1-ErbB4 signaling in GABAergic interneurons 
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Abstract: Neuregulin1 (Nrg1) is a diffusible trophic factor in the brain that activates a tyrosine 
kinase receptor, ErbB4. Genetic studies have shown a strong correlation between schizophrenia 
and mutations in the genes Nrg1 and ErbB4. Studies in mice further indicate that loss of Nrg1 or 



ErbB4 results in schizophrenia-like phenotypes. Previous work suggests that Nrg1-ErbB4 
signaling is necessary for the function of GABAergic, parvalbumin-expressing inhibitory 
interneurons (PV-INs) in the brain. Disruption of the inhibitory-excitatory balance at different 
ages may result in different behavioral deficits and is likely related to the onset and severity of 
developmental pathologies in psychiatric diseases such as schizophrenia. However, it is unclear 
whether Nrg1-ErbB4 signaling is important only during specific developmental periods or 
throughout life. In order to understand the temporal role of ErbB4 in inhibitory function in 
cortical networks, we removed ErbB4 either during embryonic development or in adult mice. To 
assess how Nrg1-ErbB4 signaling affects cortical activity patterns, we recorded spontaneous and 
visually evoked activity in the primary visual cortex (V1) of awake or lightly anesthetized 
animals. We observed altered firing rates in both excitatory and inhibitory neurons, as well as 
altered spontaneous and visually evoked local field potential (LFP) activity when ErbB4 was 
removed either at early or late ages. Disrupted LFP activity could be rescued by restoring ErbB4 
expression during the critical period of visual plasticity (P20) but not at later ages (P150). 
However, altered LFP activity could be rescued at mature ages (P150) by optogenetic 
enhancement of mutant interneuron activity. 
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Title: Functional analysis of mutations in CADPS identified in patients with early onset bipolar 
disorder 
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Abstract: With a prevalence of 1% in general population, bipolar disorder is one of the most 
severe and common psychiatric diseases. Many studies suggest a preponderant role for genetic 
factors in bipolar disorder, mainly in early-onset form of the disease. However molecular 
mechanisms underling this disorder remains unclear. We identified missense variations and one 
deletion in a gene encoding the calcium-dependent activator protein for secretion (CADPS) in 
patients with early-onset bipolar disorder. CADPS is an essential regulator of synaptic and large 
dense core vesicles exocytosis in mammalian neurons and neuroendocrine cells, respectively. 
Moreover, CADPS promotes vesicular catecholamine uptake and storage mediated by vesicular 
monoamine transporters. In the current study, we showed that some of the mutations identified in 
patients altered the expression level of the protein due to protein stability impairment. In 
addition, we showed that two mutations impaired significantly the ability of CADPS to facilitate 
the monoamine vesicular uptake in vitro. Finally, mutant mice for Cadps (Cadps+/-) exhibited 
modification in anxiety-related behaviors as well as in behavioral despair, suggesting an altered 
sensitivity for these animals to mild acute stress, as compared to wild-type littermates. 
Altogether, our results suggest that impairment in CADPS function may affect the behavior of 
mutant subjects and such mutations may thus increase the vulnerability to early-onset bipolar 
disorders in humans. 
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Abstract: Methamphetamine (METH; “crystal”, “ice”) is a widely abused psychostimulant drug 
that can induce psychosis that is indistinguishable from schizophrenia. Repeat administration of 
METH in rodents induces a sensitized locomotor response that is thought to model the 
neurochemical changes that underlie psychoses. Previous findings of neurochemical alterations 
in the ventral hippocampus (VHipp) in schizophrenia and psychoses indicate that this region may 
be involved in the development and maintenance of positive symptoms of psychoses. However, 
the molecular mechanisms underlying this dysfunction in the VHipp are largely unknown. The 
current study used proteomic analysis to examine alterations in protein expression in the VHipp 
following METH-induced locomotor sensitization. Using a 2x2 experimental design, male 
Sprague Dawley rats (n=48) were treated with METH (1mg/kg i.p. on days 1 & 7; 5mg/kg on 
days 2-6) or saline (1mg/kg i.p.) for 7 days, followed by 14 days withdrawal. Rats then received 
acute METH (1mg/kg i.p.) or saline (1mg/kg i.p.) challenge. Locomotor activity was measured 
for 60 minutes after challenge, before rats were euthanized and the VHipp was dissected out for 
label-free quantitative shotgun proteomics (n=12). Statistical analysis of behavioural data 
showed that METH challenge resulted in a significant sensitized locomotor response in rats pre-
treated with METH, compared to all other groups (p<0.05). Triplicate analysis of the VHipp 
proteome identified 596 differentially expressed proteins across the four groups, with 370 
proteins uniquely altered in METH-sensitized rats. Changes in protein expression in METH-
sensitized rats were associated with multiple biological functions, including energy metabolism 
(e.g., ENO1 and ENO2 proteins), oxidative stress (e.g., OXSR1 and HYOU1 proteins) and 
GABA neurotransmission (e.g., GAD67 and GABRG2 proteins). These data highlight the 
importance of the VHipp in METH-induced locomotor sensitization and further our 
understanding of changes to this region in the positive symptomatology of psychotic disorders. 
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Abstract: Working memory is the capacity to hold and manipulate behaviourally relevant 
information in mind in the absence of ongoing sensory input. Here we explored the hypothesis 
that working memory for tones requires a network of oscillatory activity in auditory cortex, 
frontal cortex, and hippocampus [Kumar et al., 2015, SfN], and examined the form of such 
activity in neuronal ensembles. We recorded local field potentials from six human subjects 
undergoing invasive monitoring for pre-surgical localization of epileptic foci. The subjects were 
implanted with depth electrodes along the axis of Heschl’s gyrus (HG) containing primary cortex 
in the medial part, and subdural electrodes over temporal and frontal cortex. Following a visual 
alert subjects were presented with a pair of tones (0.5 s duration, 750 ms ISI) belonging to two 
different categories (‘Low’: 300-570 Hz; ‘High’: 2000 -2800 Hz). A visual cue (750 ms) then 
informed the subjects which tone (first or second) to keep in mind. A 3 s retention period was 
followed by a tone which could be the same or different (frequency difference ±20%) from the 
tone held in mind. The subjects made a same/different decision by pressing a button. A total of 
160 trials (80 each of ‘Low’ and ‘High’ tone retention) were presented. We measured average 
ERPs and carried out single-trial time-frequency analysis using a wavelet transform. During 
perception, both the magnitude of ERPs (~100 ms after stimulus onset) and gamma-band (60-
120 Hz) power in electrodes located in HG and lateral superior temporal gyrus (STG) showed 
category-specific responses. High tones elicited stronger responses in medial HG and low tones 
in lateral HG. During retention, sustained induced low frequency power in the delta/theta-band 
(2-8 Hz) was observed in HG, frontal cortex (inferior and superior gyri), and hippocampus. 
Sustained low frequency activity was observed in all contacts that showed gamma-band 
responses during perception. Low-frequency power during retention also showed a recency 
effect: a greater response in HG electrodes was observed for the most recently presented 
(second) tone. On the STG, however, the opposite effect was observed: a greater 2-8 Hz power 
for retention of the first compared to the second tone. The data demonstrate: 1) a network of 
brain regions during auditory working memory that includes auditory, frontal, and hippocampal 
cortex 2) theta-band correlates of tone retention in auditory cortex in the same neural ensembles 
that are active in the gamma band during perception 3) neural bases in the auditory cortex for 
interference effects within tonal working memory. 
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Abstract: The ventral pathway for language processing is envisioned to encode ever more 
complex and abstract features of speech (Rauschecker & Scott, Nat Neurosci 12:718-24, 2009; 
Poeppel et al, Philos Trans R Soc Lond B Biol Sci 363:1071-86, 2008). For instance, superior 
temporal gyrus (STG) is thought to be engaged in acoustic-phonetic mapping, while middle 
temporal gyrus (MTG) represents a sound-meaning interface. We examined this model using a 
dialogue-based paradigm, wherein subjects performed the Mini Mental Status Examination and 
other neuropsychological tests that assessed language and memory functions. Subjects were 
neurosurgical patients undergoing chronic invasive monitoring for medically refractory epilepsy. 
Studies were approved by the University of Iowa Institutional Review Board and NIH, and 
subjects could rescind their consent for participation at any time without affecting their clinical 
evaluation. Electrocorticography (ECoG) recordings were made simultaneously from auditory 
and auditory-related temporal cortex of Heschl’s gyrus (HG), STG, MTG, superior temporal 
sulcus (STS), supramarginal gyrus (SMG), and mesial temporal structures including 
parahippocampal gyrus (PHG). High gamma (70-150 Hz) ECoG power was calculated using an 
FIR filter implemented in MATLAB. Responses were related to listening to the instructions of 
the interviewer and to the subject’s verbal responses. As expected, posteromedial HG was 



activated during both listening and speaking regardless of the task. In contrast, STG was 
differentially affected by the tasks, with areas adjacent to the transverse temporal sulcus 
generally suppressed during self-initiated speech. STS and MTG were strongly activated during 
tasks involving lexical retrieval. While SMG is envisioned to be a major auditory-motor hub 
within the dorsal processing pathway, its anterior portion was generally activated during 
listening and suppressed during speaking. PHG was strongly activated during memory-based 
tasks. The amygdala was maximally activated in tasks possessing an emotional valence to the 
subjects. We conclude that models of speech and language processing need to incorporate brain 
regions outside classically defined auditory and auditory-related areas that subserve more general 
cognitive processes (e.g., memory retrieval, emotional valence) that are actively engaged in real-
life conversations. These patterns of cortical activation observed during performance of 
neuropsychological tests will need to be further characterized using more structured 
experimental paradigms. 
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Abstract: The perception of music and speech relies on the specialized use of neural processing 
of different degrees of temporal regularity in auditory stimuli. Previous research established 
margins of tolerance for the perception of a regular pulse in acoustic sequences (Madison & 
Merker 2002 Psych Res) and discrimination thresholds for perfectly regular or highly irregular 
sequences in normal controls and neurological patients (Grube et al. 2010 PNAS; Cope et al. 
2014 Neuropsychologia). First reports on neural correlates also either used perfectly regular or 
randomly timed sequences (Nozaradan et al. 2011 J Neurosci; Fujioka et al. 2012 J Neurosci). 
This study examines both discrimination limens and subjective ratings of systematically varied 



regularity, in correlation with EEG measures analysed by a machine learning approach. Stimuli 
consisted of sequences of 9-11 tones with different tempi (340, 400, 460 ms) and different 
degree of regularity. Discrimination limens were measured for perfectly regular (0% jitter) and 
highly irregular sequences (30% jitter). Subjective ratings of regularity were measured for 5 
levels (classes) of jitter (0, 7.5, 15, 22.5, 30%), using a Likert scale of 1-4, while EEG was 
recorded (36 trials per combination of tempo and jitter). The EEG analysis in this multi-class 
setting is based on the adaptation of techniques from Brain-Computer-Interface (BCI) research to 
identify components that reflect the degree of regularity at the individual level. The first aim here 
is to define fine-grained differences in event-related potentials (ERPs) that reflect a gradual 
change in the processing of tones as a function of the systematic manipulation of degree of 
regularity. Initial analyses demonstrate a significant difference in N1 amplitude for 0 vs. 30% 
jitter, which is in line with previous literature. Significance at single-subject level motivated a 
Machine Learning based single-trial EEG approach to differentiate in detail the neural correlates 
of rhythmic regularity in this multi-class setting. Spatio-temporal filtering techniques from BCI 
research are applied to enhance the signal-to-noise-ratio and enable us to seek fine-grained 
differences in ERPs to behavioural responses as a function of regularity at the level of the 
individual. On-going analyses including those of oscillatory activity will allow to further our 
understanding of timing functions and regularity processing in the human brain in relation to 
subjective rhythm perception, which together provide the basis for neural and behavioural 
“entrainment” with acoustic stimuli from music to speech. 
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Abstract: Conscious detection of a regular tone sequence comprised in a multi-tone, 
informational masker is accompanied by surface-negative activity in the auditory cortex time 
locked to each single tone (Gutschalk et al 2008, PLoS Biol 6:e138). Here, we evaluated how 
other areas are involved using fMRI. In Experiment 1, 15 participants listened to an ongoing, 
random multi-tone masker. Listeners were required to indicate whether or not they had detected 
a target in the preceding interval upon each color change of a square they continuously fixated. 
Targets were four isochronous tones of the same frequency. The average hit rate was 70% (8% 
false alarms). Activity for detected-versus-missed targets was observed in bilateral pre-frontal 
cortex (PFC), inferior parietal cortex (IPC), the intra-parietal sulcus (IPS), and the anterior 
insular cortex (aIC). Within the temporal lobe, only activity in the posterior right superior 
temporal sulcus (pSTS) was observed in the voxel-wise analysis. The detected-versus-correct-
rejection contrast additionally revealed activity in auditory cortex on the superior temporal plane 
(STP). Experiment 2 was performed to explore if the fronto-parieto-insular network was related 
to the target-reporting task or to the perception of the target itself (14 participants). To this end, a 
similar setup was used but targets were presented without masker. Targets were generally 
perceived in this setup (confirmed by subsequent interview), and thus intervals with and without 
a targets were compared, only. In contrast to experiment 1, listeners received three different 
instructions in subsequent trials: First, they were asked to fixate the cross in the middle of the 
screen. Second, they were asked to indicate by pressing a response button whether the cue (a 
triangle) was pointing up or down upon each color change. Third, listeners were required to 
indicate whether a target was present in the interval since the last reversal or not. The target-
present-versus-target-absent contrast revealed prominent activity in the auditory cortex, 
extending to the right pSTS for all three trials. In contrast, the fronto-parieto-insular network was 
only active in the third trial, where listeners were required to report target presence. While 
Experiment 1 might suggest that the fronto-parieto-insular network is required for perceptual 
awareness, Experiment 2 casts some doubt on this conclusion. Potentially, activity in the 
extended network is rather related to accompanying processes, such as updating working 
memory with the detected target or focused attention required to segregate the target from the 
masker. 
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Abstract: Auditory cortical processing is envisioned to include a posterodorsal “where” pathway 
subserving sound localization (Rauschecker & Scott, Nat Neurosci 12:718-24, 2009). Originally 
described in Old World monkeys, it has been identified in the human primarily using non-
invasive neuroimaging techniques. This model predicts that variations in sound location will 
maximally activate posterior regions of the auditory cortex of the superior temporal gyrus (STG) 
corresponding to monkey caudal belt and parabelt regions (e.g. area CL). We tested this 
prediction in humans using invasive electrocorticographic (ECoG) recordings. Subjects were 
neurosurgical patients undergoing invasive monitoring for medically intractable epilepsy. Studies 
were approved by the University of Iowa Institutional Review Board and NIH, and subjects 
could rescind their participation consent at any time. Speech syllables /ba/, /da/ and /ga/ were 
presented using one of three free-field speakers (-60, 0 +60 degrees azimuth, equidistant from the 
subject, eye level). Tasks included syllable detection, sound source detection or their 
combination. ECoG data were recorded simultaneously from Heschl’s gyrus (HG) and STG 
using multicontact depth electrodes and subdural grid arrays, respectively. Cortical activity was 
analyzed in the high gamma (70-150 Hz) frequency range. Syllables elicited robust responses 
throughout the auditory cortex. HG did not exhibit contralateral ear dominance, and short-latency 
responses to stimuli presented from all three locations were nearly identical. Target stimuli were 
associated with late increases in high gamma power that overlapped with behavioral responses. 
Within the most posterior portion of the STG, contralaterally presented stimuli elicited larger 
responses compared to ipsilateral or midline sources. These differences were enhanced in 
response to target stimuli. More anterior sites on STG had stronger responses to target than non-
target stimuli, yet were not affected by sound location. The lack of contralateral ear dominance 
within HG is surprising given that monkey primary auditory cortex (A1) is generally more 
responsive to contralateral stimuli (Ahissar et al, J Neurophysiol 67:203-15, 1992). The finding 
that location sensitivity is greater on posterior STG parallels the greater sensitivity to sound 
location in area CL when compared to A1 in the monkey (Recanzone et al, J Neurophysiol 
83:2723-39, 2000). Our findings provide the first human ECoG confirmation of the hierarchical 



model incorporating differential location sensitivity within relatively early stages of cortical 
sound processing. 
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Abstract: Neuronal oscillations entrain to environmental events and are thought to play an 
important role in segmenting sensory input. For instance, a prominent model of speech 
segmentation based, in part, on human intracranial recordings from auditory cortex suggests that 
theta oscillations (4-7 Hz) entrain to speech content and couple with gamma (50-120 Hz) 
amplitude (Giraud & Poeppel, Nat Neurosci 15:511-7, 2012). The extent to which such processes 
are uniquely human or evolutionarily conserved remains unclear, requiring more direct 



comparisons between humans and animal models. Here we ask which auditory cortical 
oscillations respond to sequences of nonsense words in intracranial recordings from Rhesus 
macaques and human neurosurgical patients. We used an Artificial Grammar (AG) learning 
paradigm where the monkeys and humans were first exposed to representative rule-based 
sequences of nonsense words generated by the AG. In a subsequent testing phase, we presented 
the participants with sequences that were either consistent with the AG or created a specific 
violation to the AG ordering relationship. This allowed us to study the cortical oscillations in 
response to the nonsense words (regardless of sequencing context) and how rule-based 
sequencing relationships affect these responses. As the participants listened to the testing 
sequences, we recorded local field potentials from auditory cortex in the monkeys and from 
depth electrodes along Heschl’s gyrus (HG) in humans. In the two monkeys we observed 
prominent nested oscillations in the form of theta phase coupling with gamma amplitude 
(recording sites with significant coupling, P < 0.05, Bonferroni corrected: 101/145, 70%). 
Violations of the AG ordering relationships further modulated the strength of the theta-gamma 
coupling over time (81/101, 80 %). Initial results from human recordings show similar theta-
gamma coupling (P < 0.05) in response to the nonsense word in medial HG, which is associated 
with human primary auditory cortex, but not in lateral HG. We provide evidence that monkey 
auditory neural responses show theta-gamma coupling in response to sequences of nonsense 
words, in ways that are strikingly similar to results reported elsewhere (Canolty et al, Science 
313:1626-8, 2006) and as seen in the results from our more direct comparisons with human 
intracranial recordings. The findings suggest that nested oscillations reflect general auditory 
segmentation processes that are unlikely to have, at least at this general level, uniquely 
specialised in humans, opening the door for more systematic study of neuronal processes in 
animal models and direct comparisons to human auditory neural processes. 
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Abstract: Congenital amusia is characterized by a life-long deficit in music perception, thought 
to reflect an underlying impairment in the perception of pitch. One might expect that the cortical 
regions implicated in pitch representation in typical individuals would be absent or reduced in 
amusic individuals, but this remains to be tested. We addressed this issue by measuring fMRI 
responses in 11 subjects with congenital amusia and 11 matched controls to a stimulus contrast 
that reliably localizes pitch regions in non-amusic individuals: harmonic tones versus frequency-
matched Gaussian noise. Surprisingly, amusic participants exhibited clusters of pitch-selective 
voxels that were comparable in extent, selectivity, and anatomical location to those of control 
participants. Our findings are broadly consistent with prior findings of abnormal anatomical 
connectivity between auditory and frontal cortex in amusics, despite apparently normal responses 
to sound in auditory cortex. The ability to identify regions in congenital amusics specifically 
responsive to pitch will enable their response properties and connectivity to be explored in future 
studies. 
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Abstract: Hearing loss is the biggest risk factor for tinnitus and hearing loss-related pathological 
changes in the auditory pathway have been hypothesized as the mechanism underlying tinnitus. 
However, due to the comorbidity of tinnitus and hearing loss, it has been difficult to differentiate 
between neural correlates of tinnitus and consequences of hearing loss. In this study, we 
dissociated tinnitus and hearing loss in FVB mice, which exhibit robust resistance to tinnitus 
following noise-induced hearing loss. Furthermore, knockdown of glutamate decarboxylase 65 
(GAD65) expression in auditory cortex by RNA interference gave rise to tinnitus in normal-
hearing FVB mice. We found that tinnitus was correlated with down-regulation of GAD65 in the 
auditory cortex. By contrast, cortical map distortions, which have been hypothesized as a 
mechanism underlying tinnitus, were correlated with hearing loss but not tinnitus. Our findings 
suggest new strategies for the rehabilitation of tinnitus and other phantom sensation, such as 
phantom pain. 
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Abstract: Regions of the auditory cortex are associated with many stages of processing, from 
low-level analysis of sound information all the way to stream segregation. It is largely accepted 
that while auditory cortex supports the construction of streams and auditory perceptual 
organization, frontoparietal regions are needed for cognitive processing such as decision-making, 
memory, and emotional sound content. Here we explore the role auditory cortex plays in 



judgments of musicality, a psychological construct that may be considered mid-level (possibly 
equivalent to face/scene processing in vision). Musicality is neither directly related to auditory 
object representations, nor is it considered part of higher-order cognition (i.e., concepts, 
attention, problem-solving). It is, therefore, an open question as to whether musicality judgments 
rely on frontoparietal cortex or can be computed in auditory cortex. In Exp. 1, subjects evaluated 
50 ten-tone sequences according to how musical they judged them to be. A unique corpus was 
designed that controlled for timbre, pitch content, pitch range, rhythm, note and sequence length, 
and loudness. Musicality ratings were on a scale of one (not musical) to five (very musical). 
Stimulus ratings showed significantly distinct groupings of musical versus non-musical 
sequences. To test the degree to which low-level organizational parameters affect musicality 
ratings, in Exp. 2 we manipulated the 7 most musical and 7 least musical sequences by changing 
auditory scene analysis (ASA) cues for a subset of tones. Changes in Amplitude and Timbre lead 
to a significant reduction in musicality ratings, whereas changes in the Attack of the tone onsets 
increased the musicality ratings. These results suggest that ASA cues have a direct influence 
over music processing. In an effort to explore whether similar neural structures are involved in 
processing music versus ASA cues, in Exp. 3 we used fMRI during a one-back memory task on 
the same stimuli from Exp. 2. We found that differences in processing musical versus 
nonmusical sequences correlated with a large area of auditory cortex and almost no 
frontoparietal regions. However, our ASA manipulations evoked activation in a set of 
dorsolateral areas including MFG, SMA, and supramarginal gyrus. These data suggest that 
auditory cortex supports judgments of musicality without significant contributions from 
frontoparietal regions. Mid-level auditory representations may, thus, be confined to the superior 
temporal lobe where attention, memory, and motor systems can act upon them. 
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Abstract: In static photographs, facial identities and expressions can be recognized accurately 
based only on form and shape. In real-world settings, identity and expression perception is 
robust, and sometimes even facilitated, in the presence of facial motion. We aimed to understand 
the contributions of form and motion to facial perception and to reveal the coding of these 
attributes in the brain. In particular, we focused on the information carried by oscillatory 
responses. We employed a “face space” approach, which characterizes face representations as 
distances in a dissimilarity space. We obtained dissimilarities behaviorally by asking participants 
to judge either form- or motion-based dissimilarity for 36 videos (2 sec each) of six facial 
identities who expressed six possible emotional expressions. These form-based dissimilarities 
accounted for differences in identity (and, to a lesser extent, expression) while motion-based 
dissimilarities accounted only for differences in facial expression. We then identified brain 
responses with similar face space structure to the behaviorally-measured form- and motion-based 
dissimilarities. We obtained magnetoencephalography (MEG) scans in 17 of the same 
participants and computed dissimilarities based on correlations between the sensor responses to 
the 36 faces. These dissimilarities were then tested for correspondence with the behavioral form- 
and motion-based face spaces using representation similarity analysis. We found that form-based 
spaces (which primarily distinguished identities) were expressed by evoked responses during the 
M170 component and in induced beta power between 150-1000 msec. Motion-based spaces 
(which distinguished emotional expressions) manifested in induced beta power between 300 and 
1000 msec. While some past studies have suggested a role for sustained beta power in coding for 
fearful expressions, we show that it indexes population coding of basic information used to 
perceive identities and expressions in realistically dynamic contexts. 
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Abstract: By combining different facial muscle actions, called action units, humans can produce 
an extraordinarily large number of facial expressions. Computational models and studies in 
cognitive science and social psychology have long hypothesized the brain needs to visually 
interpret these action units to understand other people's actions. Surprisingly, no studies have 
identified the neural basis of the visual recognition of these action units. Here, using functional 
Magnetic Resonance Imaging and an innovative machine learning analysis approach, we identify 
a consistent and differential coding of action units in the brain. Crucially, in a brain region 
thought to be responsible for the processing of changeable aspects of the face, multi-voxel 
pattern analysis could decode the presence of specific action units in an image. This coding was 
found to be consistent across people, facilitating the estimation of the perceived action units on 
participants not used to train the multi-voxel decoder. Furthermore, this coding of action units 
was identified when participants attended to the emotion category of the facial expression, 
suggesting an interaction between the visual analysis of action units and emotion categorization 
as predicted by the computational models mentioned above. These results provide the first 
evidence for a representation of action units in the brain and suggest a mechanism for the 
analysis of large numbers of facial actions and a loss of this capacity in psychopathologies. 
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Abstract: Facial motion is a primary source of social information about other humans, regarding 
their emotional state, direction of attention, and vocal utterances. Prior fMRI studies have 
identified regions of the superior temporal sulcus that respond specifically to perceived face 



movements (termed fSTS), but little is known about the nature of motion representations in these 
regions. Do neural responses in fSTS contain information about specific perceived face 
movements? If so, does this region represent complex face movements holistically, or in terms of 
component movements of different parts of the face? The present study addresses these questions 
using fMRI and multivoxel pattern analysis. Participants (N=24) viewed a set of dynamic face 
movements, including four eye/eyebrow movements, four mouth movements, and combinations 
of these, performed by one of two actors and presented in one of four visual positions. Our 
results demonstrate that fSTS response patterns contain information about face movements, 
including subtle distinctions between types of eye and mouth movements. These representations 
generalize across the actor performing the movement, and across small differences in visual 
position. Critically, patterns of response to combined movements could be well predicted by 
linear combinations of responses to individual eye and mouth movements, pointing to a parts-
based representation of complex face movements. These results indicate that the fSTS plays an 
intermediate role in the process of inferring social content from visually perceived face 
movements, containing a representation that is sufficiently abstract to generalize across low-level 
visual details, but still tied to the kinematics of face part movements. 
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Abstract: Human face recognition and face individuation are often attributed to configural 
processing (Maurer et al., 2002). That is, processing of the spatial relationships among the shape 
features of a face, such as the distance between the eyes, nose and mouth. The configural 
processing of faces is thought to be mediated by brain regions within the ventral visual pathway, 
more specifically brain regions involved in face perception such as the fusiform face area 
(Zhang, Liu & Xu, 2015). Configural processing, however, likely involves visuospatial 



mechanisms, which raises the question of whether brain regions within the dorsal visual 
pathway, the main location-processing network of the brain, contribute to this process and, if so, 
whether the dorsal stream is necessary for the configural processing of faces. Here, we explored 
this issue in human adults performing a same-different face task while undergoing functional 
magnetic resonance imaging (n = 21) and, in a separate experiment, while undergoing 
transcranial magnetic stimulation (TMS; n = 20). Two face exemplars presented simultaneously 
on a screen could differ in terms of the shape (featural differences) or the spatial configuration of 
their shape features (configural differences). Differences (featural/configural) were matched in 
difficulty (RT and accuracy), number and pattern of eye-fixations. Within a-priori localized, 
dorsal stream regions (identified using an independent, distance-estimation localizer), configural 
differences led to significantly stronger activation compared to featural differences and the 
magnitude of this activation correlated with behavioral performance. Further, bilateral 
transcranial magnetic stimulation centered at the most active voxel of the distance-estimation 
localizer task (identified separately for each participant within dorsal cortex) significantly 
impaired participants performance on configural but not featural difference detections between 
faces, in comparison to no TMS trials and TMS on the vertex (the control site). We conclude that 
location-processing mechanisms within the dorsal visual pathway process the configuration of 
face features and, further, appear to be necessary for the configural processing of faces. 
References Maurer, D., Le Grand, R., & Mondloch, C. J. (2002). The many faces of configural 
processing. Trends in cognitive sciences, 6(6), 255-260. Zhang, J., Liu, J., & Xu, Y. (2015). 
Neural Decoding Reveals Impaired Face Configural Processing in the Right Fusiform Face Area 
of Individuals with Developmental Prosopagnosia. The Journal of Neuroscience, 35(4), 1539-
1548. 
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Abstract: Information about faces is represented in occipital temporal (OT) regions, including 
occipital face area (OFA), fusiform face area (FFA), and posterior superior temporal sulcus 
(pSTS). A dominant view has been that structural information is represented in OFA, identity-
related features such as gender and race in FFA, and expression-related features in pSTS (Haxby 
et al., Trends in Cogn Sci 4:223-33, 2000). However, other studies have reported representation 
of expression in FFA and of identity in pSTS (Fox et al., Neuroimage 44:569-80, 2009). These 
conflicting reports may to some extent reflect the small stimulus sets typically used in fMRI 
experiments on faces. Here we used a large naturalistic stimulus set and multi-feature voxel-wise 
encoding models (Kay et al., Nature 452:352-5, 2008) to better recover the representations of 
face-related information in the brain. We collected BOLD data from 6 subjects while they 
viewed 941 face images. We then used regularized linear regression to fit 3 separate feature 
spaces to individual voxel timecourses: [1] a Gabor wavelet model, [2] a model describing the 
locations of 66 structural landmarks (e.g. corners of the eyes), and [3] a model based on 102 
semantic features. Model fit was validated on a voxel-wise basis by assessing prediction 
accuracy using a separate dataset. In non-retinotopic OT cortex including OFA, FFA, and pSTS, 
the semantic model predicted activity more accurately than the other two models, suggesting 
these regions are more tuned to semantic than low-level or structural information. Next we 
performed independent component analysis on the semantic model weights to explore tuning to 
semantic features across OT cortex. Three independent components (ICs) emerged consistently 
across subjects. To interpret these ICs, we correlated them with hypothetical dimensions derived 
from separate behavioral ratings of the images. The ICs were highly correlated with [1] positive 
(vs. negative) expressions and social value of traits (e.g. attractiveness), [2] arousal, and [3] 
dominance (vs. submissiveness), respectively. A t-test contrasting identity- vs. expression-related 
feature coefficients was significant only for IC2, which had greater loadings on expression-
related features. ICs 1 and 3 closely resembled joint expression and social trait dimensions 
derived by Oosterhof and Todorov (PNAS 105:11087-92, 2008) from behavioral ratings. In 
summary, our findings indicate widespread tuning to semantic face features across OT cortex, 
with complex representation of social-affective information crossing boundaries of identity and 
expression. 
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Abstract: In both human and monkey imaging studies, the amygdala responds more to 
emotional facial expressions than neutral expressions. We hypothesized that the amygdala 
conveys information about the emotion a face is expressing to regions of the monkey inferior 
temporal cortex, called face patches, that respond significantly more to images of faces than non-
face objects. To map where the amygdala projects, we electrically stimulated the amygdala in 
two rhesus monkeys and used functional MRI (fMRI) to identify regions functionally activated 
by projections arising in the amygdala. The pattern of functional activation was strongly 
dependent on which part of the amygdala was stimulated. Stimulation of both the lateral nucleus 
and the ventral (parvicellular) subdivision of the basal nucleus of the amygdala resulted in 
activation of the stimulated amygdala, some subcortical targets, and a few higher order sensory 
areas in the stimulated hemisphere. There was little or no significant activation of any of the face 
or object patches, which had been previously mapped in these animals using fMRI. In contrast, 
stimulation in the dorsal and intermediate subdivisions of the basal nucleus resulted in 
widespread bilateral activation of frontal, insular, auditory, and visual cortex. In particular, 
stimulation of these subdivisions significantly activated both face and object patches in the 
ventral visual stream. To quantify the relative strength of these projections, we averaged the 
stimulation-induced signal change across all voxels in the face and object patches. In the 
stimulated hemisphere, there was significantly stronger activation of the face patches than the 
object patches in both monkeys (2.0% vs 1.3%, 1-tailed t-test, p<0.005). Even in the contralateral 
hemisphere, where the effects of stimulation were weaker overall, projections to the face patches 
were stronger than to the object patches (1.1% vs. 0.6%, p<0.002). Thus, feedback from the 
amygdala to visual areas involved in form processing preferentially target areas selective for face 
processing over areas selective for processing of inanimate objects. These amygdala projections 
to the face patches are likely important for deciphering the emotional state of other from their 
facial expressions. 
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Abstract: An extensive body of work documents the time course of neural face processing in 
human visual cortex. However, the majority of this work focuses on specific temporal 
landmarks, such as N170 and N250 ERP components, derived through univariate analyses of 
EEG data. Here, we re-evaluate the functional significance of these landmarks as we attempt to 
move beyond the leading theoretical and methodological framework by the application of pattern 
analyses to EEG data. Specifically, we investigate the time course of stimulus discriminability as 
related to identity recognition as well as to gender and expression recognition. To this end, we 
used 64 electrodes (10-20 system) to record electrophysiological activity from the scalps of 10 
participants while they viewed images of 4 different individuals displaying different emotional 
expressions. Pattern classification was then conducted both in time (for each electrode) and in 
space (across electrodes) to investigate the spatiotemporal profile of face discrimination. Our 
results confirm the significance of traditional ERP components in face processing. At the same 
time though, they support the idea that the temporal profile of face recognition is incompletely 
described by such components. First, we show that signals associated with different facial 
identities can be discriminated from each other outside the scope of these components, as early 
as 100ms following stimulus presentation. Next, electrodes associated with traditional ERP 
components as well as, critically, those not associated with such components are shown to 
contribute valuable information to stimulus discriminability. And last, the levels of EEG-based 
pattern discrimination are found to correlate significantly with recognition accuracy across 
subjects confirming the relevance of these methods for bridging brain and behavior data. 
Altogether, the current results shed new light on the fine-grained time course of neural face 
processing and showcase the value of novel methods for pattern analysis to investigating 
fundamental aspects of visual recognition. 
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Abstract: In macaque inferior temporal (IT) cortex, multiple face selective regions were 
identified by fMRI (Freiwald and Tsao, 2010). They reported that one of face selective regions 
(AL patch; spanning for several millimeters) included neurons that were tuned to mirror 
symmetric views of faces. However, the spatial arrangement of these neurons within the face 
region is not well understood. Here, we used electrode arrays and identified a face region 
(potentially corresponding to AL patch) in anterior IT cortex by Face Selective Index (FSI) (for 
FSI, see Freiwald and Tsao, 2010) (Fig.1, left panel). Then, we investigated spatial arrangement 
of neurons with respect to preferred viewing angles in the face region. The electrode arrays 
consisted of 8 shanks (spacing, 200 µm) with 8 electrical contacts each (spacing, 200 µm). We 
found that (1) neurons were view selective, (2) there was no representation for viewing angles 
more than 90 degree from the front face, (3) neurons responded to mirror-symmetric viewing 
angles, and (4) preferred viewing angles gradually shifted from shank to shank making viewing 
angles to be continuously mapped (Fig. 1, right panel). Modeling of functional maps with the 
preferred viewing angles from the discrete samples of neural responses suggested that the face 
region contained multiple maps where preferred views were mapped continuously around 90 
degree representation (Fig. 2). In this way, the face region was covered by the maps without 
discontinuity. Thus, there are two principles for functional organization of facial views in the 
face region, local continuity and global continuity across the maps. These maps may imply 



functionally distinct sub-regions within the face region such as distinct functions between V1 
and V2. Previously identified columnar regions with systematic arrangement of preferred 
viewing angles (spanning for ~0.5 x 1.2 mm) in anterior IT cortex (Wang et al. 1996, 1998) may 
consist of a part of view maps within the face selective region. 
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Title: Unsupervised learning of invariant face representations from natural video in a model of 
the macaque face processing system 
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Abstract: Populations of neurons in the anterior medial (AM) face patch maintain an explicit 
code for face identity that also tolerates transformations like position, scale, and viewing angle. 
This work develops a biologically plausible model of the processing in the macaque face patches 
leading up to AM. The model is trained in an unsupervised fashion using natural videos collected 
from YouTube. It exploits the temporal continuity of the visual world by assuming that frames 
from nearby times will have invariant identity content. By associating frames in this manner, a 
representation that tolerates whatever transformations occurred in the video can be achieved. 
Intriguingly, this model recapitulates several otherwise mysterious aspects of the macaque face 
patch system. 
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Abstract: Face patches in macaque inferotemporal (IT) cortex (e.g. Tsao et al., 2003, 2008) 
form an interconnected network as shown in combined electrical microstimulation (EM) - fMRI 
experiments (Moeller et al., 2008). More recent research showed the existence of body patches in 
macaque IT, adjacent to and even partially overlapping with regions more activated by faces 
(e.g. Pinsk et al., 2005; Popivanov et al., 2012, 2014). We aimed to directly compare the 
effective connectivity of face patches ML and AL with that of the mid STS body patch using 
fMRI-EM (Ekstrom et al., 2008). We first identified face and body patches based on fMRI and 
single-unit recordings in two macaque monkeys (G and D). During the subsequent anesthetized 
fMRI-EM experiments, EM blocks were interleaved with no-EM blocks. In EM blocks, the 
individual patches were stimulated at 1 mA using a platinum-iridium electrode (impedance: 40-
150 kΩ) inserted in a recording grid. EM lasted for 250 ms (pulsewidth: 0.48 ms, frequency: 200 
Hz) and was repeated on average every 2 seconds. Both monkeys were injected with a contrast 
agent and scanned on a 3T Siemens MR scanner with an 8-channel phased-array coil. Data were 
acquired in two sessions per animal for every EM-site. Corroborating previous research (Moeller 
et al., 2008), EM of AL and ML caused increased fMRI activations in both animals throughout 
the face patches in IT. EM of the mid STS body patch elicited increased activation in a network 
of IT areas, which was largely segregated from the network activated by AL-EM (p < 0.05, FWE 
corrected). A conjunction analysis only showed a few voxels co-activated by AL-EM and body-
EM. We also obtained a negative correlation between the voxel’s t-score values for the contrasts 
AL-EM vs no -EM and body-EM vs no-EM (Spearman rank correlation, monkey D: -0.35, 
monkey G: -0.35), indicating that voxels significantly driven by one contrast were not activated 
by the other. Furthermore, ML-EM and body-EM also increased activation in two separate 
networks in anterior IT (p < 0.05, FWE corrected), although co-activated voxels were found in 
posterior IT (conjunction analysis, p < 0.05, FWE corrected). The latter finding may be due to 
the very close proximity of both patches and spill-over of the EM effect from the target to the 
neighbouring patch. Finally, similar to EM of the face patches, body-EM increased activation 
throughout the body-selective regions. These results suggest that face and body patches form two 
interconnected hierarchical networks that are largely separated within monkey IT. 
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Abstract: The goal of this study was to examine the neural correlates of naturalistic,, real world 
recognition of a person approaching from a distance. We investigated the time course of neural 
response differentiation for familiar and unfamiliar people across a network of face- and body-
selective brain regions in the dorsal and ventral visual processing streams. Specifically, we 
applied pattern classification analysis to discriminate these neural activity patterns at multiple 
time points in the approach, with time points corresponding to different viewing distances. First, 
human participants (N = 12) were visually familiarized with identities using multiple, diverse 
videos. Next, in a 3T fMRI scanner, they viewed 8s videos of people (half familiar/half 
unfamiliar) approaching a camera from a distance of ~13.6m. A pattern classifier was applied to 
voxels in face- and body-selective ROIs to discriminate neural responses to familiar and 
unfamiliar people. Classification accuracy (d’) was computed separately across the 4-TR video 
timeline of the approach, from the most distant view (TR1) to the closest view (TR4). The neural 
responses to familiar and unfamiliar people were discriminable during TR3 (M = 0.77, SE = 
0.17, p = .001) in an ROI that contained body-selective voxels in ventral-temporal cortex (bodies 
> objects + scrambled images, p < .0001, uncorrected). With analogously defined face-selective 
voxels, classification was not above chance for any TR. In classically defined face- and body-
selective regions, accuracy also peaked in TR3 in the left fusiform face area (M = 0.45, SE = 
0.11, p = .001) and right fusiform body area (M = 0.55, SE = 0.14, p = .003). Notably, in both 
the right fusiform face area (rFFA) (M = 0.50, SE = 0.16, p = .009) and in the anatomically 
defined right posterior superior temporal sulcus (rpSTS) (M = 0.54, SE = 0.21, p < .0001), 
classifier accuracy was highest at the most distant view (TR1). In lower-order visual areas, 
including the occipital face area and extrastriate body area, classification was at chance for all 
TRs. In conclusion, a neural familiarity signal is detectable for people viewed from a distance in 
both the dorsal (rpSTS) and ventral (rFFA) visual streams. At closer distances, only ventral face- 
and body-selective areas signaled familiarity. Notably, body-selective areas differentiated the 
neural response to familiar and unfamiliar people more accurately than face-selective areas. In 
the context of previous studies, these findings suggest the importance of motion in triggering 
differential responses to familiar and unfamiliar people. 
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Abstract: Introduction: Pharmacological activation of adenosine receptors in mice and rats 
causes torpor, which is characterized by reduced body temperature (hypothermia) and reduced 
physical activity. The current experiments examined the role of adenosine agonists at the A1AR 
and A3AR in eliciting these effects.  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 wild type, Adora1-/-, and Adora3-
/- mice. Results: All agonists tested i.p. (MRS5474; N6-cyclopentyladenosine, CPA; N6-
cyclohexyladenosine, CHA; 5’-chloro-5’ deoxy-ENBA, Cl-ENBA; and MRS5698) caused dose-
dependent hypothermia and decreased physical activity in wild type mice. Hypothermia induced 
by A3AR agonist MRS5698 was abolished in Adora3-/-, but not in Adora1-/-, mice, 
demonstrating that MRS5698 (10 mg/kg) is selective for A3AR. A3AR agonist, but not A1AR 
agonists induced hypothermia was prevented by pretreatment with histamine H1 antagonists 
(i.p.). Interestingly, the hypothermia elicited by commonly used A1AR agonists CPA and CHA 
was at least partially reduced in the Adora3-/- . We found CPA (0.3 mg/kg), CHA (0.05 mg/kg), 
and Cl-ENBA (3 mg/kg), at doses that are in the range typically used to study A1AR function, to 
also cause hypothermia via an A3AR mechanism. Conclusions: These results demonstrate that 
activation of both A1AR and A3AR can cause hypothermia through independent mechanisms. 
Our results also suggest that nucleoside derivatives commonly used as selective A1AR agonists 
may also activate the A3AR in vivo, at the doses used to produce hypothermia. 
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Abstract: Circulating cytokines play a pivotal role in immune-to-brain signaling, particularly in 
brain mediated adaptive response such as fever. We have previously shown that brain endothelial 
prostaglandin E2 is an essential mediator for the febrile response and that pyrogenic interleukin 6 
(IL-6) mediates prostaglandin E2 induction via brain endothelial IL-6 receptor α and Signal 
Transducer and Activator of Transcription 3 (STAT-3). However, IL-6 injected peripherally is 
not sufficient to induce fever, which indicates that other circulating mediators are also involved. 
Cytokines of the IL-1 family and toll-like receptor ligands such as lipopolysaccharide are 
obvious candidates. We generated two mouse lines with selective deletion of myeloid 
differentiation primary response gene 88 (MYD88), an intracellular protein in the TLR4/IL-1R 
signaling pathway, in the brain endothelium and in myeloid cells. Upon immune challenge with 
lipopolysaccharide, mice lacking MYD88 in brain endothelium showed strongly attenuated 
febrile responses whereas mice lacking MyD88 in myeloid cells displayed normal fevers. Our 
findings show that MyD88-dependent signaling in the brain endothelium is critical for the febrile 
response. 
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Abstract: Bombesin receptor subtype-3 (BRS-3) is an orphan G protein-coupled receptor 
expressed in several brain regions, including hypothalamic areas such as the paraventricular 
nucleus of the hypothalamus (PVH), dorsomedial hypothalamus (DMH), and arcuate nucleus 
(Arc). BRS-3 regulates energy homeostasis since its agonists stimulate brown adipose tissue 
(BAT) activation through sympathetic activation and suppress food intake. We measured BAT 
temperature in urethane anesthetized mice and probed brain regions with stereotactic injections 
of the BRS-agonist MK-5046 (1 mg/ml). Large volume (700 nl) intrahypothalamic injections of 
MK-5046 raised BAT temperature by 0.75 ± 0.11 vs 0.08 ± 0.14 °C after vehicle. Small volume 
(25 nl), nucleus-targeted MK-5046 injections in the DMH and Arc, but not in the PVH, raised 
BAT temperature. These results confirm that hypothalamic activation of BRS-3 increases BAT 
temperature. More specifically, these results suggest that the thermogenic effects of BRS-3 
activation occur selectively, mediated by a subset of BRS-3-expressing neurons. 
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Abstract: The C1 neurons of the rostral ventrolateral medulla (RVLM) have a mixed 
catecholaminergic and glutamatergic phenotype, are activated by stressors such as hypoxia, 
hypotension and hemorrhage and regulate sympathetic tone to cardiovascular organs. In 
anesthetized animals C1 neurons are extremely active and probably essential to maintain BP but 
their contribution to BP regulation in conscious animals is unclear. Optogenetic C1 cell 
activation, using Channelrhodopsin, increases blood pressure (BP) and sympathetic nerve 
activity (SNA) in conscious rats but selective destruction of these neurons alters BP very little. 
The lack of effect of these lesions could be explained by adaptive changes to C1 cell lesion or by 
the fact that the C1 neurons contribute little to BP at rest. In order to measure the contribution of 
the C1 cells to BP in intact conscious animals we decided to examine the effect produced by 
transient, bilateral and reversible inhibition of these neurons. To do this C1 neurons were 
bilaterally transduced to express the light-driven proton pump Archaerhodopsin (ArchT) 
(lentiviral vector, PRSx8 promoter). Single-unit recordings in 3 anesthetized rats revealed that a 
majority (7/11) of putative C1 neurons (i.e. barosensitive) were reversibly inhibited by laser (530 
nm, 3-4 mW) light (82.6 ± 11.6 % reduction in action potential firing, p = 0.01). For conscious 
loss of function studies, C1 neurons of 5 rats were bilaterally transduced to express ArchT and 
fiberoptic/ferrule assemblies were implanted. Four to six weeks later, telemetric BP probes were 
implanted. After recovery, rats were placed in a plethysmography chamber on top of a wireless 
receiver, to record ventilation and BP. Bilateral inhibition for 10 s had virtually no effect on BP 
in conscious unstressed rats under normoxic conditions (21% FiO2). However, the ArchT-
induced hypotension increased significantly during hypoxia (-11.4 ± 1.9 mmHg in 10% O2 
versus -2.9 ± 0.9 mmHg in 21% O2, p = 0.001). By contrast, ArchT-induced hypotension was 
unchanged by normoxic hypercapnia (6% FiCO2; -3.5 ± 1.2 mmHg vs. -2.9 ± 0.9 mmHg without 
added CO2, p = 0.465). The addition of 3% FiCO2 to 10% FiO2 reduced ArchT-induced 
hypotension (7.4 ± 1.0 mmHg vs. 11.4 ± 1.9 mmHg in hypoxia alone, p = 0.035). In conclusion, 
the C1 neurons seem relatively inactive in normoxic unstressed rats. During hypoxia, these 
neurons are activated and prevent BP from falling, presumably by increasing SNA. The hypoxic 
activation of the C1 neurons could be intrinsic, directly mediated by peripheral chemoreceptors 
or may be partly arousal- or stress-dependent. 
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Abstract: Background/Aims: The dorsomedial hypothalamic region is thought to be critical in 
adaptive thermoregulatory responses such as psychological stress-induced hyperthermia, though 
the neural pathways and neurotransmitters are not fully understood. We hypothesize that stress-
induced hyperthermia is dependent on glutamatergic neurons in the dorsal hypothalamic area that 
innervate the raphe pallidus. The aim of the present study was to determine the neurochemical 
phenotype of RPA-projecting DHA neurons that are active during psychological stress. Further, 
we determined if chemogenetic inhibition of DHA neurons is capable of preventing stress-
induced hyperthermia in conscious mice. Methods and Results: Male VGLUT2-IRES-Cre/GFP 
(n=4) and VGAT-IRES-Cre/GFP (n=4) were used in these studies. First, anesthetized mice were 
stereotaxically injected with retrograde tracer, cholera toxin subunit b (CTb), in the RPa. Seven 
days after CTb microinjections, mice were exposed to a psychological stress: singly housed mice 
were switched to an empty cage previously occupied by a singly housed male. After two hours, 
mice were euthanized and processed for immunostaining for CTB and CFOS, a marker of 
neuronal activation. A majority of CTB immunostained neurons in the DHA were glutamatergic 
(83%, N=4), with virtually no GABAergic colocalization (N=4). Psychological stress induced a 
large increase the number of CTB+/VGLUT2+ neurons expressing CFOS (control: 12%, N=2; 
stress: 34%, N=2). In a separate series of experiments, we bilaterally injected a mixture of AAV-
Cre and AAV-Flex-hGlyR-mCherry in the DHA of male C57BL/6 mice. HGlyR is a mutated 
human glycine receptor in which Ivermectin (hGlyR ligand) (IVM) gates a chloride channel. 
Two weeks after virus injection, core temperature (Tc) data loggers were implanted in the 
peritoneal cavity. Following recovery, mice were exposed to psychological stress after vehicle 
and VM (5mg/kg i.p.). Treatment with IVM reduced the hyperthermic response to psychological 
stress in mice with injections bilaterally targeted in the DHA (Δ°C 2.67 ± 0.24 after vehicle vs. 



1.03 ± 0.35 after IVM, n=3), but had no effect in mice with off-target injections (n=4), or in 
controls (n=6). Conclusion: These experiments support the idea that a direct glutamatergic 
projection from DHA to the RPa is required for the hyperthermic response to psychological 
stress. 
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Abstract: Neurons are energetically demanding cells; however neurons do not store glycogen or 
other reserves and require a continuous monosaccharide or monocarboxylate supply. Although 
debated, neurons may prefer mitochondrial oxidative processing of astrocyte-supplied 
monocarboxylates over glycolysis. To test preferred fuels, we first investigated effects of 
energetic challenges on neuronal survival in mixed neuron/astrocyte microcultures. We 
incubated cells overnight in unsupplemented, glucose-free saline, while blocking glutamate 
receptors to inhibit excitotoxic contributions. As rated by observers naïve to experimental 
conditions, neurons survived overnight glucose deprivation but died when further challenged 
with overnight incubation with additional 30 mM extracellular potassium, meant to deplete ATP 
reserves. Neuronal survival was increased by the addition of glucose or by pyruvate, suggesting 
that cell damage reflected metabolic factors. Blocking monocarboxylate transport with 100 µM 
4-CIN in glucose-free saline resulted in extensive neuronal death, but survival was improved 



with glucose. These results suggest that glucose and astrocyte-derived monocarboxylates can 
sustain neurons during overnight metabolic stress. To further investigate the effects of astrocyte 
metabolic support on neuronal function, we studied neurotransmission in microcultures 
containing or lacking astrocytes (+astrocyte, -astrocyte respectively) maintained overnight in 
glucose-free saline with or without 15 mM KCl, conditions that permitted survival. In all 
conditions, key elements of neurotransmission remained functional, assessed by evoked EPSCs. 
We further challenged glutamatergic neurons with 90 mM extracellular KCl for 30 s to 
depolarize cells and induce ATP-demanding vesicle recycling. Although we did not detect a 
significant effect of the overnight 15 mM K+ treatment on EPSC recovery following acute 
challenge, an ANOVA revealed that –astrocyte EPSCs recovered less completely than +astrocyte 
EPSCs (p<0.01, n = 21, 22). When overnight medium and recording solutions were 
supplemented with glucose, -astrocyte glutamatergic neurons still exhibited deficient recovery. 
In summary, neurons are surprisingly resilient to overnight glucose deprivation in mixed cell 
cultures, and this resilience is mediated by astrocyte-derived monocarboxylates. Although 
glucose alone can directly improve neuronal survival in the absence of astrocyte-derived 
monocarboxylates, glucose appears unable to rescue neurotransmission following a combined 
subchronic and acute energetic challenge in the absence of astrocytes. 
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Abstract: Recently it has been suggested that the endocannabinoid system regulates the function 
of mitochondria, which play a vital role in supplying cellular energy, inter-organelle 



communication, ageing, and signaling cell death. Centrally, mitochondria dysfunction such as 
bioenergetics defects, mitochondrial DNA mutations, and altered mitochondrial dynamics have 
been identified as central causal factors in the pathogenesis of neurodegenerative disorders. 
Activation of the CB1R has been shown to regulate mitochondria biogenesis, alter mitochondrial 
morphology and physiology, and modulate components of the electron transport chain. 
Previously it has also been demonstrated that voltage-dependent anion channel 1 (VDAC1), a 
channel located in the mitochondrial outer membrane and a pivotal component in mitochondria-
mediated apoptosis, is a target of cannabidiol. Cannabidiol is not a classical agonist of the CB1R 
and its functional mechanism remains unknown. Therefore, we investigated the role of CB¬1R 
signaling on VDAC1 abundance using CB1R knockout mice. Three cohorts of male CB1R 
knockout mice (c57BL6 background) and their wild-type littermates were generated for this 
study. For the initial cohort mice were perfused for immunocytochemistry. In the second and 
third cohorts, the whole hippocampus was extracted for qRT-PCR, western blot, and 
mitochondrial membrane permeability analysis. Initial findings indicate increased measures of 
VDAC1 protein in CB1R knockout mice in the CA1, dentate gyrus, and CA3; however, protein 
levels did not reach significance in the latter. Whole hippocampus mRNA expression of Bax was 
increased in CB1R knockout mice, whereas expression of Parp1, Parp2, and Apaf-1 was 
decreased. There were no significant changes in expression of TNFR1 or TNFR2. Collectively 
these findings demonstrate that CB1R deficient mice have increased mitochondrial membrane 
permeability and potentially an increased metabolite flux through the VDAC channel. There 
were no indications in the gene expression of DNA damage in the basal state suggesting 
increased energy regulation without apoptosis. Results add to current literature that suggests a 
regulatory role for endocannabinoid signaling in moderating mitochondria permeability. 
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Abstract: Food restriction (FR) model has been widely used as an animal model of the 
nutritional aspect of anorexia nervosa. Dietary restriction can trigger the development of 
cardiovascular dysfunctions such as ventricular hypertrophy, hypotension, bradycardia and 
cardiac arrhythmias. In a recent study, we observed that rats submitted to FR presented an 
increased activity of endothelial α1 adrenergic receptors, as well as an increased brain 
angiotensin II AT1 receptor activity. Moreover, it is well known that the PVN is an important 
brain nucleus that regulates the sympathetic nervous system and can be influenced by the AT1 
receptors. Therefore, the goal of this study was to evaluate the blockade of GABAergic and AT1 
receptors within the PVN on basal blood pressure and heart rate (HR) of rats submitted to food 
restriction. Fischer female rats, weighing 220g, were submitted to FR receiving 40% (± 6.0g) of 
the average intake of the control group for 14 days. On the seventh day of food restriction the 
rats were submitted to bilateral guide cannula implantation in the PVN. After 7 days, they were 
catheterized with a polyethylene tube in the femoral artery for recording cardiovascular 
parameters; mean arterial pressure (MAP) and heart rate (HR). We began the experimental 
procedures 48 hours after the last surgical procedure. After 14 days, there was a reduction in 
body weight of approximately 26g in the FR group (C: 201.6g ± 1.8, n=13 vs. FR: 176.1g ± 2.1, 
n=14; p<0.05). Injection of muscimol, a GABAA agonist, into the PVN increased MAP (C: Δ 1.7 
± 1.6 mmHg, n=6 vs. FR: Δ 9.7 ± 2.2 mmHg, n=7, p=0.0163) and HR (C: Δ -1.2 ± 14.9 bpm, 
n=6 vs. FR: Δ 80.7 ± 12.8 bpm, n=7, p = 0.0015) in food restricted animals when compared to 
control. In another experiment we found that the blockade of AT1 receptors within the PVN, 
with losartan, induced an increase in blood pressure in rats subjected to FR when compared to 
the control (C: Δ 1.6 ± 1.4 mmHg, n=7 vs. FR: Δ 9.9 ± 3.5 mmHg, n=7; 0.0496). It also led to a 
reduction in HR in these animals (C: Δ 17.0 ± 11.8 bpm, n=7 vs. FR: Δ -29.7 ± 14.2 bpm, n=7; p 
= 0.0263). These results suggest that the increase in sympathetic activity in rats with FR may 
result from changes in GABAA and AT1 receptors activity within the PVN. 
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Title: Characterizing cardiovascular autonomic dysfunction in individuals with spinal cord 
injury 
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Abstract: Recognizing the pattern of autonomic control of the heart and blood vessels is a 
prerequisite for an effective treatment of abnormal blood pressure (BP) regulation in individuals 
with spinal cord injury (SCI). The goal of this study was to characterize short-term BP and heart 
rate (HR) responses to orthostatic stress (sit-up test) in individuals with SCI independent of their 
diagnoses of sensory-motor impairment scale and level. Continuous finger BP and HR were 
recorded from 20 subjects with AIS scale graded A, B, C or D, and neural level ranged from C3 
to T11, during 15 minutes of supine rest followed by a quick passive sit-up and 15 minutes of 
quiet sitting. There were diverse BP and HR responses to orthostatic stress among individuals. 
Specifically, 1) two had normal increases in HR and BP in response to upright position. 2) Four 
developed orthostatic hypotension with a normal increase in HR. 3) Six had normal increases in 
HR but no or inadequate BP response. 4) Two had higher than normal HR response but 
inadequate BP response. 5) Five had no significant HR response but had a BP response. 6) One 
had no HR or BP response. 7) Finally, one had unstable systolic and diastolic BP responses. We 
further investigated sympathetic (SNS) and parasympathetic (PNS) control of HR and SNS 
control of peripheral vasomotion by using indirect indexes from spectral analysis. Results 
showed that 1) in the four with orthostatic hypotension, responses in index of SNS modulation of 
vasomotion (low-frequency power of diastolic BP) were lower than other subjects, indicating 



impaired SNS control of vasomotion below injury level. 2) Responses in SNS modulation of 
vasomotion were correlated with responses in systolic BP among all subjects (r = 0.46, p < 0.05) 
but were not correlated with completeness of sensory-motor injury.3) In the five with no HR 
response but had a BP response, shift of cardiac sympatho-vagal balance to SNS dominance (low 
to high frequency ratio of HR power) were lower than other subjects, indicating impaired SNS 
control of HR in these subjects. 4) Responses in cardiac sympatho-vagal balance were correlated 
with HR responses among all subjects (r = 0.64, p<0.004) but were not correlated with 
completeness of sensory-motor injury. These results confirmed impaired SNS control of HR and 
peripheral vasomotion after SCI and the usefulness of indirect measures of autonomic functions 
to assess autonomic impairment, and also indicated the importance of recognizing the pattern of 
autonomic impairment in individuals with SCI independent of their diagnoses of AIS scale and 
neural level. Larger number of subjects is needed to further characterize the diverse pattern of 
autonomic regulation after SCI. 
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Abstract: At perimenopause, women show increasing incidence of ischemic stroke and poor 
prognosis for recovery, suggesting that declining ovarian steroid levels alter the risk for 
neurovascular disease. Peripheral circadian clocks throughout the body may provide integral 
links between cycling levels of estrogen and neuroprotective responses. Circadian rhythm 



disruption may be a key factor coupling risk factors (ie, diabetes, obesity) to cardiovascular 
pathologies. In middle-aged females, decreased levels and damped oscillations in ovarian 
hormones may disrupt coordination among peripheral clocks, leading to altered regulation of 
growth factors that mediate neuroprotective responses to brain injury. Thus, the present study 
used an ischemic stroke model to determine whether environmental disruption of circadian 
rhythms in young adult female rats modulates estrous cyclicity and induces corresponding 
increases stroke volume and functional deficits similar to that observed in middle-aged females. 
Adult (5mo) female rats were exposed for 8wks to either a fixed or shifted (12hr advance/5d) LD 
12:12 cycle and then subjected to middle cerebral artery occlusion (MCAo). Pre and post 
sensorimotor testing was performed to assess functional deficits. Brains were collected at 5d post 
MCAo and processed for histological analysis of infarct volume. Before and after experimental 
manipulations, estrous cyclicity was assessed via vaginal smears in parallel groups of animals. 
Circadian activity rhythms stably entrained to the fixed LD cycle but were severely disrupted in 
shifted LD rats. In contrast to the regular estrous cycles (~7d) in fixed-LD animals, cyclicity was 
abolished and persistent estrous was evident in all shifted-LD rats. The disruption of estrous 
cyclicity in shifted-LD rats was associated with an increase in serum estradiol levels. Exposure 
to the shifted LD paradigm had a significant effect in increasing total infarct volume (cortex and 
striatum) relative to that observed in fixed-LD rats. Similar to infarct volume, MCAo-induced 
sensorimotor deficits were significantly greater in shifted-LD rats than fixed-LD controls. These 
results suggest that the loss of estrous cyclicity in young females due to circadian disruption 
exacerbates stroke outcomes, supporting the hypothesis that in females, middle-age may 
precipitate circadian disturbances that link reproductive aging to pathological changes in 
neuroprotective responses to injury. 
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Abstract: Keywords: pericyte, blood retinal barrier, microaneurysm, angiopoietin-2 Pericyte, a 
key component of neurovascular unit, stabilizes the integration of blood retinal barrier (BRB) 
and blood brain barrier. Loss of pericyte leads to the disruption of the neurovascular barriers, 
microaneurysms formation, and subsequent neurodegenerative changes in retina and brain. 
However, the underlying mechanisms are yet to be clearly defined. The purposes of this study 
are to evaluate structural and functional changes of retinal vessels in the absence of pericyte, and 
to find out growth factors involved in the formation of microaneurysms and disruption of BRB. 
Using anti-PDGFRβ antibody, we have developed a novel pericyte-deficient mouse model, 
which follows sequential pathophysiological cascades of human diabetic retinopathy. 
Expressions of angiogenic genes were analyzed using transgenic reporter mice, in-situ 
hybridization, and immunofluorescence. To evaluate the role of angiopoietin-2 (Ang2) in 
microaneurysm formation, anti-Ang2 antibody was administrated into the vitreous of either eye 
in the pericyte-deficient mouse model. We confirmed that systemic administration of anti-
PDGFRβ antibody effectively induced pericyte dropout in the mouse retina. In this mouse, we 
observed microaneurysms, retinal hemorrhage and edema, which are characteristic findings of 
BRB breakdown. Ang2 is selectively expressed in pericyte-free endothelial cells of 
microaneurysms in this mouse. VEGF-A promoted Ang2 expression in pericyte-free endothelial 
cells. When Ang2 is inhibited, microaneurysms were markedly diminished and retinal edema and 
hemorrhage were prevented even in the absence of pericyte. In conclusion, loss of pericyte 
induces VEGF-A-mediated Ang2 expression in endothelial cells, which destabilize blood vessels 
leading to microaneurysm formation and vascular leakage. Therefore, Ang2 is crucial for the 
formation of microaneurysm and could be a direct therapeutic target preventing pericyte-related 
neurovascular disruption. 
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disease, which is 
characterized by the accumulation of amyloid beta (Aβ) and its plaque deposition in brain tissue, 
neuronal and synaptic loss, and cognitive impairment that inevitably leads to dementia. In the 
normal brain, Aβ is predominantly produced in neurons and eliminated through several routes 
including receptor-mediated transportation across the blood-brain barrier (BBB) into the 
peripheral circulation, proteolytic degradation in glial cells or perivascular fluid drainage. 
Human and animal studies in AD have shown that Aβ aggregation in the brain is increased due 
to reduced levels of the endothelial low- density lipoprotein receptor-related protein 1 (LRP1) 
that prevents Aβ accumulation by regulating Aβ efflux from the brain to blood. In our studies, 
we used a mouse model, where LRP1 has been ablated from endothelial cells, to examine BBB 
integrity, neuronal survival and cognitive function. Our results show that endothelial LRP1 
depletion increases BBB permeability at early stages (~1m old) as identified by IgG and fibrin 
deposits, and neuronal cadaverine accumulation, and causes cerebrovascular degeneration. 
Furthermore, LRP1 deficiency promoted Cyclophilin A (CypA) upregulation and downstream 
metalloproteinase-9 (MMP9) activation, the latter participating in the degradation of capillary 
basement membrane and tight junction proteins. At later stages (~4m old), lack of endothelial 
LRP1 causes neuronal degeneration, memory deficits and cerebral blood flow (CBF) changes. 
Treatment with Cyclospirine A, a drug that blocks CypA upregulation, showed inhibition of the 
CypA-MMP9 activation pathway by downregulating both CypA and MMP9 expression in the 
brain, and repaired BBB breakdown evidenced by lack of cadaverine, IgG and fibrin depositions. 
Preventive therapy from early stages with long-term cyclosporine A administration ameliorated 
CBF, BBB leakage and neuronal survival, while completely reversed cognitive dysfunction. 
Taken together, our data show that endothelial LRP1 is crucial for BBB preservation, neuronal 
survival and cognitive function. Cyclosporine A could be proven to be a beneficial drug in AD 
protecting against BBB leakage and neuronal death caused by CypA upregulation, while at the 
same time it may ameliorate cognitive impairment. 
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Abstract: Aim/Hypothesis. Situated between the circulation and the brain, the blood-brain 
barrier (BBB) protects the cerebral tissue from circulating toxins while securing a specialized 
environment for neuro-glial signaling. BBB function is maintained by signaling interactions with 
blood cells, astrocytes, pericytes and neurons that occur in the neurogliovascular unit (NGVU). 
BBB integrity is compromised in a multitude of pathologic conditions, including exposure to 
systemic endotoxins that are associated with an inflammatory response and adverse effects on 
nervous tissue functioning. Previous work from our lab demonstrated that the endothelial 
cytoplasmic Ca2+ concentration ([Ca2+]i) is an important factor determining the functional state 
of the BBB and that connexin hemichannels (CxHCs), small aqueous pores in the plasma 
membrane, contribute to [Ca2+]i dynamics and BBB alterations. Astrocytes, the central 
components of the NGVU, are also well-known for exhibiting connexin-dependent Ca2+ 
signaling in physiological as well as pathological conditions. We hypothesize that bidirectional 
signaling interactions between astrocytes and endothelial cells, that rely on connexins and Ca2+, 
contribute to BBB dysfunction in inflammatory conditions. Methods. We here used 
intraperitoneal injection of lipopolysaccharide (LPS) in mice to trigger an in time and severity 
expanding increase in BBB permeability. Results. We demonstrate that the LPS-induced BBB 
permeability increase is prevented by intravenous injection of the Ca2+ chelator BAPTA-AM and 
of Cx channel blocking peptides in vivo. At the abluminal side, the BBB endothelium is in 
contact with astrocytic endfeet and we find that buffering astrocytic [Ca2+]i changes and blocking 
astroglial CxHCs by applying BAPTA-AM or Cx channel-targeting peptides directly to the 



exposed cortex overcomes prevents the LPS-induced barrier breach. Work with inducible Cx43 
knockout mice and mice carrying an astrocyte-specific deletion of Cx43 confirmed the protective 
potential of Cx-targeting strategies and pointed to a crucial role of Cx43 as a target. Conclusion. 
Collectively, our results demonstrate that BBB malfunctioning in response to inflammatory 
mediators is mediated by [Ca2+]i dynamics and CxHC signaling in both endothelial cells and 
astrocytes. Further work is needed to establish the role of the signaling pathways in astrocyte-
endothelial interactions, but our results bring up Cx channels as interesting targets with 
therapeutic potential. 
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Abstract: Cerebrovascular dysfunction in Alzheimer’s disease (AD) has been gaining support as 
a key mediator of neurodegeneration and cognitive decline. It is suggested that vascular 
dysfunction precedes the clinical presentation of AD. Decreased vascular health in the AD brain 
can be related to several factors, including cerebral amyloid angiopathy, blood-brain barrier 
(BBB) leakage, morphological and functional alterations of blood vessels, all of which can 
impair blood flow and lead to hypoperfusion of the brain. Vasculotide (VT) is a synthetic 
angiopoietin-1 mimetic peptide, which activates the Tie2 signaling cascade known to promote 
vascular stability and cell survival in peripheral organs. VT has been shown to improve 



endothelial barrier function thereby reducing vascular leakage in lungs and kidney. The effects of 
VT in cerebrovascular health, particularly in presence of AD pathology, are unknown. Using a 
transgenic (Tg) mouse model of amyloidosis and their non-Tg littermates, VT was given as 
chronic intraperitoneal injections, every 48 hours for 3.5 months. We identified proteins for 
which levels of expression were influenced by VT in Tg and non-Tg. Amyloid pathology was 
also evaluated in response to VT. Behavioural tests were also done in Tg and non-Tg mice 
treated with VT and with a saline control. Preliminary data evaluating nest construction suggests 
that Tg-mice treated with VT have improved performance of daily living compared to saline-
injected Tg-mice. This research evaluates the activation of Tie2 signaling using VT as a novel 
treatment for AD. Funding: CIHR (FRN93603) Queen Elizabeth II/Heart & Stroke Foundation 
Graduate Scholarship in Science & Technology 
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Abstract: The blood-brain barrier (BBB) is a specialized structure of the central nervous system 
that controls the passage of substances from the blood to the brain. MRI-guided focused 
ultrasound (MRIgFUS), in presence of microbubbles injected in the bloodstream, transiently 
induces BBB permeability. This technology can be used for the delivery of therapeutics, injected 
intravenously, to the targeted areas of the brain in a minimally invasive manner. FUS application 
in presence of microbubbles, independent of therapeutics, is gaining support as a method to 
reduce amyloid pathology and improve cognitive functions in mouse models of Alzheimer’s 
disease (AD). We have previously demonstrated that the internalization of amyloid-beta is 
increased by astrocytes and microglia after FUS treatment where normally circulating antibodies 
can enter the brain in FUS-targeted areas to improve amyloid-beta clearance. Here, we evaluate 
proteins, which may be associated with FUS-mediated reduction of amyloid pathology. 
Furthermore, it is of critical importance to establish the properties of the BBB in presence of 
amyloid pathology and in response to FUS. Using a transgenic (Tg) mouse model of amyloidosis 
and their non-Tg littermates, we used FUS to induce transient increases in BBB permeability. 
The entry of gadolinium in the brain was monitored by MRI and quantified at 6, 12 and 20 hours 
post-FUS. MATLAB quantification of gadolinium enhancement demonstrated no significant 
difference between Tg and non-Tg mice. The initial enhancement and pressure to induce BBB 
permeability was similar in Tg and non-Tg mice. Additionally, using T2-weighted MR images 
we did not find any significant edema after application of FUS. Our research provides a better 
understanding of the effects of FUS, in the brain and on the properties of the BBB. These studies 
are required before translation to the clinic in AD patients where the brain, vasculature and BBB 
are afflicted by amyloid pathology. To date, our results are promising in supporting MRIgFUS 
treatment strategies for AD. 
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Abstract: Background/Hypothesis: Alzheimer’s disease (AD) is characterized by several 
pathological hallmarks including the accumulation of amyloid beta peptides (Aβ), cellular death 
and cognitive decline. To date, there is no treatment that halts disease progression. Intravenous 
immunoglobulins (IVIg), natural antibodies collected from the plasma of thousands of healthy 
blood donors, have been shown to improve some AD-related pathologies when administered 
intravenously in murine models of AD. Despite these promising results, a recent Phase III 
clinical trial suggests limited efficacy of IVIg in improving cognition in AD patients. One 
possible factor contributing to the suboptimal effects of IVIg treatments may be the restricted 
ability of antibodies to get through the blood-brain barrier (BBB). Here, we propose using 
transcranial focused ultrasound (FUS), guided by magnetic resonance imaging (MRI), to 
temporarily increase BBB permeability and deliver IVIg to brain regions most affected by Aβ 
pathology. Our hypothesis is that combination of FUS with IVIg therapy will reduce amyloid 
pathology, enhance neurogenesis and attenuate cognitive decline. If effective, these data will 
represent a novel therapeutic approach for IVIg delivery and an alternative for lowering the 
dosage requirements for IVIg treatment efficacy. Experimental Method: Using a mouse model of 
amyloidosis, we administered IVIg intravenously, with or without application of FUS. FUS was 
performed once a week, for two consecutive weeks, and was targeted bilaterally to the 
hippocampus. After treatment, cognitive function was tested using behavioural paradigms and 
post-mortem immunohistochemistry was used to evaluate neurogenesis and amyloid pathology. 
Results/Conclusion: Our data demonstrates that IVIg is delivered to the brain using FUS. 
Furthermore, we found that compared to animals treated with FUS or IVIg alone, FUS and IVIg 
treated animals had reduced Aβ pathology, increased neurogenesis and improved cognitive 
performance. Our findings suggest that IVIg drug delivery to the brain by FUS enhances the 
beneficial effects of IVIg therapies related to Alzheimer’s disease. 
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Abstract: Background: Gene therapy shows potential for the treatment of neurological 
disorders; however, the presence of the blood brain barrier (BBB) remains a challenge for non-
surgical delivery of a gene construct. An additional consideration is viral serotype and promoter 
selection, which influences cell tropism, and could thereby limit gene expression in non-targeted 
organs after systemic delivery in vivo. Here, we describe non-invasive delivery of a green 
fluorescent protein (GFP) reporter gene from a chimeric adeno-associated virus (AAV) serotype 
under control of 3 different promoters in wild-type C57BL/6 mice. Hypothesis: AAV-mediated 
gene delivery under control of cell-specific promoters will result in gene expression in the brain, 
while preventing expression in non-target organs after systemic delivery. Methods/Results: Non-
invasive gene delivery was mediated by magnetic resonance imaging-guided focused ultrasound 
(MRIgFUS), which transiently and locally permeabilizes the BBB and allows for gene 
constructs, delivered intravenously, to enter the brain. Results indicated that the glial fibrillary 
acidic protein promoter is selective for gene expression in astrocytes in the central nervous 
system (CNS). However, this promoter allowed for considerable gene expression in the liver 
after systemic delivery. Gene expression under control of the synapsin promoter showed neuron-
specificity in the brain, and did not result in gene expression in the liver or kidney. Conclusion: 
Chimeric AAV gene expression under control of the synapsin promoter leads to neuron-specific 
expression in the CNS after systemic delivery, and MRIgFUS-mediated delivery to the brain. 
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Abstract: Objectives: Magnetic Resonance Advection Imaging (MRAI, [1,2]) provides velocity 
maps of cerebrovascular dynamics from dynamic EPI data. It delivers precisely localized 
information about vascular dynamics, which might aid the interpretation of (resting state) fMRI 
experiments affected by vascular anatomy [3,4]. Here we demonstrate MRAI on a public fMRI 
data set and discuss possible sources of estimation bias. Methods: It is assumed that the EPI 
signal ρ(r,t) in a small domain around r obeys the advection equation ∂ρ(r,t)/∂t + u • grad ρ(r,t) = 
0. Velocity parameters and pulse coherence maps were estimated from a public data set of 
natural stimulation fMRI-EPI data [5] by multiple regression [6,7]. Numerical simulations were 
performed in Matlab. Results: 1. MRAI and pulse coherence maps partially reproduce the 
anatomy of main cerebral arteries (Figure). MRAI has lower resolution than angiographic flow-
based images but contains information about the pulsatory part of cerebrovascular dynamics. 2. 
Simulations show that traveling wave velocities can be estimated reliably for weak noise and 
slow waves. For spatially modulated velocity fields, or mis-specified models, estimation biases 
in magnitude and direction of velocities are found. Conclusions: MRAI maps show clear signs of 
vascular anatomy. Spatially modulated waves and noisy data cause estimation bias. The 
possibility of these biases should be kept in mind in interpretations of MRAI maps that are based 
on the simple advection model used here. It is an interesting question whether MRAI can be 
improved by using alternative model fitting or pulse sequences. 1. H. U. Voss et al., OHBM - 
Human Brain Mapping, 2436 (2015). 2. H. U. Voss et al., BRAIN/PET 2015, 0141 (2015). 3. J. 
T. Webb et al., PloS one 8 (2013). 4. R. M. Birn, NeuroImage 62, 864 (2012). 5. M. Hanke et al., 
Sci. Data 1:140003 1(2014). 6. H. U. Voss et al., Phys. Rev. Lett. 83, 3422 (1999). 7. H. U. Voss 
and N. D. Schiff, Entropy 16, 3689 (2014). 
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Abstract: Cerebral blood flow is precisely controlled to maintain homeostasis during neural 
activation when metabolic demand is heightened. This neurovascular coupling at the cellular 
level can be visualized with two-photon microscopy (2PM). Often, optical imaging is performed 
in anesthetized animals albeit the unclear influence of the anesthetic agents. Here, we aim to 
quantify the effects of a common anesthesia, isoflurane, on cortical vessels and neural activation 
in marmosets with 2PM. Marmosets were acclimated to awake imaging. A cranial chamber was 
implanted over the somatosensory cortex (Fig 1A). To visualize functional activity, AAV1-
GCaMP5G was injected for optical detection of calcium influx during neural firing (Fig 1B). 
After recovery, 2PM revealed vascular topology and enabled measurement of blood cell motion 
in individual vessels for over 6 months (Fig 1C). The vascular characteristics, along with neural 
responsiveness (Fig 1D-E), were quantified in both awake and anesthetized states. Under 
isoflurane, blood vessels of all classes dilated, especially for smaller microvessels, resulting in a 
median capillary dilation of 10%. Arterioles and venules displayed smaller diameter changes of 
2.8 and 5.6%, respectively (Fig 1 F). Flow speed in pial arterioles was reduced by 24% in 
isoflurane-anesthetized condition compared to while awake. The fraction of stalled capillaries 
was 2.4% in awake marmosets, suggesting robust cortical perfusion. In contrast, 11% of 
capillaries had stalled blood flow while marmosets were under isoflurane. Finally, 19% of 
neurons were activated following stimulation, compared to 0% while anesthetized. These results 
suggest significant alterations in hemodynamics and neural activity under isoflurane, and 
highlight the importance of studying brain function without anesthesia’s confounding effects. 
This work provides an imaging technique to assess neurovascular coupling at the cellular level in 
awake non-human primates, and allows for longitudinal investigation of critical mechanisms in 
neurological disorders. 
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Abstract: Background: The gray matter of human cortex is marked by depth-dependent 
differences in neuronal activity and connections as well as in the associated vasculature. Recent 
advances in imaging hardware have pushed the resolution limits of functional magnetic 
resonance imaging (fMRI) below a millimeter, permitting these differences to be measured in 
awake and behaving human subjects. Here, we present a prerequisite for such endeavors, a 
detailed, three-dimensional hemodynamic response function (HRF) reconstructed through the 
use of submillimeter fMRI. Methods: Functional MRI data were acquired using a 3T scanner and 
0.8 mm isotropic resolution. Several high-resolution T1 scans were averaged to a volume with 
0.4 mm resolution and carefully segmented. A surface at the gray/white boundary and parallel 
surfaces (0.8mm apart) were constructed using CARET. Subjects viewed a simple visual 
stimulus consisting of a single, thin (1 pixel = 0.03 deg), black and white, flickering (250 ms) 
ring stimulus (‘ON’ for 4 seconds) with a radius of 1 degree alternated with a uniform gray field 
(‘OFF’ for 16.5 s). Stimulus onset was varied with respect to the MRI timing to yield an 
effective resolution of 500ms. Spatiotemporal HRF responses were measured by averaging time-
course responses based on the distance of the responses from the centerline of activation. 
Results: A fully three-dimensional HRF is obtained, which describes the response vs. time and 
two spatial dimensions: one tangential and one perpendicular to the cortical surface. The 
response depends significantly on depth. As expected, there is virtually no response at z = -0.8 
mm (that is 0.8 mm below the gray/white boundary, Fig. 1, first panel). At more superficial 



depths the response is stronger and broader. Moreover, at all depths part of the response 
propagates as a traveling wave, in accord with theory, evident as increasingly delayed BOLD 
away from the stimulus location. The quantification of the 3D spatiotemporal structure of the 
HRF provided is a crucial prelude to using fMRI to infer layer-specific neuronal responses. 
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Abstract: Stress affects the ability to regulate emotional responses. Using fear conditioning 
models, prior studies indicate that acute stress impairs retrieval of the extinction (safety) 
memory. These effects mirror deficits in emotion regulation following stress and identified in 
patients with posttraumatic stress disorder (PTSD), providing a link between laboratory models 
of stress effects and clinical translational research. Here, we investigated whether acute stress 



was associated with overgeneralization of conditioned fear. Fear generalization occurs when 
threat-related responses to a conditioned stimulus (CS), paired with an aversive unconditioned 
stimulus (US), transfer to other stimuli that have never been paired with the US. Generalization 
tends to decrease as similarity to the CS diminishes, but is enhanced in certain anxiety and stress-
related disorders, i.e., overgeneralization. In a 2 X 2 between subjects factorial design, healthy 
adult subjects first underwent differential fear conditioning to a pure tone (CS+; 500 Hz or 1000 
Hz, counterbalanced) paired with shock, while another tone was presented without shock (CS-; 
1000 Hz or 500 Hz, counterbalanced respectively). Stress administration (cold-pressor) followed 
fear conditioning either on the same day (Stress-Immediate), or 24 hours later (Stress-Delay). A 
fear generalization test, consisting of a range of tones that varied in pitch between the CS+ and 
CS-, was conducted 15 minutes after stress administration. Other subjects received a control task 
prior to the generalization test either on the same day (Control-Immediate), or 24 hours after fear 
conditioning (Control-Delay). Fear conditioning and the stress manipulation were successful in 
all cases, as assessed by conditioned skin conductance responses (SCR) and cortisol, 
respectively. All groups exhibited generalization gradients of SCRs and trial-by-trial ratings of 
shock expectancy that peaked at the CS+ and diminished as a function of perceptual similarity 
along the frequency continuum. These gradients were unaffected by the stress manipulation 
immediately after conditioning. However, gradients were affected by stress after a delay, such 
that stress induced broad overgeneralization to unreinforced tones 24 hours after fear 
conditioning. These findings show that acute stress can lead to broad generalization of a remote 
(but not a recent) fear memory, and have clinical relevance to understanding overgeneralization 
characteristic of anxiety and stress-related disorders. 
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Abstract: Anxious temperament (AT) is a stable trait-like tendency to respond to novelty and 
potential threat with fear and reticence. In humans, extreme AT is a risk-factor for the 
development of anxiety and depressive disorders. To study the biology of this risk, we developed 
and validated a non-human primate model of AT. Due to their relatively recent evolutionary 
divergence, non-human primates share similarities in brain function and structure with humans, 
including an enlarged prefrontal cortex. These similarities are thought to underlie parallels in 
cognitive and emotional behavior, rearing methods, and psychosocial development, which 
contribute to variation in AT. Mirroring human AT, we quantify AT as increased freezing, 
decreased vocalizations, and increased cortisol in response to a potentially threatening human 
intruder presenting their profile to the monkey while making no eye contact (NEC). In a large 
familial sample of 592 young rhesus monkeys (327M/265F; Age:µ=1.88,sd=0.78, roughly 
equivalent to 3-12 year old humans), we measured brain metabolism during exposure to the NEC 
context using 18fluorodeoxyglucose positron emission tomography (FDG-PET). We performed 
MRI scans to assess brain structure and resting functional connectivity (rsfMRI). rsfMRI 
analyses (n=339) used seed regions in the central nucleus of the amygdala (Ce) and bed nucleus 
of stria terminalis (BST), which are part of the extended amygdala. Voxelwise regressions 
assessed the relationship between neuroimaging measures and AT while covarying for age, sex 
and other potentially confounding variables. Results demonstrated significant relations between 
metabolism and AT (p<.05 Sidak corrected) in regions of the orbitofrontal (OFC) and anterior 
insular (AI) cortices (including cytoarchitectonic areas 11/13/47, and OPro), anterior 
hippocampus, extended amygdala (including Ce and BST), and midbrain regions that encompass 
the PAG. rsfMRI analyses at a p<.005, uncorrected, revealed inverse relationships between AT 
and the strength of connectivity between extended amygdala and prefrontal regions (e.g. Ce-
DLPFC, and BST-OFC/AI). These findings identify a network of AT-related brain regions, 
many of which causally contribute to AT, including: OFC/AI areas involved in emotional 
valuation; extended amygdala, an interface between emotions and their behavioral and 
physiological expression; and downstream brain stem effectors required for the expression of 
defensive responses (e.g. PAG). Moreover early-life rsfMRI data are consistent with an altered 
prefrontal capacity for emotion regulation in extreme AT. 
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Abstract: Early life stress can profoundly influence fear behavior in childhood and beyond. As 
members of an altricial species, there is perhaps no early life stressor more disruptive for humans 
than parental deprivation, which has been shown to alter amygdala and hippocampal 
development and associated fear learning in rodents. However, it has yet to be demonstrated how 
parental deprivation alters prefrontal-subcortical circuitry that supports fear learning in humans, 
who typically remain dependent on caregivers longer than any other species. To address this 
issue, we compared 46 previously institutionalized (PI) youth (33F/13M; 7-16 years) to 44 
comparison youth who had never experienced institutional care (22F/22M; 7-16 years). To 
assess prefrontal-amygdala-hippocampal circuitry associated with fear learning, participants 
completed a conditioning paradigm while undergoing functional neuroimaging wherein visual 
cues were paired with either a neutral or aversive tone (CS- and CS+, respectively). Both PI and 
comparison youth showed robust behavioral evidence of fear learning that was supported by CS+ 
> CS- discrimination in the amygdala. However, compared to same-aged controls, PI children 
showed greater CS+ > CS- discrimination in the hippocampus. Within PI children, higher trait 
anxiety was associated with better CS+>CS- discrimination behavior, an effect that was 
mediated by prefrontal recruitment. These data build on existing evidence showing adult-like 



amygdala and hippocampal function in juveniles following parental deprivation and are 
suggestive of ontogenetic acceleration of fear learning circuitry following parental deprivation. 
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Abstract: The medial prefrontal cortex (mPFC) is critical to the integration and regulation of 
affective stimuli, but the timing and mechanisms of the human functional ontogeny of this region 
remain largely uncharacterized. Recent evidence in the rodent suggests that there is a sensitive 
period before puberty, when complex stimuli (e.g., music) can be encoded by mPFC. In 
adulthood, these stimuli effectively increase mPFC activity and reduce anxiety. The present 
study aimed to examine whether a homologous sensitive period for mPFC learning occurs during 
human childhood, when a developmentally-unique mPFC phenotype has been identified. Pop 
music was used as the environmental signal as there is discrete temporal exposure to specific pop 
songs during development (as a noted by placement on Billboard charts). Two groups of adults, 
those raised in the USA with varying exposure to pop during childhood (n =42), and individuals 
who immigrated to the USA in adulthood (and had no exposure to USA pop during childhood (n 
= 29)), were given a baseline music preference test where they could choose between listening to 
childhood or adolescence music, followed by a modified Trier stress test and then a second 
music preference test. After exposure to the stressor, only the childhood-exposed group preferred 
to listen to the childhood music (p < 0.001), which was accompanied by reduced reported 



anxiety (p < 0.04). Galvanic skin response analyses confirmed that only childhood songs for the 
childhood-exposed group lowered arousal levels during this period (n = 40, p < 0.035). 
Adolescent music did not show any of these anxiolytic effects. Individuals without the childhood 
exposure to the childhood songs did not exhibit any of the anxiolytic effects for either song 
category. Functional resonance magnetic imaging revealed greater activation in the mPFC to 
childhood music relative to the adolescent music for the childhood-exposed group compared to 
the non-exposed group (n = 29, p < 0.005), and this mPFC activity was predictive of lower 
reported anxiety ratings following childhood songs for the childhood-exposed group (p < 0.005). 
Together, these behavioral, physiological, and fMRI results suggest that a human sensitive 
period may occur during childhood for mPFC learning with important implications for emotion 
regulation and mPFC function in adulthood. These findings are consistent with the mPFC 
learning period identified in the rodent and suggest that the mPFC learning sensitive period is a 
phylogenetically conserved phenomenon. 
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Abstract: Substantial research has indicated the effectiveness of engaging reappraisal in order to 
reduce self-reported negative emotion via recruitment of prefrontal cortex and down-regulation 
of amygdala activity in individual sessions. However, there has been far less research into 
whether focused longitudinal training in reappraisal strategies can yield adaptive changes in 
brain and behavior over time, both in healthy populations and in populations for whom emotion 
regulation often fails. Borderline personality disorder (BPD) is the prototypical disorder 
involving emotion dysregulation. In this study, we assessed whether and via what neural 
mechanisms BPD patients could be trained to enhance reappraisal and reduce self-reported 
negative emotion via psychological distancing, which involves viewing stimuli as an impartial, 
objective observer. At each of five sessions, 14 BPD and 16 healthy control (HC) participants 
were shown negative social emotional images and given instructions to reappraise their 
responses to half (“Reappraise”) and to look and respond naturally at the other half (“Look”). 
Emotion self-reports were obtained after each image presentation. Sessions 1-5 were spaced 1-2 
days apart and afforded training through practice on novel images. fMRI data were acquired at 
Sessions 1 and 5. We found that BPD patients showed reductions in negative emotion self-
reports over time. BPD patients also showed increasing attenuation of amygdala activity due to 
reappraisal (Reappraise Negative) relative to responding naturally (Look Negative) over time in 
a manner not attributable to habituation. Further, with training, BPD patients showed increased 
reappraisal-related recruitment of dorsolateral prefrontal cortex, a region engaged during 
reappraisal in HC’s in this and prior studies. Taken together, these data suggest a potential neural 
mechanism for reappraisal training and represent the first evidence that longitudinal training can 
normalize reappraisal-related neural activity in any patient population. Further, these results 
suggest a potential translational role for reappraisal training in BPD treatment. 
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Abstract: In daily life, emotion regulation plays a key role in facilitating appropriate social 
behavior. This is especially evident in the context of prosocial decision-making, where 
individuals must choose between the self-interested desire to maximize personal gain and the 
desire to uphold social norms that promote cooperation with others despite the inherent personal 
cost. Given the central role of cooperation in human society, it is of considerable importance to 
characterize the conditions under which people are more or less likely to cooperate. However, 
the way that aversive emotional states, such as stress, influence such behavior remains unknown. 
Stress has been shown to engender reliance on habitual forms of behavior, suggesting that stress 
may enhance cooperation, which has been described as an automatic or intuitive response. 
Alternately, the aversive nature of stress exposure may enhance individuals’ propensity to 
behave selfishly in order to secure additional resources, leading to less cooperation. Here, we 
sought to distinguish these possibilities by combining a well-characterized, classic behavioral 
economic game that measures cooperative decision-making behavior with an acute stress 
manipulation known to reliably engage sympathetic and neuroendocrine responses to stress. In 
two separate studies, participants underwent a stress induction task (i.e., cold pressor task) or 
control task before playing either the Prisoner’s Dilemma (PD) game, in which participants could 
either cooperate with a partner for a lower monetary reward, or betray them for higher monetary 
gain, or a matched non-social lottery game. Our data revealed that stress exposure reduced 
prosocial behavior by decreasing cooperation and increasing individuals’ propensity to betray 
their partners for higher earnings. This tendency was found irrespective of whether subjects 
played a one-shot version of the game that promotes lower cooperation since partners are never 
encountered more than once (Study 1), or an iterative version of the game that promotes 
cooperative tendencies since subjects repeatedly play with the same partner (Study 2). By 
studying the effect of an ecologically valid stress induction on cooperative decision-making, this 
work promises to situate our understanding of prosociality in a broader framework that reflects 
the influence of real-world conditions of stress exposure. 
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Abstract: Successful regulation of emotions is important for maintaining our mental and 
physical health. Though many studies have reliably demonstrated that strategies such as 
reappraisal are effective in decreasing negative affective states, the precise mechanism of how 
this process unfolds remains unclear. One popular account argues that reappraisal directly 
attenuates the affective experience by recruiting executive control systems. Alternatively, 
reappraisal may not directly decrease the brain’s reactivity to negative stimuli, but instead 
qualitatively changes the affective experience. Here we develop a sensitive and specific signature 
of negative affect elicited via negative arousing images and evaluate these competing 
hypotheses. We find that participants report lower negative affect ratings when instructed to 
reappraise, but interestingly, our negative affect signature systematically overestimates how 
people are feeling. Region of interest analyses suggest that this may be a consequence of 
processes in medial and lateral prefrontal cortex that are likely shared in both emotion generation 
and reappraisal, but are amplified during reappraisal. We used a whole-brain multivariate 
moderation analysis to test this hypothesis and find that the negative affect signature is 
reconfigured when reappraising compared to naturally reacting to negative stimuli. This is 
evidenced by increased weights in the dACC and decreased weights in the MPFC, left amygdala, 
and areas of the visual cortex. In addition, we identify a multivariate representation of reappraisal 
that can discriminate between reappraisal and reactive states with 91% accuracy in leave-one-
subject out cross-validation. The most predictive weights of this reappraisal detector partially 
overlap with the moderation analysis (e.g., dACC) suggesting that cognitive reappraisal 
processes contribute to the change in emotional experience. Together, these results suggest that 
reappraisal recruits distinct neural circuitry from emotional reactivity and appears to alter the 
construction of the emotion experience. 
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Abstract: This talk will focus on the brain mechanisms involved in learning about unexpected 
omissions of reward, and outline a model of interactions between those regions. This account is 
distinct from traditional reinforcement learning theories, which treat both worse than expected 
and better than expected rewards similarly as differences in prediction error. However, we 
propose that learning about reward omissions draws on brain circuitry involved in negative 
valence and stress, in particular the lateral habenula, which drives dopamine dips for negative 
valence and reward omissions. Additionally, I will describe a computational model based on 
circuit-level research from animal models that proposes specific interactions between limbic 
brain regions such as the ventral striatum, amygdala, and lateral habenula in positive and 
negative valence conditioning tasks. As a test of these model predictions, we ran a conditioned 
inhibition fMRI study, where a CS paired with a juice reward was later paired with a Inhibitor, 
that caused omission of the expected juice reward. This conditioned inhibition procedure has 
previously been tested in monkey studies (Tobler, 2003), which have found that dopamine 
neurons respond with a dip to the Inhibitor that predicts a reward omission. Based on recent 
research showing that the lateral habenula plays an important role in causing dopamine dips, we 
predicted that the habenula would play a role in driving reduced VTA activity for the Inhibitor. 
In this study, we observed significantly more activity in the SN/VTA for the CS+ than the CS- (p 
= .044, t(1,18)= 2.16). Based on this result, we ran a whole brain functional connectivity analysis 
to look for brain regions where correlations with single-trial VTA estimates in each of our 
conditions varied across the different CS types. We found that lateral habenula activity was 
negatively correlated with activity in the VTA for the Inhibitor, but not the other CS types, 
supporting our model of the role that lateral habenula plays in signaling the VTA for predictors 
of reward omission. Additionally, I will discuss other predictions the computational model 



makes about the involvement of the amygdala and ventral striatum in conditioned inhibition and 
how they are borne out by the data. 
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Abstract: Individuals experience reward not only when directly receiving positive outcomes 
(e.g., food or money), but also when observing others receive such outcomes. This latter 
phenomenon, known as vicarious reward, is a perennial topic of interest among psychologists 
and neuroscientists. Despite a long-standing interest in vicarious reward, many characteristics of 
this phenomenon remain unclear. In particular, little is known about how vicarious reward relates 
to social and emotional well-being in our daily lives. To explore this question, we scanned 48 
participants as they won money during a gambling game and also observed a close friend win 
money. These same participants also completed a 14-day diary study and reported on their 
loneliness, life satisfaction, and happiness each day. When observing a friend win five dollars 
(compared to zero dollars), increased reward-related activity in the ventral and dorsal striatum 
predicted decreased loneliness, but increased life satisfaction and happiness across 14 days. 
However, reward-related activity when winning money for the self did not relate to any of these 
daily outcomes. These findings suggest that sharing others’ rewarding experiences is closely tied 
to well-being and may influence our sense of connectedness and happiness even more than 
personally rewarding experiences. 
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Abstract: Rapid variation and instability in emotional states has been linked to reductions in 
well-being and increases the risk that an individual may develop a psychiatric illness. However, 
measuring such instability in emotion is difficult with most lab-based techniques as sampling 
periods are typically not long enough to gather sufficient data and participant’s self-report about 
their own emotional instabilities are retrospective and prone to bias. Furthermore, how individual 
differences in such emotional instability is instantiated in the brain are not known. As a result, 
human participants performed two studies: First, individuals performed an experience sampling 
study in which they were asked to rate their current positive and negative affect several times a 
day over the course of ten days. Second, participants returned to the lab and were scanned with 
event-related fMRI while engaging in a card-guessing task in which they could win or not win 
money. Individuals who, in their daily self-report, experienced significantly greater emotional 
instability were those with more variable engagement in the dorsolateral prefrontal cortex - a 
brain region thought to underlie executive control. These individuals also self-reported lower 
levels of well-being on a traditional self-report measure. These results suggest that real-world 
emotional instability is associated with greater variability in engagement of executive control 
systems and is related to reduced well-being. 
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Abstract: I describe an affective neuroscience framework - the Readiness-Attention-Motivation 
(RAM) framework - to test the proposition that emotion regulation is governed by readiness to 
engage in action (specifically, action readiness (AR), defined as the ease with which a new 
action can be launched, based upon prior instances of that action) and levels of attention 
(specifically, orienting attention (OA), defined as the application of top-down attention towards 
desired end-states associated with a behavior). According to the RAM framework, individuals 
are more likely to launch healthy emotion regulation strategies if they have previously done so in 
similar contexts, and/or they are directing top-down attention towards emotion regulation 
outcomes. In this work, we provide evidence for these predictions by describing behavioral 
effects under laboratory conditions, examining their associated neural mechanisms, and assessing 
their relevance to everyday life separately for action readiness, orienting attention, and for their 
interaction (ARxOA). 
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Abstract: The experience of a negative outcome while striving for a goal can cause negative 
affect, and requires one to cope with this setback in order to persist with the goal. For example, a 
negative performance evaluation may cause negative affect for an employee trying to earn a 
promotion. That setback may be exceptionally difficult to cope with if the employee is already 
experiencing stress from a situation at home. However, setbacks can also provide useful 
information to improve efforts to achieve a goal. For example, a negative evaluation can guide 
an employee’s future performance towards a goal. In this study, we address two questions. First, 
we investigate how preexisting stress influences the ability to cope with setbacks. Second, we 
probe whether emphasizing the informative aspects of setbacks can promote better persistence 
with goals. Human participants played a game in which they encountered setbacks and made 
decisions to persist or give up on a goal after the setbacks. Increasing the informative properties 
of setbacks promoted better persistence after setbacks and diminished negative affect. Prior 
exposure to an acute cold water stressor (which elicited an increase in salivary cortisol) had a 
deleterious influence on such persistence behavior. Importantly, the decrease in persistence due 
to prior stress (compared to a control group) was only observed when uninformative (i.e., 
random) aspects of the setbacks were emphasized. When informative properties of the setbacks 
were emphasized, persistence deficits were not observed in the stress group. This is consistent 
with prior neuroimaging data (Bhanji & Delgado, 2014) demonstrating dissociable neural 
mechanisms underlying participants’ responses to setbacks. Ventral striatal signal decreases were 
associated with using information from setbacks to correct mistakes and predicted greater 
persistence through the setbacks. Ventromedial prefrontal cortex (vmPFC) signal increases 
predicted persistence when setbacks were uninformative (i.e., random), and vmPFC signal 
changes mediated the relationship between increased negative affect and persistence behavior. 
Together these results suggest that preexisting stress can impair the ability to cope with negative 
affect elicited by setbacks, a process potentially associated with vmPFC function. However, 
coping with setbacks as a learning opportunity, which may rely on striatal mechanisms, can 
counter the effects of stress. 
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Abstract: While fear conditioning research has demonstrated that certain stimuli that have 
threatened survival, namely prepared fear stimuli, are more readily associated with fearful 
events, little research has explored whether a parallel category exists for safety stimuli. We 
examined whether social support figures, who have typically promoted survival, are ‘prepared 
safety stimuli,’ a category which has not been explored previously. First, we developed a 
definition of this category using the concept of conditioned inhibitors (learned safety signals that 
require in-lab training) from Pavlovian conditioning theory, and examined whether, without any 
lab-based training, social support figure stimuli pass the two tests of conditioned inhibitors. First, 
we examined whether social support figure stimuli passed a “retardation-of-acquisition test”, less 
readily becoming associated with fear. Participants underwent a session of fear conditioning with 
three conditions: social support figure stimuli, stranger stimuli, and neutral stimuli. Results 
showed that while participants could acquire a conditioned fear response for both stranger and 
neutral stimuli, none was acquired for the social support stimuli (demonstrated by no significant 
difference in Skin Conductance Response (SCR) after a fear conditioning session, p=.696). Next, 
we examined whether social support figure stimuli passed a “summation test”, inhibiting the 
conditioned fear response for another cue. Participants first acquired a conditioned fear response 
for three neutral stimuli, and each was then paired with either a social support figure, stranger, or 
neutral image to examine whether the conditioned fear response was inhibited. We found that no 
inhibition occurred when a conditioned stimulus was paired with a stranger or neutral image, but 
inhibition did occur when a conditioned stimulus was paired with a social support figure image 
(demonstrated by no significant differences in SCR, p=.314). Additional results demonstrated 
that this inhibition continued even after the social support stimulus was then removed 
(demonstrated by no significant difference in SCR, p=.649). These findings show that social 
support figures naturally, without any lab-based training, pass the tests of a conditioned inhibitor 
and possibly have other powerful safety signaling properties beyond those normally attributed to 
learned safety signals. Altogether, these data suggest that social support figures are one category 



of prepared safety stimuli and imply that social support figures may have long-lasting effects on 
fear learning processes. 
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Abstract: Approach and avoidance constitute a basic dimension of all animal behavior. A large 
literature documents approach and avoidance elicited by specific sensory stimuli, yet 
comparatively little is known about default approach biases when stimulus information is 
reduced. The amygdala is well known to contribute to approach and avoidance behaviors in 
response to specific sensory stimuli, and here we test whether the amygdala’s role might extend 
to situations where stimulus information is reduced. A novel task asked three rare patients with 
bilateral amygdala lesions to make approach-related judgments about photos of faces when 
intact, and with all internal facial features occluded. Direct comparisons of these stimuli isolated 
a stimulus-independent bias. The patients showed a greater tendency than controls to default to 
rating occluded faces as more approachable than whole faces. These findings suggest that the 
amygdala’s role in approach behavior extends beyond responses to specific stimuli. 
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Abstract: Traditional neural probes have limitations in long-term electrophysiology studies due 
to chronic immune response that leads to signal degradation over time. To meet present and 
future challenges of understanding complex neural networks calls for new paradigms for 
electronics that allow precise minimally-invasive delivery into targeted brain regions and 
subsequent 3D integration with the neural networks. Here we demonstrate the unique capabilities 
of syringe injectable ultra-flexible macroporous electronics, which have mechanical properties 
similar to brain tissue and feature sizes similar to neuronal networks, can overcome 
biocompatibility limitations of more rigid probes and yield in vivo electrophysiology data from 
anesthetized and awake rodents over extended time periods. Targeted delivery of mesh 
electronics with spatial precision of ca. 10 µm into specific brain regions has been achieved via a 
stereotaxic stage that locates the needle in the 3D brain coordinates. Post-injection chronic 
histology studies show that the mesh electronics exhibit unprecedented ‘neurophilicity’ as 
evidenced by the close proximity of neurons to and interpenetration neurofilaments with the 
mesh electronics probe structure. In addition, mesh electronics were stereotaxically-injected into 
the mouse hippocampus through needles with inner diameter as small as 100-micrometer. A 
100% yield I/O connections to external electrical measurement system has been realized through 
conductive ink printing process, which allows for multiplexed in vivo brain electrophysiology 
recordings on free-moving animals. Multiplexed recordings from the injected electronic 
networks yielded well-defined LFPs with modulation amplitudes of 200-400 µV, and related 
spatiotemporal mapping revealed a characteristic hippocampal field activity. Importantly, single-
unit spikes were observed and the average peak-to-peak amplitude steadily increased with time 
after surgery. This study demonstrates excellent biocompatibility of our injectable macroporous 
electronic sensor networks, and suggests our approach will be unique for future investigations of 
long-term electrophysiology-based brain activity mapping. 
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Abstract: The ability to manipulate and direct neuronal growth has great importance in the field 
of tissue engineering, both for neuronal repair and potential medical devices. We have previously 
demonstrated that neurons grown on patterned nano-topographic cues develop neurites aligned 
with cues. We have also shown neurite growth is dependent on the material of substrate. 
However, these and other traditional systems manipulate neuronal growth in a planar 2D manner 
whilst in-vivo neurons grow and develop in a 3D extra cellular matrix (ECM). In order to 
address the challenge of directing neuronal growth in 3D we have developed a method to grow 
neurons in a 3D collagen hydrogel. The collagen hydrogel system was chosen as a 3D ECM 
analog to best mimic the natural environment of cells. We compared the neuronal growth in 3D 
to a 2D model and showed that neurons grown in 3D collagen gels develop significantly longer 
dendritic trees and neurites. We then manipulated the gel construct via inducing controlled 
uniaxial strain to align collagen matrix. We showed collagen fiber directionality by analysis of 
light microscope images via Fast Fourier transform and by SEM imaging. Using this method we 
were able to direct neuronal growth coinciding with collagen matrix orientation. To further direct 
neuronal growth in 3D we have enhanced the collagen hydrogel system to form a magnetic 
hydrogel containing cues of designed orientation. We have enriched the hydrogel neuronal 
culture with magnetic nanoparticles thus creating a magnetically responsive hydrogel. By 
employing an external magnetic field we were able to control magnetic particle orientation 
aligned with the magnetic field lines. Control over magnetic particle alignment was achieved by 
adjusting magnetic field strength, magnetic particle size and gel composition. To analyze 
neuronal growth in the magnetically aligned hydrogels we used primary leech (Hirudo 
medicinalis) neuronal culture and PC12 as a mammalian analog. We followed the growth of 



single cells for a week. Cells were then immune-labeled and analyzed semi-automatically using 
imageJ software and an optimized MATLAB script. Our initial results show directed neuronal 
growth in magnetic hydrogels, without compromising dendritic tree length. These methods for 
directing neurite growth in 3D hold promise for applicable nerve repair therapies and biomedical 
technologies. 
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Abstract: Optogenetics is a powerful technique for stimulating neurons. Ion channels in specific 
cell-types that express light sensitive proteins (opsins) can be modulated in response to light. The 
absorption band of most of these opsins is in the visible range of spectrum. Tissue exhibits a high 
absorption in visible wavelength range. Moreover, light is diffracted and scattered as it 
propagates through the tissue. The combination of large absorption and beam spreading in the 
tissue results in the degradation of light intensity that rapidly falls below the excitation threshold 
of opsins. To compensate for this intensity drop, we need to increase the input light intensity at 
the surface of brain, which would cause excessive heat generation and damage to brain tissue. To 
reach deep regions of brain, fiber optics and light guides are inserted in the tissue, which can 
cause damage to the tissue and vasculature. Furthermore, steering light beam in the tissue would 
require physically moving the guides in the tissue, which is extremely invasive. Here, we present 
a novel approach to use NIR light (that can penetrate deep into the brain) and excite implanted 
micro light bulbs that emit visible light at the optogenetic wavelengths to locally stimulate 



neighboring neurons. Our light bulbs are microfabricated polymer parylene C pillars that 
encapsulate lanthanide-doped upconverting nanocrystals (UCNPs). These core/shell UCNPs are 
optimized to absorb NIR and emit visible light locally. We will discuss ex-vivo experiments to 
show the power of this method for deep tissue optogenetic stmulation of neural activity in 
coronal brain slices from a mouse brain. We stereotactically inject the UCNP light bulbs into 
neocortex of 5-8 week old mice (heterozygous Thy1-ChR2-eYFP line 18 transgenic mice and 
also B6.Cg-Tg(Thy1-COP4/EYFP)18Gfng/J (Jackson Laboratories). In these mice, 
Channelrhodopsin-2 fused to enhanced Yellow Fluorescent protein is expressed under the 
control of Thy1 promoter and neuronal action potential firing happens following blue light 
illumination. After brain preparation from these mice, slices that include embedded UCNP light 
bulbs are incubated in artificial cerebrospinal fluid (ACSF) and then perfused (2 ml/min) with 
equilibrated ACSF at 32-35°C. Whole-cell patch-clamp and field EPSP (fEPSP) using glass 
pipette electrode are then recorded from neurons at the vicinity of UCNP light bulbs. In this 
presentation, we will discuss the nanofabrication of tetherless nanocrystal light bulbs and the 
details of our ex-vivo experiments to show we can reach deep regions of the brain and stimulate 
targeted clusters of neurons using NIR light. 

Disclosures:  M. Chamanzar: None. D.J. Garfield: None. J. Iafrati: None. V. Sohal: 
None. E. Chan: None. B. Cohen: None. P. Schuck: None. M.M. Maharbiz: None. 

Nanosymposium 

288. Electrode Arrays II 

Location: N228 

Time: Monday, October 19, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  288.04 

Topic: G.04. Physiological Methods 

Support: Grant/Other Support: Medical Research Council (MC_UP_1202/5) 

 HFSP (RGP0048/2013) 

Title: Efficiently scalable, modular in vivo neuronal recordings with a readout integrated circuit 

Authors: *M. KOLLO1, W. WRAY1, R. R. RACZ1, N. KISKIN1, M. ANGLE2, A. T. 
SCHAEFER1,3;  
1The Francis Crick Inst. Mill Hill Lab., London, United Kingdom; 2Stanford Univ., Stanford, 
CA; 3Univ. Col. London, Neuroscience, Physiology, Pharmacol, United Kingdom 



Abstract: Computational functions of neuronal networks rely on the orchestrated activity of 
thousands to millions of neurons. In order to understand how sensory percepts or higher order 
cognitive structures arise from these patterns, it is essential to be able to monitor the electrical 
activity of a large proportion of the involved neurons individually at millisecond resolution. 
Therefore, to address such questions, an ideal electrophysiological recording technique would 
employ small electrodes in a highly scalable configuration, in order to record from many single 
neurons. Finally, to avoid the signal-to-noise problems often associated with small electrodes, 
each electrode should also be optimized for both low electrode-electrolyte interfacial impedance 
and low stray capacitance. Here we present an approach that addresses this challenge by 
combining bundles of insulated metal wires with arrays of highly sensitive amplifiers based on 
readout integrated circuits (ROICs) from high-speed infrared cameras. Glass-ensheathed metal 
wires with customizable metal core (2-15 um) and glass (10-40 um) diameters were assembled in 
bundles with 10-100.000 individual wires. The bundles were contacted to the ROIC of a Xenics 
Cheetah 640-CL1700 camera, incorporating over 300,000 capacitive transimpedance amplifier 
circuits with <10 fF feedback capacitance at a pixel pitch size of 20 um. Noise levels were less 
than 70 µm (SD) at 10 kHz sampling frequency and 14 bit signal resolution and a dynamic range 
of 3 mV. To further potentiate electrolyte-electrode coupling, iridium oxide was plated on the 
recording interface by electrochemical deposition, increasing interface capacitance to > 2 pF/µm. 
This resulted in recorded neuronal spike signals of up to 1.2 mV in anaesthetized mice in vivo. 
Our data suggests that the combination of bundles of insulated metal wires and high-speed 
ROICs provides a highly scalable approach to neuronal unit recordings. 
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Title: Optical reflectometry with capacitive signal enhancement for multiplexed neural recording 
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Abstract: We introduce a fiber-optic architecture for neural recording without contrast agents, 
and study its properties. Our sensor design is inspired by electrooptic modulators, which 
modulate the refractive index of a waveguide by applying an electric field across an electrooptic 
core material, and allows neural recording over a 10 centimeter length of optical fiber with 30 
micron axial resolution, with high sensitivity and a large dynamic range using commercially 
available optical reflectometers as readout devices. The key concept of the design is the ability to 
create an ``intensified'' electric field inside an optical waveguide by applying the extracellular 
voltage from a neural spike over a nanoscopic distance. Implementing this concept requires the 
use of ultrathin high-dielectric capacitor layers. If suitable materials can be found -- possessing 
favorable properties with respect to toxicity, ohmic junctions, and surface capacitance -- then 
such sensing fibers could, in principle, be scaled down to few-micron cross-sections. Custom-
designed multi-material optical fibers, probed using a reflectometric readout, may therefore 
provide a powerful platform for neural sensing. 
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Abstract: The development of multi-electrode array platforms for large scale recordings of 
individual neurons comprising a neuronal network is at the forefront of neuro-engineering 
research efforts. In past years our laboratory focused on developing a technological approach that 
merge the advantageous properties of noninvasive substrate integrated planar multi-electrode 
array with those of intracellular recording of sub threshold synaptic- and action-potentials by 
patch or sharp electrodes. Here we report on the use of the cell-noninvasive gold-mushroom-
shaped microelectrode arrays (gMµEs) to simultaneously record from a large number of 
individual rat hippocampal neurons comprising a spontaneously bursting network in culture. As 
the gMµEs maintain extracellular position the gMµEs-hippocampal neurons configuration 
allows long-term in-cell recordings. In the presentation we: (a) analyze the physical parameters 
that define the expected electrical coupling coefficient levels formed between neurons and 
gMµEs. (b) Describe the electrophysiological signaling repertoire recorded by an 8x8 gMµE 
array and (C), analyze the mechanisms and origin of the in-cell recorded electrophysiological 
signaling repertoire. By comparing the estimated physical limits and the experimental results we 
define the physical, chemical and biological parameters that could be modified to further 
improve the electrical coupling coefficient between neurons and gMµE arrays. Based on the 
present results it is conceivable that the extracellular gMµE platforms could be beneficial also 
for in vivo studies. 
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Title: Multimodal interrogation of brain circuits with thermally drawn flexible neural probes 
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Abstract: Mapping neural circuits in vivo requires interacting with the diversity of the brain 
signaling modalities with high spatial resolution over extended periods of time. Neural probes 
are currently limited in their long-term utility due to the foreign-body response manifested in 
neuronal death and the formation of a glial scar around the probe, which lead to decreased 
signal-to-noise ratio (SNR) and loss of recorded neuronal units. It has been hypothesized that one 
of the responsible factors for this observed probe failure is the mismatch in elastic moduli 
between the neural tissue and the neural probes. In addition to longevity, many 
neurophysiological experiments require neural recording devices to incorporate other 
capabilities, such as optogenetic stimulation and drug delivery. However, incorporation of 
additional modalities often results in larger and stiffer devices, and is expected to further 
aggravate the tissue response to neural probes. Leveraging thermal drawing process, widely used 
in the telecommunications industry, we developed minimally invasive neural probes consisting 
of biocompatible polymers and polymer-metal composites. These probes are first designed and 
fabricated as macroscale templates, called preforms, incorporating different materials and 
functionalities in the desired geometry. These preforms are then heated and stretched into fibers 
with identical cross-sectional geometries and features reduced by 30-200 times and lengths of 
hundreds of meters. Using this method, we have fabricated flexible multielectrode probes as thin 
as 80 µm in diameter (comparable to a human hair) with individual electrodes sizes ~ 5 µm. 
These devices were used to record action potentials in freely moving mice with average SNR = 
13. Fiber-drawing was also employed to produce multifunctional probes that seamlessly 
integrated recording electrodes, hollow channels for drug delivery and polymer waveguides for 
optogenetic stimulation. We demonstrated simultaneous operation of all three modalities by 
recording neural activity in response to optogenetic stimulation during injection of 
neuromodulatory compounds. Finally, we found that long term implantation of our probes results 
in little accumulation of glia, astrocytes and macrophages and minimal blood-brain barrier 
breach surrounding the electrodes. Consequently, we believe that fiber-based probes may 
provide a promising minimally-invasive tool for studying the complexity of the brain signaling 
modalities in the context of systems neuroscience. 
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Abstract: There is currently tremendous interest (and significant funding) in existing and 
emerging nanotechnologies aimed at ultra high density electrical recording of neuronal activity 
in the brain. Much (almost all?) of the existing efforts and funding opportunities to date have 
focused on the development of novel and innovative neurotechnologies designed to achieve this. 
However, equally daunting and critical are related issues associated with the analyses, modeling 
and general use of the mountains of data expected to result from such recordings. These have 
received less attention although they are certainly recognized as being critical to the eventual 
success of this entire effort. In this talk we will discuss in particular two aspects of this problem: 
1. How to extract the high volumes of data generated by such recordings in a meaningful way, 
which presumably will be in the tens if not hundreds of thousands simultaneously, and 2. what 
we might do with all of this data once we have it to understand neural dynamics with the ultimate 
goal of understanding how the brain works. 
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Abstract: Parallelization of intracellular recording/stimulation will revolutionize the field of 
neuroscience and neurotechnology. Combining the two tasks, intracellular and parallel, in one 
tool, however, has proven an outstanding challenge. Recent advances in nanoscale neuronal 
interfaces, in particular, vertical nanoelectrodes, offer a new line of attack to this long-standing 
parallel vs. intracellular dichotomy: the nanoelectrodes can enter live mammalian neurons for 
intracellular measurement/stimulation, yet they can be top-down defined by standard fabrication 
techniques into an large-scale array. In this presentation, I will describe our efforts to transform 
our first generation, passive nanoelectrode prototypes into a fully integrated, active CMOS-
nanoelectrode array (CNEA) with significantly improved capability. Concretely, we are creating 
a large, high-density array --128×128 recording/stimulation sites -- of vertical nanoelectrodes on 
top of a CMOS integrated circuit (IC) that we will custom design. Nanoelectrodes at each site are 
operated by their own amplifier, stimulator, and memory in the underlying IC. These proximal 
electronics are pivotal in enabling the large array operation and for achieving the recording 
sensitivity on a par with the patch clamp technique. Our new nano-neuro interface should enable 
massively parallel, high-fidelity electrophysiological interrogation of complex neuronal 
ensembles in vitro and ex vivo, thereby providing a new experimental platform for high-
throughput screening of new pharmaceutical candidates for neurological disorders as well as the 
interrogation and manipulation of the “functional connectome” of a complex neuronal network. 
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Abstract: The rapidly evolving field of nanotechnology creates new frontiers for biological 
sciences. Recently, we and other groups show that vertical nanopillars protruding from a flat 
surface support cell survival and can be used as subcellular sensors to probe biological processes 
in live cells. In particular, we are exploring nanopillars as electric sensor, optical sensors, and 
structural probes. As an electrode sensor, nanopillars electrodes offer several advantages such as 
high sensitivity, subcellular spatial resolution, and precise control of the sensor geometry. We 
found that the 3D topology of the nanopillars electrodes is crucial for its enhanced signal 
detection. The high membrane curvature induced by vertical nanopillars significantly affects the 
distribution of curvature-sensitive proteins and stimulates several cellular processes in live cells. 
Our studies show a strong interplay between biological cells and nano-sized sensors, which is an 
essential consideration for future development of interfacing devices. 
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Abstract: Computation and information processing in the brain arise from the coordinated 
activation of large assemblies of neurons distributed across the brain. Current methods for 
studying these assemblies lack the required ability to deliver precise, dense, and specific 
stimulation patterns across deep brain circuits, with high spatial and temporal resolution. We 



have developed ultra-compact multi-pixel implantable silicon-based neural probes for 
optogenetic stimulation at arbitrary depths in brain tissue. Our probe design can be easily tailored 
for customized studies of specific brain areas, with arbitrary number of shanks spaced at 
arbitrary pitch, each containing specifically patterned arrays of photonic emitters. These probes 
are minimally invasive, with shanks having a cross-section roughly an order of magnitude 
smaller than previous state-of-the-art probes. Our fabrication process is fully compatible with 
semiconductor foundry mass-production methodologies; about 300 probes can be fabricated on a 
4” wafer. The compact footprint of these probes is achieved through wavelength division 
multiplexing and demultiplexing. This enables a single optical fiber to carry a multiplicity of 
separately modulated wavelengths (signal channels), which are demultiplexed in situ to permit 
delivery of temporally patterned light to the many illumination points on the probes. A one-to-
one mapping between the wavelength of the input light and the spatial location of the 
corresponding output emitting pixel is set by the probe design. Optical demultiplexing of the 
visible wavelength stimulation signals is achieved by embedded array waveguide gratings 
(AWG). We experimentally demonstrate AWGs working in the visible spectrum, with spectra 
centered on blue (473nm) wavelengths within the absorption band of the ChR2 family of 
optogenetic effectors. These AWGs are integrated at the base of the shanks; in our current 
design, each routes light to nine densely spaced illumination points located close to the tip of the 
shank. The scalability of this technology enables up to hundreds of independent stimulation 
points to be fabricated on each probe shank. We have experimentally characterized the 
functionality of these probes in a mammalian brain in vivo. Blue light delivered by the probe is 
used to excite neurons co-expressing ChR2-mCherry (ET-TC) and GCaMP6s in the cortex of a 
16-week old C57/Bl6 female mouse 25 days after transfection. Neural activity is simultaneously 
measured using 2-photon imaging. Using our photonic nanoprobes we demonstrate the ability to 
pinpoint excitation to one individual neuron within an ensemble of optogenetically labeled 
neurons. 
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Abstract: Electrical deep brain stimulation can ameliorate symptoms of treatment-resistant 
psychiatric and neurological disorders. However, mechanically-invasive implanted electrodes are 
required to deliver electrical impulses, often with variable results because the cellular mechanism 
is poorly understood. Next-generation neural stimulation technologies, such as optogenetics and 
transcranial ultrasound stimulation, also require conduits to deliver local stimuli into sub-cortical 
structures. Alternating magnetic fields (AMF) in the low-radiofrequency regime, a largely 
unexplored modality in neuroscience, can penetrate deep into tissue with little signal attenuation 
due to the body’s low magnetic susceptibility. Magnetic nanoparticles undergo hysteretic heating 
in the presence of AMFs, an effect commonly employed for cell destructive therapies in cancer 
hyperthermia and recently explored for wireless control of cell signaling in vitro and glucose 
release in engineered xenographs. We have optimized the hysteretic power dissipation of 
magnetic nanoparticles at clinically relevant magnetic field amplitudes and frequencies (Chen, R. 
et al. ACS Nano 2013) for wireless magneothermal neural excitation. We first demonstrated 
synchronized and repeatable neural excitation with AMF pulses in primary hippocampal neural 
cultures incubated with magnetic nanoparticles and sensitized to heat via transfection with a 
thermally-sensitive capsaicin receptor TRPV1 (Chen, R. et al. Science 2015). We have also 
shown magnetothermal excitation of intact neural circuits chronically in mice. Lentiviral delivery 
of TRPV1 to excitatory neurons in the ventral tegmental area (VTA) followed by nanoparticle 
injection enabled neural excitation of VTA neurons as well as its projections into the medial 
prefrontal cortex (mPFC) and nucleus accumbens (NAc) a month later. Surface passivation of 
the nanoparticles with poly(ethylene glycol) reduced the foreign-body response to the ferrofluid 
injection in the brain as compared to a similarly-sized stainless steel implant. Our experiments 
illustrate that wireless control of heat-sensitized neural circuits in vitro and in vivo is possible 
with colloidal solutions of biocompatible magnetic nanoparticles. However, in vivo physiological 
recordings and modulation of behaviors remain to be explored. Further, this modality for neural 
stimulation, consisting of a simple injection into a targeted brain structure, may also enable 
triggering of thermally sensitive ion channels expressed endogenously. 
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Abstract: Achieving tight integration of semiconductor-based medical devices with neuronal 
components is challenging. Natural skeletal elements or extracellular matrices have mesoscale 
features that are known to promote cellular interactions. Herein we develop a modular 
deposition-diffusion-incorporation approach for direct chemical synthesis of mesostructured 
skeleton-like spicules made of silicon. The spicules have three-dimensional tectonic motifs, 
reduced symmetries, and curvilinear open frameworks with gradient. Atom-probe tomography 
and other quantitative measurements indicate the existence and unexpected role of individual 
gold atoms in controlling patterned inorganic-inorganic interfaces and spicule formation. When 
interfacing with individual collagen fibers, synthetically enabled mesostructures in silicon lead to 
enhanced detachment force and work. Finally, we showed that silicon spicules form robust and 
flexible interfaces with single cells and exhibit improved electrical performance. Our work 
suggests new silicon-based electrode components for neuroscience and neuroengineering. 
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Abstract: The small size, fast generation time and genetic tractability of C. elegans in 
combination with its use as a model organism for human diseases have allowed researchers to 
perform a variety of high-throughput assays to study human diseases and reveal potential drug 
treatments. These assays include methods for imaging, protein expression, genetic sequencing, 
and behavioral profiling. However, the lack of a high-throughput technique for measuring 
electrophysiology hinders the accurate phenotyping of models for neurological diseases such as 
Alzheimer’s disease (AD), Parkinson’s disease (PD) and Amyotrophic Lateral Sclerosis (ALS). 
A protocol for dissection and micropipette patch-clamp measurements in C. elegans exists, but 
the lack of scalability and laborious nature of this method falls short of the throughput needed to 
screen thousands of genetic perturbations and drug candidates when studying diseases. To 
facilitate the study of neurological diseases in small organisms, we invented a microfabricated 
device based on suspended nano-electrodes (SNEs) integrated into a microfluidic platform. This 
scalable technique records body-wall muscle electrophysiology in intact animals that remain 
viable post-measurement. Using this device, we can extract several electrophysiological metrics 
including waveforms, spike statistics, and power spectral densities to produce the first high-
dimensional electrophysiological phenotypes of C. elegans models for AD, PD and ALS. In 
addition, we measured a rescue of normal electrophysiology in PD worms treated with a known 
neuroprotective drug. These results verify that SNEs measure both the changes in 
electrophysiology due to a diseased-state and the effects of drug treatments on these disease 
models. Furthermore, because our device is fabricated using semiconductor manufacturing 
processes we can array more than a dozen recording chambers on the same chip and rapidly 
screen for drugs that help recover regular electrophysiological phenotypes. Overall, SNE 



technology represents a new paradigm for high-throughput electrophysiological studies of small 
organism models for neurological diseases. 
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pathway 

Authors: *Y. SONG1, D. SRETAVAN2, L. JAN1, Y. JAN1;  
1Physiol., 2Ophthalmology, Univ. of California, San Francisco, San Francisco, CA 

Abstract: Mechanisms governing a neuron’s regenerative ability are important but not well 
understood. We identified Rtca, RNA 3'-terminal phosphate cyclase, as an inhibitor for axon 
regeneration. Removal of dRtca cell-autonomously enhanced axon regrowth in the Drosophila 
central nervous system, whereas its overexpression reduced axon regeneration in the periphery. 
Rtca along with the RNA ligase Rtcb and its catalyst Archease operate in the RNA 
repair/splicing pathway important for stress induced mRNA splicing, including that of Xbp1, a 
cellular stress sensor. Rtca and Archease had opposing effects on Xbp1 splicing, and deficiency 
of Archease or Xbp1 impeded axon regeneration in Drosophila. Indicative of evolutionary 
conservation of Rtca function, overexpressing mammalian Rtca in cultured rodent neurons 
reduced axonal complexity in vitro, whereas reducing its function promoted retinal ganglion cell 
axon regeneration after optic nerve crush in mice. Our study thus links axon regeneration to 



cellular stress and RNA metabolism, revealing new potential therapeutic targets for treating 
nervous system trauma. 
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Abstract: Few of the intrinsic mechanisms that regulate axon regeneration after injury are 
known. To identify genes that regulate axon regeneration, we compared gene expression profiles 
of FACS-sorted C. elegans GABA motor neurons with high regenerative capacity (conferred by 
overexpression of DLK-1 MAPKKK) to wild type GABA motor neurons. We detected robust 
upregulation of both poly(ADP-ribose) glycohydrolases (PARGs), parg-1 and parg-2, in neurons 
with high regenerative capacity. These data suggest PARG activity might promote axon 
regeneration. To test this hypothesis, we performed laser axotomy in parg-1 and parg-2 loss-of-
function mutants and we found that regeneration is impaired in both mutants. Therefore, PARGs 
are regeneration-promoting factors. PARGs degrade poly(ADP-ribose), which is synthesized by 
poly(ADP-ribose) polymerases (PARPs). The balance between PARG and PARP activity 
determines cellular levels of poly(ADP-ribose) and regulates multiple processes including DNA 
damage response, lifespan, and neurodegeneration. Since PARGs counteract PARP function, we 
hypothesized that loss of PARP activity would have the opposite effect on axon regeneration to 
loss of PARG activity. We found that loss of function of PARP genes parp-1 and parp-2 
increased axon regeneration. Therefore, PARPs inhibit axon regeneration. Together with our 
PARG findings, these data suggest that levels of poly(ADP-ribose) are a critical determinant of 
regenerative potential. Next, we investigated whether we could inhibit PARP activity post-injury 
to promote regeneration of damaged axons. Multiple PARP inhibitors are currently in clinical 
trials for indications including cancer and stroke. We tested whether the same PARP inhibitors 
could enhance axon regeneration. Wild type animals treated with chemical PARP inhibitors after 
injury showed significantly enhanced axon regeneration compared to controls. Thus, PARP 
activity regulates the acute response of neurons to axon injury, and PARP inhibition after injury 
is sufficient to improve regeneration. Together, our findings identify a novel pathway involving 
control of poly(ADP-ribose) levels that regulates axon regeneration. 
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Abstract: Adult retinal stem cells (RSCs) are rare cells that reside in the pigmented ciliary 
epithelium (CE) of the mammalian eye. Once dissociated from the CE, RSCs readily proliferate 
to form clonal, free floating spheres after 7 days, with the capacity to self-renew and differentiate 
into all of the cell types of the neural retina and retinal pigmented epithelium. Despite having the 
capacity to proliferate in vitro, RSCs do not proliferate or generate new retinal cells in adult 
mammals in vivo. Previously, we identified BMP and sFRP2 proteins as potential mediators of 
RSC quiescence with in vitro experiments. We found that conditioned media (CM) from the 
adult lens and cornea suppressed RSC sphere formation, while inhibiting BMP and sFRP2 
signaling in the CM restored sphere growth. Here, we investigate whether eye-specific BMP and 
sFRP2 inhibition in vivo disinhibit RSC quiescence in mice. We injected noggin or anti-SFRP2 
antibody intravitreally into the right eye once every 24hrs, for 72 hrs, at 2 doses (1.5ug/mL or 
2.5ug/mL). The left eye was injected with PBS as a control and one group received no injections 
to serve as naïve controls. During the injection period, all groups received EdU in their drinking 
water. Mice were euthanized at either 24hrs or 4 weeks after the last injection and EdU+ cells 
were quantified in the ciliary body (CB) and neural retina (NR). Noggin or α-sFRP2 treatment 
did not affect the number of EdU+ cells in NR 24hrs or 4 weeks post-injection. 24hrs post-
injection, there were more EdU+ cells in the CB of the 2.5ug/mL α-sFRP2 treated eyes than in 
the controls and at the 1.5ug/mL dose. Both the 1.5ug/mL and 2.5ug/mL noggin treated eyes had 
increased EdU+ cells in the CB compared to the controls. 4 weeks post-injection, α-sFRP2 
treated eyes had more EdU+ cells than both controls in the CB. Noggin treated eyes also had 
more EdU+ cells in the CB than naïve controls, but did not reach significance compared to PBS 
controls. This indicates that α-sFRP2 and noggin may have different efficacies or mechanisms to 
induce proliferation, or may be acting on different cells. To investigate this further, we 
performed a clonal sphere assay 7 days after injection of noggin or α-sFRP2. We found that α-
sFRP2 increased the total number of primary RSC spheres to 220% of controls, whereas the total 
sphere number from noggin treated eyes increased to 147%, but was not significantly different 
from the PBS controls. However, there was a significant change in sphere size distribution in 
both conditions. These results establish that inhibition of BMP and sFRP2 signaling can cause 
CB-specific proliferation within the adult mouse eye. Further, inhibiting sFRP2 appears to 
expand the retinal stem cell pool. 

Disclosures:  K.N. Grise: None. L. Balenci: None. C. Wonders: None. B.L.K. Coles: 
None. D. van der Kooy: None. 

Nanosymposium 

368. New Progresses in Nerve Regeneration and Transplantation 



Location: S102 

Time: Monday, October 19, 2015, 1:00 PM - 3:15 PM 

Presentation Number:  368.04 

Topic: A.07. Transplantation and Regeneration 

Support: Medical Research Council 

 European Research Council 

 Christopher and Dana Reeve Foundation 

Title: The loss of intrinsic regeneration ability in neurons maturing in vitro and the role of Rab11 
in this decline 

Authors: *H. KOSEKI1, R. EVA2, B. Y. H. LAM3, M. DONEGÀ2, M. K. L. MA3, G. S. H. 
YEO3, J. W. FAWCETT2;  
1John Van Geest Ctr. For Brain Repair, University of Cambridge, Cambridge, United Kingdom; 
2John Van Geest Ctr. For Brain Repair, Dept. of Clin. Neurosciences, University of Cambridge, 
Cambridge, United Kingdom; 3MRC Metabolic Dis. Unit, IMS-MRL, Addenbrooke's Hospital, 
Cambridge, United Kingdom 

Abstract: CNS neurons regenerate less than PNS neurons and lose intrinsic regenerative ability 
with maturation. However our knowledge of the actual intrinsic changes in the axon growth 
machinery in these maturing CNS neurons is limited. We have developed an in-vitro tissue 
culture model of embryonic rat cortical neurons that recapitulates this regeneration decline with 
maturity and is suitable for live-imaging of axon transportation and cytoskeletal molecules after 
laser axotomy. In this model, neurons show many markers of maturation including dendritic 
spine and synapse formation, electrophysiological changes and changes in gene expression 
which we have assayed by RNA sequencing. Neurons progressively lose their ability to 
regenerate their axons after axotomy, and by 24 days in vitro axon regeneration is very 
uncommon. The axon response after axotomy is to create an active retraction bulb, followed in 
younger axons often 5 hours or more later by generation of a regenerating process either from the 
retraction bulb or from a point proximal. We then aimed to elucidate molecular mechanisms 
leading to this loss, especially from the perspective of axon transportation. We focused on the 
endosomal small GTPase Rab11, which regulates recycling endosomes involved in axonal 
transportation of growth receptors such as integrins and trkB, which are important in sustaining 
the growth cone. We found that Rab11 becomes somatodendritic as neurons mature, consistent 
with previous in-vivo observations, and similar to integrins and trks. Overexpression of wild type 
Rab11a in maturing neurons was able to induce altered trafficking, sending some Rab11a 
positive vesicles into the axon. Upon axotomy, accumulation of these vesicles was seen at the 
tip, and Rab11 overexpression resulted in an increase in regeneration, suggesting that the 



distribution change of Rab11 is important in the maturational decline in axon regeneration 
ability. We are currently looking into strategies to send Rab11 more efficiently into the axon. 
Many transportation molecules are strictly governed upon maturation, and focusing on these 
changes may open new possibilities for promoting axon regeneration. 
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Abstract: Even in the intact nervous system, axonal connections do not automatically translate 
to functionally relevant neuronal circuits for a given behavior. In the injured central nervous 
system (CNS), despite recent successes in developing methods to promote long distance axon 
regrowth, it remains unknown whether regenerated axons induced by these manipulations are 
able to form functional synapses and support behaviors. Here we analyzed these steps following 
regeneration of injured retinocollicular axons induced by an established method of activating 
intrinsic regenerative ability in retinal ganglion cells (RGCs). We show that co-deletion of PTEN 
and SOCS3 in injured RGCs promotes severed retinocollicular axons to regrow into the superior 
colliculus (SC). Importantly, regenerated axons form functional synapses with SC neurons as 
assessed by optogenetics-assisted electrophysiological recordings both in vitro and in vivo. 



However, regenerated axons exhibit a poor ability to conduct electrophysiological signal from 
the eye to SC, likely due to the lack of myelination. And, no significant increases of visual 
acuities were detected in the treated mice when they were tested for optomotor performance. We 
are currently examining the possible mechanisms underlying the failure of myelination in the 
regenerated axons, and also screening for strategies that enhance the conductance of the 
regenerated axons and that eventually restore visual function at the behavioral level. 
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Abstract: Trauma to the retina or to the optic nerve often leads to retinal ganglion cell (RGC) 
death and irreversible vision loss. Like all central nervous system (CNS) neurons, RGCs usually 
fail to regenerate injured axons successfully due to multiple factors that lead to secondary tissue 
damage and scarring. We currently lack a therapeutic platform that can alter the default healing 
response to decrease scarring and to increase functional tissue repair. Regenerative medicine 
approaches using extracellular matrix (ECM) technology can reduce scarring and increase 
functional tissue repair in various tissues and organs, including the peripheral nervous system. 
ECM derived from younger, homologous tissue sources is often more successful in generating a 
positive outcome. Here we show after optic nerve crush in rat, tissue-specific ECM hydrogels 
differentially modulate RGC growth as well as macrophage and microglial toward an M2-like 
anti-inflammatory phenotype. M2-like microglia and macrophage phenotypes were linked to 
increased RGC survival and axon regeneration in vitro and in vivo. Fetal CNS-derived ECM 
increased RGC survival and axon regeneration the most, whereas urinary bladder ECM increased 
the M2-like phenotypes the most in microglia and macrophages, suggesting chimeric ECM 
hydrogels may offer the greatest benefit. These studies show injectable, tissue-specific ECM 
hydrogels can differentially modulate the innate immune system in a manner that alters the 
default healing response. ECM hydrogels hold promise for ameliorating RGC death and axon 
degeneration after ocular trauma in a highly translatable platform. 
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Abstract: Following injury to peripheral nerves, Schwann cells dedifferentiate, proliferate, 
migrate and, when axon regeneration occurs, redifferentiate into a myelinating phenotype. 
Schwann cells promote regeneration through the creation of a permissive environment for axon 
regrowth and the production of neurotrophic factors. Neuregulin1 (NRG1) is a polymorphic 
factor involved in the myelination and remyelination processes. Through three injury models, the 
expression of different NRG1 isoforms and of their ErbB receptors was investigated in the distal 
portion of the rat median nerve under degenerating conditions (unrepaired cut nerve) or under 
regenerating conditions after a mild (nerve crush) and more severe (end-to-end repair of cut 
nerve) injury. Following peripheral nerve injury, distinct and consecutive phases occur: nerve 
degeneration, axonal regrowth, nerve regeneration and maturation. A detailed mRNA and protein 
expression analysis of the NRG1/ErbB system was carried out, focusing the attention not only on 
soluble and transmembrane NRG1 isoforms, but also on alpha and beta as well as type a, b, and c 
isoforms. Expression specificity during the distinct and consecutive phases occurring after nerve 
injury and regeneration or the progress in nerve degeneration was observed. Nerve ultrastructure 
changes were evaluated by electron microscopy and related to the results of mRNA and protein 
expression analyses. At the mRNA level, soluble NRG1 isoforms alpha and beta, as well as type 
a and b, are strongly up-regulated early, during nerve degeneration and the early phases of 
axonal regrowth, but their expression does not seem to be differentially regulated under 
regeneration and degeneration conditions. ErbB receptors are strongly regulated in the different 
phases, but at the protein level ErbBs are similarly regulated in the different injury models. On 
the contrary, we observed that transmembrane NRG1 isoforms are differentially regulated, at the 
protein level, under degeneration and regeneration conditions, thus suggesting that their 
expression could be a good marker to follow and monitor the regeneration process. This accurate 
regulation suggests that each member of the NRG1/ErbB system plays a specific role following 
nerve injury, that could be clinically exploited to promote nerve regeneration. This project has 
received funding from the European Union’s Seventh Programme for research, technological 
development and demonstration. 
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Abstract: Regeneration of inhibitory retinal interneurons has been observed in teleost fish 
following non-targeted retinal injury. However, regeneration of retinal interneurons following 
targeted ablation of specific cell types has not been characterized. Two important questions arise 
from a targeted ablation experiment: (1) Does cell type specific ablation induce regenerative 
responses biased toward the production of cells of the same cell type? (2) What is the effect of 
ablating specific cell populations on the growth and survival of neighboring cell types? Here, we 
used metronidazole-induced, nitroreductase-mediated ablation of horizontal cells and amacrine 
cells in transgenic zebrafish in combination with immunolabeling and confocal imaging to 
characterize regeneration of inhibitory interneurons in the retina after their targeted ablation. We 
found that pro-drug activation of nitroreductase expression in transgenic zebrafish specifically 
ablates retinal amacrine cells and horizontal cells. All retinal amacrine cells and horizontal cells 
in the central retina are eliminated via apoptosis following one day of treatment. BrdU pulse 
chase experiments revealed cell proliferation in the central retina of drug-treated zebrafish at four 
days post injury. Regenerating cells began expressing markers of early differentiation as early as 
one week post injury. These findings are the first demonstration of specific ablation and 
regeneration of inhibitory interneurons in the zebrafish retina and establish a useful tool for 
understanding how specific cell types regenerate following injury. 
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Abstract: The axolotl can regenerate multiple organs, including the spinal cord and the brain. It 
remains, however, unclear whether complex neuronal diversity and intricate tissue architecture 
can be regenerated; yet, this is critical for recovery of function in the central nervous system. 
Here, we have built a molecular map of neurons in the axolotl pallium and used it to investigate 
whether neuronal diversity and pallial organization can be precisely regenerated after mechanical 
injury. Using in vivo brain imaging and molecular analysis, we find that axolotls are able to 
rebuild the pallium through specific regenerative steps. These include a proliferative response by 
progenitors, which also stimulates neurogenesis in intact regions distal to the injury. We 
demonstrate that regeneration rebuilds the original diversity of neurons in both pre- and post-
metamorphosis axolotls. However, regeneration fails to reestablish the ordered tissue architecture 
present before injury, and neurons acquire new topographical relationships within the 
regenerated tissue. 
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Abstract: The Drosophila larval neuromuscular junction (NMJ) has proven to be a powerful 
model glutamatergic synapse. Efforts to elucidate the molecular mechanisms that govern 
neurotransmitter release at this synapse are complicated by the presence of two distinct 
glutamatergic motor neuron axons--Type Ib and Type Is--that cannot be easily separated in 
electrophysiological studies. In vivo imaging of synaptic transmission in intact larvae reveal that 
Ib axons are highly active between muscle contractions and that both axons increase their 
activity during contractions, consistent with a mixed tonic-phasic behavior in Ib and phasic 
behavior in Is axons. Optical quantal analysis enabled us to measure transmission properties 
simultaneously at dozens of synapses in the terminal branches of these two axon types as they 
innervate a common muscle cell. We find that synapses of Type Ib and Type Is axons have 
highly divergent basal release properties. Under low stimulation frequency nerve stimulation, 
Type Ib axons have many synapses that are silent and the active synapses are still 2-3 fold lower 
in basal release probability compared to active Type Is synapses. The two axons differ in their 
short-term plasticity in a manner consistent with these differences in basal properties: at 
moderate frequencies, simultaneous facilitation is seen at Type Ib synapses and depression at 
Type Is synapses. The differences in synaptic transmission led us to ask whether the molecular 
mechanisms that control transmitter release also differ between these axons. We find that the 
differences in synaptic function between Type Ib and Type Is axons cannot be explained by 
differences in the active zone protein Bruchpilot (Brp, ELKS/CAST homologue in flies). We are 
currently investigating the relative behavior of these two axons in other forms of activity-
dependent plasticity to further clarify the molecular mechanisms of functional diversity at the 
NMJ. 
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Abstract: Repetitive nerve activity leads to rapid cytosolic acid loads in presynaptic terminals 
which are generated over seconds and cleared within a minute. Such acid transients likely 
influence mechanisms which underlie neurotransmitter release as many processes necessary for 
neurotransmitter release are pH-sensitive. To further understand the relationship between nerve 
activity and pH regulation we investigated the acid extrusion mechanisms that affect cytosolic 
pH homeostasis in a glutamatergic nerve terminal. A fluorescent ratiometric genetically-encoded 
pH-indicator ("pHerry") was constructed by joining SuperEcliptic-pHluorin, a pH-sensitive (pKa 
~ 7.1) GFP, to mCherry, a pH-insensitive (pKa ~ 4.5) RFP, with a flexible linker sequence. 
Expression of pHerry in the cytosol of Drosophila motor nerve terminals shows acid efflux 
following acid loading by nerve activity is greater than that predicted by measurements of resting 
acid efflux. Analysis of activity-induced acid transients in terminals deficient in either 
endocytosis or exocytosis of synaptic vesicles elucidated an activity-induced acid efflux 
mechanism which required evoked exocytosis of vesicles and persisted until retrieval of the 
synaptic vesicle membrane from the plasma membrane. Pharmacological and genetic dissection 
in situ indicate this acid efflux is mediated by both conventional plasma membrane acid 
transporters and vesicular acid transporters which remain active when deposited on the plasma 
membrane by exocytosis. 
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Abstract: Neurotransmission occurs when calcium triggers exocytosis of synaptic vesicles 
primed at release sites. The number, position and activity of nearby calcium channels determine 
the perdurance of free calcium at a release site. To understand the synapse we must identify the 
location of calcium channels in relation to synaptic vesicles, fusion proteins, and subcellular 
structures such as the dense projection. In the simplest model, calcium enters through a single 
source at the center of the synapse. However, calcium entry through multiple sources within a 
synapse has been studied only indirectly. In C. elegans unc-68 (RyR), egl-19 (L-type), and unc-2 
(N-type) channels are each encoded by a single gene and contribute the calcium for synaptic 
vesicle exocytosis at neuromuscular junctions. We are determining the colocalization of calcium 
channels with other synaptic proteins at nanometer resolution. CRISPr and miniMos create 
single-copy transgenes that attach to each channel an enzymatic tag that covalently binds organic 
fluorophores suitable for imaging by biplane 3D super-resolution fluorescence microscopy. 
Transgenic animals are crossed with mutations that test the contributions of the vesicle priming 
proteins unc-13, unc-10 (RIM), and rimb-1 (RIM-binding protein) in localizing each synaptic 
calcium channel and its adjoining vesicles. 
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Abstract: Defects in the organization and function of synapses underlie diverse neurological 
disorders including autism, depression, and memory loss. Many synaptic functions are carried 
out at the active zone by a small number of highly conserved scaffolding molecules termed the 
cytomatrix of the active zone (CAZ). In Drosophila, the CAZ includes the CAST/ELKS 
homolog Bruchpilot, Dunc-13, a single RIM protein, and the Piccolo homolog Fife. By 
addressing Piccolo function in a simpler model system, we hope to shed light on the diverse 
functions ascribed to Piccolo and the related protein Bassoon in mammalian systems. Previous 
work in our laboratory demonstrated a role for Fife in regulating behavior, synaptic 
ultrastructure, and neurotransmission. We will present our mechanistic investigation of Fife’s 
role in regulating synaptic vesicle mobility and coupling presynaptic Ca2+ channels to synaptic 
vesicle release sites. 
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Abstract: Synaptotagmins (Syts) are a family of double C2 domain proteins, and in particular 
the Syt1 and Syt2 proteins function as the fast Ca sensors for transmitter release at synapses. 
Syt1 is the main fast Ca sensor at excitatory and inhibitory synapses of cultured mouse forebrain 
neurons, whereas Syt2 is the homologous fast Ca sensor at hindbrain synapses like the calyx of 
Held and at the neuromuscular junction. This fits with the general expression pattern of these two 
genes in adult mice (Syt1, forebrain; Syt2, hindbrain and spinal cord). Nevertheless, it has not 
previously been investigated whether Syt isoforms may switch during the formation and 



refinement of an identified synapse. We investigated conventional Syt2 KO mice (Pang et al., 
2006 JN) and found that fiber stimulation evoked EPSCs were not significantly changed at P2 - 
P3. At P5 - P6, significant amounts of fast release remained in Syt2 KO mice, as assessed by 
measuring EPSCs, and in paired recordings and EPSC deconvolution analysis. Fast transmitter 
release was only fully removed in Syt2 KO mice at P13 - P15, a time at which Syt2 KO calyces 
showed very slow release (time constant ~ 300 ms). These findings, supported by 
immunohistochemistry against Syt2, strongly suggest that nascent calyx of Held synapses use a 
Ca sensor different from Syt2 to drive fast release. Obvious candidates are Syt1 and Syt9, 
because both isoforms show a higher expression early postnatally in presynaptic calyx of Held-
generating neurons (Xiao et al., 2010 MCN). However, the residual fast release observed at P5 - 
P6 in Syt2 KO mice persisted in Syt9/Syt2 DKO mice, rendering Syt9 an unlikely candidate. To 
verify the possible role of Syt1, we used a novel Syt1lox mouse (EUCOMM / EMMA). In 
Syt1lox x Krox20Cre conditional KO mice, EPSCs were strongly reduced and de-synchronized 
at P2. Similarly, conditional removal of Syt1 by virus-mediated Cre-expression in Syt1lox x Syt2 
KO mice led to a significant decrease of the residual fast release, as compared to Syt2 KO mice. 
This data thus shows that Syt1 represents an early fast sensor at the nascent calyx of Held 
synapses, whereas Syt2 has no functional role early postnatally, and is only expressed from ~ P2 
- P4 onwards. Thus, the growing calyx of Held nerve terminals undergo a developmental Syt1 - 
Syt2 isoform switch. The functional expression of Syt1 early postnatally might not be limited to 
the calyx of Held synapse, and could thus also explain why conventional Syt2 KO mice survive 
until ~ 2 weeks of age, despite the clear role of Syt2 as an ultra-fast Ca sensor for vesicle fusion. 
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Abstract: Vesicle recycling is pivotal for maintaining reliable synaptic signaling. However, this 
crucial process remains poorly understood, likely owing to technical difficulties. It remains 
debated as to the basic properties of vesicle recycling, such as the size of recycling pool(RP) 
relative to the total vesicles reside in nerve terminal, the kinetics of vesicle recycling, and how 
the usage of RP ensures the capacity of synaptic transmission. Here we developed an approach to 
quantify the kinetics of vesicle recycling with exquisite signal and temporal resolution at the 
Calyx of Held synapse. In combination of this approach with the focused ion beam/scanning 
electron microscopy(FIB/SEM) and FM-dye photoconversion based transmission electron 
microscopy(TEM), we found that ~80% of vesicles(~270K out of ~330K) in nerve terminal 
participate in recycling, which is independent of presynaptic stimulation frequency. Under a 
sustained stimulation, vesicle recycling essentially has two kinetic components and the recycled 
vesicles start to be reused in tens of seconds when ~45% preserved vesicles in RP were depleted. 
The heterogeneity of vesicles in recycling revealed the existence of a replenishable pool of 
vesicles prior to the priming stage and we estimated the size of this sub-pool of RP, termed as 
readily priming pool (RPP), based on a realistic kinetic model. Thus, our study quantified the 
kinetics of vesicle recycling and found that RP contain ~80% of total vesicles in calyx-type 
nerve terminal and can be kinetically dissected as readily releasable pool(RRP, ~2% of RP), 
readily priming pool(RPP, ~58% of RP) and pre-mature pool(PMP, ~40% of RP). The teaming 
of the sequentially connected subpopulations of vesicles ensures the rate limited but sustainable 
synaptic transmission.  
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Abstract: Neurotransmitters can be released by kiss-and-run or full-collapse fusion of synaptic 
vesicles. It is unclear how much kiss-and-run contributes to synaptic release from various 
neurons. Endocytosis in vertebrate photoreceptors exhibits fast retrieval consistent with kiss-and-
run fusion. We studied release using dyes of different sizes to measure fusion pore size during 
release from rods and cones. We loaded synaptic vesicles into tiger salamander photoreceptors 
using 3-, 10-, and 70-kD dextran-conjugated Texas Red with diameters of 2.3, 4.6 and 12 nm, 
respectively. We visualized release of individual vesicles using total internal reflection 
fluorescence microscope (TIRFM) in isolated photoreceptors and stimulated release by puffing 
50 mM KCl onto terminals. We also measured whole terminal release by confocal microscopy in 
vertical slices of retina and stimulated release by bath application of 50 mM KCl. In TIRFM, 
vesicle fluorescence increases as vesicles approach the membrane and thus enter the evanescent 
field of illumination. Vesicle release events were defined by a 60% fluorescence decline in 80 ms 
with a total decrease of >90%. Remaining events were defined as vesicle retreat from the 
membrane because their fluorescence declines mirrored fluorescence increases caused by vesicle 
approach to the membrane. ~70% of vesicles loaded with 3- or 10-kD dye released their contents 
after approaching the membrane, but only ~20% of vesicles loaded with 70-kD dye released their 
dye after approach. This suggests that 71% ([70%-20%]/70%) of observed release events 
involved fusion pores with diameter between 2.3-12 nm and 29% involved full-collapse fusion 
with pores >12 nm. Bath application of 50 mM KCl for 15 min to retinal slices loaded with 3-, 
10-, or 70-kD dyes stimulated declines of 2.4%, 5.4%, and 1.7% in whole terminal fluorescence, 
respectively. 3 kD dye may enter other structures besides synaptic vesicles. Consistent with this, 
we observed more labeling of immobile fluorescent structures by TIRFM in terminals loaded 
with this dye. Differences in release between 10- and 70-kD dyes suggest that 69% ([5.4%-
1.7%]/5.4%) of release involves fusion pores between 4.6-12 nm, similar to conclusions from 
TIRFM results. These results suggest that most release from photoreceptors involves fusion 
pores with diameter <12 nm and that full-collapse fusion contributes to a small fraction of 
release events. 
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Abstract: By contrast with a textbook view of synaptic vesicles (SVs), which depicts SVs as 
confined to individual synapses, studies from multiple groups have revealed an extensive inter-
synaptic exchange of SVs along the axon. Whereas previous work performed analysis of 
populations of vesicles, we have focused on SV traffic at the single vesicle level to identify core 
mechanisms of transport and regulation. We performed time-lapse microscopy of quantum dots 
(QDs) as optical markers of single SVs in rat hippocampal cultures. QD labeling at low density 
allowed us to track unambiguously the motion of individual SVs over several minutes, with high 
temporal (~0.1 s) and spatial (~30 nm) resolution. We performed an exhaustive characterization 
of single SV motion by means of new computational methods we developed for the analysis of 
SV trajectories (Chenouard and Tsien, ISBI 2015, in press). This approach allows us to draw 
sharp distinctions between adjacent episodes of diffusive and directed motion. We found that, as 
expected, SVs underwent constrained diffusion within synaptic boutons. Motion along axons 
was comprised of brief episodes of directed motion over short distances (0.5 - 1.5 µm), 
presumably due to active transport, punctuated by intervening periods of diffusion. Detailed 
biophysical characterization of the directed motion of SVs, combined with pharmacological 
interventions, has provided insight into the different contributions of microtubule- and actin-
based transport mechanisms to the inter-synaptic traffic. We observed clear effects of 
manipulating kinase (e.g. PKA) and phosphatase (e.g. PP1 and PP2A) activity on the incidence 
of SV active transport events. The well-known engagement of these enzymes by neuronal 
activity suggests possible regulatory links between presynaptic activity and active transport of 
SVs. 
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Title: Clathrin is required for regeneration but not endocytosis of synaptic vesicles 
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Abstract: Clathrin is thought to be required for synaptic vesicles endocytosis at the plasma 
membrane. However, clathrin-mediated endocytosis is slow, requiring ~15-20 s for vesicle 
retrieval. We developed a ‘flash-and-freeze’ fixation method that couples optogenetic 
stimulation with rapid high-pressure freezing to capture endocytosis at millisecond temporal 
resolution. We found that in mouse hippocampal synapses, vesicle membrane is recovered within 
100 ms following a single stimulus. Large endocytic vesicles retrieved via this ultrafast 
endocytic pathway lack clathrin coats, suggesting that clathrin is not required for this process. To 
determine the fate of the large vesicles, we traced exogenously applied ferritin molecules over 20 
s following a single stimulus or after 10 stimuli (20 Hz). We found that large endocytic vesicles 
were delivered to synaptic endosomes about 1 second after stimulation. Clathrin-coated buds 
formed on synaptic endosomes 1-3 s post stimulation. Synaptic vesicles containing ferritin 
molecules then accumulated in the terminal after 5-6 s. Some of these vesicles returned to the 
active zone within 10 s, suggesting that these vesicles are bona fide synaptic vesicles. To test 
whether clathrin is required to resolve endosomes into synaptic vesicles, we decreased clathrin 
levels by a knock-down of the clathrin heavy chain. In these cells, ultrafast endocytosis is intact, 
suggesting that clathrin is not required for the membrane retrieval. However, ferritin molecules 
in clathrin knock-down cells are retained in endosomes suggesting that the resolution of synaptic 
endosomes requires clathrin. The acute inhibition of clathrin function by Pitstop 2 also blocked 
regeneration of synaptic vesicles from synaptic endosomes. Together, these results suggest that 
clathrin is required for biogenesis but not endocytosis of synaptic vesicles. 
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Abstract: Neurotransmitter release at central synapses is triggered by synaptotagmin (syt)-1, 
which interacts with anionic phospholipids and SNARE proteins in response to Ca2+. Here we 
test the idea that the intrinsic kinetics of sensor/membrane interactions partially determine the 
time course of synaptic transmission, and further that those synaptic interactions regulate 
network-level behavior. To tune the kinetics of neurotransmitter release, we grafted structural 
elements from synaptotagmin-7 (the slowest syt isoform) onto synaptotagmin-1 (the fastest syt 
isoform). This resulted in a chimera with intermediate kinetic properties in biochemical assays. 
Further, the chimera (unlike syt-1) was highly sensitive to Sr2+. We exploited this Sr2+ 
sensitivity to demonstrate that membrane penetration by syt-1 is a key step in synaptic vesicle 
exocytosis, as engineering syt to penetrate membranes in the presence of Sr2+ also conferred 
upon it the ability to support Sr2+-triggered synchronous neurotransmission in hippocampal 
neurons. In Ca2+, the chimera slowed the kinetics of synaptic transmission (longer rise and 
decay times), revealing that presynaptic sensor/membrane interactions are a major factor 
regulating the shape of the excitatory postsynaptic current waveform. Finally, to examine the 



effect of tuning synaptic kinetics on network behavior, we used an in vitro model of population-
level oscillations: persistent reverberation. Networks expressing the chimeric synaptotagmin 
were equally likely to oscillate, and did so for an equal duration, as those expressing wildtype 
synaptotagmin-1. However, the peak frequency of those reverberations was significantly slower 
in neurons expressing the chimera. The frequency characteristics of certain oscillations in 
recurrent neural networks are thus partially governed by neurotransmitter release kinetics - which 
are in turn governed by the intrinsic kinetics of the presynaptic Ca2+ sensor. Current work 
aiming to tune the frequency of oscillations in intact neural circuits will be discussed. 
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Abstract: Background: Understanding spatio-temporal neuroanatomical trajectories through the 
course of the adult lifespan is critical to our understanding of healthy aging. Neuroanatomical 
studies using magnetic resonance imaging (MRI) have previously demonstrated complex 



trajectories in smaller age ranges. The goal of this work was to examine the volumetric and 
morphological trajectories of multiple structures, in a healthy cohort over a comprehensive adult 
age range. Methods: T1-weighted 1.5T MRIs from the OASIS project (N=436, ages 18-94) were 
preprocessed with minc-bpipe-library then processed with CIVET for cortical thickness (CT), 
BEaST for brain volume, and MAGeTBrain for subcortical shape (surface displacement) and 
volume. Effects of age and age2 were examined using fixed-model multiple regression, 
accounting for sex and brain volume with RMINC and corrected for multiple comparisons with 
FDR. Results: We observed extensive reductions in CT with a linear age term at 5% FDR. 
Bilateral supplementary motor areas and superior and middle frontal gyrus showed strong 
statistical correlation of a positive age2 term, showing steeply declining CT from age 18-60 
before levelling in old age or having a slight recovery (Fig a). The left and right piriform cortex 
in contrast show stable CT until 60 before steeply thinning into old age. The striatum, thalamus 
and globus pallidus show positive quadratic dependence bilaterally while also showing negative 
quadratic dependence in more limited areas medially at a 5% FDR. Bilateral striatal volume 
showed strongly significant (p<0.01) correlations with an age2 term (Fig b). Conclusions: We 
found extensive reductions in CT and volume across the adult lifespan. Additionally, we found 
several regions which show complex age dependence including areas with steep reductions in 
early to mid adulthood which then remain steady throughout old age, as well as regions of 
accelerated decline with old age. Subcortical volumes were found to be more insensitive(less 
vulnerable to) to age while still showing substantial changes in shape. 
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Abstract: We have described an extensive network of cortical pyramidal neurons in the human 
brain that display an acetylcholinesterase (AChE)-rich pattern by adulthood, but not during 
childhood. The emergence of these neurons in young adulthood, a time associated with 
intellectual maturation, and their greater prominence in humans than in other species, led us to 
hypothesize that this neuronal system may be involved in the development and maintenance of 
higher cognitive processing in man. In the present set of experiments, we investigated the 
number and staining intensity of AChE-positive cortical pyramidal neurons in children/teens (0-
19 years, n=4), normal young adults (20-64 years, n=8), cognitively average elderly (65-95 
years, n=15), and cognitively superior elderly (SuperAgers) defined as individuals above 80 
years with performance on tests of memory equal to or better than 50-65 year-olds (n=4). A 
sensitive histochemical procedure was used to visualize AChE-positive cortical pyramidal 
neurons. Density of these neurons was determined in the supplementary motor cortex (Brodmann 
area 6), prefrontal cortex (area 9), middle temporal gyrus (area 21), inferior parietal lobule (area 
39-40) and the anterior cingulate cortex (area 24) using modified stereologic techniques in three 
representative sections through each cortical area. Staining intensity of AChE reaction product 
was determined using optical density measures. The numerical density and staining intensity of 
AChE-positive pyramidal neurons in young adult brains was higher when compared with brains 
of children/teens (34.5% and 32.6% respectively). In young adult and normal elderly, area 6 had 
the highest density and staining intensity of AChE-positive pyramidal neurons. A consistent 
decrease in the density of these neurons was observed in the normal aged (5.1-20.8%; p>0.05) 
and a further decrease in SuperAgers (19.8-66.7%; statistically significant in areas 6, 9 and 40; 
p<0.01-0.05). The staining intensity of AChE reaction product displayed a similar decrease in the 
normal aged (9.15-28.6%; statistically significant in areas 6, 40 and 24; p<0.01-0.05) and a 
further decline in the SuperAged (10.0-41.1%; statistically significant in areas 9 and 21; p<0.01-
0.05). These findings suggest significant plasticity of cortical pyramidal neurons during the aging 
process. Decreased cortical AChE, and the potential resultant increased availability of 
acetylcholine, a neurotransmitter involved in the cognitive processing of memory and attention, 



may help maintain cognitive function in normal elderly and contribute to enhanced cognitive 
performance in SuperAgers. 
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Abstract: Aging is the number one risk factor for neurodegenerative diseases and age-associated 
conditions are projected to represent over half the global disease burden by the year 2030. Thus, 
it is imperative to identify therapeutic strategies for age-associated deterioration in order to 
promote healthy aging in the elderly population. A series of aging studies using heterochronic 
parabiosis, in which an old and young mouse are surgically conjoined temporarily allowing them 
to share a circulatory system, demonstrated that tissue in aged mice is rejuvenated by young 
blood. The brains of old mice receiving young blood showed increased neurogenesis, cognitive 
function and synaptic connections. While some blood-borne factors have been identified that 
could contribute to these effects, cell-based mechanisms have yet to be identified. By 
transplanting young bone marrow into old mice we have developed a novel model to test 
whether rejuvenation of hematopoietic cells can delay aging in the nervous system. We found 
significant improvements in overall activity and lifespan in old mice receiving young bone 
marrow compared to age-matched controls. Further, old mice receiving young bone marrow 
showed drastic improvement in the Y-maze compared to old controls, suggesting a role for 
hematopoietic cells in modulating cognitive decline in old age. Old mice with young bone 



marrow also showed increased hippocampal volume and cortical thickness compared to old 
controls, both regions of the brain that normally atrophy in aging. Additionally, activated 
macrophages and inflammatory cytokines are reduced in number in the hippocampus and the 
presence of senescent cells is significantly reduced in old mice receiving bone marrow compared 
to old controls. This work indicates that young hematopoetic cells can directly contribute to the 
rejuvenation of the aging brain. 
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Abstract: Deficits in memory encoding and retrieval associated with decreased activity and 
connectivity of the hippocampus are common in Alzheimer´s disease (AD) patients and people at 
risk for developing the disease. Spatial and associative memory impairments are early clinical 
features of dementia patients but the regulatory mechanisms of gene expression underlying these 
deficits remain largely unknown. In this study, we examined the effect of hippocampal-
dependent memory on modulating the transcriptional regulator cAMP-responsive element 



binding protein (CREB)-regulated transcription coactivator-1 (CRTC1). Using spatial memory 
and contextual fear conditioning tasks, we found that spatial and associative learning induce 
rapid translocation of CRTC1 from dendrites and cytosol to the nucleus of neurons in the adult 
mouse hippocampus. CRTC1 nuclear translocation is associated with CRTC1 dephosphorylation 
at Ser151, a residue critical for transcriptional activation, whereas CREB phosphorylation 
(Ser133) is independent of associative learning. Interestingly, reduced nuclear translocation and 
activation of CRTC1 is associated with long-term memory deficits in AD mutant APPSw,Ind 
transgenic mice at early pathological and cognitive decline stages. Indeed, a synaptic 
transcriptional program dependent on CRTC1 is deregulated in the hippocampus of APPSw,Ind 
after memory training. Taking together, these results suggest a critical role of CRTC1 nuclear 
translocation and transcriptional function in memory encoding, and provide evidence that its 
deregulation underlies memory deficits. 
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Abstract: BIN1 is one of the leading genetic risk factors for Alzheimer’s disease, but its 
function in the brain is poorly understood. BIN1 has multiple domains, including an SH3 domain 
that may enable interactions with tau. We and others have identified a role for tau in regulating 
neuronal excitability, so we investigated whether BIN1 may have similar effects. We used a 
conditional BIN1 knockout line, in which BIN1 expression was reduced in forebrain excitatory 
neurons, as complete deletion of BIN1 is lethal in the early postnatal period. Neuronal BIN1 



knockout had no obvious effects on behavior or basic measures of synaptic transmission in 
young mice. However, in whole-cell patch-clamp recordings from CA1 hippocampal neurons, 
action potential firing rates were reduced, indicating a reduction in neuronal excitability. In vivo, 
neuronal BIN1 knockout reduced susceptibility to pharmacologically-induced seizures in 
multiple paradigms, consistent with the hypothesis that BIN1 knockout reduces neuronal 
excitability. Because prior studies of BIN1 function in the heart implicated a role in regulating 
voltage-gated calcium channel surface localization, we probed BIN1-interacting proteins in the 
brain by co-immunoprecipitation and identified a tripartite interaction between tau, BIN1, and 
voltage-gated calcium channel subunits. Localization of BIN1 to this complex may provide a 
biochemical basis for its role in facilitating action potential firing. Our data suggest that the 
effect of BIN1 polymorphisms on Alzheimer’s disease risk could be due to previously 
unidentified effects on neuronal excitability. Further study of the mechanisms underlying these 
effects is critical. 
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Abstract: APOE4, the greatest genetic risk factor for AD, increases risk up to 15-fold compared 
to APOE3, while increased levels of the amyloid-β42 (Aβ42) peptide cause familial forms of 



AD. However, the direct or indirect mechanisms through which Aβ42 induces cognitive 
impairment remain unclear. Further, the Aβ peptide can form multiple conformations in vivo, 
complicating identification and characterization of effective therapeutic strategies. However, 
recent evidence supports the role of soluble, oligomeric species of Aβ (oAβ) as the proximal 
neurotoxin in AD, as oAβ is neurotoxic in vitro and in vivo, and induces a robust 
neuroinflammatory response. Therefore, successful therapeutic strategies for treating or 
preventing AD will likely target oAβ, rather than other fibrillar forms of Aβ or amyloid plaques. 
Evidence suggests that Aβ and apoE interact both structurally and functionally. Under native 
conditions, levels of soluble apoE4/Aβ complex are lower and less stable than apoE3/Aβ 
complex, and soluble oAβ levels are higher with apoE4 compared to apoE3. In addition, 
previous data demonstrates apoE4 is less lipidated than apoE3. Together, these results lead to the 
hypothesis that: ↑ lipidation of apoE4 → ↑ apoE4/Aβ → ↓ oAβ. Thus, one potential mechanism 
for modulating oAβ levels is to increase the lipidation of apoE4. Indeed, using EFAD mice 
(5xFAD mice expressing human APOE), we recently demonstrated that RXR agonists, which 
increase the expression of lipid transporters ATP-binding cassette transporter A1 (ABCA1) and 
G1 (ABCG1), increase the lipidation of apoE4, increase apoE4/Aβ complex levels, and, 
critically, decrease oAβ levels. The observed decrease levels in oAβ levels correlated with an 
increase in synaptic protein levels (PSD95). Importantly, levels of insoluble Aβ, indicative of Aβ 
plaques, were unchanged with treatment, suggesting that targeting oAβ is a more relevant target. 
In line with these data, current therapeutic strategies directly targeting apoE4 lipidation, and 
multi-target compounds addressing several mechanisms of APOE4-induced AD pathology, 
improve synaptic viablilty and cognitive deficits via reduced oAβ levels. Therefore, apoE may 
provide a viable target for modulating oAβ levels. 
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Abstract: Amyloid-β (Aβ) has an essential role in the pathogenesis of Alzheimer´s disease 
(AD). Large phase III clinical trials of passive immunotherapy aiming at the removal of Aβ from 
the brain have ended with no clinical benefit, however the reasons for this failure are largely 
unknown. Here, we employed in vivo two-photon calcium imaging with single cell-resolution to 
analyze the function of layer 2/3 cortical neurons in two different transgenic mouse models of 
AD, the PDAPP and the Tg2576 models. In both mouse models, we found a massive increase in 
the fractions of abnormally hyperactive neurons (19.5 % in PDAPP and 31.1 % in Tg2576 mice 
as compared to 2.9 % in wild-type mice). This increase in the fractions of hyperactive neurons 
was in line with previous results obtained in the APP23xPS45 mouse model (Busche et al., 
Science, 2008; Busche et al., PNAS, 2012). Next, we monitored the activity status of the cortical 
neurons in PDAPP and Tg2576 mice that were passively immunized with monoclonal antibodies 
against Aβ (PDAPP mice were immunized with 3d6 and Tg2576 mice were immunized with β1 
mouse monoclonal antibody). We found in both AD models that the fractions of hyperactive 
neurons increased substantially (17.9 % in controls vs. 52.4 % in 3d6-treated PDAPP mice and 
31.1 % in controls vs. 59.5 % in β1-treated Tg2576 mice). Furthermore, in a fraction of treated 
animals we found an abnormal synchronicity of hyperactive neurons. In summary, our results 
demonstrate negative functional consequences of passive immunotherapy with anti-Aβ directed 
monoclonal antibodies, which may be a cellular mechanism for the lack of positive cognitive 
effects of such antibodies in recent clinical trials. Moreover, the results emphasize the need to 
incorporate functional in vivo assays in the development and evaluation of therapies for AD. 
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Title: APP synaptic function involves trans-dimerization and Fe65/Fe65L1 signaling 
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Abstract: Accumulating evidence suggests that the Amyloid Precursor Protein (APP) has an 
essential synaptic function. Thus far, mostly the contribution of APP proteolytic products to 
synaptic function has been studied. Yet, APP family members may also serve as cell surface-
signaling molecules through interaction with intracellular adaptor proteins. Here we show by 
using a mixed co-culture assay of HEK293 cells and primary neurons, that APP can promote 
presynaptic differentiation of contacting axons. Interestingly, inhibition of APP shedding 
increases this synaptogenic function, suggesting that trans-interaction of APP is involved in 
synapse formation. In line with the assumption that APP may serve as a trans-synaptic signaling 
molecule, we show that mice lacking the Fe65 and Fe65L1 APP adaptor protein exhibit severe 
deficits in formation of the neuromuscular junction, and deficits in pre-and postsynaptic function 
of the central synapse associated with deficits in PPF, PTP, LTP and learning. These phenotypes 
resemble some key characteristics of genetically modified APP/APLP2 knockout mice, 
indicating that Fe65/Fe65L1 and APP/APLP2 function in the same synaptic pathway. This 
conclusion is further supported by an observed genetic interaction between APLP2 and Fe65 or 
Fe65L1 at the NMJ. Collectively, our data suggest that Fe65/Fe65L1 are essential adaptor 
proteins that transmit a full length APP dependent signal at the synapse. 
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Abstract: Alzheimer’s disease is a neurodegenerative disease characterized by the accumulation 
and aggregation of excess extracellular β-Amyloid1-42 (Aβ) peptide, resulting in loss of 
synapses and eventually neuronal death. Multiple lines of evidence suggest that the synaptotoxic 
effects of Aβ are at least in part mediated by NMDA receptors, ionotropic glutamate receptors 
critical for several forms of synaptic plasticity involved in learning and memory. Precisely how 
Aβ affects NMDA receptor function to trigger synapse loss remains unclear. Specifically, 
whether neural activity influences synapse loss and why some synapses are spared from Aβ 
toxicity remain fundamental, but largely unanswered questions. We developed a novel optical 
assay that allows us to interrogate NMDA receptor function at individual synapses before and at 
various times following Aβ treatment. We found that sub-micromolar concentrations of Aβ 
reduce NMDA receptor function at a subset, but not all synapses. Aβ-triggered NMDA receptor 
impairment depended on their activation as pharmacologically blocking NMDA receptors during 
Aβ exposure prevented impairment. While NMDA receptor function was preferentially impaired 
at more active synapses, Aβ does not show any preference for binding to more active synapses. 
Thus, we have confirmed that NMDA receptor activity does not affect Aβ binding, but 
influences Aβ-induced NMDA receptor dysfunction. 
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Abstract: Amyloid-β (Aβ)42 accumulation occurs years prior to cognitive and functional decline 
observed in Alzheimer’s disease (AD). Evidence supports the binding of Aβ42 to alpha 7 
nicotinic acetylcholine receptors (α7nAChR) located on presynaptic glutamatergic neurons. We 
sought to determine if soluble Aβ42 elicits sub-region specific hippocampal glutamate release and 
how glutamatergic dynamics change throughout the life span of the Aβ42 overexpressing 
AβPP/PS1 model of AD. First, human Aβ42 (0.01 - 10.0 µM) in 0.9% saline (pH 7.4) was locally 
applied in the dentate gyrus (DG), CA3 and CA1 of isoflurane anesthetized 6-9 mos male 
C57BL/6J mice. Glutamate release and uptake were studied using an enzyme-based 
microelectrode array coupled with in vivo electrochemistry. Local application of 0.1 µM Aβ42 
(n=8) elicited robust, reproducible glutamate release that was significantly increased vs saline 
(~0.5 ± 0.1 µM; n=9) in the DG (3.7 ± 1.1 µM; p<0.001), CA1 (3.3 ± 0.7 µM; p<0.01), but not 
the CA3 (1.7 ± 0.4 µM). Co-application of 0.1 µM Aβ42 with the α7nAChR antagonist, α-
bungarotoxin (10.0 µM; n=5), completely blocked glutamate release in the DG (0.5 ± 0.1 µM; 
p<0.01), CA3 (0.6 ± 0.1 µM) and CA1 (0.5 ± 0.1 µM; p<0.01). Second, we examined 2-4, 6-8 
and 12-15 mos AβPP/PS1 and age-matched C57BL/6J mice to understand how progressive 
accumulation of Aβ42 alters glutamatergic neurotransmission. All mice underwent Morris water 
maze (MWM) testing to assess spatial learning and memory followed a week later by basal and 
KCl-evoked (70 mM, isotonic, pH 7.4) glutamate release measurements in the DG, CA3 and 
CA1 under isoflurane anesthesia. During the MWM probe, AβPP/PS1 mice (n=9-13) crossed 
over the previous platform location fewer times than age-matched C57BL/6J (n=9-13) mice 
indicating impaired memory by 2-4 mos of age (p<0.05). In the DG, AβPP/PS1 released more 
glutamate than C57BL/6J mice at 2-4 (7.6 ± 1.5, 3.8 ± 1.1 µM; p<0.05) and 12-15 (6.0 ± 1.2, 2.3 
± 0.4 µM; p<0.05) mos of age which positively correlated (r=0.4115; p<0.05) with platform 
crosses over all ages of AβPP/PS1 studied. KCl-evoked glutamate release was also elevated in 
the CA1 of AβPP/PS1 vs C57BL/6J mice at 2-4 mos (9.1 ± 1.1 µM, 2.9 ± 0.3; p<0.001) and 12-
15 mos (5.5 ± 1.0 µM, 2.9 ± 0.6; p<0.05) that negatively correlated (r=-0.6432; p<0.05) with 
platform crosses in the 2-4 mos AβPP/PS1 mice. Taken together, this data supports Aβ42 elicits 
glutamate release through the α7nAChR that might account for the elevated glutamate release 
observed in AβPP/PS1 mice. Additional studies will examine the 20-24 mos age group to 
understand changes in glutamate dynamics throughout the life span of this AD model. 
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Abstract: Cognition Therapeutics Inc. (CogRx) has discovered CT1812, a novel oligomer 
receptor antagonist that is the only drug candidate demonstrated to displace binding of Abeta 
oligomers to receptors on brain cells. By stopping the initiating event in the Abeta oligomer 
cascade, this first-in-class drug candidate completely blocks downstream synaptotoxicity and 
restores memory to normal in aged transgenic mouse models of Alzheimer’s disease (Izzo et al., 
2014a, b). CT1812 blocks Abeta oligomer-induced membrane trafficking deficits 
(EC50=350nM) and synapse loss (EC50=126nM) in vitro by displacing oligomer binding (Kd 
shift from 512 to 1420nM +/- drug) to neuronal receptors mediated by sigma-2/PGRMC1 
receptors. CT1812 also dose-dependently displaces binding from human Alzheimer’s patient 
brain tissue section, suggesting that this drug will be effective at removing bound oligomers from 
Alzheimer’s patient’s brain. No other candidate therapeutics have demonstrated these effects. 
CT18122 has high affinity and selectivity for sigma-2/PGRMC1 receptors (Ki=8.5nM, >100-
fold separation from other receptors) and acts as an antagonist at this receptor. In two separate 
studies, CT1812 improves cognitive deficits in Y maze and Morris water maze following 9-10 
weeks of once daily administration at 10 mg/kg in transgenic Thy1-hAPPLond/Swe+ male mice 
aged 3.4-4.5 months at study start (N=12-14/group) without affecting wt mouse behavior or 
causing adverse behavioral or histopathological events in any animal. CT1812 is an orally 
administered lipophilic molecule that is rapidly absorbed and highly brain penetrant, with a 
brain/plasma ratio = 6, plasma t1/2 = 7-12 hours, excellent safety pharmacology and a wide 
therapeutic index. CT1812 thus represents one of the first disease-modifying therapeutics that 
will test the oligomer hypothesis of Alzheimer’s disease. We propose to assess the safety, 
tolerability and pharmacokinetics of oral doses of CT1812 in first in man Phase 1 clinical 
studies. 
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Abstract: Mutations in PINK1 and PARKIN cause recessive, early onset Parkinson’s disease 
(PD). Together, they orchestrate a protective mitophagic response that ensures safe disposal of 
damaged mitochondria. The kinase PINK1 phosphorylates, in addition to the E3 ubiquitin (Ub) 
ligase Parkin also the small modifier protein Ub at a conserved residue (S65). First structural and 
functional consequences for phosphorylated Ub (pS65-Ub) have been shown in vitro, but the 
(patho-)physiological significance remains unclear. We have generated novel antibodies and 
validated pS65-Ub signals in vitro and in cells under endogenous conditions including primary 
neurons. pS65-Ub is dependent on PINK1 kinase activity as confirmed in patients’ fibroblasts, 
iNeurons and post-mortem brain harboring pathogenic mutations. pS65-Ub is barely detectable 
under normal conditions, but is rapidly induced upon mitochondrial stress in cells and 
accumulates during aging and disease as specific cytoplasmic granules in human brains. 
Additional studies are now warranted to elucidate pS65-Ub functions and fully explore its 
potential for biomarker or therapeutic development for PD. 

Disclosures:  W. Springer: None. F.C. Fiesel: None. M. Ando: None. R. Hudec: None. A.R. 
Hill: None. M. Castanedes-Casey: None. T.R. Caulfield: None. E.L. Moussaud-Lamodière: 
None. J.N. Stankowski: None. P.O. Bauer: None. O. Lorenzo-Betancor: None. I. Ferrer: 
None. J.M. Arbelo: None. J. Siuda: None. L. Chen: None. V.L. Dawson: None. T.M. 
Dawson: None. Z.K. Wszolek: None. O.A. Ross: None. D.W. Dickson: None. 

Nanosymposium 

371. Alpha-Synuclein, LRRK2, and Other Molecular Mechanisms in Parkinson's Disease 

Location: N230 

Time: Monday, October 19, 2015, 1:00 PM - 4:30 PM 

Presentation Number:  371.02 

Topic: C.03. Parkinson’s Disease 

Support: Intramural research programs of National Institute on Aging (AG000944 and 
AG000928 to H.C.) 

 The Michael J Fox Foundation grant to L.P. 



Title: LRRK2 based striatal dysfunction as a Parkinson’s disease pathogenic mechanism 

Authors: *L. PARISIADOU1,2, J. YU2, C. SGOBIO2,3, C. XIE2, G. LIU1,2, L. SUN2, X. GU2, 
X. LIN2, N. A. CROWLEY3, D. LOVINGER3, H. CAI2;  
1Lurie Res. Building,, Feinberg Sch. of Med., Chicago, IL; 2LNG, Natl. Inst. on Aging, 
Bethesda, MD; 3LIN, NIAAA, Bethesda, MD 

Abstract: Mutations in the LRRK2 gene represent one of the stronger genetic risk factors for the 
development of Parkinson’s disease (PD), and the pathological features of LRRK2-related 
parkinsonism are usually indistinguishable from the sporadic cases. Therefore, it is proposed that 
a greater understanding of LRRK2 physiological role and associated pathology could help 
uncover the cellular events underlying the pathogenesis of PD. The high expression of LRRK2 in 
the striatum as opposed to its low expression in the dopaminergic neurons that ultimately die in 
PD, indicates that it might have a role in the striatal projection neurons (SPNs) under both 
normal and pathological conditions. Towards this direction, we have recently shown in mouse 
models that the loss of Lrrk2 and the PD-related R1441C mutation causes prominent 
morphological and functional alterations in the SPNs. A significant decrease in the number of 
dendritic spines in the striatum of Lrrk2-/- mice compared with Lrrk2+/+ littermate controls was 
shown, while the remaining ones displayed decreased spine head and increased length. In 
addition, the Lrrk2-/- and the Lrrk2 R1441C/R1441C mice displayed altered response to D1-
agonist mediated motor activity. Those LRRK2-dependent alterations of SPNs involved 
increased PKA activity via a mechanism involving the subcellular PKA holoenzyme 
redistribution in the SPNs. Specifically, LRRK2 interacted with the regulatory subunit βII of 
PKA (PKARIIβ) and Lrrk2-deficiency resulted to increased translocation of the PKA into the 
dendritic spines. Specificity in several fundamental neuronal functions is achieved at least in part 
from compartmentalization of PKA enzymes in neurons and it is now clear that postsynaptic 
PKA are confined to various subcellular compartments by anchoring molecules such as A-
Kinase Anchoring Proteins (AKAPs). Based on that, we propose that LRRK2-dependent altered 
PKA localization may account for the aberrant PKA signaling observed in Lrrk2-/- and the Lrrk2 
R1441C/R1441C neurons. These findings indicate a new LRRK2-based dopamine related 
pathological mechanism that regulates striatal dysfunction in PD, since striatal neurons utilize 
the PKA pathway to relay dopamine stimulation to intracellular signaling transduction. 
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Abstract: The Parkinson’s disease protein leucine rich repeat kinase 2 (LRRK2) is a highly 
phosphorylated protein. Phosphosite mapping studies have distinguished 2 notable clusters of 
phosphorylation sites, one in or near the ROC-GTPase domain and another in the ankyrin repeat 
(ANK) and leucine rich repeat (LRR) interdomain region. Evidence of a physiological role for 
LRRK2 phosphorylation has accumulated in recent years for those phosphosites of the ANK-
LRR interdomain region, i.e. the S910/S935/S955/S973 sites. These phosphosites are 
dephosphorylated in several pathogenic mutants such as R1441C/G, Y1699C, I2020T. The shift 
of the phosphorylation equilibrium towards dephosphorylation of LRRK2 observed in disease 
indicates that phosphatases play an important role in LRRK2 cellular regulation. We have 
previously reported protein phosphatase 1 (PP1) as a physiological phosphatase of LRRK2. 
Here, we aimed to identify PP1 partners and additional physiological phosphatases of LRRK2 
via RNAi screen using siRNAs directed against 298 proteins of the phosphatome in U2OS cells 
expressing LRRK2. 39 hits from this initial screen were included in follow up secondary screens 
using lentiviral vector mediated knockdown and overexpression constructs in HEK293 or 
HEK293T cells expressing LRRK2. With further validation experiments ongoing, these 
experiments confirm the importance of PP1 and reveal novel phosphatases responsible for 
regulating LRRK2 phosphorylation levels. The elucidation of factors modulating LRRK2 
phosphorylation is likely to point to new possibilities of targeting LRRK2 activity or of 
developing LRRK2 based biomarkers of disease progression. 
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Abstract: Mutations in leucine-rich repeat kinase 2 (LRRK2) are the most common cause of 
familial and sporadic Parkinson´s disease (PD). The effects of pathogenic mutations in LRRK2 
have generally been studied in differentiated, non-dividing neuronal cells. However, recent 
studies indicate that pathogenic LRRK2 may play a role in dividing cells as well, as indicated by 
alterations in adult neurogenesis or the increased cancer risk in LRRK2 PD patients. Here, we 
report that distinct pathogenic LRRK2 mutants cause alterations in centrosomal cohesion, 
associated with alterations in nuclear lamina and cell cycle progression. Centrosomal cohesion 
deficits are associated with partial displacement of the intercentrosomal linker protein rootletin, 
and can be partially or fully rescued when expressing rootletin, dominant-negative Nek2a or 
active PP1α, indicating a LRRK2-mediated deregulation of the balance of the Nek2a/PP1 
pathway controlling centrosome cohesion via intercentrosomal linkers. Alterations in centrosome 
cohesion are reverted upon pharmacological LRRK2 kinase inhibition, indicating that they are 
LRRK2 kinase activity-dependent. In addition, centrosomal cohesion deficits are modulated by 
distinct Rab proteins implicated in LRRK2-mediated pathogenesis. Centrosomal alterations are 
also observed in human dermal fibroblasts from G2019S LRRK2 mutant PD patients compared 
to healthy controls. Together, our data indicate a novel, unexpected role for LRRK2 in dividing 
cells. 
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Abstract: Mutations in the leucine-rich repeat kinase 2 (LRRK2) gene cause late-onset 
autosomal dominant Parkinson´s disease (PD), and sequence variations at the LRRK2 locus are 
associated with increased risk for sporadic PD. LRRK2 contains both GTPase and kinase 
domains, and mutations within either catalytic domains have been described to cause familial 
PD, suggesting that these catalytic activities are crucial mediators of pathogenesis. LRRK2 has 
been implicated in a set of intracellular vesicular trafficking pathways, and our recent data 
indicate that several pathogenic LRRK2 mutants in the kinase and GTPase domain interfere with 
endocytic membrane trafficking in a manner dependent on LRRK2 kinase activity and Rab7. 
Here, we investigated the role of other Rab proteins in modulating the LRRK2-induced deficits 
in endocytosis by studying the classical degradative trafficking pathway of the epidermal growth 
factor receptor (EGFR). We find that several other Rab proteins shown to interact with LRRK2 
can revert the LRRK2-mediated deficits in EGFR trafficking. These data correlate with 
alterations in the size, position and acidity of endolysosomes, and together allow us to postulate a 
mechanism by which pathogenic LRRK2 may impact upon endolysosomal functioning in a 
manner dependent on distinct Rab proteins localized to distinct intracellular organelles. These 



studies should provide novel insights into regulation of endomembrane trafficking by pathogenic 
LRRK2. 
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Abstract: Mutations in LRRK2 (leucine-rich repeat kinase 2) are associated with both familial 
and sporadic Parkinson´s disease (PD). LRRK2 is a large protein composed of a kinase and a 
GTPase domain flanked by protein interaction motifs. Various autosomal dominant mutations in 
the catalytic domains cause familial PD, suggesting that altered catalytic functions may be 
crucial for LRRK2-related pathogenesis. Various studies indicate that LRRK2 interacts with 
microtubules, even though how the two catalytic activities modulate this behaviour remains 
unclear. Here, we find that most pathogenic mutations analyzed (N1437H, R1441G/C, Y1699C, 
I2020T) display an increased filamentous localization as compared to wildtype LRRK2. Such 
localization can be partially disrupted by nocodazole, and fully disrupted upon cold-induced 
microtubule depolymerization. In addition, filaments colocalize with acetylated tubulin, and 
modulating the acetylation status of microtubules causes alterations in filament formation 
consistent with the idea that pathogenic LRRK2 preferentially interacts with stable microtubules. 
Artificial mutations in certain autophosphorylation sites in the context of pathogenic mutant 



LRRK2 cause a pronounced decrease in filament formation. This correlates with a decrease in 
GTP binding. Similarly, artificial mutations in the GTPase domain of mutant LRRK2 which 
cause decreased GTP binding abolish filament formation. LRRK2 kinase inhibitors which fully 
block kinase activity cause filament formation of wildtype LRRK2, and additional filament 
formation in the context of pathogenic mutant LRRK2. In contrast, kinase inhibitors do not cause 
extensive filament formation of pathogenic LRRK2 mutants with additional mutations, which 
make them GTP binding-deficient. Together, these data indicate that GTP binding is required for 
the filament formation phenotype observed in the context of pathogenic LRRK2, and suggest 
that this assay can be used to search for novel LRRK2 GTP binding modulators which impact 
upon kinase activity in the context of innovative PD therapeutics. 
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Abstract: Translation is a fundamental cellular process and its regulation is a crucial part of 
protein homeostasis. Translation is tightly linked to vital cell physiology, such as cell cycle, 
metabolism, stress and even cell death. Neurons are particularly susceptible to translational 
abnormalities and aberrant translational regulation can lead to various neurological disorders 
including neurodegenerative diseases. Previous studies have also suggested a clear link between 
translation and Parkinson’s disease (PD), however the detailed mechanisms are still under 



investigation. Leucine-rich repeat kinase 2 (LRRK2) is a large multi-domain protein with 
GTPase and kinase domains, and mutations in LRRK2 have been identified as the most common 
risk factor for familial PD. G2019S mutation of LRRK2 increases its kinase activity, a process 
known to be central to neuronal toxicity. Previous research in our laboratory has identified 
ribosomal protein s15 as a key LRRK2 substrate for its neurotoxicity, and we also showed that 
global protein synthesis is increased in G2019S LRRK2 mutants. To deepen our understanding 
of the effects of G2019S LRRK2 on translational regulation, we implemented ribosome profiling 
technique to survey genome-wide translational expression in neurons. Ribosome profiling 
experiments were performed on LRRK2 knockout and transgenic mice as well as human 
dopamine neurons differentiated from G2019S LRRK2 patient-derived induced pluripotent stem 
cells (iPSCs). Notably, we found that G2019S LRRK2 causes a global shift in translation. 
Furthermore, we revealed that the translational shift is mediated by the complexity of 5’UTR 
secondary structures of the mRNAs. Luciferase reporter assays validated our findings from the 
ribosome profiling experiments. Consistent with our previous studies, reporter assays also 
revealed that phosphorylation of s15 mediates the translational effects of G2019S LRRK2. Based 
on these findings, we suggest that altered translation caused by defective translational regulation 
is a central pathological mechanism in G2019S LRRK2 PD. 
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Abstract: Leucine-rich repeat kinase 2 (LRRK2) is the most common causative gene of 
Parkinson’s disease (PD). However the mechanism by which LRRK2 leads to the pathogenesis is 
not clear. To address this question, we employed our Drosophila lines generated previously 
(Venderova K et al, Hum Mol Genet 2009) that express the I2020T pathogenic mutant variant of 
LRRK2 selectively in dopaminergic neurons. These flies present with a robust loss of 
dopaminergic neurons and locomotor deficits. Our targeted screen in vivo shows that these 
locomotor deficits are completely rescued by overexpression of Atg17/FIP200 - one of the key 
genes required for autophagosome formation. Atg17/FIP200 is necessary for activation of Rab1. 
In support of our findings, overexpressing wild-type or constitutively active form of Rab1 also 
rescued the LRRK2 phenotype, while co-expressing mutant LRRK2 with the dominant negative 
Rab1 was lethal. We next tested whether LRRK2 is required for autophagy that is either induced 
by Atg1, or by starvation. Indeed, flies expressing only one copy of the lrrk gene had a much 
shorter survival under starvation conditions. Overexpressing Atg1 in the eye causes a phenotype. 
This phenotype is markedly suppressed in lrrk knock-down flies, and enhanced in flies 
overexpressing LRRK2. We have recently demonstrated that overexpression of another 
Parkinson’s disease gene, Vacuolar protein sorting 35 (VPS35), completely rescues several 
LRRK2 phenotypes in vivo (Linhart R et al, Mol Neurodeg 2014). VPS35 is a component of the 
retromer complex essential for endosomal sorting and trafficking of specific cargo proteins to the 
Golgi or to the plasma membrane. Similar to LRRK2, overexpressing Vps35 greatly exacerbated 
the Atg1 eye phenotype. Conversely, knocking-down Vps35 rescued the eye phenotype. 
Strikingly however, overexpressing LRRK2 significantly suppressed the Vps35 phenotype. 
These data suggest that both LRRK2 and retromer are required for Atg1-induced autophagy. 
Retromer can associate with the WASH complex. We therefore next tested whether LRRK2 
toxicity may be due to its effect on the WASH complex. Indeed, overexpressing WASH1 
completely rescued the LRRK2 phenotype. Furthermore, reducing gene expression of FAM21 or 
WASH1 (components of the WASH complex) by 50% caused a significant impairment of 
locomotor activity, highlighting the importance of the WASH complex for the function of 
dopaminergic neurons. Finally, we demonstrate that the WASH complex is required for the 
Atg1-induced autophagy. Altogether, our data suggest that the LRRK2(I2020T) impairs 
autophagosome formation, and that LRRK2 interacts with the retromer and the WASH complex 
to regulate autophagy. 
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Abstract: The pathological hallmark of Parkinson’s disease is the formation of Lewy bodies, 
which are insoluble protein aggregates that primarily consist of α-synuclein. Many drugs are 
currently being developed to lower α-synuclein levels to counter Lewy bodies, but their impact 
on neuronal functions of α-synuclein is unknown. Hence, it is of great interest to define the 
normal function of α-synuclein through determining its protein interactome, setting the stage for 
studies to examine how these drugs impact α-synuclein function. To elucidate the transient 
interacting partners of α-synuclein, biotinylation was utilized in neurons to label proteins 
proximal to α-synuclein at presynaptic termini. The biotinylation process entails expressing α-
synuclein protein fused with a biotin ligase, which covalently attaches biotin to nearby proteins. 
The strong interaction between streptavidin and biotin was exploited to isolate biotinylated 
proteins for identification via mass-spectrometry. Functional experiments were also done to 
analyze these new α-synuclein interacting proteins in the context of synaptic vesicle cycling. 
Furthermore, the interactome of α-synuclein mutants (A30P and A35T) that predispose patients 
to Parkinson’s disease was also examined to determine differences compared to the interactome 
of WT α-synuclein. 
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Abstract: Phosphorylated forms of α-synuclein are enriched in Lewy Bodies in Parkinson’s 
Disease, with Serine-129 phosphorylation (S129-P) often used as a marker of diseased brain 
tissue. However, recent data in rat and yeast model systems link S129-P to degradation of toxic 
α-synuclein species, thus conferring cellular and whole-animal protection. Of the kinases that 
contribute to S129 phosphorylation, Polo-like Kinases (PLKs), in particular PLK2, are thought to 
be the major contributing enzymes in mammalian brain. To study the role of endogenous kinases 
in α-synuclein phosphorylation, degradation, and aggregation, we have systemically 
administered a pan-PLK inhibitor to transgenic mice that express Green Fluorescent Protein 
(GFP)-tagged human α-synuclein (Syn-GFP). We have previously characterized an immobile, 
aggregated pool of Syn-GFP that is S129-P-positive and Proteinase K-resistant, selectively found 
at presynaptic terminals, in these mice. After a single dose of drug, we found a rapid, transient 
reduction in S129-P-Syn-GFP levels at cortical presynaptic terminals by immunohistochemistry 
and western blot analysis. Total Syn-GFP protein levels were also modulated, with a delayed 
time course compared to S129-P levels, indicating that inhibiting PLK could affect synaptic α-
synuclein trafficking and/or degradation. Employing in vivo cranial window-based multiphoton 
imaging, we can measure aggregation of Syn-GFP at individual cortical presynaptic terminals 
using Fluorescence Recovery After Photobleaching (FRAP). By measuring in vivo FRAP 
dynamics in the same mouse brain before and after drug treatment, we can directly correlate 
changes in aggregation with phosphorylation state of α-synuclein from previously-characterized 
biochemical data. We have also found a drastic reduction in S129-P-Syn-GFP levels in mice that 
express Syn-GFP on a PLK2-knock out background. Future experiments will examine how 
genetic deletion of PLK2 affects Syn-GFP protein dynamics and aggregation. Grant Support: 
Parkinson’s Disease Foundation Stanley Fahn Research Fellowship (KS), NIH/NINDS K08 
NS069625 (VU). 
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Abstract: Accumulation of alpha-synuclein (SNCA) aggregates is believed to play a key role in 
the dysfunction and death of neurons that occurs in Parkinson’s disease (PD). When gene 
duplication- or single nucleotide polymorphism-driven overexpression or mutation of SNCA 
occurs, SNCA aggregates and damages dopaminergic neurons. Therefore, reducing SNCA 
accumulation and aggregation is an approach for preventing and treating PD and related 
synucleinopathies. Recent findings suggest that the glucose dependent post-translational 
modification, O-linked beta-N-acetylglucosamine (O-GlcNAc), may alter the stability and 
toxicity of pathogenic proteins. For example, in models relevant to Alzheimer’s disease, hypo-O-
GlcNAc modification increases the stability and polymerization of Tau. To elucidate the role of 
O-GlcNAc modification in synucleinopathies, we first established a wild-type SNCA 
overexpressing line of 293T cells. By immunoprecipitation we found O-GlcNAc modification on 
SNCA was up-regulated by high glucose or an O-GlcNAcase (OGA) inhibitor (PUGNAC), and 
was down-regulated by an O-GlcNAc transferase (OGT) inhibitor (ST045849). In primary rat 
neurons, OGA inhibitor treatment significantly lowered the level of SNCA, suggesting a role for 
O-GlcNAc modification in regulating the production and/or degradation of SNCA. To further 
explore the function of O-GlcNAc in regulating the level of SNCA, we employed the Tet-off 
system for evaluating SNCA turnover rate in PC-12 cells. After adding doxycycline to silence 
SNCA expression, OGA inhibitor-treated cells degraded SNCA faster than the control or OGT 
inhibitor-treated cells. Moreover, faster SNCA degradation also occurred in OGA shRNA 
knockdown Tet-off SNCA-expressing PC-12 cells. To determine the major pathway involved in 
O-GlcNAc-mediated SNCA degradation, we co-treated Tet-off SNCA-expressing PC-12 cells 
with the proteasome inhibitor (MG-132) or the autophagy inhibitor (3-MA), together with the 
OGA inhibitor. Inhibition of proteasome degradation significantly decreased the turnover of 
SNCA, whereas inhibition of autophagy did not. Our findings reveal that O-GlcNAc 
modification can promote proteasome-mediated degradation of SNCA, which sheds lights on 
future intervention strategies for decreasing SNCA accumulation by manipulating O-GlcNAc 
modification in PD patients. 
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Abstract: The coexistence of tau and alpha-synuclein (α-syn) deposits is a defining feature of a 
group of neurodegenerative diseases including Parkinson’s disease (PD) and Dementia with 
Lewy body (DLB). Conformational changes in native, unfolded proteins tau and α-syn lead to 
abnormal proteinaceous deposits called neurofibrillary tangles (NFTs) and Lewy bodies (LBs), 
respectively. Although NFTs and LBs are considered the classical hallmarks of these diseases, 
recent data suggest that oligomeric assemblies rather than large aggregates are the real toxic 
species and may engage in propagating neurodegenerative “seeds” within the tissue. However, 
the mechanism by which oligomers trigger neurodegeneration remains elusive. We previously 
showed that oligomers of tau and α-syn exist in the same aggregates, forming hybrid oligomers 
in PD and LBD cases, providing evidence of co-occurrence of α-syn and tau into their most toxic 
forms, and influencing each other’s aggregation via an interface in synucleinopathies. Growing 
interest in misfolded tau and α-syn has been further emphasized by recent studies showing that 
tau as well as a-syn can be secreted from neurons via membrane vesicle called exosomes. 
Moreover, observations in cell culture suggest that tau as well as α-syn can be internalized by 
neighboring cells, perhaps contributing to the spreading of the disease. Herein, we investigate the 
interaction of α-syn and tau oligomers in human PD and LBD cases. Cell fractions obtained from 



PD and LBD brains, revealed that α-syn and tau oligomers are found mainly in cytoplasm and 
membranous fractions. Immunohistochemical analysis demonstrated that tau and α-syn 
oligomers colocalize in exosomes within neuronal cytoplasm. This novel finding suggests that 
interaction of α-syn and tau oligomers in exosomes play a role in disease pathogenesis and 
propagation. 
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Abstract: Abnormal alpha-synuclein (α-syn) expression and/or aggregation has been widely 
implicated as a potential etiological root for parkinson disease (PD). For example, mutations or 
multiplications of the α-syn gene result in familial PD, while aggregated α-syn is a primary 
component of Lewy bodies, the pathological hallmark of sporadic PD. Further, recombinant 
adeno-associated virus (rAAV) mediated overexpression of human α-syn in the rat substantia 
nigra pars compacta (SNpc) produces a predictable pattern of α-syn aggregation and cell loss, 
and is a commonly used model of PD pathology. The correlation between aggregated α-syn and 
the development of PD pathology has led to the theory that α-syn-mediated pathology arises due 
to a toxic gain-of-function, and many current therapeutic strategies center on eliminating α-syn 
from midbrain dopamine neurons of the SNpc. However, we have shown that short hairpin 
RNA-mediated removal of endogenous α-syn from neurons of the SNpc results in cell loss in 
vivo. Importantly, this cell loss is rescued by supplementation of α-syn. These results indicate 
that α-syn is essential for neuronal survival, and has led us to develop the novel hypothesis that 
α-syn and associated aggregates are not directly toxic; rather α-syn aggregation produces toxicity 
by reducing levels of functional monomeric α-syn through sequestration into intracellular 
aggregates. To test this hypothesis, we aimed to induce aggregation in neurons of the SNpc by 



overexpressing human α-syn in the rat SNpc, while also maintaining functional levels of 
monomeric α-syn through the concomitant expression of a non-aggregatable α-syn (NAS) 
isoform. Thus in the current study, rAAV was used to deliver human α-syn either alone or in 
combination with the NAS isoform to the rat SNpc. One month post-surgery, animals that 
received rAAV-human α-syn displayed a significant increase in forepaw akinesia, indicative of 
degeneration of the injected SNpc. In contrast animals which received the NAS isoform in 
combination with human α-syn showed no difference in forepaw akinesia as compared to control 
animals. Ongoing assays will probe the integrity of the nigrostriatal system in all groups by 
quantifying the number of SNpc neurons using unbiased stereological cell counts, as well as 
levels of dopamine and metabolites in the striatum. We predict that the maintenance of soluble α-
syn using the NAS isoform will preserve α-syn function; preventing the neurodegeneration that 
is produced by α-syn aggregation, indicating that loss of α-syn function is a critical event in PD 
pathology. 
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Abstract: Autophagic-lysosomal dysfunction has been linked to neurodegenerative diseases like 
Alzheimer’s and Parkinson’s disease with strong evidence indicating that in aging and disease, 
this major protein/lipid quality control pathway is inefficient. There is increasing association 
with genetic mutations that may contribute to lysosomal stress, including reduction in 
glucocerebrosidase (GC) function in Parkinson’s and related disorders. The net effect is reduced 
lysosomal activity that may contribute to the accumulation of redundant proteins, lipids and 
dysfunctional organelles. While most proteins are retained internally and sequestered as 
aggregates, recent work has shown that proteins like α-synuclein and tau can spread from one 
cell to another, or from one region to another. The transmission of pathology may be an 



opportunity for neurons to enhance self-preservation mechanisms extruding potentially toxic 
proteins into the extracellular milieu. We have evidence that chemically-induced lysosomal 
stress can increase the extracellular release in the form of exosomes and may contain proteotoxic 
elements. Exosomes are intracellular vesicles released from most cells that are readily taken into 
recipient cells and may represent a medium for pathological transfer of proteins. Further, it is 
likely that exosomal release is significantly increased versus free protein release when there is 
lysosomal stress. Cumulatively, this project link lysosomal stress and exosomal release and 
potential transfer to recipient cells. 

Disclosures:  W. Yu: None. N. Hernandez: None. 

Nanosymposium 

372. The Nature and Significance of Neuronal Variation 

Location: S401 

Time: Monday, October 19, 2015, 1:00 PM - 3:45 PM 

Presentation Number:  372.01 

Topic: D.04. Vision 

Support: NIH Grant EY11747 

 R01EY016454 

Title: Human and monkey detection performance in natural images compared with V1 
population responses 

Authors: *Y. BAI1,2, Y. CHEN1,2, W. GEISLER1,2, E. SEIDEMANN1,2;  
1Dept. of Psychology, Univ. of Texas-Austin, Austin, TX; 2Ctr. for Perceptual Systems, Austin, 
TX 

Abstract: Detection is a fundamental task that is critical to visual behavior. Our aim here was to 
measure and model behavioral and neurophysiological performance for detecting targets under 
naturalistic conditions. We first measured behavioral detection performance in three humans and 
two macaque monkeys. The target was a localized oriented stimulus that was presented for 250 
milliseconds to reflect the typical fixation duration in visual search. Detection thresholds were 
measured on uniform backgrounds and for several contrasts of natural image backgrounds. We 
found that (i) threshold contrast power is a linear function of background contrast power for both 
humans and macaques, and (ii) the relative threshold functions for humans and macaques are in 
good agreement, although (iii) the macaques are less sensitive overall. We have also begun 
exploring the quantitative relationship between V1 population responses and the measured 



detection performance. We used voltage-sensitive dye imaging (VSDI) to measure the neural 
population activity in V1 for the same stimuli, while the monkeys held fixation. The spatial scale 
of VSDI measurements was sufficient to resolve orientation columns over the whole region 
activated by the target. We used a baseline condition with the target only (on uniform 
backgrounds) to define a “matched template”, which defines a set of weights for spatially 
pooling the VSDI responses. For each condition, we measured the matched-template response to 
each background and target + background trial to obtain neurometric functions. Our preliminary 
results suggest that there is a strong correlation between orientation column responses and 
behavioral thresholds. In conclusion, the macaque is a good model of human detection behavior 
in natural images, and population responses at the columnar scale in V1 appear to be predictive 
of behavioral detection performances in natural images. 
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Abstract: The onset of a visual stimulus causes a reduction in neuronal variability in a number 
of visual areas including V1 (Churchland 2010). Mechanistically, this implies that interactions in 
cortical circuits become more stable when driven. We investigated the extent to which the 
decline in response variability following stimulus onset depends on the content of the visual 
stimulus. We recorded V1 population responses simultaneously with chronically-implanted, 
movable electrodes from awake rhesus macaques during a passive viewing task. The stimuli 
were black and white shapes, natural scenes and scrambled controls of the original images. We 
measured the variability of single unit responses across multiple presentations of the same 
stimulus by calculating the Fano factor (the spike-count variance divided by the spike-count 
mean). In agreement with previous research, our results showed that all of the considered visual 
stimuli, including the controls, reduced the inter-trial variability of neuronal responses. 
Interestingly, however, this reduction in neuronal variability was not correlated with a measure 
of response discriminability (d’), which quantifies the difference between responses to different 
stimuli. Importantly, in a higher visual area, a hypothetical decision unit should be able to extract 
relevant information about a stimulus based on the input received from V1 neurons. We trained a 
Bayesian classifier to separate different stimuli based on short segments (50 ms) of population 
activity. Classification performance was high for shapes and natural scenes but low for the 
control images. In an apparent contradiction, all visual stimuli decreased neuronal firing 
variability at the level of V1, however only the shapes and natural scenes generated stimulus 
specific evoked responses. One interesting interpretation of this result is that scrambled images 
contain less reducible information compared to shapes and natural scenes. As such, any neuronal 
transformation meant to increase the efficiency of the stimulus representation may act as a filter 
which disproportionately favors stimuli with spatial structure. Our results imply that caution 
should be exercised when interpreting variability reduction as a signature of stimulus information 
content. Churchland, M.M., et al. (2010). Nat. Neurosci. 13, 369-378. 
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Abstract: Visual experience relies in large part on our ability to appreciate subtle differences in 
the orientation of visual features. In primates, selectivity for orientation emerges in primary 
visual cortex (V1) and is also common in downstream cortical areas such as V2. We investigated 
the relation between single cell activity in macaque V1 and V2 and simultaneously measured 
psychophysical judgments of stimulus orientation. We trained two macaque monkeys to 
discriminate the orientation of drifting gratings presented for 500 ms in the near periphery. To 
enable a direct comparison of neuronal and behavioral sensitivity, we tailored the stimulus 
(grating size, scale, and speed) and task (the orientations to be discriminated) to the tuning 
properties of the neuron under study. Both animals performed the task well, with thresholds that 
varied between 1 and 5 deg for a wide range of stimulus conditions (mean threshold: 3.3 deg and 
2.8 deg, respectively). Ideal observer analysis of neuronal responses revealed that single V1 and 
V2 neurons carried almost as much information about stimulus orientation as the animals’ 
behavioral reports. On average, psychophysical sensitivity exceeded neuronal sensitivity by 65% 
in V1 and 45% in V2. We also estimated “choice probability”: the degree to which fluctuations 
in neural activity predict fluctuations in behavioral judgments across repeated presentations of 
the same stimulus. Although both monkeys had similar behavioral sensitivity, choice probability 
differed between animals. For one monkey, there was no systematic choice-related activity 
evident in the responses of V1 or V2 neurons. For the other, there was a weak but systematic 
choice probability. However, the sign of this relationship was, unexpectedly, negative: when an 
orientation-selective neuron fired more spikes, the animal was less likely to make a decision in 
favor of the orientation preferred by the neuron. Our results suggest that single cell sensitivity in 
V1 imposes an upper bound on behavioral sensitivity for fine orientation discrimination, and that 
the component of neuronal variability that gives rise to choice-related activity in sensory neurons 
is divorced from the component that limits behavioral sensitivity. 
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Abstract: The firing rate of a neuron in the mammalian cortex fluctuates in coordination with 
the activity of its neighbors. The nature of this relationship varies across behavioral states, and 
affects the reliability of the neuron’s sensory representation. We found that the rich range of 
statistical structures in multi-neuron recordings could be reproduced by different operating 
regimes of a single deterministic network model of spiking neurons. We fit the parameters of the 
spiking network model to the statistics of spontaneous and driven activity from 46 different 
electrophysiology datasets of 20-100 neurons recorded in the sensory cortices of rats and gerbils, 
using novel computational techniques. First, we used graphics processing units to simulate 
networks of 512 spiking neurons at 10000x real-time speed. Second, we used Bayesian 
optimization to find parameters which best reproduced a collection of summary statistics for 
each dataset: autocorrelation function, mean and variance of spike counts, and stimulus response. 
The model successfully fit both the diversity of autocorrelation timescales and the magnitude of 
the correlations present in the neuronal activity. To investigate the consequences for coding, we 
drove the simulated networks with external inputs. We consistently observed that noise 
correlations within each network were smaller for stimuli evoking high firing rate responses than 
for stimuli evoking lower firing rate responses. This prediction was verified in recordings from 
both awake and anesthetized auditory cortex. Further, evoked responses were least correlated in 
simulated networks with the largest inhibitory-to-excitatory firing rate ratios. The high inhibitory 
activity abolished population fluctuations and enhanced coding properties. We confirmed this 
prediction in two ways. First, looking at multiple sound-evoked recordings from auditory cortex, 
we found that high levels of fast-spiking inhibition did indeed correlate with reduced noise 
correlation. Next, we continuously activated auditory cortex PV-positive neurons virally 
transfected with stable step-function opsin (SSFO), and found that stimulus-independent 
coordinated population variability decreased while signal-driven activity increased. Our 
modelling work suggests that networks with a common architecture can generate widely 



different multi-neuron patterns depending on their precise parameters. These results provide a 
computational tool for relating the statistical structure of multi-neuron recordings to neural 
network connectivity and mechanisms. 
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Abstract: Neuronal responses to repeated presentations of identical visual stimuli are variable. 
The source of this variability is unknown, but it is commonly treated as noise and seen as an 
obstacle to understanding neuronal activity. We argue that this variability is not noise but 
reflects, and is due to, computations internal to the brain. Internal signals such as cortical state or 
attention interact with sensory information processing in early sensory areas. However, little 
research has examined the effect of fluctuations in these signals on neuronal responses, leaving a 
number of uncontrolled parameters that may contribute to neuronal variability. One such variable 
is attention, which increases neuronal response gain in a spatial and feature selective manner. 
Both the strength of this modulation and the focus of attention are likely to vary from trial to 
trial, and we hypothesize that these fluctuations are a major source of neuronal response 
variability and covariability. We first examine a simple model of a gain-modulating signal acting 
on a population of neurons and show that fluctuations in attention can increase individual and 
shared variability and generate a variety of correlation structures that are relevant to population 
coding, including limited range and differential correlations. To test our model’s predictions 
experimentally, we devised a cued-spatial attention, change-detection task to induce varying 
degrees of fluctuation in the subject’s attentional signal by changing whether the subject must 



attend to one stimulus location while ignoring another, or attempt to attend to multiple locations 
simultaneously. We use multi-electrode recordings with laminar probes in primary visual cortex 
of macaques performing this task. We demonstrate that attention gain-modulates responses of V1 
neurons in a manner that is consistent with results from higher-order areas. Consistent with our 
model’s predictions, our preliminary results indicate neuronal covariability is elevated in 
conditions in which attention fluctuates and that neurons are nearly independent when attention 
is focused. Overall, our results suggest that attentional fluctuations are an important contributor 
to neuronal variability and open the door to the use of statistical methods for inferring the state of 
these signals on a trial-by-trial basis. 
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Abstract: Many studies describe the cognitive effects and associated neural correlates of 
attention, but a mechanistic understanding of how they arise is still lacking. It is well established 
than in primate visual cortex attention increases trial-averaged neural firing rates and stimulus 
response gains. Recent population recordings from V4 show that attention also decreases the 
trial-to-trial covariability (noise correlation) of similarly tuned excitatory neurons. Our aim is to 
incorporate these observations into a single model of cortical activity under attentional 
modulation. A simple linear response theory of attention suggests a multiplicative relationship 
between covariance and gain on the micro-scale. We confirm this hypothesis through analysis of 
V4 population data using a statistical model that assumes a low-rank attentional modulation of 
the pairwise covariance structure of the network. The success of this analysis motivates a 



stochastic mean-field rate model where attention is modeled as an increase in neural excitability. 
Linear response analysis of this model shows that attention shifts the network into a more stable 
asynchronous state, allowing recurrent inhibition to better cancel correlated input, thereby 
decreasing noise correlations. Our analysis shows that this mechanism of attentional modulation 
favors inhibitory over excitatory neurons, for which there are promising experimental 
observations. Further, we show that in order for the stimulus response gain to increase with 
attention despite this input correlation quenching, the stimulus must favor excitatory neurons 
over inhibitory ones, suggesting complementary roles for top-down attentional and bottom-up 
stimulus signals. A common notion is that attention improves behavior by increasing the signal-
to-noise ratio of neural activity. We assess the attentional effect on information by computing the 
linear Fisher information using the mean-field model expressions for covariance and gain. We 
find that attention does not change the total information content of the system, but shifts it so that 
the information of the excitatory population increases. This makes sense in the context of 
downstream targets receiving projections from pyramidal neurons. Finally, we present 
preliminary work extending the model to populations of differently tuned neurons, to account for 
recent population recordings from V4 that show that attention modulates noise correlations 
differently depending on relative tuning properties. Specifically, attention decreases noise 
correlations of similarly tuned, and increases those of differently tuned neurons. 
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Abstract: Cortical activity is permeated with endogenously generated fluctuations. Varying 
strengths of these fluctuations at different frequencies manifest as distinct patterns of ensemble 
neural activity that are characteristic of different cortical states. Cortical state influences sensory 
processing, but it remains unknown whether it is actively controlled to serve behavioral goals. To 
answer this question we analyzed ensemble neural activity recorded with linear electrode arrays 
across cortical layers in area V4 of two macaque monkeys. We observed that the ensemble 
neural activity spontaneously transitions between intervals of vigorous spiking ("On" states) and 
quiescence ("Off" states) on all recorded channels. Transitions between On and Off episodes 
occurred nearly simultaneously throughout the cortical depth in spontaneous and stimulus-driven 
activity, during a fixation task and during a cognitively demanding visual attention task and they 
were not reliably locked to behavioral events. We characterized the dynamics of On-Off 
transitions using a Hidden Markov Model (HMM) with a binary-valued latent state variable and 
Poisson spike emissions. The HMM provided an excellent fit to the population spiking activity 
recorded across the cortical depth and accounted for half of the variance in the spike trains on 
average. We then used the HMM fit as a statistically principled way to segment spiking data into 
the On and Off episodes and studied the dynamics of On-Off transitions in different behavioral 
contexts. We found that the mean duration of On episodes increased when monkeys attended or 
prepared a saccade to the receptive field location, consistent with a local shift toward 
desynchronization of ensemble activity. Thus the dynamics of On-Off transitions were 
modulated locally within the retinotopic map during covert and overt selective attention. We then 
investigated how these local changes of cortical state dynamics are related to previously found 
reduction in correlated neural variability with attention. Our results provide direct evidence that 
cortical state dynamics are among major sources of spiking variability in behaving primates and 
that cortical state dynamics are controlled locally within a retinotopic map to serve cognitive 
demands. 
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Abstract: Perceptual systems are continuously bombarded by information from the 
environment. We make use of selective attention to filter this information - enhance the relevant 
and suppress the distracting. The neural circuit mechanisms that underlie selective attention, 
however, remain unclear. Computations in cortex take place in networks of noisy neurons, and 
modulation of that noise likely plays an important role in attention. Two lines of research support 
this hypothesis. First, recordings of populations of V4 neurons have demonstrated that shared 
variability decreases in neurons with receptive fields at the focus of spatial attention. Second, 
measurements of human EEG show retinotopically specific decreases in the amplitude of 8-15 
Hz “alpha”-band oscillations in the EEG corresponding to the focus of spatial attention. The 
decrease in oscillation amplitude suggests the underlying neurons are less coherent in their 
activities, but the relationship between EEG signals and the underlying neural activity is not 
well-understood. In order to directly test the hypothesis that changes in the correlated spiking 
variability in neuronal populations mediates the relationship between oscillatory EEG signals 
and attention performance, we simultaneously recorded EEG and neuronal populations in visual 
area V4 of alert macaque monkeys performing a spatial attention task. We found a surprising 
“U”-shaped relationship between spiking correlations and EEG oscillations. In order to better 
understand this observation, we employed an established computational model of populations of 
inhibitory and excitatory neurons. We found that providing a private oscillatory signal delivered 
to only the inhibitory subpopulation closely replicated our observations, which is in line with 
prior suggestions that inhibitory neurons may occupy a privileged role in attention signaling. We 
tested this prediction of the model by classifying our sample of neurons into putative inhibitory 
and excitatory subclasses on the basis of waveform shape, and then measured the spike count 
correlation within and between these classes across different attentional states. We found that 
correlation decreased with attention among excitatory neurons, in line with previous reports, but 
among inhibitory neurons correlation actually increased with attention. This suggests that 



inhibitory neurons are indeed the recipients of a shared signal during the attentive state, and that 
this signal leads to a decrease in correlation in the rest of the population. Our results thus provide 
a network-level account for the role of inhibition in attention. 
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Abstract: Neurons in the cerebral cortex respond inconsistently to a repeated sensory stimulus, 
so how can they provide the basis for stable sensory experiences? Although the exact causes of 
neuronal response variability are unknown, the consistency with which it has been observed 
across a variety of cortical regions has encouraged the general view that each cell produces 
random spike patterns that noisily represent its response rate. In contrast to this view, we 
discovered that reversibly inactivating sources of either bottom-up (V2-to-MT) or top-down (V2-
to-V1) input to cortical visual areas in the alert primate reduced both the spike train irregularity 
and the trial-to-trial variability of single neurons. A simple network model of integrate-and-fire 
neurons in which a fraction of the pre-synaptic inputs are silenced can reproduce this reduction 
in variability, provided that there exist temporal correlations primarily within, but not between, 
excitatory and inhibitory input pools. A large component of the variability of cortical neurons 
can therefore be ascribed to synchronous input produced by signals arriving from multiple 
sources. Taken together, our results impose strong constraints on theories of neuronal variability 
by causally linking the presence of bottom-up and top-down input to the spiking statistics of 
cortical neurons. 



 

Disclosures:  C. Gomez-Laberge: None. A. Smolyanskaya: None. J.J. Nassi: None. G. 
Kreiman: None. R.T. Born: None. 

Nanosymposium 

372. The Nature and Significance of Neuronal Variation 

Location: S401 

Time: Monday, October 19, 2015, 1:00 PM - 3:45 PM 

Presentation Number:  372.10 

Topic: D.04. Vision 

Support: NIH Grant R01 EY021827-04 

Title: Optogenetically induced low-frequency correlations impair perception 

Authors: *A. S. NANDY, J. J. NASSI, J. H. REYNOLDS;  
SNL-R, Salk Inst., La Jolla, CA 

Abstract: Deployment of covert attention to a spatial location causes a significant decrease in 
correlated variability (common fluctuations) among neurons in area V4 whose receptive fields lie 
at the attended location (Cohen & Maunsell, 2009; Mitchell et al., 2009). This reduction is 
especially prominent in the low-frequency range (< 10Hz). These studies have estimated that the 
reduction in common fluctuations accounts for a substantial fraction (80%) of the improvement 
in sensory processing that occurs when attention is directed toward a stimulus. However, these 
estimates depend on assumptions about how population signals are read out, and the conclusion 
that low frequency correlated variability impairs perception, is purely hypothetical. Indeed, under 
some conditions correlations might be expected to improve encoding of sensory information 
(Averbeck et al., 2006). Here, we test this proposal directly by inducing low-frequency 
fluctuations in V4 via optogenetic stimulation, to see if this interferes with the animal’s 
performance in an attention-demanding orientation-change detection task. On a subset of trials 
we stimulated neurons in area V4 using a recently developed approach to primate optogenetics 
(Ruiz, Lustig, Nassi et al., 2013). We injected lentivirus carrying the CaMKIIα promoter to 



preferentially drive expression of the depolarizing opsin C1V1 (lenti-CaMKIIα-C1V1-ts-EYFP) 
in excitatory neurons in area V4. We find that low-frequency laser stimulation (4-5Hz) impairs 
the animal’s ability to detect fine orientation changes. Physiologically, this stimulation elevates 
correlations among pairs of neurons by biasing neuronal responses toward specific stimulation 
phases, but without changes in mean firing rate. The impairment is frequency specific in that 
stimulation at higher frequencies (20Hz, 40Hz) does not impair performance, despite comparable 
modulation of neuronal responses. These results demonstrate that low-frequency correlated 
variability can impair perception, supporting the hypothesis that attention-dependent reductions 
in correlated variability contribute to improved perception of attended stimuli. 
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Abstract: Models of divisive normalization can explain the trial-averaged responses of neurons 
in sensory, association, and motor areas under a wide range of conditions. For example, several 



studies have used normalization models to characterize how attention scales the responses of 
neurons in visual cortex. Attention, like other processes that divisively scale responses, is also 
associated with changes in the extent to which pairs of neurons share trial-to-trial variability 
(termed spike count or noise correlations). Currently, normalization models do not address 
response variability. Normalization models of attention predict that average neuronal responses 
are proportional to a linear combination of the contrasts of the visual stimuli, and attention 
changes the weights of the input associated with each stimulus. We hypothesized that contrast is 
encoded by feedforward inputs to the modeled neuron. If so, normalization models make 
specific, testable predictions about how correlations between visual neurons and their 
feedforward inputs should depend both on the visual stimuli presented and on attention. We 
tested those predictions by simultaneously recording from individual neurons in area MT and 
several dozen neurons in area V1 while rhesus monkeys shifted attention between two moving 
stimuli within the MT neuron’s receptive field and a third stimulus in the opposite hemifield. We 
fit a standard normalization model to the trial-averaged responses of the MT neuron in the 
different stimulus and attention conditions, replacing the contrasts of the visual stimulus with the 
trial-averaged responses of the V1 neurons whose receptive fields overlapped each stimulus. We 
then predicted the response of the MT neuron on each trial using the fitted model parameters and 
the actual responses of the V1 neurons recorded on that trial. The normalization model accounts 
well for many aspects of the V1-MT correlations we measured, including that 1) attention 
increases correlations between neurons in V1 and MT (Ruff and Cohen, SfN 2014), and 2) cross-
area correlations depend on stimulus properties (such as motion direction) that do not affect 
within-area correlations. We also used simulations to show that the attention-dependence of V1-
MT correlations is much better explained by a mechanism in which attention changes the 
weights of V1 inputs to MT than by mechanisms that change the gains of neuronal responses in 
either area. Our study expands current models to show that normalization can capture 
interactions between neurons in different areas and provides a framework for using correlated 
variability to probe the neural mechanisms underlying canonical neural computations. 
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Abstract: The increased sensitivity afforded by multivariate pattern analysis methods (MVPA) 
has led to their widespread application in neuroscience. Nonetheless, the sources of information 
enabling the classification of distinct stimulus classes are rarely identified or interpreted in 
neurobiological terms. One of the broadest distinctions drawn on the basis of fMRI data 
combined with MVPA is between global and fine-grained effects. While it is frequently assumed 
that fine-grained patterns can reveal the tuning properties-or representational content-of 
indirectly sampled neural populations, global effects are considered a distinguishable source of 
information-say, possibly reflecting arousal or attentional modulations not necessarily diagnostic 
regarding the features encoded by underlying neural populations. Thus, a key challenge in 
MVPA is to distinguish the spatial scale of data features enabling the classification of brain 
patterns associated with two or more experimental conditions, as well as discovering the tuning 
properties of neural populations from the output of MVPA methods. Here, based on computer 
simulations emulating the biased sampling of feature-tuned neural populations (cf. Ramírez et 
al., 2014. J. Neurosci.) we show that (i) coarse granularity-i.e., spatial clustering of neurons with 
similar tuning properties-and narrow tuning widths of sampled neural populations lead to 
increased pattern contrast, the latter aspect of the signal proving informative regarding the 
underlying form of tuning even in the presence of concomitant global signal modulations. (ii) 
Further, we show that the relationship between signal and noise levels (SNR)-regardless of the 
underlying tuning properties-can significantly influence confusion matrices constructed on the 
basis of classification error rates, possibly challenging ensuing inferences regarding pattern 
similarity based on such matrices. (iii) We confirm that popular multivariate methods-e.g., linear 
discriminant analysis (LDA) and support vector machines (SVM)-can exploit the covariance 
structure of the noise, leading to remarkable sensitivity to small effects. However, we also show 
that if the noise covariance is low across voxels or it changes across runs, n-fold cross-
validation-i.e., partitioning the data-can exhibit a significantly lower sensitivity compared with 
approaches avoiding partitioning. Finally, (iv) we show that the practice of subtracting the mean 
across voxels prior to classification cannot rule out global effects as the underlying source of 
decoded information. These results bear on the interpretation of a growing body of studies 
combining fMRI and MVPA. 
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Abstract: An implicit assumption in many brain decoding studies is that if decodable 
information exists in a brain region, then this information is being used by the brain for behavior. 
In the present study, we examined this assumption in the context of a model that uses the fine-
grained structure of representations to predict behavior (Carlson et al., 2014). Using this model, 
we can study the distinction between whether information in a representation is merely 
decodable, or if the information is formatted in a manner that the brain is “reading out” 
information from the representation, i.e. its structure can be used to predict behavioral outcomes. 
The model assumes that the brain is its own decoder, and is based on fitting a decision boundary 
for category decisions in a representation. Following from standard signal detection theory, the 
difficulty of category choices is determined by the distance of individual exemplar 
representations from the boundary. Thus exemplars far from the category boundary will be easier 
(faster) choices, and exemplars close to the boundary will be more difficult (slower) choices. Our 
study took advantage of the high resolution of single unit recordings and the apparent homology 
between human and non-human primate inferior temporal cortex (ITC) (Kriegeskorte et al., 
2008). We first decoded categories of objects by training multivariate pattern classifiers on 
neuronal recordings from the anterior fundus face patch within the macaque superior temporal 
sulcus (McMahon et al., 2014). The stimulus set included 10,000 images spanning 10 categories; 
human and monkey faces and bodies, birds, butterflies, plants, man-made objects, scenes, and 
Fourier patterns. We found robust decoding performances for both broad (e.g. animate vs. 
inanimate) and fine-grained categories (e.g. human faces vs. monkey faces). We then used the 



model to test whether the structure of the representation could predict behavior. Amazon's 
Mechanical Turk was used to collect human reaction times for the same category decisions using 
the same stimuli. For categorization tasks involving faces, the representation in monkey ITC 
predicted human reaction times, indicating a connection between representational structure and 
perceptual decision making behavior. For other category decisions that were also decodable, the 
representational structure was not predictive of behavior. This finding challenges the assumption 
that is if a brain region contains decodable information, the brain must be using it. 
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Abstract: The purpose of categorization is to identify generalizable classes of objects whose 
members can be treated equivalently. Within a category, however, some exemplars are more 
representative of that concept than others. Despite long-standing behavioral effects, little is 
known about how typicality influences the neural representation of real-world objects from the 
same category. Using fMRI, we showed participants 64 subordinate object categories 
(exemplars) grouped into 8 basic categories. Typicality for each exemplar was assessed 
behaviorally and we used several multi-voxel pattern analyses to characterize how typicality 
affects the pattern of responses elicited in early visual and object-selective areas: V1, V2, V3v, 
hV4, LOC. We found that in LOC, but not in early areas, typical exemplars elicited activity more 
similar to the central category tendency and created sharper category boundaries than less typical 



exemplars, suggesting that typicality enhances within-category similarity and between-category 
dissimilarity. Additionally, we uncovered a brain region (cIPL) where category boundaries favor 
less typical categories. Our results suggest that typicality may constitute a previously unexplored 
principle of organization for intra-category neural structure and, furthermore, that this 
representation is not directly reflected in image features describing natural input, but rather built 
by the visual system at an intermediate processing stage. 
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Abstract: We compared the importance of V2 and V4 inputs to macaque inferotemporal (IT) 
cortex, using a novel combination of cortical cooling and chronic recording. Inferotemporal 
cortex neurons are essential to object recognition. Posterior IT neurons represent a highly 
interconnected node in the ventral stream network; they receive inputs from areas V2, V3, V4, 
MT, FST and anterior IT. This anatomical diversity is not prominent in computational models of 
IT, such as feedforward convolutional neural networks. In these models, IT-like units receive 
inputs from a linear sequence of receptive fields, implying a single-pathway architecture. One 
exception is a model (Serre, Oliva and Poggio, 2007, PNAS) where IT neurons receive direct 
inputs from a V4-like stage and a V2-like stage. The model “lesioned” each pathway to show 
that 1) each intervention reduced but did not abolish the classification accuracy of IT and 2) the 
V4-like projection is more important for classification accuracy. Our results support both of 
these predictions. We implanted electrode arrays in the pIT cortices of two macaque monkeys, 
and cryogenic cooling loops (“cryoloops”) against V2, V3 and V4 cortices. We trained the 
animals to perform a fixation task and we recorded IT multiunit spike responses while 
independently activating either the V2(3) cryoloops or the V4 cryoloop. We observed that each 
intervention reduced the IT spike counts by an average of 34%. Support vector machines trained 
on the IT data showed a decrease in classification accuracy during both cooling conditions, with 
the V4 inactivation causing larger classification inaccuracy than the V2(3) inactivation. In 
contrast, overall firing rate decrease did not reliably distinguish between the two inactivation 
conditions. Using a multidimensional neural space trajectory analysis, we determined that V4 
inactivation is more likely to scramble the activity space representation of individual images, 
independently of the common reduction in firing rate across the population. The local field 
potential showed similar patterns. We conclude that multivariate approaches to lesion studies in 
the ventral pathway are a promising path to untangling the input network to IT, and that future 
feedforward convolutional models of IT would benefit from including the anatomical diversity of 
the visual system. 
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Abstract: Electrophysiological studies in monkeys and haemodynamic studies in humans have 
documented increased activity in the primary visual cortex (V1) during the perception of illusory 
figures (e.g., Kanizsa stimuli). It has been hypothesized that this elevated neural activity in early 
visual cortex is the result of top-down feedback from higher-order cortical regions. To 
investigate this, detailed layer-specific measurements of the human visual cortex are required. 
The neocortex consists of six laminae, through which neural activity flows in a specific manner. 
Specifically, bottom-up input into a cortical region targets the middle layers, while top-down 
feedback avoids the middle layers and targets deep and superficial layers instead. Therefore, 
revealing the laminar profile of the neural response to illusory figures in the primary visual 
cortex can inform us about the sources of these signals. Here we used functional magnetic 
resonance imaging (fMRI) at high field (7 Tesla) and high spatial resolution (0.8 mm isotropic 
voxels) to probe the response to illusory figures in human V1 at different layer depths 
(Koopmans et al. 2011). We find that, whereas bottom-up stimuli activate all cortical layers, the 
response to illusory figures is confined to the deep layers. This suggests that the neural response 
to illusory figures comes about through highly specific top-down feedback from higher-order 
regions. These results are in line with recent studies of figure perception using invasive laminar 
recordings in macaques (Self et al. 2013), and they show the potential for non-invasive in vivo 
recordings of neural activity with laminar specificity in humans. 

Disclosures:  P. Kok: None. L.J. Bains: None. T. Van Mourik: None. D.G. Norris: 
None. F.P. De Lange: None. 

Nanosymposium 

373. Visual Processing: Object Representation 



Location: S402 

Time: Monday, October 19, 2015, 1:00 PM - 3:45 PM 

Presentation Number:  373.06 

Topic: D.04. Vision 

Support: Medical Research Council of the UK (program MC-A060-5PR20) 

 British Academy Postdoctoral Fellowship to MM 

 a European Research Council Starting Grant (ERC-2010-StG 261352) to NK 

Title: Object representations in human inferior temporal cortex: categorical or feature-based? 

Authors: *K. M. JOZWIK, N. KRIEGESKORTE, M. MUR;  
MRC Cognition and Brain Sci. Unit, Univ. of Cambridge, Cambridge, United Kingdom 

Abstract: Introduction: Human inferior temporal (IT) cortex contains a high-level 
representation of objects at the interface between vision and semantics. Object features, as well 
as object category membership, have each been shown to contribute to the object representation 
in IT. However, their explanatory power has not been directly compared for the same set of 
stimuli. Here, we ask whether the IT object representation is best explained by a categorical or a 
feature-based model of the stimuli. Methods: We asked human observers to generate category 
(e.g. is a face) and feature (e.g. consists of eye, hair, oval) descriptions for a set of 96 real world 
object images. We constructed the models as a weighted combination of these category or 
feature descriptions. The weights were set to optimally predict the IT representation of the same 
96 images, previously measured using fMRI in a separate set of human subjects. Weights were 
estimated using a cross-validated non-negative least-squares fitting procedure. We compared the 
models to the IT representation using representational similarity analysis. Results: Our results 
show that a categorical and a feature-based model explain the IT representation equally well. 
However, the models emphasize different aspects of the representation. The categorical model 
emphasizes the division between humans and animals, and between manmade and natural 
objects, while the feature-based model emphasizes the division between faces and bodies. A 
combined categorical-and-feature-based model is best at predicting the IT representation. 
Combining the descriptions with appropriate weights significantly improves the model 
predictions. Conclusion: Our findings suggest that the categorical and feature-based models 
explain unique IT representational variance, and that feature-based models can explain variance 
in addition to categorical models. Our findings are a first step toward bridging the gap between 
single-neuron stimulus selectivity (category and feature descriptions) and population coding of 
stimulus information (representational geometry) in IT. 
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Abstract: A large number of studies have provided evidence for a category-related organization 
of object representations in human ventral temporal cortex (VTC), including selective fMRI 
responses to several object categories (e.g. faces, scenes) and a broader distinction between 
responses to animate and inanimate objects. It is still unclear, however, what drives these 
apparently categorical distinctions. Specifically, it remains debated whether category-specific 
responses reflect true category effects or whether these can be reduced to simpler properties - 
such as object shape - that are closely associated with particular categories. In the present study 
we aimed to distinguish between these accounts, testing whether the animate-inanimate 
organization of VTC can be explained by shape differences between animate and inanimate 
objects. We developed a stimulus set containing pairs of images of animate and inanimate 
objects that were closely matched by shape (e.g. snake-rope). Shape similarity between all 
stimulus pairs was quantified by measuring interference between items in a separate visual 
search task. The similarity of fMRI response patterns in regions of interests (ROIs) covering the 
VTC and early visual cortex (EVC) was assessed using multivoxel pattern analysis and 
representational similarity analysis. This allowed us to compute information carried by these 
patterns about object shape and object category independently. Results showed that VTC ROIs 
contained significant information about both shape and category, while EVC ROIs only 
contained shape information. Searchlight analysis confirmed these results, revealing partially 
overlapping representations of shape and category in VTC and only shape information in 
posterior occipital regions. Importantly, highly significant category information was present in 
VTC even after regressing out shape similarity between stimuli derived from the visual search 
task. These results indicate that the animate-inanimate distinction in VTC response patterns does 
not merely reflect shape similarity but reflects, at least partly, a true domain-related organization. 
We discuss other principles that may underlie the animate-inanimate organization of VTC. 
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Abstract: Objects rarely appear in isolation in real-life. But rather, they often appear together 
and interact with each other in a predictable and meaningful manner. Indeed, behavioral studies 
have demonstrated that objects pairs are processed more efficiently when they appear together in 
a contextually consistent than inconsistent manner or position regular than irregular manner. In 
the current study, using fMRI multi-voxel pattern analysis, we examined the neural presentation 
of contextual consistency and position regularity in human observers in retinotopically defined 
early visual areas as well as object processing regions in lateral and ventral visual cortex (LO and 
pFs). In Experiment 1, object pairs were shown in either a contextually consistent (i.e., a cake 
above a cake stand, and a cooking pot above a burner) or an inconsistent manner (i.e., a cake 
above a burner, and a cooking pot above a cake stand); and in Experiment 2, object pairs were 
shown in either a positionally regular manner (i.e., a cake above a cake stand) or an irregular 
manner (i.e., a cake under a cake stand). In both experiments, we obtained fMRI response 
patterns in our pre-defined regions of interests for the different pair conditions as well as for each 
object shown alone. We then linearly combined the patterns for the individual objects shown 
alone and tested the Euclidean distance between the synthesized two-object patterns and the 
actual two-object patterns. In early visual cortex, such as V1 and V2, the difference between the 
actual and the synthesized two-object patterns did not differ between the contextually consistent 
and inconsistent pairs or between the position regular and irregular pairs. However, in pFs, the 
difference between the actual and the synthesized two-object patterns was greater for the 
contextually consistent than inconsistent object pairs. Similar results were also observed for 
position regular and irregular pairs in pFs. These results suggest that stronger nonlinear 
interactions between the two objects are represented in pFs when they form a meaningful object 
pair. They further illustrate one way in which learned contextual consistency and position 
regularity may be represented in the human brain. 

Disclosures:  R. Wang: None. Y. Xu: None. 

Nanosymposium 

373. Visual Processing: Object Representation 

Location: S402 

Time: Monday, October 19, 2015, 1:00 PM - 3:45 PM 

Presentation Number:  373.09 

Topic: D.04. Vision 

Support: NIH grant 1R01EY022355 



Title: Attentional modulation of object category decoding in human parietal and occipito-
temporal regions 

Authors: *M. VAZIRI PASHKAM, Y. XU;  
Vision Scinces Laboratory, Dept. of Psychology, Harvard Univ., Cambridge, MA 

Abstract: Although visual object representations have been discovered in the primate parietal 
cortex more than a decade ago, the nature of these representations remains largely unknown. In 
particular, it is not known how these representations are modulated by attention. Using fMRI and 
multiple voxel pattern analysis, here we investigated object representation in the human parietal 
cortex under different attentional manipulations. The parietal regions we examined included five 
topographic areas along the intra-parietal sulcus (IPS) as well as superior and inferior IPS, two 
regions previously implicated in visual object individuation and identification, respectively. We 
also examined responses from topographic areas in early visual cortex, and object shape 
processing regions in lateral occipital (LO) cortex and posterior fusiform gyrus (pFs). During the 
experiment, observers viewed a sequential presentation of ten colored exemplars from each of 
eight object categories. They were asked to detect an occasional 1-back repetition either on the 
object (object task) or the color (color task). Using SVM, we measured decoding accuracy for 
the object categories in each region of interest (ROI) in both tasks. In Experiment 1, color 
appeared directly on the objects. In all the ROIs examined, category decoding accuracy did not 
differ between when observers attended a category-relevant feature (i.e., object task) and when 
they attended a category-irrelevant feature (i.e., color task). In Experiment 2, we colored a set of 
transparent dots appearing on top of the objects. These dots occupied the same spatial envelope 
as the objects. Category decoding accuracy did not differ between the two tasks in early visual 
areas, but was significantly higher in the object than color task in higher parietal and occipito-
temporal regions. Interestingly, this task effect was significantly greater in the parietal than 
occipito-temporal regions. These results show that attention to an irrelevant object feature does 
not affect object category decoding in neither the ventral nor dorsal visual processing pathways, 
consistent with the notion of object-based encoding shown by prior literature. However, attention 
to an irrelevant feature on an irrelevant object occupying the same spatial envelope decreases 
decoding in both pathways except in early visual areas. Notably, parietal regions showed greater 
sensitivity to this attention manipulation than occipito-temporal regions, suggesting greater 
involvement of the parietal regions in tracking the demand of the task at hand. 
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Abstract: A static image stimulus (e.g. a house) can induce a sustained visual percept, 
presumably driven by neural activity sustained throughout stimulus duration (duration-dependent 
sustained responses, DDSRs). However, the vast body of research on cortical visual processing is 
based on brief, fixed-duration stimuli (typically up to 500 ms), and on onset responses, which 
cannot provide information on DDSRs. Here we apply a novel variable-duration stimulation 
paradigm using images to directly test for sustained activity in the visual cortex. 
Electrocorticographic data was recorded from 10 patients implanted with subdural electrodes 
over occipital, temporal, parietal and frontal regions for clinical indication. Electrodes over early 
visual cortex exhibited clear high-frequency (> 30 Hz broadband response) DDSRs, sustained 
above baseline throughout stimulus duration, allowing reliable decoding of stimulus duration 
(but not category) from neural responses. In contrast, electrodes in category-selective inferior 
temporal cortex showed weak to no duration-dependence. This is surprising given that activity in 
category-selective regions is considered to correlate closely with conscious visual experience, 
and would be predicted to parallel a sustained visual percept. We observed a circumscribed 
region, coinciding with the more posterior face-selective electrodes along the Fusiform Gyrus, 
which was strongly both category-selective and duration-dependent (3 face-selective electrodes 
from 2 patients). Directing attention to the beginning or to the full duration of the stimulus did 



not affect the results. Thus, duration-dependence and category-selectivity were anatomically 
dissociated: the former was dominant in early visual areas and the latter along the more anterior 
inferior temporal cortex, with a small degree of overlap over the posterior Fusiform Gyrus. The 
results suggest a new organization within the ventral visual stream, where regions which 
otherwise appear functionally uniform (e.g. all showing face-selectivity) are dissociated in regard 
to their role in visual processing over longer stimulation windows. We hypothesize that within 
category-selective visual cortex, duration-dependent sites on the posterior inferior temporal lobe 
are associated with the sustained experience of a visual percept, while sites with no duration-
dependent activity, located more anteriorly, are associated with more phasic, stimulus-onset-
related aspects of visual processing, such as initial stimulus categorization and identification. 
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Abstract: Successful interaction with the world around us requires a meaningful representation 
of visual objects. Object identity and category are coded by populations of neurons in primate 
inferior temporal (IT) cortex. However, the dynamic nature of these population representations, 
in particular how they evolve over the timescale of milliseconds after stimulus onset, is not well 
understood. Recent MEG studies in humans have begun to address this question, but are limited 



by low spatial resolution. Here, we analyze single-unit recordings from monkey IT to identify at 
which time points after stimulus onset object identity and category can be decoded from neuronal 
population activity. Single-unit activity was recorded from the inferior bank of the superior 
temporal sulcus of two adult male rhesus monkeys during passive object viewing (Bell et al., 
2011). Stimuli were 100 grayscale object images from five categories: faces, body parts, fruit, 
objects, and indoor scenes. Images were presented in random order while the monkeys 
maintained fixation. Here, we extracted patterns of activity across all visually-responsive 
neurons (approximately 500 neurons per monkey) at each time point after stimulus onset using a 
sliding-window approach. We used representational similarity analysis to determine onsets and 
peaks of object-identity and category information. Inference was performed using bootstrap 
resampling of the neurons (p < 0.05 after correction for multiple comparisons). The earliest 
information in the IT neuronal population starts to arise 50-80 ms after stimulus onset. This 
information predominantly indicates the emergence of category clusters (faces, fruit, and objects 
precede scenes and body parts). Category clustering peaks at 130-160 ms after stimulus onset. 
The emergence of animate/inanimate category information follows a time course similar to that 
of the basic-level categories. Information about object identity emerges after the onset of 
category information: individual stimuli within each category become discriminable 10-30 ms 
after the start of their own category’s clustering. Object discriminability also peaks later than 
category information. These findings suggest that, in the IT population, category information 
appears before individual objects can be discriminated. This is consistent with earlier monkey 
electrophysiology studies on invariant object representations in IT, and indicates that human 
MEG results, which reported the opposite order of events, might be driven by early visual cortex 
shortly after stimulus onset (consistent with Cichy et al. 2014). 
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Abstract: Many patients have difficulty walking after stroke, even following extensive 
rehabilitation. In therapy, the norm is to try to change the automatic walking pattern with explicit 
instruction. We think that it might be more powerful to combine instructive (explicit) learning 
with adaptive (more implicit) learning. Here, we studied healthy young adults as they learned a 
new walking pattern via different combinations of these mechanisms. For instructive learning, 
we provide visual feedback of the subject’s foot placement in relation to a target and instruct 
them to “step on the target”. This forces subjects to explicitly focus on a strategy. For adaptive 
learning, subjects walk on the split-belt treadmill (two independently driven belts) with one belt 
moving faster than the other. This drives subjects to learn implicitly through an error-driven 
process. We tested an ADAPT group where subjects learned a 3:1 split-belt treadmill 
perturbation gradually introduced over 15 minutes with no visual feedback. They implicitly 
learned where to place the ‘fast’ foot relative to the ‘slow foot’ during adaptation, and showed 
after-effects after learning. We then added an instructive component to the adaptation paradigm 
in two groups: the CONGRUENT group also received visual feedback about foot placement that 
mirrored where people normally step during learning; the INCONGRUENT group received 
visual feedback to help them step on symmetrically fixed targets and prevent changing their step 
locations during adaptation. After 12 minutes of visual feedback, the INCONGRUENT group 
received 10 seconds of no visual feedback while maintaining the split belts and then the same 
visual feedback for the remaining 3 minutes. Results show that creating a common goal between 
instructive and adaptive learning in the CONGRUENT group did not change after-effects 
(magnitudes and decay rates) compared to the ADAPT group. Surprisingly, creating a conflict 
between the two systems in the INCONGRUENT group also did not change the after-effect 
(magnitude and decay rate). The 10 second catch trial revealed that the subjects immediately 
jumped to a new walking pattern that was smaller than the fully adapted pattern, suggesting that 
their brain was still developing an internal model of how to walk with split belts despite the 
maladaptive instruction. Our results show that instruction neither enhances nor interferes with 
adaptive learning. It was striking that incongruent feedback allows for some learning of the 
desired motor pattern, though it is incomplete. These results demonstrate that adaptive learning is 
a powerful motor learning mechanism and should be incorporated into rehabilitation strategies. 
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Abstract: [ Introduction ] Bipedalism is the fundamental evolutionary adaptation that sets 
hominids - and therefore humans - apart from other primates. The human body consisting of 
multi-segment is arranged vertically some segments, such that the head, trunk, legs, and feet. 
Some of the most important brain systems are dedicated to the maintenance of balance and to 
providing an online representation of where the body is located, via the integration of many 
different exteroceptive / interoceptive inputs (visual, auditory, vestibular, somatosensory, motor, 
visceral, and so on). Although the neural mechanism for automatically detecting one's own body 
instability is an important consideration, there have thus far been few functional neuroimaging 
studies because of the restrictions placed on participants' movements. [ Methods ] Thirteen 
young healthy male participants took part in the experiment. We used functional magnetic 
resonance imaging to investigate the neural substrate underlying whole body instability, based on 
the self-recognition paradigm that uses video stimuli consisting of one's own and others' whole 
bodies depicted in stable and unstable states. After the fMRI scans, the participants were asked to 
rate their emotional states, and we conducted multiple regression analyses with the eigenvariate 
values in the spherical region of interest and the subjective ratings. [ Results ] Analyses revealed 
significant activity in the regions which would be activated during genuine unstable bodily 
states: The right parieto-insular vestibular cortex (PIVC), inferior frontal junction / ventral 
premotor cortex (IFJ/PMv), posterior insula and parabrachial nucleus (PBN), and rosotro-lateral 
prefrontal cortex (RLPFC). In addition, right IFJ/PMv activity was negatively correlated with 
emotional subjective ratings "calmness" scores. [ Conclusions ] The self-specific neural 
processing of body instability consists mainly of three component processes: 1) a 
vestibular/interoceptive process, which is related to detection of vestibular anomalies and to 
sympathetic activity as a form of alarm response (the right PBN and posterior insula), 2) an 
automatic motor-response preparation process (right IFJ/PMv), in which the necessary motor 
responses are automatically prepared/simulated in the brain to protect one's own body, and 3) a 
meta-cognitive process (right RLPFC) for self-recognition from the 3rd person perspective view. 
In addition, this right dominance may be based on lateralization of homeostatic brain structures 



and functions, which has been evolutionarily driven by a preexisting behavioral and autonomic 
asymmetry that is present in all vertebrates. 
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Abstract: Studies reveal postural stability benefits of directing attention away from postural 
control but it is unclear whether these improvements are indicative of the use of automatic 
postural processes or a stiffening strategy. The objective was to examine muscular activation of 
the leg while standing and concurrently performing various attentional focus and cognitive tasks 
to elucidate which mechanism is employed. Thirteen healthy young adults (21.1 ± 3.01 years, 6 
male) stood as still as possible on a force platform with feet together, arms at their sides and gaze 
directed to a target 3 m ahead. They performed 5 separate conditions: 1) control standing; 2) 
internal focus (IF) which consisted of concentrating on minimizing movements of the ankles; 3) 
external focus (EF) which consisted of concentrating on maintaining the position of 3 markers 
extending laterally from each ankle joint; 4) single-number sequence (SNS) cognitive task, 
where participants counted and summed the occurrence of a single number in a 3-digit number 
sequence; 5) double-number sequence (DNS) cognitive task, where participants counted and 
summed the occurrence of 2 single numbers in a 3-digit number sequence. Five 60-s trials were 
performed per condition in random order. Muscular activation of the tibialis anterior (TA) and 
medial gastrocnemius (MG) of the dominant leg was recorded using electromyography. Data 
collected by the force platform was used to derive area of 95% confidence ellipse (area), 
standard deviation (SD) of centre of pressure (COP) in anterior-posterior (AP) and medial-lateral 
(ML) directions, and mean velocity of COP in AP and ML directions. Significance was set at p < 
0.05. Results demonstrated a significantly smaller area in EF, SNS and DNS as opposed to 
control and IF, and a smaller area in DNS than EF. Significantly lower SD of COP in AP 
direction was found in SNS and DNS as opposed to control, IF and EF. SD of COP in the ML 



direction was significantly higher in control as opposed to all other conditions and was 
significantly lower in DNS than IF. Significantly higher mean velocity in the AP and ML 
direction was found in SNS and DNS as opposed to control, IF and EF. Muscular activation of 
TA and MG did not differ across conditions. Results reinforce findings that cognitive tasks 
enhance stability as opposed to IF, EF and control conditions and show limited advantages of EF 
as opposed to IF. The lack of difference in muscular activity suggests that improvements are not 
due to the use of a stiffening strategy but to the use of an automatic type of postural control. By 
distracting participants from conscious postural control, cognitive tasks allow automatic 
processes to control posture more efficiently. 
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Abstract: When humans walk over complex terrain, visual information from the upcoming 
ground surface plays an essential role in the ability to avoid obstacles and step on safe footholds. 
Previous studies suggest that visual information about potential target footholds for an upcoming 
step is especially important during the last half of the preceding step (Matthis & Fajen, 2013, 
2014; Matthis, Barton, Fajen, 2015). That is, the last half of each step is the critical phase for the 
visual control of the upcoming step. This strategy is rooted in the biomechanics of walking and 
facilitates the efficient exploitation of passive mechanical forces inherent to bipedal gait. 
Biomechanics may also constrain which regions of the upcoming ground surface walkers need to 
see during the critical control phase. To efficiently exploit their inverted-pendulum-like 
structure, walkers must initialize each step with a properly tailored pushoff force from the 



trailing foot. The pushoff force must be adjusted to the position of the target at the end of the 
upcoming step relative to the previous target. This suggests that walkers rely on information 
based on the relative position of pairs of consecutive targets, and leads to the following 
prediction -- that the two upcoming targets must be simultaneously visible to support accurate 
stepping. To test this prediction, we instructed subjects to walk along a path of irregularly spaced 
target footholds (small circular patches of light projected onto the floor) while their movements 
were tracked by a motion capture system. On some trials, the visibility of a subset of targets was 
manipulated such that they were only visible for a brief period. The duration of the period of 
visibility varied such that the two upcoming targets were simultaneously visible in some 
conditions but not others. We found no significant change in stepping accuracy in conditions in 
which consecutive targets were simultaneously visible relative to a control condition in which all 
targets were always visible. However, stepping accuracy degraded in conditions in which the two 
upcoming targets were not simultaneously visible. To conclude, walkers must be able to see 
regions of the upcoming terrain that include pairs of consecutive upcoming targets, and both 
targets must be simultaneously visible to the walker. If vision is restricted such that an upcoming 
target is not detected until after the previous target falls out of view, stepping accuracy may 
degrade. The findings reflect an efficient control strategy rooted in the biomechanics of bipedal 
gait, in which visual information is primarily used to initialize the mechanical state of the body 
leading to a ballistic movement toward the next target. 
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Abstract: For walking, we need to simplify redundant degrees of freedom with musculoskeletal 
system, it might be solved by control via muscle synergies (Hagio et al., 2015). In case of the 
regulation of walking speed, the central nervous system (CNS) is required flexible selection from 
numerous combination of stride frequency and stride length. However, how the CNS recruits 
muscle synergies for flexible regulation of walking speed has not been revealed. We 
hypothesized that the flexible recruitment of muscle synergies enables the versatile regulation of 
walking speed. Our purpose was to investigate how muscle synergies are recruited during 
treadmill walking by examining the relevance to control of walking speeds. To prove that, 10 
healthy man (23.3±0.9 years) walked on a treadmill at 14 various walking speeds (2.0-8.0 km/h 
and preferred walking speed) over 50 gait cycles. Surface electromyograms were recorded from 
24 muscles in lower limb and trunk, and we used non-negative matrix factorization algorithm to 
extract muscle synergies (Tresch et al., 1999). Three-dimensional position of 29 retro-reflective 
spherical markers was measured to calculate the kinematic data. The stride length and the stride 
frequency were identified by foot switches. We extracted 3 to 10 muscle synergies across the 
subjects and walking speeds, and number of muscle synergies tended to increase with walking 
speeds. We founded 4 types of typical muscle synergies which were recruited among broad 
walking speeds. These muscle synergies activated during heel contact phase and forward 
propulsion phase per each legs. Other muscle synergies were recruited flexibly dependently on 
walking speeds. The center of mass trajectories during treadmill walking looks like so similar 
among speeds, in addition, combinations of the stride frequency and the stride length to change 
walking speeds were various. Therefore, it was suggested that the CNS manipulates properly 
combination of stride length and stride frequency by modulating the recruitment of muscle 
synergies flexibly to achieve stable output of walking motion. 
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Title: Changes in gait dynamics when walking on slippery walkways 
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Abstract: The presence of a slippery surface is a dangerous, common cause of falling. Some 
populations, such as the elderly and lower-limb amputees, are at a higher risk of falling when 
encountering these surfaces. The incidence of slip and fall injuries increases as people get older. 
In addition, lower-limb amputees have a limited ability to adjust their gait on these surfaces due 
to their prosthesis. While there have been many studies on the compensatory strategies for initial 
transition to slippery surfaces, little is known about the compensatory strategies employed during 
steady state locomotion on different surfaces. This information is important for understanding 
able-bodied control and eventually for replicating that control in artificial devices. The objective 
of this work was to analyze the changes in lower-limb muscle activity during steady state 
locomotion on slippery surfaces. Based on previous work, it was hypothesized that there would 
be a global increase in lower-limb muscle activity as the walkway became more slippery, 
presumably to increase limb stiffness and stability. An experiment was conducted using three 
walkways, including non-slippery (NS), moderately slippery (MS), and very slippery (VS) 
surfaces. The moderately slippery condition was meant to simulate a real-life, commonly 
encountered slippery surface. This condition had subjects walk with socks over highly polished 
laminate floors. The very slippery condition, meant to simulate ice, had subjects walk with bare 
feet in shoe covers over a plastic sheet covered in oil. Electromyography (EMG) was recorded 
from select lower-limb muscles and the magnitude of activity was quantified using root-mean 
square (RMS) over periods of stance. The resulting analysis revealed more specific proximal to 
distal lower-limb changes than originally hypothesized. As the walkway became more slippery, 
activity at the ankle decreased (NS > MS > VS p<0.05). The opposite affect was seen at the 
knee, in which activity increased as the walkway became more slippery (NS < MS < VS p<0.05). 
The hip muscles showed increased activity on the very slippery walkway alone. These results 
suggest that to walk without slipping requires a reduction in activity at the ankle, possibly to 
increase joint compliance, and an increase in activity at the knee, possibly to increase joint 
stiffness. The hip becomes important once the walkway becomes very slippery. By 
understanding how able-bodied people safely negotiate slippery surfaces, this information can be 
applied to populations who have greater tendencies to fall when encountering these conditions. 
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Abstract: Long duration spaceflight microgravity results in cephalad fluid shifts and deficits in 
posture control and locomotion. Effects of microgravity on sensorimotor function have been 
investigated on Earth using head down tilt bed rest (HDBR). HDBR serves as a spaceflight 
analogue because it mimics microgravity in body unloading and bodily fluid shifts. Preliminary 
results from our prior 70 days HDBR studies showed that HDBR is associated with focal gray 
matter (GM) changes and gait and balance deficits. In consideration of the health and 
performance of crewmembers we investigated whether exercise reduces the effects of HDBR on 
GM and motor performance. Numerous studies have shown beneficial effects of exercise on 
brain health. We therefore hypothesized that an exercise intervention during HDBR could 
potentially mitigate the effects of HDBR on the central nervous system. Ten subjects were 
assessed before (12 and 7 days), during (7, 30, and ~70 days) and after (8 and 12 days) 70 days 
of 6-degrees HDBR at the NASA HDBR facility in UTMB, Galveston, TX, US. Each subject 
was randomly assigned to a control group or an exercise group. Regular exercise consisted of 
daily supine aerobic and resistance exercise (e.g. squat, heel raise, leg press, cycling and 
treadmill running), which started 20 days before the start of HDBR. At each time point T1 MRI 
scans were obtained using a 3T Siemens scanner. Focal changes over time in GM density were 
assessed using voxel based morphometry (VBM8) under SPM. Functional mobility was assessed 



using an obstacle course. Vestibular contribution to balance was measured using Neurocom 
Sensory Organization Test 5. Behavioral measures were assessed pre-HDBR, and 0, 8 and 12 
days post-HDBR. Linear mixed models were used to test for effects of time, group, and group-
by-time interactions. VBM revealed significant group differences in changes in GM measured 
pre-HDBR and at 70 days in-HDBR in bilateral primary motor cortex regions, and vermis IX of 
the cerebellum (p<.001, uncorrected for multiple comparisons). Functional mobility performance 
was less affected by HDBR in exercise subjects than in control subjects and post HDBR exercise 
subjects recovered faster than control subjects. The group performance differences and GM 
changes were not related. Exercise in HDBR reduces the adverse effect of HDBR on functional 
mobility. In addition, exercise appears to result in differential brain structural changes in motor 
regions such as the primary motor cortex and the cerebellum. Whether these structural changes 
are related to functional changes other than gait or balance warrants further research. 
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Abstract: Keeping standing position in daily life and bipedal walking and running with 
maintaining balance with upper body straight upwards may contribute to evolution of homo 
sapience/human beings from monkey. Through these anti-gravitational activities we have created 
human culture in enriched environment. However we cannot maintain upright posture by only 



reflex but conscious motion and effort. We can find signs here a necessity to connect body and 
mind and may contribute to keep human body system with multi-joints resulting in keeping 
continuous posture swaying. We have previously developed and reported that tactile stimulus to 
the skin from special underwear is effective to improve walking and running posture. In the 
present study, we aimed to evaluate functions of a new compression underwear (C-wear) 
expected to improve cardiorespiratory function and also provide a balance of bipedal posture 
during physical exercise and recovery, based on the hypothesis to help the function of pumping 
effect by compression to calf leg and to decrease lateral head-sway of head. Seven young males 
were participated in the experiment. Upper and bottom mild compression wear (on calf back) 
were evaluated at rest, during treadmill exercise. Cardiorespiratory function was estimated by 
ventilatory threshold (VET) (Minato Co., AE-300S), and postural changes were measured during 
walking and running wearing C-wear or control wear using Vicon. Slight but significantly 
improving effects of VET during treadmill exercise was observed in C-wear (bottom) clothing. 
Improved venous return during rhythmic exercise may be enhanced by compression on calf back 
of both legs. Another effect is a tendency to change standing posture toward more upright 
position. Clothing c-wear (upper) showed almost the same effect as reported last year (PC-inner). 
That is, improving balance of posture at rest and walking with less fluctuations of central of 
gravity (COG). These effects indicate compression information via skin with clothing may 
normalize posture and gait of almost peoples, which are usually somewhat deformed. Our new 
developed compression-wear is effective to keep good balanced posture during activities and 
improve cardiorespiratory functions as well as to keep quiet sitting posture. 
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Abstract: Falling is a serious, yet common, problem in older adults. One of every 3 adults over 
the age of 65 years falls each year, resulting in medical costs of $34 billion in 2013. Our purpose 
was to investigate the effect of cognitive load on various aspects of gait quality in this 
population. We hypothesized that high cognitive load conditions lead to visual attention deficits, 
impairing gait in older adults. Fourteen healthy and cognitively alert older adults (70-91 years, 4 
males, >7/9 on GPCOG, independent ambulators) performed three randomly assigned tasks 
including a modified Timed Up and Go (mTUG; participants stood up from a chair, walked 5.7 
meters around a cone, and returned to a seated position); a cognitive task (subtracted 7s from a 
given number as quickly and as accurately as possible), and these two tasks combined. Visual 
cues in the environment are critical to the mTUG (i.e., the cone and the chair), allowing us to 
compare gaze patterns across the two walking tasks. If participants gazed less at the cone and 
chair during the dual task, we would conclude that high cognitive load negatively affected visual 
attention. We tracked eye movements (Mobile Eye-XG, ASL) to identify the focus of overt 
visuospatial attention, and recorded walking characteristics using a pressure-sensing mat 
(GAITRite). Dependent measures included cognitive performance (number rate and accuracy on 
subtract 7s task), overt visuospatial attention (fixation time on targets), and gait parameters (total 
time, speed, step width, stride length, % double limb support, and cadence). As expected, total 
time to complete the walking task significantly increased with increased cognitive load. 
Associated gait changes with the longer walk times included significantly decreased stride 
length, decreased walking speed, increased double stance time, and decreased cadence. However, 
stance width did not significantly change with increased cognitive load. Gaze time on target 
(visual attention measure) was not significantly different between tasks, although older adults 
who had the most difficulty with the cognitive task also had the greatest differences in total 
walking time and gaze time on target between the two conditions. Our results suggest that 
deficits in visuospatial attention due to increased cognitive load do not completely explain 
observed gait changes in older adults when performing the mTUG. However, older adults with 
the greatest difficulty on the cognitive task demonstrated the greatest impairments in walk times 
and visuospatial attention. Thus, fall prevention programs should consider assessing and 
addressing cognitive status to optimize effectiveness. 
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Abstract: Walking on two legs is inherently unstable, especially in the medio-lateral plane. How 
we humans control this medio-lateral instability and how this control may change with age 
remains unclear. What is known, however, is that ageing comes with a decline in stability that 
often leads to falls. We sought to identify cortical contributions to control of gait stability by 
measuring brain activity using EEG during stabilized and normal walking in healthy young and 
older subjects. Subjects walked on a treadmill in two conditions, each lasting 10 minutes; 
normal, and while being laterally stabilized by elastic cords [1]. Kinematics of the trunk were 
sampled at 100 samples/s by an optoelectronic system, and EEG was recorded at 2048 samples/s 
using a 64 channel cap. We assessed differences in gait stability in terms of local divergence 
exponents, and trunk excursion [2]. As expected EEG data were strongly contaminated by 
movement artifacts that we could remove using independent component analysis [3]. 
Subsequently activities were source-localized via dynamic imaging of coherent sources and 
tested for changes in their spectral content. During normal walking, there were no differences in 
stability between groups. Stabilized gait led to significant decreases of local divergence 
exponents in both groups, but more so in the younger group, Moreover, stabilized gait reduced 
trunk excursion only in the younger subjects. In the young subjects, source localization in the 
beta band yielded significant sources in bilateral pre-motor cortices, which showed more beta-
activity during stabilized than normal gait, specifically during toe off of the contralateral leg. Our 
results suggest that in younger subjects, control of medio-lateral gait stability has cortical 
contributions, that may be related to controlling push off [4]. The fact that older adults showed 
less behavioral effects of stabilizing gait may indicate that their gait is intrinsically less stable. 
The effects of stabilizing gait on cortical activity in older adults remain to be analyzed. 
References [1]Dean et al. (2007) IEEE Trans Biomed Eng. 54(11):1919-26. [2]Bruijn et al. 
(2013 J R Soc Interface 10(83). [3]Gwin et al. (2010) J Neurophysiol. 103(6):3526-34. [4]Kim et 
al (2015) J Neuroeng Rehab (online) 
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Abstract: BACKGROUND: Mindfulness-based approaches to movement, including Tai Chi, 
Tango, and Alexander Technique, have shown promise for improving balance and reducing fall 
risk both in healthy older adults and in people with Parkinson’s disease, but the mechanism for 
that improvement is not yet clear. OBJECTIVE: Our approach, which we call ‘Lighten Up,’ is 
based on the Alexander Technique; students learn to reduce muscular interference in everyday 
activities while maintaining an expansive attitude. We investigated the effects of the Lighten Up 
instructions on axial rigidity, upright postural alignment, mobility, and postural sway. We also 
investigated a contrasting set of effort-based postural instructions, which we call ‘Pull Up,’ and a 
relaxed control condition. METHOD: Healthy older subjects (age 60+) and subjects with PD 
(ON medication) practiced the three sets of instructions and then attempted to implement each 
one during quiet standing, torso rotation, and while initiating gait. We measured kinematics, 
resistance to axial rotation, and ground reaction forces. RESULTS: Both sets of experimental 
instructions led to increases in upright postural alignment relative to the control condition. 
However, the Lighten Up instructions decreased neck compression, while the Pull Up 
instructions increased neck compression. During torso rotation, the Lighten Up instructions 
increased the flexibility of axial tone, while the Pull Up instructions made subjects more rigid. 
The Lighten Up instructions also led to reduced amplitude and velocity of postural sway relative 



to both other conditions, suggesting improved steadiness. During step initiation, the Lighten Up 
instructions led to the smoothest movement of the center of pressure, suggesting improved 
control. CONCLUSION: Mindful movement approaches such as Alexander Technique may 
benefit older adults and people with Parkinson’s disease by facilitating increased upright postural 
alignment and mobility while reducing neck compression and postural unsteadiness. Our 
findings suggest that simple changes in postural instructions can have beneficial effects on motor 
problems associated with aging. Because the two sets of instructions used here had markedly 
different effects, we conclude that the effects were not due to attention to the body, per se, or 
even solely to the increase in standing height. These results imply that how one conceives of 
postural uprightness has a profound effect on how one stands and moves, and that this influence 
can be harnessed for rehabilitative and training purposes. 
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Abstract: PURPOSE/HYPOTHESIS: Walking disability is a major concern among people with 
poststroke hemiparesis. One major characteristic of walking disability is slow walking speed. 
Recent studies have focused on factors underlying slow walking speed, such as strength and 
balance impairment. However, preliminary results from our laboratory suggest, with weakness 
and balance accounted for, the hemiparetic gait trajectory may be susceptible to increased step 
by step variability (SSV) and may play a major role in generating foot placement errors. Where a 
nonimpaired individual may adapt their gait to accommodate faster speeds, people poststroke 
may have increased susceptibility to speed-induced missteps resulting in the choice of slower 



speeds as a strategy to avoid unstable walking conditions. A problem with past studies was the 
inability to study large range of speeds that might reveal complex behaviors at very fast speeds. 
We hypothesize that at progressively faster speeds the SSV will increase for the paretic limb but 
not for the nonparetic limb nor for nonimpaired individuals. METHODS: We used a specialized 
robotic interface that provided assistive horizontal force to allow people to walk at faster speeds 
than previously possible, coupled with a treadmill to explore SSV, using a high speed motion 
capture system, in both the paretic, nonparetic, and nonimpaired limb. RESULTS: To date, we 
have recorded observations of 2 people with poststroke hemiparesis and 5 nonimpaired 
individuals walking at a wide range of speeds. For each participant, thirty strides of the foot 
trajectory in the anterior-posterior (AP) and vertical direction of both the left and right limbs 
were collected. People poststroke exhibited greater SSV in the vertical direction, but not the AP 
direction, for the paretic limb compared to both their non-paretic side and to nonimpaired 
individuals. Additionally, for the paretic limb, vertical SSV increased considerably for very fast 
speeds - speeds greater than fast walking speed to their maximum walking speed. 
DISCUSSION/CONCLUSION: The control of foot trajectory in the vertical direction seems to 
reduce as gait speed increases for the paretic limb compared to the nonparetic limb and to the 
nonimpaired limbs. We will further explore the underlying factors contributing to these 
observations. 
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Abstract: Background: Balance impairment in the patients with brain injury severely affects 
their activities of daily living (ADL), and our previous studies suggested that the dorsomedial 
portion of motor related cortex including the supplementary motor area (SMA) and its 
descending projection supposed to play an important role in the intentional postural control in 
humans and balance recovery after brain damage. We have developed functional near infrared 
spectroscopy mediated neurofeedback system (fNIRS-NFB) in which subjects try to modulate 
their own neural activity voluntarily with real-time feedback, and previous study confirmed that 
the fNIRS-NFB augment the rehabilitation effect for the upper limb paresis after stroke. 
Objective: We are conducting a randomized clinical trial to investigate whether fNIRS-NFB 
targeting the SMA activity associated with mental practice with motor imagery would augment 
the post-stroke balance recovery. To confirm the safety and feasibility of this new technique, we 
performed interim analysis. Methods: Subacute stroke patients with subcortical lesions (N = 31, 
23 males, Age : 60.1± 11.6, 117.0± 20.7 days from onset) with written informed consent have 
been enrolled into this study. In addition to the usual inpatient rehabilitation up to 180min/day, 
all the patients participated 6 sessions of mental practice with motor imagery of gait and postural 
related task concurrent with neurofeedback of the SMA activation (3 times/wk×2 wks). Clinical 
measures including Berg Balance Scale (BBS), Gait speed, and 3m-Timed Up-and-go test (TUG) 
are assessed before, just after, and 2 wks after fNIRS-NFB. Subjects are randomly assigned to 2 
groups (REAL and SHAM). In REAL group, their own neuronal activity was provided, whereas 
neuronal activity recorded from other subjects was provided in SHAM group. Neither patients 
nor physicians did not recognize which group they were assigned (double-blinded). Results: 
Baseline clinical characteristics were comparable between two groups. There was significant 
interaction between gait and balance measures including BBS and TUG with significant 
improvement in the REAL group (F2,29=7.26, p<0.005 and F2,29=3.39, p<0.05, respectively). 
Comparing the before and after fNIRS-NFB, only REAL group showed significant increase of 
gait task related cortical activation in the SMA. There was no side-effects associated with 
fNIRS-NFB in both groups. Conclusion: This interim analysis suggested that the fNIRS-NFB 



might be feasible and safe intervention for the post-stroke patients to augment gait and balance 
recovery. 
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Abstract: Traumatic stressful experiences have been associated with diverse psychiatric 
disorders. Patient histories often show a traumatic stressful experience early in life, i.e. 
adolescence, from which a spectrum of impairments and brain dysfunctions may reverberate at 
varying intensities throughout the course of the life. Notably, stress-related psychiatric disorders 
are more prevalent in females. Because social stress is a common stressor for humans, this study 
examined the effects of repeated social stress occurring during adolescence for female rats on 
activity of the locus coeruleus (LC)-norepinephrine (NE) system. The LC-NE system is a major 
stress-response system of the brain that is activated by acute stress and this activation is thought 
to mediate arousal and cognitive adaptations to the stressor. Although adaptive, excessive 
activity of the LC-NE system has been implicated in the hyperarousal symptoms of stress-related 



psychiatric disorders. In this study, female adolescent (PND-42) rats were implanted with a 
multiwire electrode in LC and exposed to the resident-intruder model of social stress for five 
consecutive days, or a control manipulation that involved exposure to a novel cage. The resident 
was a lactating female within the first 10 days post-partum and her pups were removed from the 
resident cage during the resident-intruder trial. Surprisingly, the initial exposure to social stress 
had little effect on spontaneous or auditory-evoked LC neuronal activity. In contrast, preliminary 
results suggest that for adult female rats exposure to the identical social stress increases LC 
discharge rate as expected. Notably, the fifth exposure to social stress robustly increased LC 
spontaneous activity of adolescent females suggesting that the neurons may become sensitized to 
repeated exposures. These findings for female adolescents contrast with our recent observations 
in adolescent males where LC activation was significant after social stress during the initial 
exposure but not with repeated exposures. Together the results highlight the impact of social 
stress on the LC-NE stress response system and the role of sex and developmental stage in 
determining these effects. 
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Abstract: Natural variations in rodent maternal behavior during early life influence affective 
behavior in adult offspring. Recipients of Low levels of maternal licking and grooming (LG) 
during the first week of life are more anxious than animals that have received High LG from 
their mothers. During proestrus, Low LG female offspring also show a greater peak of 
progesterone, a neurosteroid that exerts anxiolytic effects through the actions of its metabolite, 
allopregnanolone (THP), at extrasynaptic GABAAR within the limbic system. We hypothesized 
that the higher peak of progesterone demonstrated by Low LG offspring in proestrus would 
result in a higher peak of THP in plasma and the brain relative to High LG offspring, as well as 



an estrous cycle-dependent fluctuation in the THP-responsive GABAAR subunits α4 and δ 
within the dorsal hippocampus. In Experiment 1, plasma levels of progesterone and THP at 
proestrus and metestrus in Low and High LG offspring, and GABAAR subunit expression and 
THP levels were characterized within the dorsal hippocampus. In Experiment 2, levels were 
assessed at proestrus and metestrus following s.c. treatment with either finasteride (a 5α-
reductase inhibitor) or vehicle. Results from Experiment 1 indicate that Low LG offspring have 
lower levels of THP within the dorsal hippocampus, and that, unlike High LG offspring, plasma 
and hippocampal THP levels are not correlated with GABAAR expression within this region. In 
Experiment 2, finasteride only affected plasma THP levels in High LG offspring. In addition, 
only placebo-treated High LG offspring showed an estrous cycle-dependent plasticity in α4 
subunit expression. These data suggest an impaired metabolism of progesterone to THP in adult 
female recipients of Low LG, and a decrease in the ability of THP to alter GABAAR expression 
within the dorsal hippocampus of these animals. Our results parallel findings from studies of 
women with premenstrual dysphoric disorder, a condition which has been associated with an 
impaired metabolism of progesterone to THP, and the absence of a correlation between THP and 
GABA levels, suggesting a diminished influence of THP on the GABAergic system. 
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Abstract: Major depressive disorder and anxiety disorders, such as Post-Traumatic Stress 
Disorder (PTSD), are the leading cause of disability globally and are twice as likely to affect 
women as compared to men (World Health Organization [WHO], 2012). In particular, 
adolescent girls have a heightened sensitivity to stress that could increase the probability of these 
psychiatric conditions (Zahn et al., 2009). Understanding how biological sex confers 
vulnerability is critically important to the development of more effective treatment strategies, 
and the benefits associated with inclusion of females in basic research studies has been stressed 
elsewhere (McCarthy, et al., 2012). Our laboratory has recently developed a novel, neonatal 
predator odor exposure (POE) paradigm as an ecologically relevant model for ELS (define 
abbreviation) in an effort to elucidate the role of sex differences in the neurodevelopment of 
psychiatric disorders. Our study revealed that POE on postnatal days 1-3 (PN1-3) was associated 
with high levels of anxiety-like behavior in both male and female adolescent rats, as assessed 
using an elevated plus maze (EPM). One potential mediator of this anxiety response is altered 
serotonin, or 5-HT, signaling which has been implicated in both anxiety and depression (O’Leary 
& Cryan, 2010). Using qPCR, we examined the mRNA expression of 5-HT receptor subtypes 
Htr2a and Htr1a in animals sacrificed 30min after the last exposure on PN3 and in juvenile 
animals used for behavior testing. Our results suggest there are sex-, region-, and temporally-
specific effects of POE on serotonergic signaling pathways, and that females are responding 
more strongly in the amygdala to the stressor. These data support the idea that males and females 
will respond differently to environmental stressors, though behavioral outcomes may be similar, 
and thus may benefit from different treatment and/or intervention strategies. We are continuing 
to investigate whether the changes observed are programmed through epigenetic mechanisms 
using an enzyme-based DNA methylation analysis method. 
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Title: Early life stress enhances susceptibility to depression via long-lasting transcriptional 
alterations 
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Abstract: Adverse experiences during childhood enhance the risk of psychiatric disorders and 
poorer physical health in adulthood. However, knowledge of the neurobiological and 
transcriptional mechanisms underlying these outcomes is still limited. We have developed a 
paradigm in mice whereby early life stress (ELS) in a critical window alters susceptibility to 
depression-like behaviors. Adult male mice that experienced ELS have no detectable behavioral 
abnormalities under control conditions, but exhibit exaggerated social avoidance and anhedonia 
after undergoing social defeat in adulthood. This latent increase in stress susceptibility is 
accompanied by broad changes within the brain’s reward circuitry, as revealed by RNA-
sequencing in the nucleus accumbens and ventral tegmental area (VTA) and physiological 
recordings of VTA dopamine neurons. Within the VTA, IPA analysis identified several 
potentially important upstream regulators of transcriptional dysregulation in animals exposed 
previously to ELS, including OTX2 (orthodenticle homeobox 2), NR5A1 (SF1), and NR3C1 
(glucocorticoid receptor, GR). OTX2 is a transcription factor known for its role in midbrain 
dopamine neuron development, and more recently for critical period plasticity in the visual 
system. Our data implicate it as a novel regulator of vulnerability to depression-like behavior; 
indeed, ELS suppresses mRNA levels of several OTX2 target genes in the adult VTA. 
Interestingly, Otx2 mRNA is reduced proximal to ELS at postnatal day 21 but not different from 
standard-reared animals in adulthood, suggesting that OTX2 induces long-lasting organizational 
or epigenetic changes within the VTA. Viral-mediated over-expression of OTX2 within the adult 
VTA rescues the enhanced stress susceptibility seen after ELS, without effects on animals reared 
under standard conditions. Manipulation of OTX2 at different ages may reveal critical windows 
of stress vulnerability and suggest novel therapeutic interventions. 
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Abstract: Recent studies on Major Depression (MD) pathophysiology have strongly associated 
chronic stress and its consequences, from HPA axis dysregulation to behavior expression. 
Permanent endocrine and neural changes may occur when stressors are presented early in life, 
resulting in a relevant increased risk factor for MD development. Evidences suggest the 
contributive role of early-life stress (ELS) to MD, but with no clear demonstration of long-
lasting effects. Wistar Rat pups (P1-P21) were exposed to Unpredictable Multimodal ELS 
paradigm: daily propylene glycol injection, associated with either 1 h maternal separation, or 1 h 
restraint-shaker stress or 10 min cold exposure. Animals were sacrificed 30 minutes after cold 
exposure at P3, P7 and P21 for corticosterone (cort) plasma levels assessment. To determine ELS 
effects on basal cort levels, animals were sacrificed at P22 under resting condition. Animals that 
underwent ELS and Controls were evaluated at P82 - P85 in sucrose consumption test (SCT) 
(animals could choose between 1% sucrose solution and water). Sacrifice was performed at P90. 
Body, adrenal gland and thymus weights were determined at P21 and P90. There was not 
habituation to ELS protocol since plasmatic cort levels were significantly increased in ELS 
Group, when compared to Control at P3 (p<0.001), P14 (p<0.001) and P21 (p<0.01). 
Interestingly, under resting condition at P22, a trend (p=0.065) of increased cort levels in ELS 
Group compared to Control group was observed. At P21, adrenal glands weight of ELS animals 
was increased (p<0.001), and thymus and body weight were decreased (p<0.01 and p<0.001, 
respectively) when compared to Controls. At P90 increased adrenal glands (p<0.001) and 
reduced thymus (p<0.01) were still observed in ELS Group when compared to Control Group, 
no significant differences for body weight were found at P90. Moreover, adult rats that 
underwent ELS protocol showed significant (p<0.05) lower sucrose intake in the SCT when 
compared to Control group. Our findings demonstrated that during the Multimodal ELS 
paradigm exposure, the HPA axis is activated, with no habituation to stressors. More importantly 
there are differences in adrenal and thymus weight at P90, showing long-term changes in HPA 
axis related organs. Taken together, these findings indicate that this ELS paradigm is effective in 
inducing changes in the HPA axis-related organs, as well as anhedonia in adulthood. Therefore, 



this ELS protocol can be a suitable experimental model for characterization of psychiatric 
comorbidities associated with stress, especially MD. 
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Abstract: Modern society is characterized by self-imposed sleep curtailment that has been 
associated with numerous physical and mental health problems. Prolonged sleep deprivation or 
restriction have been associated with triggering of emotional and mood disorders. Adolescence is 
marked by changes in brain and behavior, including the sleep pattern and epidemiologic studies 
report a reduction of sleep hours in juveniles and adolescents. The goal of the present study was 
to assess the emotional and affective behavior of adolescent male rats as a consequence of post-
weaning REM sleep restriction for 3 weeks (from post-natal day 21 to 41 - 18 h of REM sleep 
deprivation on the multiple platform method, followed by 6 h of free sleep in the home-cage). 
After the end of sleep restriction protocol, rats were allowed 2 days of sleep recovery, after 
which, behavioral testing commenced. In Experiment 1, rats were tested in the negative sucrose 
contrast test (NSCT - hedonic behavior) and the elevated plus maze (EPM - anxiety behavior). 
One hour after the EPM, rats were decapitated and the brains were harvested and dissected in 
hypothalamus, dorsal and ventral hippocampus, amygdala and frontal cortex. In Experiment 2, 
rats were tested in the positive sucrose contrast test (PSCT - anhedonic behavior), open field 
(anxiety behavior), social investigation (social behavior) and novel object recognition test 
(memory). REM sleep restriction led to heavier adrenals and induced anxiety- (avoidance of 



open arms of the EPM and central area of the open field) and depressive-like behaviors 
(anhedonia in the PSCT), without changes in social behavior and memory. Increased levels of 
noradrenaline in the amygdala and ventral hippocampus and of serotonin in the dorsal 
hippocampus provided the neurobiological underpinning for the behavioral changes observed. In 
conclusion, prolonged REM sleep restriction in juvenile male rats resulted in increased 
emotional and impaired affective behaviors associated with neurochemical changes in brain 
areas involved with the regulation of emotion. 
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Abstract: Exposure to early life stress (ELS) has been associated with increased incidence of 
mental disorders later in life. Rodent models of ELS have revealed lasting changes in the 
neuroendocrine system, suggesting altered adult stress reactivity. Stress can both increase the 
severity and potentiate the onset of mental illness. In this study, the interaction of ELS with 
stress in adulthood on the gene expression response of CA3 neurons of the hippocampus was 
examined. Transgenic mice expressing an EGFP fused to the L10a ribosomal subunit that is 
under the control of a cell-type specific promoter (Gprin3) was used to isolate the in vivo 
translating RNA fractions from a genetically homogenous population of CA3 neurons. Mice 
expressing Gprin3-EGFP-L10a were subjected to bedding and nesting deprivation from P2-P12 
(Rice⋯Baram, 2008) and then given standard housing conditions until 4mos of age, when they 
were exposed to an acute forced swim stress. Mice were rapidly decapitated and the 



hippocampus was dissected for RNA isolation by Translating Ribosomal Affinity Purification 
(TRAP). TRAP immunoprecipitated and unbound fractions were subjected to RNA-sequencing 
using an Illumina Hi-Seq 2500 to collect 100bp reads at a sequencing depth of 30M 
reads/sample. Results were aligned against the mouse genome (mm9) and the numbers of reads 
for each transcript were normalized against total reads to obtain relative expression levels. Strand 
software was used to perform statistical analysis of relative expression levels to identify 
differentially expressed genes. Previous comparisons of TRAP fractions from adult mice 
between ELS and controls revealed over 9,456 entities (5,229 increased; 4,227 decreased) that 
are persistently changed after ELS. Acute swim stress has been shown to alter 9,357 entities 
(4,589 increased; 4,768 decreased) in adult mice not exposed to ELS. In contrast, mice subjected 
to ELS exhibited changes in 3,679 genes after a swim stress that are distinct from non-ELS mice. 
Pathway analysis of these novel stress reactivity genes identified metabolic (insulin signaling) 
and neuroendocrine (androgen signaling) gene networks as having a significant number of 
transcripts whose levels were changed. As an expansion of our previous study of acute and 
chronic stress (Gray et al. Mol Psych 2014), these in vivo gene expression profiles provide a 
refined map of stress-induced hippocampal changes that are unique to CA3 neurons and will help 
unravel the mechanisms underlying the unique plasticity and damage-vulnerability of these cells 
to ELS. 

Disclosures:  J.D. Gray: None. J.F. Kogan: None. T.G. Rubin: None. E.F. Schmidt: None. N. 
Heintz: None. B.S. McEwen: None. 

Nanosymposium 

375. Persistent Effects of Early Life Adversity 

Location: S404 

Time: Monday, October 19, 2015, 1:00 PM - 4:30 PM 

Presentation Number:  375.08 

Topic: E.05. Stress and the Brain 

Support: NSERC 

 CIHR 

 AIHS 

Title: Role of serotonin 1A receptor in offspring’s susceptibility to maternal stress as measured 
by behavioural outcomes in adulthood 



Authors: *V. KIRYANOVA1, V. M. SMITH2, V. NAGESH1, M. C. ANTLE2, R. H. DYCK2;  
2Psychology, 1Univ. of Calgary, Calgary, AB, Canada 

Abstract: Chronic maternal stress during the early developmental period results in sustained, 
detrimental consequences for the offspring, as adults. Previous research demonstrates that 
offspring’s genetic factors that affect the function of the serotonergic system (e.g. polymorphism 
in tryptophan hydroxylase-2, monoamine oxidase A, serotonin transporter genes) interact with 
early adverse environment, including maternal stress, affecting long-term behaviours; however, 
the role of serotonin 1A receptor (5-HT1AR) has not been extensively examined in this regard. 
The present study examines long-term effects of maternal stress on male and female offspring 
with fully functional (wild type, WT), partially functional (heterozygous, HET), and non-
functional (knockout, KO) 5-HT1AR gene. METHODS: Mouse dams (5-HT1AR HET, bread 
with 5-HT1AR HET males) were randomly assigned to groups: one group was exposed to 
chronic unpredictable stress (embryonic day 7 to 18), while a separate control group consisted of 
animals that were not exposed to stress. At two months of age, the male and female offspring 
(WT, HET, KO) went through a comprehensive behavioral test battery. The behavioural battery 
included tests of social behaviour, memory, aggression, anxiety, sensorimotor information 
processing, and exploratory and risk assessment behaviours. RESULTS: We found that, in 
males, prenatal stress lead to hyperactivity and emotional memory deficits regardless of 
offspring genotype. However, genotype moderated the effect of prenatal stress on social and 
aggressive behaviours of male animals. Specifically, while prenatal stress did not affect social 
behaviour of WT and HET mice, social preference was abolished in KO mice exposed to 
prenatal stress. Furthermore, prenatal stress also altered aggressive behaviour in HET and KO 
animals, while having no effect on aggressive behaviour of WT mice. In females, prenatal stress 
alone had no effect on the offspring. However, unlike in males, prenatal stress abolished social 
preference in WT, but not HET or KO mice. CONCLUSION: Our findings indicate that 5-HT1A 
receptor availability can affect outcomes of the offspring following prenatal stress; these effects 
are highly sex specific. 
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Abstract: When confronted with highly emotional events, either positive or negative, rats have 
been shown to emit vocalizations in the ultrasonic range (USVs) which can affect their 
respiratory rate, at least in adult animals. Although vocalizations are emitted at all developmental 
ages, they evolve throughout the rat’s life, both in terms of quantity and quality. Until now, very 
few studies have been exploring USVs with similar paradigms throughout the ontogenesis and 
no study has investigated the parallel evolution of USVs, respiration and behavior at different 
ages of development. Therefore, in this study, we investigated the co-evolution of these three 
parameters in response to a mild foot-shock at three ages: infant (PN12-14), juvenile (PN22-24) 
and adult (PN80-90). The foot-shock induced sustained emission of USVs at all ages, with 
significant differences in USVs frequencies and durations throughout development. For example, 
while adults and juveniles emit USVs in one narrow frequency band, at 22 and 30kHz 
respectively, infants emit USVs into two wide frequency bands peaking around 40 and 70kHz 
respectively. We also characterized the reciprocal influences of the respiratory rate and freezing 
on USVs emission. Results suggest that USVs extend the expiration duration in adult, and to a 
lesser extent in juvenile rats, while they do not influence the respiratory rate in infants. 
Moreover, USVs are mainly emitted during freezing in juveniles and adults. In infants, high-
frequency USVs are emitted during movement while low-frequency USVs are emitted during 
freezing. Finally we investigated whether the emission of USVs was modulated as a function of 
the predictability of the foot-shock arrival. In the predictable condition the animals were trained 
in an odor-shock conditioning: an odor is presented to the animal and co-terminates with a foot-
shock. In the unpredictable condition, the odor and the shock were separated by 3min. We 
showed that when the shock was unpredicted, the level of USVs was significantly greater than 
when the shock was predicted. Interestingly, this difference was only observed in infant rats and 
preferentially concerned the highest frequency band. These results are discussed with regard to 
the physiological and behavioral development of the animal. 
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Abstract: Children raised in institutional or orphanage care experience mild to severe 
deprivation as a result of inadequate physical care, and lack of cognitive and socio-emotional 
stimulation (Rutter, 1981). Cognitive, behavioral, or physical delays have been documented in 
this population and persist to varying degrees after adoption to family contexts (Johnson, 2001). 
In particular, attention and executive function difficulties have been identified even after 
adoption into positive and supportive environments (Hostinar et al., 2012). Age at adoption may 
moderate the relationship between early deprivation and later cognitive deficits. The current 
study examined the role of duration of institutional care on behavioral and brain measures of 
cognitive conflict and motor control in adolescents with a history of orphanage rearing. Eighty-
four post-institutionalized (PI) internationally adopted youth (aged 12-14 years) and 24 non-
adopted (NA) comparison youth were included. PI youth were classified as either earlier adopted 
(<1 year at adoption; n=42) or later adopted (1-5 years at adoption; n=42). A cognitive-motor 
remapping task was administered during fMRI scanning (Casey et al., 2002). On each trial, a 
single numeral (1, 2 or 3) was presented. Participants were instructed to press with the matching 
finger as quickly as possible in response to each number. Compatible (easy) trials matched 
numbers to fingers in an intuitive pairing. Incompatible (difficult) conditions required 
participants to remap numbers to non-intuitive fingers. Images were acquired on a 3T Siemens 
Trio scanner (34 slices, 4mm thick). FSL software was used to analyze functional data. PI youth 
showed greater activity than comparison youth in the anterior cingulate (ACC) and bilateral 
dorsolateral prefrontal cortex (dlPFC), as well as precuneus and bilateral parietal cortex for 
incompatible vs. compatible trials, suggesting a lasting impact of early deprivation on later brain 
function. Prefrontal activity did not differ between earlier and later adopted youth. In contrast, 
parietal activity was significantly greater for later adopted than for earlier adopted youth, 



suggesting that some brain regions are sensitive to the duration of early deprivation. Overall, 
behavioral data suggest that PI youth, especially those who lived longer in orphanage care, show 
poorer executive function than non-adopted and earlier adopted peers. fMRI data provide 
evidence both for global effects of early adversity (affecting all PI youth; Hodel et al, 2015) and 
for dose dependent effects of deprivation (LA>EA). Further analyses are under way to examine 
functional connectivity in this sample. 
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Abstract: Post-institutionalized (PI) children experience a temporally discrete period of 
deprivation (institutional care) followed by an enriched environment (i.e. typically high 
socioeconomic status, high education levels) of the adoptive family. Although longer duration of 
adversity predicts larger deficits in prefrontal-dependent behavior, inconsistent associations 
between duration of institutional care and metrics of neurodevelopment have been reported. 114 
PI adolescents and a control group of children growing up in their biological families (n=92) 
between 12-14 years provided neuroimaging data. PI children were adopted between 4-62 



months of age and were subdivided into early-adopted (n=57; <1 year) and later-adopted (n=57; 
>1 year) groups. T1-weighted high-resolution MRI scans were collected and segmented using 
Freesurfer. Children completed a 12-direction DTI sequence and a subset (n=44 PI; n=54 
controls) also completed a 56-direction sequence. FSL’s TBSS pipeline was used to estimate 
fractional anisotropy (FA) within anatomically defined tracts selected from the JHU White 
Matter Tractography Atlas. Statistical analyses included age and sex as covariates. Preliminary 
analyses reported in this abstract include only participants with 56-direction DTI data. PI 
children had smaller cortical white matter volume (beyond differences in head size) than their 
non-adopted peers (p<.01), with no difference between earlier and later adoptees. Age at 
adoption was a trend-level predictor of white matter volume, but only among later-adoptees 
(p<.08), and this effect was eliminated after covarying for head size. PI children had lower FA 
values in white matter tracts that traverse the frontal lobe including the anterior forceps (p<.04), 
superior (p<.06) and inferior (p<.01) longitudinal fasiculus, and occipitofrontal fasiculus (p<.01). 
Effects were driven by differences from non-adopted controls, rather than differences between 
earlier and later adoptees. Age at adoption was a trend-level predictor of FA in several tracts, but 
only among later-adoptees. Our results suggest there are persisting effects of early life stress on 
prefrontal white matter organization at adolescence. Although the largest differences were 
observed between PI children and non-adopted controls, preliminary analyses suggest that 
prefrontal white matter integrity may be sensitive to duration of early adversity within later 
adoptees. Final analyses will include multiple white matter metrics (mean, axial, and radial 
diffusivity) and seed-target connectivity (frontostriatal projections) to better delineate 
relationships with duration of institutional care. 

Disclosures:  A.S. Hodel: None. R.H. Hunt: None. K. Jedd: None. M.R. Gunnar: 
None. K.M. Thomas: None. 

Nanosymposium 

375. Persistent Effects of Early Life Adversity 

Location: S404 

Time: Monday, October 19, 2015, 1:00 PM - 4:30 PM 

Presentation Number:  375.12 

Topic: E.05. Stress and the Brain 

Title: Adolescent- and sex-related differences in stress-induced HPA and oxytocin hormonal 
responses in rats 



Authors: *R. D. ROMEO, C. LIU, J. FLORES-GALDAMEZ, S. MINHAS;  
Psychology and Neurosci. and Behavior Program, Barnard Col. of Columbia Univ., New York, 
NY 

Abstract: Studies have indicated that adolescent exposure to stress is a potent environmental 
factor that contributes to psychological and physiological disorders. However, the mechanisms 
by which stress mediates these dysfunctions are not well understood. Periadolescent animals 
display greater stress-induced hypothalamic-pituitary-adrenal (HPA) axis responses than adults, 
which may contribute to these vulnerabilities. Specifically, adrenocorticotropin hormone 
(ACTH) and corticosterone (CORT) responses remain elevated for twice as long in prepubertal 
compared to adult rats. In addition to the HPA axis, the hypothalamo-neurohypophyseal tract 
(HNT) is also activated in response to stress. In adult males, stress activates this system resulting 
in secretion of oxytocin (OXY) from neurons in the paraventricular nucleus (PVN) and 
supraoptic nucleus (SON) into the bloodstream. However, it is currently unknown whether a 
similar response occurs in prepubertal males or whether females respond to stress with increased 
OXY secretion. Given the influence of these hormones on a variety of emotional behaviors and 
physiological systems, the following study investigated both the stress-induced HPA and HNT 
hormonal responses in prepubertal (30d) and adult (70d) male and female rats exposed to 30 min 
of restraint stress. We also examined the number of OXY containing cells in the PVN and SON 
of prepubertal (30d), mid-pubertal (45d), adult (70d) males and females. Though we found the 
well-established protracted ACTH and CORT response in prepubertal animals, as well as greater 
HPA reactivity in females, only the adult males and females showed a significant stress-induced 
OXY hormonal response. Despite these age-dependent differences in OXY responsiveness, we 
found no differences in the number of OXY containing neurons in the PVN or SON. Moreover, 
we counted a limited number of cells co-localizing both OXY and FOS, a marker cellular 
activation, following stress in both prepubertal and adult males. This lack of double labeling 
indicates that either the age-related difference in OXY reactivity is not mediated by differential 
activation of OXY cells or that FOS is a poor marker of stress-induced neuronal activation in 
these neurosecretory cells. Taken together, these data indicate that different neuroendocrine 
systems can show opposite patterns of stress reactivity during adolescent development and that 
these responses can be further modified by sex. Given the impact of these hormones on a variety 
of tissues and organ systems, it will be imperative to further explore these changes in hormonal 
stress reactivity and their role in adolescent health in both males and females. 
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Abstract: MicroRNAs are important posttranscriptional gene expression regulators that are 
involved in many neurobehavioral disorders. Recently, it has been suggested that the risk for 
cocaine addiction and maintenance of drug-seeking behavior are particularly related to the 
activity of microRNA-212 in the brain. Furthermore a variety of environmental experiences, 
such as early life stress exposure, might contribute to vulnerability to cocaine abuse and 
dependence, although the molecular mechanisms underlying this relationship still not completely 
understood. We investigated the expression of miRNA-212 in the prefrontal cortex (PFC) and 
hippocampus of adolescent mice exposed to an early life stress model and trained for cocaine-
induced conditioned place preference (CPP). Male BALB/c litters were randomly assigned to 
one of three groups: maternal separation (MS), standard rearing (SR - controls) and drug naïve 
animals. The MS animals were subjected to daily 3-h maternal separation from postnatal day 
(PND) 2 to 15. The CPP was performed with a cocaine dose of 20mg/kg, following three 
sequential phases: habituation (PND 34), conditioning (PND 35 to PND 44) and post-
conditioning test (PND 45). Tissue extraction occurred 2 hours after the CPP test and levels of 
miRNA-212 were determined by qPCR. We found that after CPP training, MS animals exhibited 
higher time spent in the drug-paired chamber in comparison with SR animals. Furthermore CPP 
treatment decreased miRNA-212 expression in PFC only in MS animals, while no differences 
were found in the hippocampus. Additionally, we performed another experiment with drug-naïve 
animals exposed to maternal separation and also found reduced expression of miRNA-212. 
Given that decreased levels of miRNA-212 has been related with more cocaine consumption and 
higher risk for cocaine addiction, our data suggest that miRNA-212 expression in the PFC during 
adolescence could play an important role in the maternal separation effects on cocaine-induced 
CPP. 
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Abstract: We investigated maternal programming of offspring phenotype using predator odor, a 
stressor that is evolutionarily and ecologically relevant to mice, uniform in its intensity, 
psychological and unconditioned. Pregnant mice dams were exposed to 3 different predator 
odors daily or distilled water (control) over the second half of their pregnancy when the fetal 
stress axis is developing. We previously showed increased behavioral aversiveness (anti-
predatory behavior) and increased corticosterone responsivity to predator odor in prenatally 
predator odor exposed offspring, especially in females. Furthermore, we showed that these 
changes in females were associated with increased Corticotropin-releasing hormone receptor 1 
(CRHR1) expression in the amygdala and decreased Brain-derived neurotrophic factor (BDNF) 
expression in the hippocampus. Increased hippocampal BDNF expression among prenatally-
exposed female offspring was correlated with levels of Bdnf exon IV methylation, suggesting an 
epigenetic basis for the shaping of the adult offspring phenotype following prenatal exposure to 
predator odor. In the current study, adult mice were prenatally exposed to predator odor to assess 
its impact on anxiety-like behavior, social affiliation, growth and metabolic rate. First, the mice 
were exposed to a variety of stressors to examine whether anxiety-like behavior in the adult 
offspring adjusts in response to the type or strength of the stressor applied. Second, we submitted 
our new cohort to a social recognition test to examine social affiliation. Third, growth, activity 
levels and metabolic rate recordings over 24 hours were used to examine metabolic differences. 
Our preliminary data indicate that the phenotype of the adult offspring prenatally exposed to 



predator odor include modulation of the anxiety-like behavior, increased social affiliation and 
higher metabolic rate. 
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Abstract: Two decades of neuroimaging research have provided ample evidence that language 
processing extends beyond the classical frontotemporal regions in left hemisphere. In parallel, 
cortical mapping techniques using fMRI have been instrumental in identifying primary and 
higher-level sensory-motor maps in humans. In this study, we provide a quantitative estimate of 
overlap between cortical regions involved in reading comprehension and those that have a 
sensory or motor map. Using the latest advances in surface-based cortical mapping methods, we 
first obtained a complete set of visual, auditory, and somatomotor maps for each subject across 
multiple scanning sessions. Then, within the same group of subjects, we used a language 
comprehension task where subjects made naturalistic but controlled saccades (by occluding all 
but one word at a time with a gray rectangle) to read interesting and coherent 64-word passages. 
We were then able to directly measure the overlap between naturalistic reading comprehension 
and all sensory-motor maps. The data comes from nearly 80 individual sessions of fMRI on 20 
subjects and has been analyzed using a cortical surface based stream from start to finish. Our 
results suggest that nearly 80% of the activation in the left hemisphere specific to language 
understanding falls within cortical areas containing topological sensory-motor maps. The same 



participants then participated in a picture-story comprehension task, where they viewed a series 
of pictures that told a coherent story (no text captions of any kind). Saccades by participants 
across each single- or multi-frame picture frame were controlled by 'saccading' a transparent 
Gaussian 'bubble'-style mask (at 1 Hz) to relevant points in the images chosen by offline 
comprehension testing. Initial data collected for picture-story task indicates that the pattern of 
activation for comprehension here is centered around the same occipital, temporal and frontal 
regions as in reading comprehension. The substantial overlap between areas containing sensory 
and motor maps, and areas involved in reading comprehension and the similarities with picture 
based comprehension suggest that language comprehension is not as isolated from other brain 
functions as has sometimes been suggested, but instead has been built in substantial part upon a 
mosaic of areas, many similar to those known from non-human primates. 
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Abstract: Objective: Recovery after a stroke resulting in aphasia is often discussed in terms of 
intact ipsilesional or contralesional regions ‘taking over’ the lost domain-specific functions. 
However, domain-general processes, mediated by multiple distributed brain networks, also have 
a role.1,2 These include the default mode (DM), fronto-temporo-parietal (FTP) and cingulo-
opercular (CingOper) networks. Methods: This functional MRI study, investigated the effects of 
a previous left hemisphere stroke on functional connectivity both within and between these 
networks, as patients described pictures (Speech). Fifty-two patients and 24 age-matched 
controls were recruited. Data were acquired during overt speech production (Speech) as 
participants described objects and performed several baseline tasks; counting (Count), a visual 



non-verbal decision task (Decision) and a Rest baseline. The relative activity between the DM 
network and each of the CingOper, left and right FTP networks was calculated during Speech. 
These were entered into a hierarchical multiple regression model in order to identify functional 
imaging predictors of speech production. The functional connectivity between the networks was 
assessed. Results: The patients showed a significant reduction in performance on several 
measures of speech production (P < 0.005). Although activity within individual networks was 
not predictive of speech production, the relative activity between networks was a predictor of 
both within-scanner and out-of-scanner language performance, over and above that predicted 
from lesion volume and other demographic factors (age, sex, years of education). Specifically, 
the robust functional imaging predictors were the differential activity between the default mode 
network and both the left (standardized beta = 0.54, P < 0.001) and right (standardized beta = 
0.49, P = 0.001) fronto-temporo-parietal networks, respectively activated and deactivated during 
speech. The between-network functional connectivity of these networks was also altered in 
patients. Conclusions: The demonstration that speech production is dependent on complex 
interactions between widely distributed brain networks, indicates that recovery depends on more 
than the restoration of local domain-specific functions. The systems neuroscience of recovery of 
function after focal lesions is not adequately captured by notions of brain regions ‘taking over’ 
lost domain specific functions, but is best considered as the interaction between what remains of 
domain-specific networks and the domain-general systems that regulate behavior. 1.Fedorenko. 
rends Cogn Sci.2014 2.Geranmayeh. Brain. 2014. 
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Abstract: Word recognition usually involves processing word meanings, yet it is unclear 
whether the neural basis of meaning search and retrieval is distinct from semantic feature 
storage. We elicited word recognition using lexical decision: participants indicated whether a 
letter string was a word. Words varied in meaning relatedness: words with multiple unrelated 
meanings (bank) are thought to elicit greater semantic search and retrieval processes compared to 
words with related meanings (paper). This was crossed with imageability: highly imageable 
words have richer semantic feature representations compared to less imageable words. A second 
hypothesis was neural effects of these variables would differ depending on similarity of the 
nonword background to the words. Foils were either pronounceable nonwords (pseudowords, 
PW, brab) or pseudohomophones (PH, karv). Words and nonwords may differently engage task-
positive or default-mode networks, depending on level of stimulus discriminability. With PW 
foils, low- vs. high-imageability words activated areas found in meta-analyses to be associated 
with semantics, including bilateral posterior cingulate (PC), dorso-medial prefrontal cortex, and 
left middle temporal gyrus. A very different pattern was seen for this contrast with PH foils: 
activation was limited to left orbital inferior frontal gyrus, and right inferior temporal gyrus. 
Relatedness showed no activation against a PW background, but low- vs. high-relatedness words 
with PH foils showed activation in left angular gyrus (AG). Thus, imageability is associated with 
activation in semantic areas when lexical decisions can be made using semantic information 
alone, but relatedness is associated with activation in semantic regions when lexical decisions 
require more detailed search. The lexicality contrast (words - nonwords) showed activation for 
words in task-positive network areas: inferior frontal junction, intraparietal sulcus, and ventral 
occipitotemporal sulcus (vOT); whereas nonwords activated resting-state or putative semantic 
regions such as AG and PC. An interaction of lexicality with nonword type was significant, 
including left AG and PC for (words - PW) > (words - PH), and the opposite pattern in vOT. 
That is, lexicality contrasts with more semantic content but also more difficult discrimination led 
to less activation in AG and PC, and more activation in vOT. This supports the second 
hypothesis: areas previously interpreted as supporting semantic processing are instead 
responding to domain-general processing demands. Overall, this study clarifies conditions where 
information-specific and domain general effects co-occur. 
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Abstract: Sentence comprehension requires the integration of multiple concepts into a 
meaningful proposition. However, the anatomical basis of this integration is unclear: some 
theories attribute it to amodal representations in the anterior temporal lobe (ATL), while other 
theories propose that semantic integration depends on modality-specific representations 
represented in perceptual-motor cortices and heteromodal association areas (HAAs) such as the 
angular gyrus (AG). Sentence comprehension additionally involves a core language network of 
left-lateralized peri-Sylvian inferior frontal cortices. We used functional magnetic resonance 
imaging (fMRI), multivariate statistical methods, and neural decoding to determine which subset 
of brain areas provided a sufficient basis for modeling sentence comprehension. The stimulus set 
comprised 240 simple, declarative English sentences, presented an average of 15 times each over 
multiple fMRI sessions. The study design maximized within-subject statistical power (average of 
6 hours of fMRI data per subject). Participants (n=3) read sentences silently in the scanner and 
answered yes/no questions about them. Sparse canonical correlation analysis (SCCA) was used 
to map neuroanatomical and semantic features to a low-dimensional feature space for each 
participant. The resulting model was then used to decode brain activity in held-out test data. We 
performed SCCA with 3 sets of anatomical priors to determine the minimal set necessary for 
accurate decoding. The first set comprised bilateral ATL; accurate decoding with this set would 
not rule out the involvement of other regions in sentence comprehension, but would establish 
that ATL contained sufficient information for representing target sentences. The second set 
comprised HAAs in posterior superior temporal and inferior parietal cortices, and the third set 
comprised the core language network, testing the possibility that syntactic processing in the 
language network was necessary to inform semantic integration in ATL. Decoding accuracy 
moderately exceeded chance in ATL and AG, suggesting that each set of regions contained 
partial semantic information. Optimal decoding accuracy was achieved by combining ATL, AG, 
and the core language network into a single prior set. 
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Abstract: INTRODUCTION: For years the commonalities underlying the semantic processing 
of different input-modalities has been studied by means of univariate analysis but nowadays 
Representation Similarity Analysis (RSA) provides a new opportunity to better understand the 
nature of such common processes. In two event-related fMRI experiments we searched for 
regions with activity patterns reflecting a cross-modal semantic similarity effects between 
written and spoken word modality. METHODS: 18 and 20 healthy subjects participated in the 
first and second experiment respectively. 24 concrete nouns were used which refer to animals. 
Based on a feature generation experiment conducted by De Deyne et al. (2008), the pairwise 
semantic cosine similarity was calculated for each pair of items (semantic cossimilarity matrix). 
During fMRI subjects performed a property verification task in spoken and written modality. The 
fMRI data of the first experiment were modelled using a General Linear Model (GLM). Clusters 
showing a significant main effect of task in the first experiment were used as VOI in the second 
experiment. The cosine similarity matrix based on fMRI data of the second experiment was 
generated by calculating the pairwise cosine similarity between every pair of cross-modal trials 
(cross-modal cossimilarity matrix). Finally we conducted the RSA between the semantic 
cossimilarity matrix and the cross-modal cossimilarity matrix. RESULTS: The main effect of 
task (uncorrected p<0.001 combined with a cluster-level corrected p<0.05) yielded 7 clusters: 
left ventral occipitotemporal transition zone (vOT), left ventromedial temporal cortex, 



retrosplenial cortex, pars orbitalis bilaterally, left anterodorsal pars triangularis and frontal pole. 
The left anterodorsal pars triangularis showed a significant effect of semantic similarity cross-
modally: activity patterns were more similar for word pairs that were more semantically similar, 
even though the words were presented in two different modalities (Cosine Similarity (CS) = 
0.029, P = 0.0004). When the RSA was conducted between the semantic cossimilarity matrix and 
the cossimilarity matrix based on fMRI data generated by calculating the pairwise cosine 
similarity between every pair of trials belonging to the written input-modality (written 
cossimilarity matrix), 3 clusters showed a significant semantic similarity effect: vOT (CS = 
0.933, P = 0.008), left ventromedial temporal cortex (CS = 0.879, P=0.008) and left pars orbitalis 
(CS = 0.138, P = 0.027). CONCLUSIONS: The cross-modal effect confirms the role of 
anterodorsal pars triangularis in amodal semantic processing. 
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Abstract: Based on our experience in the world, we store conceptual information about the 
objects in our environment and the features that define them. Many studies have examined how 
object knowledge is distributed in the brain by examining the neural representation of categories 
of objects. However, little is known about the visual mechanisms that encode the semantic 
attributes of specific objects within a category. For example, how do we know that a red apple is 
similar in meaning to a green apple but not to a blue apple? Here, we address this question by 
examining the neural coding of feature statistics and object meaning in the real world. In an 



fMRI experiment, 16 subjects viewed images that were systematically manipulated in color and 
shape information while they performed an unrelated object detection task. The stimuli included 
three different conceptual categories (apples, leaves, and roses). They were each combined with 
five different colors (red, pink, blue, green, and yellow) to sample a range of co-occurrence 
statistics across the objects (Fig A). This co-occurrence metric was used to build a semantic 
similarity model within each object (Fig B). Using representational similarity analysis, we 
identified regions where patterns of neural activity were correlated with this semantic similarity 
model for each object category (Fig B). We found that perirhinal cortex, a region at the highest 
level of the ventral visual system, encodes abstract feature statistics that underlie semantic 
representations within each category (Fig C, p<0.01). In contrast, more posterior regions such as 
early visual cortex, lateral-occipital complex, inferior-temporal cortex, and V4 encode the 
individual features of shape and color but not the co-occurrence statistics of these feature 
conjunctions. These findings reveal a cortical mechanism for the coding of high-level visual 
statistics in perirhinal cortex. The visual codes in this region could support both abstract 
semantic inference and the fine-grained differentiation of items within a category. 
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Abstract: Large-scale cortical networks are thought to support the dynamic integration of 
information across functionally specialized brain regions. We recorded magnetoencephalography 
(MEG) data from 15 participants performing a one-back task on written words or symbol strings 
(Vartiainen, Liljeström, Koskinen, Renvall, Salmelin, J Neurosci 31:1048-58, 2011). 
Modulations in coherence between cortical regions following stimulus presentation (50-800 ms) 
were determined by contrasting spatial filtering results for words and symbols (p<0.05, FWE 
corrected) in pre-specified frequency bands between 3 and 90 Hz (Liljeström, Kujala, Stevenson, 
Salmelin, Hum Brain Mapp 36:1202-16, 2015), and visualized in a circular diagram with nodes 
based on an anatomical parcellation scheme (see Figure). Whole-cortex mapping of coherence 
revealed spectrally and spatially distinct connectivity patterns for words and symbols. For words, 
increased coherence was detected mainly in alpha (8-13 Hz) and high gamma (60-90 Hz) 
frequency bands, but for symbol strings in the low gamma (30-45 Hz) range. Word reading 
enhanced coherence in a left-lateralized network with nodes in classical language regions: left 
inferior frontal, middle/superior temporal, and occipito-temporal cortex (see Figure, 
Word>Symbol, summary network across frequencies). The bilateral network recruited when 
processing symbols (see Figure, Symbol>Word) included fronto-parietal connections, typically 
associated with directing spatial attention and visual working memory. The left frontal cortex 
was a major part of both networks, but with different connectivity patterns for the two stimulus 
types. The spatial distribution of the network nodes agrees well with existing activation- and 
lesion-based views of language and visual recognition. The present study demonstrates the 
formation of task-relevant, frequency-resolved large-scale network patterns driven by input 
stimulus, and provides novel evidence that global functional networks are dynamically 
modulated by task or stimulus to support goal-directed behavior. 
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Abstract: How do human cultural inventions such as reading result in neural re-organization? 
Previous cross-sectional studies have reported extensive effects of literacy on the neural systems 
for vision and language (Dehaene et al [2010, Science], Castro-Caldas et al [1998, Brain], 
Petersson et al [1998, NeuroImage], Carreiras et al [2009, Nature]). In this first longitudinal 
study with completely illiterate participants, we measured brain responses to speech, text, and 
other categories of visual stimuli with fMRI before and after a group of illiterate participants in 



India completed a literacy training program in which they learned to read and write Devanagari 
script. A literate and an illiterate no-training control group were matched to the training group in 
terms of socioeconomic background and were recruited from the same societal community in 
two villages of a rural area near Lucknow, India. This design permitted investigating effects of 
literacy cross-sectionally across groups before training (N=86) as well as longitudinally (training 
group N=25). The two analysis approaches yielded converging results: Literacy was associated 
with enhanced, mainly left-lateralized responses to written text along the ventral stream 
(including lingual gyrus, fusiform gyrus, and parahippocampal gyrus), dorsal stream 
(intraparietal sulcus), and (pre-) motor systems (pre-central sulcus, supplementary motor area), 
thalamus (pulvinar), and cerebellum. Significantly reduced responses were observed bilaterally 
in the superior parietal lobe (precuneus) and in the right angular gyrus. These positive effects 
corroborate and extend previous findings from cross-sectional studies. However, effects of 
literacy were specific to written text and (to a lesser extent) to false fonts. Contrary to previous 
research, we found no direct evidence of literacy affecting the processing of other types of visual 
stimuli such as faces, tools, houses, and checkerboards. Furthermore, unlike in some previous 
studies, we did not find any evidence for effects of literacy on responses in the auditory cortex in 
our Hindi-speaking participants. We conclude that learning to read has a specific and extensive 
effect on the processing of written text along the visual pathways, including low-level thalamic 
nuclei, high-level systems in the intraparietal sulcus and the fusiform gyrus, and motor areas. 
The absence of an effect of literacy on responses in the auditory cortex in particular raises 
questions about the extent to which phonological representations in the auditory cortex are 
altered by literacy acquisition or recruited online during reading. 
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Abstract: Neuroimaging studies have implicated a network of heteromodal cortical areas in 
conceptual processing, but the role of this “general semantic network” (GSN) is not well 
understood. We propose that at least a subset of the GSN contributes to conceptual processing by 
encoding patterns of co-activation over modality-specific cortices. In other words, these areas 
may function as convergence-divergence zones, integrating sensory-motor information from 
multiple modalities during perception/action and coordinating the reactivation of sensory-motor 
areas during concept retrieval. Alternatively, the GSN could encode exclusively abstract 
conceptual representations whose informational structure bears no direct relation with sensory-
motor representations. We investigated this hypothesis using predictive machine learning on the 
fMRI data from Fernandino et al. (2015), in which participants performed a concreteness 
decision task on a set of 900 written English words and 300 pseudowords. In the present study, 
we predicted fMRI activation patterns for individual words using an encoding semantic model 
based on the relative relevance of five semantic attributes - all directly related to sensory-motor 
processes - to the meaning of the word: sound, color, shape, manipulability, and visual motion. 
The model was trained via multiple regression on a set of 820 words, and tested on a separate set 
of 80 words. Model performance was evaluated separately in voxels located in the GSN 
(according to the ALE meta-analysis from Binder et al., 2009) and in voxels located in control 
regions (defined by the contrast pseudoword > word). The semantic model was able to 
successfully decode activation patterns associated with individual words from voxels in the GSN 
(p = .004), but not from voxels in control regions. Follow-up analyses determined that GSN 
areas in the lateral temporoparietal cortex provided the highest decoding accuracy. Conversely, a 
different model based on five word-form attributes (length, neighborhood and bigram statistics) 
was able to decode neural activity in control areas, particularly from voxels in early visual cortex 
(p = .001), but not from GSN voxels. These results demonstrate that semantic information 
encoded in temporoparietal heteromodal areas during concept retrieval is directly related to 
sensory-motor attributes of experience, consistent with a role for these areas in coordinating the 
reactivation of sensory-motor representations in modality-specific cortices. References Binder, J. 
et al. (2009) Cereb. Cortex, 19 (12), pp. 2767-2796 . doi:10.1093/cercor/bhp055 Fernandino, L. 
et al. (2015). Cereb. Cortex. doi:10.1093/cercor/bhv020 
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Abstract: Human brains flexibly combine the meanings of words (e.g. “bite”, “dog”, and 
“man”) to form more complex, structured ideas (e.g. of a dog biting a man or a man biting a 
dog). Recent research has identified distinct regions of the left-mid Superior Temporal Cortex 
(lmSTC) that represent two abstract semantic role variables: the agent (“who did it?”) and the 
patient (“to whom was it done?”) (Frankland & Greene, under review). Agent information is 
represented in a medial region of superior temporal sulcus, while an adjacent, lateral region of 
superior temporal gyrus encodes patient information. These neighboring regions represent the 
fluctuating values of these semantic variables using patterns of activity that are reused across 
sentences. This variable/value representational architecture is thus analogous to that of algebraic 
expressions (Marcus, 2001). Here, we extend this work in two ways: First, we study the semantic 
roles of a different class of verbs, known as psychological verbs (e.g., “frightened”/“noticed”) as 
a means to understanding the broader semantic structure of event representations. Psych verbs 
have different semantic roles from agent and patient, called the “experiencer” (e.g., “who 
noticed”?) and the “stimulus” (e.g., “what was noticed?”). Psych verbs are unique in that the 
experiencer may be realized as the subject (“Jane noticed that⋯”) or the direct object 
(“⋯frightened Jane.”). This allows us to dissociate a sentence’s grammatical relations from the 
semantic relations of the event described. We find that a medial portion of lmSTC treats the 
agent and stimulus variables identically, while a lateral region treats the patient and experiencer 
identically. The patterns of activity within these regions are invariant to the syntactic position of 
the experiencer/stimulus semantic roles in the sentence. These results are consistent with the 
lmSTC’s composing structured representations of events based on their causal or temporal 
structure. Second, we investigate the similarity structure of noun representations in these sub-
regions: Do these patterns encode phonological similarity relationships (“hog” is like “hawk”), 
semantic similarity relationships (“hog” is like “pig”), or neither? The answer appears to be 
neither. We can, however, identify other regions that represent phonological and semantic 
similarity relationships, indicating that our methods are adequate to detect such patterns. These 
findings are consistent with the hypothesis that lmSTC uses efficient, compressed codes for 



representing the fluctuating values of semantic variables. Such codes may serve as pointers to 
richer semantic representations elsewhere in cortex. 
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Abstract: Social interaction and direct communication between two or more individuals are 
fundamental human functions that can be investigated with simultaneous recordings of BOLD 
signals from two interacting individuals using near-infrared spectroscopy (NIRS). We have 
previously shown cross-brain coherence between Wernicke’s and Broca’s Areas during 
interpersonal interactions associated with dialogue [1], suggesting a mechanism for interactive 
communication that involves dynamic modulation of processes specialized for reception 
(Wernicke’s Area) and transmission (Broca’s Area) across brains. In this study we test the 
hypothesis that face information is dynamically incorporated into this receptive/transmission 
system during interactive communication. If so, then findings would be supportive of a 
mechanism whereby facial and spoken information are integrated within the canonical language 
system. BOLD signals were acquired at a temporal resolution of 33 msec with a spatial 
resolution of 3 cm using a Shimadzu LabNIRS system. Dyads of 34 subjects participated in 15 
sec alternating epochs of talking and listening during either face-to-face or face-occluded 
conditions. Wavelet analysis [2] was used to quantify coherence between two brains for all pairs 
of cross-brain regions. Coherence during face-to-face conditions exceeded coherence during 
face-occluded conditions (p<0.005) for two pairs of cross-brain regions: [Fusiform Gyrus - 
DLPFC] at a wavelength of 4.2 secs, and [DLPFC - Broca’s Area] at a wavelength of 8.5 secs. 
Face processing (Fusiform Gyrus) covaried with verbal transmission mechanisms (Broca’s Area) 
via an intermediate stage involving DLPFC consistent with integration of facial input with 



transmission and receptive communication functions. Further, the synchronous exchange of 
facial information between two individuals occurred more often (shorter wavelength) than the 
synchronous exchange of verbal information. The relatively frequent face-related processes 
embedded into the canonical language system during interactive conversation suggest “real-
time” information-updating functions based on facial cues. 1. Hirsch, et al.2014 Neural 
specialization for interpersonal communication. SFN no5914 (204.13). 2. Torrence and Compo 
1998 A practical guide to wavelet analysis. Bull of the Am Meteorological Soc, 79,1,61-78. 
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Abstract: Under normal circumstances, neurons in the mammalian nervous system exhibit a 
remarkable capacity to maintain nominal levels of intracellular calcium. There is considerable 
evidence suggesting that calcium homeostasis becomes dysregulated during aging and calcium 
dysregulation has been implicated as a feature of Alzheimer’s disease. Previous work in rodent 
models has shown that aging is associated with an up-regulation of L-type voltage-gated calcium 
channels (LVGCCs) and that this increase is correlated with age-related memory impairments in 
hippocampus-dependent learning and memory tasks. We have generated a novel transgenic 
mouse line in which the αCamKII promotor drives exogenous expression of an HA-tagged 
subtype of LVGCCs (CaV1.3) to directly examine the relative contribution of increased LVGCCs 
to cognitive and neuronal function. Over-expression of CaV1.3 results in cognitive impairments 
that are similar to, but less severe than, those observed in aged mice. In addition, recordings 
made from pyramidal neurons in the CA1 region of the hippocampus reveal that the CaV1.3 
over-expressing mice exhibit an enhanced slow afterhyperpolarization (sAHP) similar to that 



observed in aged mice. Taken together, our results suggest that an age-dependent up-regulation 
of the LVGCC CaV1.3 contributes to cognitive deficits in learning and memory and thus may 
represent a novel therapeutic target for the amelioration of age-related cognitive decline. 
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Abstract: Memory deficits in Alzheimer’s Disease (AD), the leading cause of age-related 
dementia, differ in some ways from those associated with ‘normal’ aging. AD memory deficits 
are more severe, devastate multiple cognitive domains, and coincide with distinct 
neuropathologies. Despite these differences, similarities in hippocampus-dependent memory 
deficits in aging humans and AD patients suggest a common mechanism. Therefore, mechanisms 
driving ‘normal’ aging-related memory impairments might provide a feasible target for early 
intervention against AD. To this point, recent work from our laboratory demonstrated that the 
transient receptor potential cation channel C3 (TRPC3) is enriched in hippocampal neurons of 
aging mice with impaired memory. This upregulation of TRPC3 contributes to a decrease in 
neuronal excitability, thereby providing a mechanistic explanation for memory deficits in 
‘normal’ aging models. Given some evidence that ‘normal’ aging and AD may share common 
mechanism(s), we hypothesized that TRPC3 expression would be enriched in hippocampal 
neurons in AD models. Immunocytochemistry confirmed that TRPC3 is upregulated in AD 
hippocampus; however, TRPC3 is predominantly expressed in reactive astrocytes located in 



areas undergoing neurodegeneration. To test the functional significance of this upregulation, 
targeted intrahippocampal knockdown of Trpc3 using AAV9-shRNA was performed on 
presymptomatic male 5XFAD mice (4 mo). Working memory was tested at 9 mo using the Y-
maze test of spontaneous alternations. Trpc3 knockdown was sufficient to attenuate memory 
deficits typically seen in this model (Ctrl = 45.3 ± 5.51%, TRPC3 KD = 58.2 ± 3.51%, p=0.04). 
Both groups displayed a similar number of total arm entries and traveled the same total distance, 
confirming that differences observed were not due to gross changes in motor function. As we 
show TRPC3 is also significantly enriched in the hippocampus of human AD patients relative to 
age-matched non-demented controls, therapeutics designed to reduce expression and/or function 
of TRPC3 early in the disease process may prove useful in slowing the onset of cognitive decline 
in human populations. Future work will examine the exact mechanism of this upregulation of 
TRPC3 in reactive astrocytes in AD and whether it is a cause or consequence of AD-related 
neurodegeneration. 
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Abstract: The Tg2576 mouse model recapitulates early Alzheimer’s disease (AD) pathology 
including hippocampal cognitive deficits, Aβ oligomer accumulation, and central insulin 
resistance. The insulin-sensitizing drug and peroxisome proliferator activated receptor γ 



(PPARγ) agonist, rosiglitazone (RSG), improves Tg2576 cognitive performance in 
hippocampus-dependent memory tasks. Context discrimination fear conditioning is a 
hippocampus-dependent learning and memory task designed to test an animal’s ability to 
distinguish between two similar yet different environments in which context ‘A’ is paired with a 
foot shock and context ‘B’ is the safe context. Since adult-born neurons arising from 
neurogenesis within the dentate gyrus (DG) sub-granular zone are thought to be necessary for 
context discrimination and RSG restores DG mature/immature neuronal population ratios to wild 
type levels, we postulated that RSG-treated Tg2576 would perform better in a context 
discrimination task compared to untreated Tg2576 and wildtype mice. Interestingly, we found 
that untreated Tg2576 mice exhibited superior context discrimination compared to all other 
groups and RSG treatment improved wild type performance over that of untreated. Furthermore, 
RSG-treated Tg2576 context discrimination performance was equivalent to RSG-treated 
wildtype mice. Stages of adult-neurogenesis such as proliferation and differentiation are 
increased in human AD and AD mouse models, which may explain the superior context 
discrimination exhibited byTg2576. We postulate that improved context discrimination 
performance observed in untreated Tg2576 mice and RSG-treated groups is via distinct 
influences on adult-neurogenesis. We will use immunohistochemistry staining to quantify 
proliferation, differentiation and survival of adult born neurons to establish these mechanisms. 

Disclosures:  D. Cortez: None. L. Denner: None. K.T. Dineley: None. 

Nanosymposium 

377. Learning and Memory: Aging and Alzheimer's Disease 

Location: N228 

Time: Monday, October 19, 2015, 1:00 PM - 4:15 PM 

Presentation Number:  377.04 

Topic: F.02. Animal Cognition and Behavior 

Support: VA Merit Award BX001638 

 NIH P50 AG033514 

 NIH GM103542 

 Thome Memorial Foundation 

Title: Improved proteostasis in the secretory pathway rescues Alzheimer’s disease but not 
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Abstract: The aberrant accumulation of toxic protein aggregates is a key feature of aging as well 
as many neurodegenerative diseases, including Huntington disease (HD), amyotrophic lateral 
sclerosis (ALS) and Alzheimer’s disease (AD). As such, improving normal proteostatic 
mechanisms is an active target for biomedical research. Although they might share common 
pathological features, protein aggregates can form in different subcellular locations. Our group 
has recently reported that reduced acetylation of Atg9A in the lumen of the endoplasmic 
reticulum (ER) stimulates ERAD(II)/autophagy (J Biol Chem 2012; 287:29921; J Neurosci 
2014; 34: 6772). ER acetylation requires a membrane transporter, SLC33A1/AT-1, that 
translocates acetyl-CoA from the cytosol into the lumen of the ER (J Cell Sci 2010;123:3378; J 
Neurosci 2014;34:6772), and two acetyltransferases, ATase1 and ATase2 (J Biol Chem 
2009;284:2482; J Biol Chem 2012; 287:8424). Here, we used mouse embryo fibroblasts (MEF) 
with normal or reduced ER acetylation to study disposal of toxic protein aggregates that form in 
different cellular compartments. The results indicate that inhibition of the ER acetylation 
machinery specifically improves autophagy-mediated disposal of toxic protein aggregates that 
form within the secretory pathway but not those that form in the cytosol or nucleus. 
Consequently, genetic and biochemical inhibition of the ER acetylation machinery in the mouse 
rescued the AD, but not the HD or the ALS, phenotype. These results are consistent with the fact 
that the ER acetylation machinery is activated in an age-dependent fashion and is “hyperactive” 
in the brain of AD patients (J Biol Chem 2009;284:2482; J Cell Sci 2010;123:3378; J Biol Chem 
2012;287:8424). In conclusion, our results support therapies targeting ER-specific 
acetyltransferases, ATase1 and ATase2, for a specific subset of chronic neurodegenerative 
diseases. 
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Abstract: The transcription factor p53, originally described as a tumor suppressor, has recently 
emerged as an important regulator of the aging process. p53 levels and activity are regulated by 
different post-translational modifications and by the differential expression of multiple isoforms. 
Delta40p53 (also referred to as p44) is a short isoform of p53 regulated in an age-dependent 
manner. When overexpressed in the mouse it causes a progeroid phenotype that includes 
premature cognitive decline, synaptic defects and hyperphosphorylation of tau (Genes Dev 
2004;18:306-19; Aging Cell 2010; 9:174-90).The abnormal tau metabolism observed in p44 

overexpressing mice was directly linked to altered p53 transcriptional activity caused by the 
imbalance in full length p53:p44 ratio (Aging Cell 2014; 13:449-56). Here, we show that the 
APP intracellular domain (AICD), which results from the processing of the amyloid precursor 
protein (APP), regulates translation of p44 through a cap-independent mechanism that requires 
direct binding to the second internal ribosome entry site (IRES) of the p53 mRNA. Moreover, 
haploinsufficiency of Tp53 gene, which encodes all p53 isoforms, rescues the synaptic deficits of 
mice overexpressing APP (APP695/swe). APP695/swe mice displayed tau hyperphosphorylation 
linked to an increased in the mRNA levels of Dyrk1A, GSK3β, p35, and p39. These changes in 
tau metabolism were prevented by Tp53 haploinsufficiency. Our study reveals a novel aspect of 
AICD and p53/p44 biology and provides a possible molecular link between, APP, p44 and tau. 
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Abstract: ‘Normal’ age-associated cognitive decline is generally less severe than that seen in 
pathological dementias such as Alzheimer’s disease (AD), and occurs in the absence of gross 
neuropathological changes. However, we recently identified several candidates that are known to 
confer risk for AD (Trem2 & Inpp5d) as significantly associated with memory status in a 
‘normal’ aging murine genetic reference group (BXD panel). This led to the hypothesis that 
common mechanisms underlie both ‘normal’ aging and AD-related memory deficits. Using 
standard contextual fear conditioning, we obtained an average memory index for each of 15 
aging BXD strains tested (age=14±0.7mo). Memory index varied across the population 
(range=0-61.4% freezing during memory test) and genetic interval mapping identified an area on 
chromosome 4 that suggestively modulates memory function during aging. Heterochromatin 
protein 1 binding protein 3 (Hp1bp3) was identified as a top candidate responsible for aging- and 
AD-related memory decline given that: 1) age-matched BXD hippocampal transcript data 
identified Hp1bp3 as cis-regulated, 2) HP1BP3 protein is enriched in the hippocampus of aging 
impaired mice, 3) disruption of Hp1bp3 in Hp1bp3-/- mice disrupts hippocampus-dependent 
working memory function as measured on the T-maze test of spontaneous alternation [WT=91 ± 
4%, KO= 49 ± 7%, t(12)=5.095, p<.001)], 4) HP1BP3 transcript is enriched in the hippocampus 
of human AD patients as compared to age-matched non-demented controls, and 5) Hp1bp3 is 
known to directly interact with amyloid precursor protein (APP), a well-known gene product 
harboring causal mutations linked to overproduction of Aβ and AD. Our systems genetics 
approach allowed for the identification of expression QTLs (eQTLs) that mapped to the Hp1bp3 
locus. One such eQTL was Wdfy3, an autophagy protein found to be enriched in impaired murine 
hippocampal proteome and human AD hippocampal transcriptome. Utilization of existing 
GWAS data confirmed WDFY3 is nominally significantly associated with late-onset AD across a 
diverse human population. As dysfunction in autophagic processes has been linked to memory 



decline in both aging and AD, we provide a functional link between Hp1bp3, its downstream 
effector Wdyfy3, and memory deficits in both conditions. These genes and additional candidates 
identified via our systems genetics approach will be combined with multi-layered omics data in 
order to create network models that better predict and understand the common mechanisms 
underlying memory decline in both ‘normal’ aging and AD. 
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Abstract: Humans and nonhuman primates are vulnerable to age- and menopause-related 
decline in working memory. Rhesus monkeys provide a valuable model for studying the basis of 
normal cognitive aging, because they do not develop Alzheimer’s disease and therefore the 
effects of aging and menopause can be examined uncontaminated by neurodegenerative disease. 
Working memory is a cognitive function thought to be one of the most vulnerable to aging and is 
mediated by the energy-demanding excitation of dorsolateral prefrontal cortex (dlPFC) neurons. 
Here, we tested the hypothesis that the number and morphology (straight, curved, and donut-
shaped) of mitochondria in presynaptic inputs to dlPFC are altered with aging and menopause 
and that these metrics correlate with working memory (i.e., delayed response (DR) accuracy). In 



contrast to what is observed in neurodegenerative models, aging did not result in a loss of 
mitochondria in dlPFC boutons. However, DR accuracy positively correlated with the number of 
total and healthy straight presynaptic mitochondria, consistent with the energy-demanding nature 
of this task. In contrast, DR accuracy inversely correlated with the frequency of boutons 
harboring malformed donut-shaped mitochondria, which exhibited smaller active zone size and 
fewer docked vesicles than those with straight or curved mitochondria. Surgically-induced 
menopause (ovariectomy) resulted in working memory impairment and a concomitant increase 
in presynaptic donut-shaped mitochondria, both of which were reversed with estradiol treatment. 
Our findings suggest that hormone replacement therapy may benefit cognitive aging, in part, by 
promoting mitochondrial and synaptic health in the PFC. 
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Abstract: Alzheimer’s disease (AD) can be a pernicious consequence of aging. There is 
currently no cure, and marketed symptomatic treatments have, at best, limited and temporary 
effects. Initial efforts to develop pharmacotherapies for AD were stimulated by descriptions of 
cholinergic neuron loss in the basal forebrain. It was thought that boosting brain acetylcholine 
levels by using acetylcholinesterase inhibitors to slow metabolism of the neurotransmitter would 
be beneficial, similar to the strategy used to respond to reduced dopamine levels in Parkinson’s 
disease. However, this approach has turned out to have practical utility in only a minority of 
cases. The development of transgenic mouse models containing mutant human genes was 
heralded as a breakthrough because it offered the opportunity to examine the genesis of major 
aspects of AD-associated neuropathology: the amyloid plaques, and, in later models, the 
neurofibrillary tangles composed of hyperphosphorylated tau protein. A reasonable expectation 



was that the presence of these neuropathologies would result in the profound cognitive deficits 
that are the major symptom of AD. Unfortunately, this has not turned out to be the case. While 
statistically significant deficits in learning and memory tests have been described for many of the 
transgenic models, they do not approach the magnitude usually observed in aged rodents that 
have not had genetic manipulations. Because the deficits in the AD models are usually mild, they 
are often restricted to a particular measure on a particular behavioral task, and are not always 
reproducible either within or between laboratories. This outcome is seen despite the presence of 
heavy plaque loads, particularly in hippocampal and neocortical regions. Further, while many 
experimental treatments have been shown to improve learning or memory in transgenic AD 
models, none that have progressed to human clinical trials have been successful. Thus, current 
transgenic AD models lack both face and predictive validity. Why? It seems clear that presence 
of amyloid in these models is, by itself, insufficient to grossly impair cognition. An important 
question is whether amyloid is involved at all, or whether it is simply a biomarker for some other 
deleterious process. Cognitive impairments frequently develop in aging, which sometimes 
progresses to AD. Neuronal death, profoundly present in the AD brain but essentially absent in 
transgenic mouse models, may be the key transitional factor. Understanding the cause(s) of this 
process, and reproducing it in AD mouse models, will likely be a critical step in differentiating 
AD from normal aging. 
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Abstract: Aging is the single biggest risk factor for developing idiopathic Alzheimer’s disease 
(AD). Recently, the NIH released AD research recommendations that include: appreciating 
normal brain aging, expanding data-driven research, using more open-access resources and 
evaluating experimental reproducibility. Despite publically available transcriptome data sets that 
already satisfy many the NIH’s AD research recommendations, little work has been done to 
determine the potential interrelatedness of molecular signatures across human and animal models 
of aging and AD. To address this, in the present work, I performed meta-analyses contrasting 
aging and AD transcriptional profiles from different experimental animal and human brain 
samples, testing the hypothesis that similar conditions across species would be reflected by 
similar deflections in their molecular signatures. Despite the profound inter-species differences 
in the chronological time point at which aging is established, the transcriptional profile of normal 
aging was consistent across human, rat, mouse, and canine brain tissue. This similarity largely 
was driven by a common core of increased immune/ inflammatory mRNA expression. However, 
although end-stage idiopathic AD also showed increased immune/ inflammatory changes, the 
magnitude of those changes, the molecular entities involved, and the relative proportion of 
expression among those entities was a poor match with normal brain aging. This suggests that 
idiopathic AD represents a separate (albeit age-associated) pathology. Intriguingly, the 
transcriptional profiles of transgenic AD mouse models did match well with one another, but not 
with human idiopathic AD. These results suggest that normal human brain aging is well-modeled 
by research mammals. However, the transgenic mouse does not appear to recapitulate the full 
spectrum of human idiopathic AD’s molecular phenotype. This latter point raises the interesting 
possibility that transgenic AD models may need to be aged similarly to humans in order to 
provide a closer molecular match, and/ or that idiopathic and familial AD may represent 
fundamentally separate disorders with a common pathological outcome. 
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Abstract: Alzheimer’s Disease (AD) is the primary cause of dementia in the elderly and a 
growing concern for society. AD is characterized by severe memory impairments and brain 
neuropathology that includes amyloid plaques and neurofibrillary tangles composed of 
hyperphosphorylated tau protein. The cause of AD is unknown, though certain genes have been 
identified that predispose or lead to the development of AD. Diabetes mellitus is an endocrine 
pathology that impairs glucose utilization and is considered a risk factor for AD. Glucose 
utilization is known to decline in brain regions associated with memory in AD patients. The goal 
of this project was to determine whether experimentally induced diabetes mellitus would 
exacerbate memory impairments or brain neuropathology in a transgenic mouse model of AD. 
The 3xTg mouse model for AD contains human genes that cause plaques and tangle deposition 
in memory-associated brain regions in an age-related manner. Diabetes was induced in 13-month 
old 3xTg mice using streptozotocin (STZ; 90 mg/kg on two successive days), a drug that 
selectively destroys insulin-producing pancreatic beta cells. Hyperglycemia was verified by 
sampling blood glucose levels. Mice that received STZ injections maintained high blood glucose 
levels throughout the study (>250 mg/dL), in contrast to mice that received vehicle injections 
(<120 mg/dL). Three months after injection, all mice were trained in the Morris water maze, a 
test of hippocampus-dependent spatial learning, and cued/contextual fear conditioning, a test that 
can assess both hippocampal and hippocampal-independent memory. Results indicated no 
difference in memory performance between the groups. After behavioral testing was completed, 
brain immunohistochemistry was performed to assess cell loss, amyloid plaque accumulation, 
and hyperphosphorylated tau. Though behavioral performance was not statistically different 
between groups, STZ-treated animals showed significantly more amyloid plaques in the 
subiculum, the only hippocampal region where plaques were seen in either group. These results 
indicate that amyloid plaques, per se, are not sufficient to cause memory impairments. Further, 
while diabetes mellitus can enhance this aspect of brain pathology, the combination of disrupted 
glucose metabolism and the transgenes is still not sufficient to cause the cognitive impairments 
associated with AD. 

Disclosures:  E. Hayashi: None. C. Griffith: None. H. Zhang: None. B. Ozment: None. P. 
Patrylo: None. G. Rose: None. 

Nanosymposium 

377. Learning and Memory: Aging and Alzheimer's Disease 

Location: N228 

Time: Monday, October 19, 2015, 1:00 PM - 4:15 PM 



Presentation Number:  377.11 

Topic: F.02. Animal Cognition and Behavior 

Support: NIH Grant AG036800 

 NIH Grant AG037984 

 The Evelyn F. McKnight Brain Research Foundation 

Title: Rodent models of synaptic senescence: Relevance to discovery of AD therapies 

Authors: *T. C. FOSTER;  
Dept Neurosci., Evelyn F. and William L. McKnight Brain Inst. Univ. Florida, Gainesville, FL 

Abstract: Alzheimer’s disease (AD) is a progressive disease of aging. Cognitive aging and AD 
are associated with weakening of episodic memory and executive function which progresses to 
more severe cognitive impairments and dementia. The evolution of cognitive decline is linked to 
the progression of pathology, such that, the initial onset of impaired episodic memory is better 
characterized by neuroinflammation and synaptic loss; and clinical dementia is more likely 
related to cell death. On the surface, it would appear that aging rodents would provide a poor 
model of AD due to an absence of neuritic amyloid plaques and neocortical neurofibrillary 
tangles. However, it is important to emphasize that the primary risk factor for AD is age. Thus, 
aging rodents provides a model for investigation of modulatory factors that determine the 
specificity of cognitive impairments, the mechanism for synaptic loss, and selective cellular 
vulnerability. This talk will focus on alterations in synaptic function with aging that may 
contribute to the onset and progression of cognitive decline. Impaired executive function and 
episodic memory deficits emerge in middle-age in association with senescent neural physiology, 
including a decline in NMDA receptor synaptic function in the medial prefrontal cortex and CA1 
region of the hippocampus, respectively. The decreased NMDA receptor function is due to an 
oxidized intracellular redox state providing a link between a rise in neuroinflammation and 
oxidative stress and a weakening of memory mechanisms. In turn, the decrease in NMDA 
receptor activity may underlie altered transcription associated with aging and cognitive decline. 
Specifically, expression of genes for cell health and maintenance are altered, expression of 
synaptic genes decrease, and expression of immune response genes increase. Importantly, the 
decline in synaptic genes is associated with impaired memory. As such, altered transcription due 
to a decrease in synaptic NMDA receptor activity could contribute to the progression of 
cognitive decline through synaptic loss and increase neuronal vulnerability to cell death. 
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Abstract: Corticopetal basal forebrain projections are anatomically positioned to influence a 
broad range of cognitive capacities including attention, executive function and memory. 
Although basal forebrain dysfunction has long been implicated in cognitive aging, prior research 
has focused predominantly on cholinergic cell groups, and their precise contribution to age-
related decline remains controversial. The medial septal nucleus (MS) and the nucleus of the 
diagonal band (nDB) originate the primary cholinergic input to the hippocampus, while 
cholinergic neurons in the nucleus basalis of Meynert (nBM) project to the dorsolateral 
prefrontal cortex, an area essential for working memory. In rodents, GABAergic neurons in these 
basal forebrain nuclei are numerically more prominent, where they are also positioned to impact 
the cognitive processing capacities of their projection targets in the hippocampus and prefrontal 
cortex. To date, however, the distribution and organization of basal forebrain GABAergic 
neurons in monkeys have received limited attention. Here we used immunohistochemical 
techniques to visualize cholinergic (ChAT+) and GABAergic (GAD67+) neurons in an evenly 
spaced series of histological sections through the MS, nDB and the nBM in brains from 
behaviorally characterized young and aged rhesus monkeys. In both age groups, distinct 
GABAergic neuronal populations were co-extensive and partially intermingled with cholinergic 
neurons throughout the extent of the basal forebrain, spanning over 14 mm, emerging rostrally at 
the MS and nDB and continuing through the caudal portion of the nDB. While cholinergic 
neurons tended to be clustered, GABAergic neurons were more homogeneously distributed 
throughout the region. GABAergic neurons exhibited diverse morphologies including multipolar, 
fusiform and oval cell bodies that were, on average, ~70% the size of cholinergic neurons. 
Overall, the findings of this study describe a distinct, robustly immunolabeled GABAergic 
neuronal population in the primate basal forebrain that is co-extensive with cholinergic cell 



groups known to project to the hippocampus and prefrontal cortex. Ongoing stereological 
quantification will test, for the first time in the monkey, whether basal forebrain contributions to 
individual differences in cognitive aging are mediated by combined or independent changes in 
GABAergic and cholinergic integrity. 
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Abstract: The Morris Water Maze (MWM) behavioral paradigm is commonly used to measure 
spatial learning and memory in rodents. It has been suggested that impairments in this task 
develop at around 12-18 months in rats. However, young rats ubiquitously perform very well on 
established versions of the water maze, suggesting that more challenging tasks may be required 
to reveal subtle differences in young animals. Therefore, we have used a one-day water maze and 
the novel object recognition to test whether more sensitive tests of memory in young animals 
could identify subtle cognitive impairments early in life that might become accentuated later 
with senescence. We have found that these two independent tasks reliably separate young rats 
into inferior and superior learners, are highly correlated, and that performance on these tasks 
early in life is predictive of performance at 12 months of age. Furthermore, we have found that 
repeated training in this task selectively improves the performance of inferior learners, 
suggesting that behavioral training from an early age may provide a buffer against age-related 
cognitive decline. 
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Abstract: Genome-wide histone posttranslational modifications have been shown to underlie the 
pathophysiology of stress exposure, leading to the characterization of many highly relevant 
genes. For instance, we have found that Fosb gene expression is repressed in the nucleus 
accumbens of both depressed human subjects and mice subjected to long-term social isolation. 
This repression is associated with increased histone methylation at the Fosb promoter. In order to 
causally link transcriptional regulation and the chromatin state of Fosb to downstream stress 
phenotypes it is necessary to manipulate the epigenome solely at this locus. We have targeted 
histone methylation specifically to the Fosb gene promoter using an engineered zinc-finger 
protein fused to the histone methyltransferase, G9a. We found that NAc expression of FosB-
ZFP-G9a methylates histone H3 specifically at the FosB promoter, leading to a reduction in both 
basal and induced expression of FosB/deltaFosB. This manipulation was sufficient to produce a 
social avoidance phenotype in mice undergoing a sub-threshold social defeat stress, as well as 
reduced exploratory behavior of the open arms of the elevated plus maze. While social isolation 
represses deltaFosB protein in total NAc, we have shown that social defeat stress increases 
deltaFosB expression, an effect specific to Drd2-expressing medium spiny neuron in susceptible 
mice. We have thus targeted this cell type using Cre-dependent HSVs expressing FosB-ZFPs 
coupled to the p65 transcriptional activation domain to activate FosB expression via increased 
histone acetylation. We found that this cell-type and locus-specific epigenetic manipulation of 
FosB expression is sufficient to drive depressive behaviors. Engineered transcription factors are 
a novel tool to study the function of epigenetic reprogramming at a single gene in a single brain 
region in vivo for the study of neuropsychiatric disease and beyond. 
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Abstract: The Nucleus Accumbens is a principle integrator of reward related information within 
the brain and is highly implicated in depression. The NAc consists primarily of two projection 
neuron subtypes, medium spiny neurons (MSNs), which are differentiated by dopamine receptor 
expression, either dopamine 1 receptors (D1) or dopamine 2 receptors (D2). Social defeat stress 
(SDS), a well-validated stress paradigm to induce depression-like symptoms, promotes 
dichotomous behavioral, electrophysiological, and molecular outcomes in these MSN subtypes. 
SDS produces two distinct behavioral phenotypes: mice susceptible to SDS (i.e., displaying 
depression-like symptoms) or mice resilient to SDS. We found repeated high frequency 473 nm 
optogenetic stimulation (≥50 Hz stimulation) of NAc D1-MSNs promotes resilience to a 10 day 
chronic (C)SDS, while repeated stimulation of D2-MSNs promotes susceptibility to subthreshold 
(S)SDS. Quantitative real-time PCR revealed repeated stimulation of either MSN subtype 
reduces NAc expression of the transcription factor early growth response 3 (Egr3). Egr3 is a 
primary target of brain-derived neurotrophic factor (BDNF) TrkB signaling. Disrupting this 
signaling pathway from the VTA-NAc circuit promotes resilience. Given the known effects of 
BDNF disruption on SDS behavior and the opposing outcomes of MSN subtype stimulation, we 
hypothesized reduction of Egr3 expression in D1-MSN subtypes would promote resilience to 
SDS and reduction in D2-MSN subtypes, susceptibility. To mimic stimulation induced down-
regulation of Egr3 in cell subtypes, a conditional double inverted open reading frame (DIO) 
adeno-associated virus (AAV) expressing an Egr3-miRNA was injected in the NAc of D1-Cre 



and D2-Cre mice. Egr3 miRNA knockdown in D1-MSNs enhanced resilience to CSDS, while 
Egr3 miRNA knockdown in D2-MSNs induced susceptibility to SSDS. These results suggest 
Egr3 knockdown mimics MSN subtype-specific stimulation-induced outcomes to SDS. To 
examine the consequence of enhanced Egr3 expression in MSN subtypes, we injected a DIO-
AAV construct to overexpress Egr3. In contrast to knockdown of Egr3, overexpression of Egr3 
in D1-MSNs promoted susceptibility to SSDS, while overexpression in D2-MSNs produced 
enhanced resilience to CSDS. Preliminary electrophysiological recordings suggest enhancing 
Egr3 expression reduce excitatory input to MSN subtypes. Our results suggest Egr3 
manipulation in MSN subtypes oppositely mediates outcomes to SDS. Further, these changes are 
likely due to alterations in excitatory synaptic transmission which may underlie the behavioral 
outcomes to SDS. 
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Abstract: Recent evidence suggests that the direct and indirect pathway neurons of the dorsal 
striatum are important for positive and negative affect, in addition to their role in movement. 
Stimulation of direct pathway medium spiny neurons (dMSNs) in the dorsal striatum is 
reinforcing, while stimulation of indirect medium spiny neurons (iMSNs) is aversive. In 
addition, a number of disorders involving the striatal dopamine system, such as Parkinson’s 
disease, addiction, and obesity, are comorbid with anxiety and depression. Based on this 
evidence, we hypothesized that iMSNs and dMSNs also play a role in anxiety, whereby 



stimulating iMSNs would have anxiogenic effects while stimulating dMSNs would have 
anxiolytic effects. Using in vivo electrophysiology we found that the firing rates of a subset of 
MSNs in the dorsal striatum was substantially higher in either the open or closed arms of the 
elevated zero maze, suggesting that the firing of these neurons may be linked to anxiety state. In 
addition, optogenetically stimulating iMSNs in the dorsal striatum decreased the percent of time 
spent in the open arms of an elevated zero maze, consistent with an anxiogenic-like effect. 
Conversely, stimulating dMSNs had the opposite effect, increasing the percent of time in the 
open arms. Stimulating dMSNs also increased sucrose preference and time in the food zone in a 
novelty-induced hypophagia task, both consistent with a more positive affective state. Our results 
support a role for iMSNs and dMSNs in the striatum in affective states, which has implications 
for a number of disorders, including Parkinson’s disease, OCD, addiction and obesity. 
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Abstract: Autism spectrum disorders (ASD) are clinically characterized by two central and 
seemingly unrelated symptom domains – deficits in social interaction and communication and 
restrictive, repetitive patterns of behavioral output. Whether the diverse nature of ASD 
symptomology represents a distributed, global dysfunction of brain networks or abnormalities 
within specific neural circuits is currently unclear. We hypothesize that alterations in striatal 
physiology may serve as a common node in mediating a range of autism-related behaviors, 
consistent with its diverse functions in regulating action selection, organizing motor programs 
and integrating reward-related information to shape behavior. Here we use two related genetic 



models of ASD, mice with mutations in the Neuroligin3 (Nlgn3) synaptic adhesion molecule, to 
explore the underlying circuit and physiological pathogenesis of motor and reward processing 
abnormalities. Using the accelerating rotarod to study the acquisition of pattered motor output, 
we find that Nlgn3 mutants have enhanced rotarod learning, a common behavioral phenotype in 
several mouse autism models. This enhanced performance directly correlates with a more rapid 
formation of stereotyped motor output in mutants as compared to wildtypes. Using viral and 
genetic loss-of-function approaches, we demonstrate that altered Nlgn3 function within D1 
Dopamine receptor positive medium spiny neurons (D1R+ MSNs) of the ventral striatum 
(nucleus accumbens) is causal for the enhanced rotarod earning. Furthermore, electrophysiology 
in acute striatal slices revealed a D1R+ MSN specific deficit in inhibitory synaptic tone, 
suggesting a physiological mechanism whereby perturbed circuit dysfunction can produce 
behavioral abnormalities. In addition to enhanced motor learning and repetitive, stereotyped 
behaviors, Nlgn3 mutants also demonstrate altered reward processing in both operant tasks of 
behavioral flexibility and Pavlovian conditioning paradigms. Efforts are currently underway to 
see whether these diverse behavioral phenotypes stem from common physiological abnormalities 
of inhibitory tone in nucleus accumbens circuits. Going forward, exploration of striatal circuits in 
other mouse ASD genetic models should provide a unique opportunity to illuminate canonical 
behavioral circuits whose dysfunction directly contributes to discrete aspects of ASD 
symptomology. 
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Abstract: In vivo pharmacology and optogenetics hold tremendous promise for dissection of 
striatal neural circuits, cellular signaling and manipulating neurophysiological systems in awake, 
behaving animals. Existing neural interface technologies, such as metal cannulas connected to 
external drug supplies for pharmacological infusions and tethered fiber optics for optogenetics, 
are not ideal for minimally invasive, untethered studies on freely behaving animals. Here we 
introduce wireless optofluidic neural probes that combine ultrathin, soft microfluidic drug 
delivery with cellular-scale inorganic light-emitting diode (µ-ILED) arrays. These probes are 
orders of magnitude smaller than cannulas and allow wireless, programmed spatiotemporal 
control of fluid delivery and photostimulation. We demonstrate these devices in freely moving 
animals to modify gene expression in the dorsal striatum, deliver peptide ligands to the ventral 
tegmental area dopaminergic system, and provide concurrent photostimulation with antagonist 
drug delivery to manipulate mesoaccumbens reward-related behavior. These completely self-
contained devices allow for combinatorial optogenetic, pharmacological, and viral approaches 
with a high degree of spatial resolution and limited disruption to sensitive neural tissues such as 
striatal circuitry. The minimally invasive operation of these probes is ideal for investigation of 
neuropsychiatric disorders and forecasts utility in other organ systems and species, with potential 
for broad application in biomedical science, engineering, and medicine. 
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Abstract: The nucleus accumbens (NAc) is a central component of the reward system and is 
responsible for integrating information from cortical and limbic brain regions to drive goal 
directed behavior. The ventral hippocampus provides excitatory input to the NAc shell, which is 
thought to be important for modulating NAc activity and providing contextual information to 
reward processing. This synapse has received increased attention due to its potential role in 
mood regulation, specifically in response to reward and motivation to seek rewards, which are 
altered in mood disorders including depression. However, the mechanistic understanding of 
activity-dependent synaptic plasticity at this synapse remains limited. We used whole-cell 
electrophysiological recordings in the NAc shell to dissect the mechanisms underlying activity 
dependent synaptic plasticity of the excitatory input from the hippocampus to the NAc shell. Our 
data show that this synapse is capable of undergoing activity-dependent long-term potentiation 
(LTP) via a postsynaptic mechanism. The induction of LTP was blocked by APV and KN62 
indicating that this is an N-methyl-D-aspartate (NMDA) receptor - and Ca2+/calmodulin-
dependent kinase type II (CaMKII)-dependent process. Furthermore, we found that there is no 
change in the stoichiometry of GluA1 and GluA2 synaptic α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptor composition after LTP induction, as assayed with 
rectification and sensitivity to N-acetyl-spermine. We verified the specificity of this response by 
using optogenetic stimulation of this synapse allowing us to assay the behavioral consequence of 
in vivo manipulation of this synapse. These experiments provide the first detailed 
electrophysiological characterization of the excitatory input from the hippocampus to the NAc 
and are crucial for proper understanding of the dysfunction in these neural circuits that contribute 
to mood dysregulation. 

Disclosures:  T.A. LeGates: None. S.M. Thompson: None. 

Nanosymposium 

378. Striatal Circuits in Psychiatric Diseases 

Location: S403 

Time: Monday, October 19, 2015, 1:00 PM - 4:15 PM 



Presentation Number:  378.07 

Topic: F.03. Motivation and Emotion 

Support: NIH R01-NS064577-07 

 Wakeman Fellowship 

 NIH T32 GM007171 

 Trice-Holland Fellowship 

Title: A novel role for the metabotropic glutamate receptor mGluR5 in regulating striatal 
synapse maturation 

Authors: *S. BHAGAT, Y. WAN, R. HERNANDEZ-MARTINEZ, N. CALAKOS;  
Duke Univ., Durham, NC 

Abstract: A highly conserved method for appropriate development of connectivity across 
diverse brain regions involves synaptic pruning preceded by synaptic proliferation. The period of 
synaptic proliferation is characterized by a large proportion of immature "silent synapses" that 
lack stable signaling via AMPA-type glutamate receptors. In the cortex and hippocampus, these 
immature synapses also have relatively high levels of NR2B, and low levels of NR2A subunits 
of NMDA-type glutamate receptors. Studies from these brain regions support a role for 
diheteromeric NR1/NR2B glutamate receptors in preventing premature synapse maturation, 
whereas trihetereomeric NR1/NR2A/NR2B or diheteromeric NR1/NR2A receptors may promote 
synapse maturation. However, in the striatum, NR2A remains low even in adulthood while 
NR2B expression persists at high levels, suggesting that the striatum may have a unique 
mechanism for preventing premature synapse maturation. Here we present evidence for such a 
novel mechanism in the striatum. We find that constitutive, glutamate-independent mGluR5 
signaling prevents premature synapse maturation in the early postnatal period, promoting 
maintenance of silent synapses through a PKC and protein synthesis dependent mechanism. 
These findings broaden our understanding of the roles of mGluR5 in normal development and 
have implications for the consequences of targeting this receptor pharmacologically in 
neurodevelopmental disorders such as autism. 
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Abstract: Dysregulation of excitatory/inhibitory balance is suggested to be a common 
mechanism of neuropsychiatric disease. Neuroligin-2, a postsynaptic cell adhesion protein, 
supports the functional integrity of the inhibitory synapse and may play a role in the inhibitory 
balance. While the neuroligin gene family has been implicated in autism, little is known about 
the role of neuroligin-2 in social behavior. We found that after chronic social defeat stress, 
neuroligin-2 protein is reduced in the nucleus accumbens (NAc) of male mice that are 
susceptible to stress. Next, using a Cre-conditional RNA interference approach, we knocked 
down neuroligin-2 in the NAc of mice expressing Cre in either dopamine D1 receptor-positive or 
dopamine D2 receptor-positive cells. We then explored the contribution of neuroligin-2 in the 
NAc to social behavior. We demonstrate that neuroligin-2 knockdown in D2-positive cells 
stimulates increased home cage aggression and heightened dominance. Knockdown in D1-
positive cells promotes susceptibility to social defeat stress with no significant change in baseline 
aggression. Together, these findings suggest a novel, cell-type specific role of NAc neuroligin-2 
in aggression and stress-induced social interaction. 
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Abstract: The lack of a credible mouse model of schizophrenia hinders the understanding of its 
pathogenic mechanisms and the development of therapeutics. We took advantage of a recently 
identified VIPR2 Copy Number Variant (CNV) in schizophrenia patients from large-scale 
GWAS studies and generated conditional Bacterial Artificial Chromosome (BAC) transgenic 
mice to model the susceptibility allele. Importantly, the transgene can be “switched off” in 
desired temporal and spatial patterns controlled by crossing with mice expressing Cre 
recombinase. To investigate whether genetic overexpression of VIPR2 in striatal circuitry in 
mouse causes abnormal cognition, sociability, dopamine hyperactivity and other traits associated 
with schizophrenia, we are emplying a Cre-LoxP strategy to conditionally “switch off” VIPR2 
transgene expression in striatonigra and straitopallidal neurocircuits. Our study may yield critical 
mechanistic insights on the pathogenesis of schizophrenia and generate indispensable animal 
models. The identified cellular substrates of will shed light on novel therapeutic strategies for 
schizophrenia patients. 
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Abstract: The underlying mechanisms of cocaine abuse and eventual addiction have been 
studied for decades, and findings have demonstrated hereditary predisposition to drug abuse. It 
has been posited that the transition from casual drug use to compulsive addiction is due in part to 
epigenetic regulation of genes in the brain, specifically in the mesolimbic dopamine reward 
system, including the nucleus accumbens (NAc) and prefrontal cortex (PFC). Long-lasting 
changes in neuronal gene expression in the mesolimbic dopamine system appear to underlie 
some of the persistent neurophysiological changes in the addicted brain in rodent models. Our 
group and others have demonstrated that altered expression or activity of several candidate 
transcription factors in NAc regulates drug sensitivity. However, to achieve a more unbiased 
view of transcriptional mechanisms underlying persistent changes in gene expression, our 
laboratory has recently performed ChIP- and RNA-sequencing experiments on mouse NAc 
tissue after repeated cocaine administration (Feng et al., Genome Biol, 2014). In depth analysis 
of these genome-wide data deduced members of the E2F family as some of the most prominent 
upstream regulators of cocaine-induced changes in gene expression and alternative splicing in 
this brain region. E2F transcription factors are involved in chromatin modification, gene 
regulation, and RNA processing via direct interaction with and recruitment of histone modifying 
enzymes as well as transcriptional and splicing machinery. Here we show regulation of E2F3a 
and E2F3b expression in NAc and/or PFC by cocaine administration, as well as regulation of 
behavioral responses to cocaine upon manipulating E2F3a and E2F3b expression in these 
regions. Furthermore, cocaine regulates binding of E2F3 to several predicted target genes, and 
manipulation of E2F3a or E2F3b expression in vivo leads to differences in expression of these 
target genes in specific brain reward regions. These findings support a crucial role for E2F3a and 
E2F3b in the regulation of gene expression underlying cocaine-elicited behavioral abnormalities. 
Supported by NIDA 
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Abstract: Motivated behavior is governed by two parallel pathways originating in the nucleus 
accumbens (NAc). The direct pathway consists of medium spiny neurons (MSNs) that project 
directly to neurons that send their projections outside of the basal ganglia. The indirect pathway 
consists of MSNs projecting to neurons that do not leave the basal ganglia. The two pathways are 
classically encoded by two types of MSNs - those expressing the D1 dopamine receptor (D1-
MSNs) and projecting to the ventral mesencephalon (VM) are considered as the direct pathway 
while D2-MSNs that project to the ventral pallidum (VP) are thought to encode the indirect 
pathway. Here we demonstrate that dividing the direct and indirect pathways according to the 
two MSN types is not valid for the NAc. By combining slice electrophysiology with 
optogenetics and retrograde tracers in D1-Cre and D2-Cre transgenic mice we found that 
approximately 50% of VP neurons receive input from D1-MSNs. This rate was also observed 
particularly in VP neurons that project to the VM, thus definitively showing that NAc D1-MSNs 
participate in the indirect pathway. In addition, a large proportion of VP neurons project outside 
of the basal ganglia to the mediodorsal nucleus of the thalamus (MDT). We found that all MDT-
projecting VP neurons were innervated by D2-MSNs. Thus, NAc D2-MSNs, although not 
projecting to the VM, do form a direct pathway through the VP. Our findings thus call for a re-
evaluation of the canonical encoding of the direct and indirect pathways according to the 
expressed dopamine receptor. 
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Abstract: The nucleus accumbens (NAc) is a key brain structure within the reward circuitry. 90-
95% of the neuronal population of NAc comprises of medium spiny neurons (MSNs) which 
express either D1 receptor and project primarily to the midbrain or express D2 receptors and 
project via the pallidum to the midbrain, while the rest 5-10% are interneurons (INs). NAc MSNs 
receive excitatory glutamatergic inputs from cortical, limbic and thalamic sources while 
inhibition is mainly mediated by GABA-ergic INs and MSN collaterals. A portion of these 
GABAergic INs are fast spiking and express parvalbumin (PV-INs). PV-INs synapse onto 
proximal dendrites and cell bodies of the MSNs while neighboring MSN collaterals 
preferentially synapse onto the distal dendrites of the MSNs. This innervation pattern and fast 
spiking suggest PV-INs have the potential to exert a strong influence on MSN activity by 
mediating feedforward inhibition, ultimately shaping MSN output. Thus PV-INs are positioned 
to play an influential role in integrating timing of cognitive, environmental and emotional 
information entering the NAc and gating output thus influencing reward- related behavioral 
outcomes. NAc MSNs are quiescent cells that exist in two states, an “up state” wherein they are 
depolarized and easily activated and a “down state” wherein they are hyperpolarized and resist 
activation. As suggested above, since the PV- INs synapse onto proximal dendrites and cell 
bodies of the MSNs, they are thought to have a great influence on the membrane state of the 
MSN. Moreover, long term plasticity at these inhibitory synapses onto the MSNs may play an 
important role in sculpting the output of the two different pathways to favor certain actions while 
suppressing others. In order to understand NAc circuit function under physiological and 
pathological conditions such as drug addiction, it is critical to understand the nature of PV-IN 
mediated inhibitory action onto the two distinct MSN subtypes. In this study, using transgenic 
mice, ex vivo slice electrophysiology and optogenetics, we investigated synaptic plasticity at PV-
IN synapses onto D1/D2 MSN in a voltage dependent manner. We found that low frequency 
stimulation (1Hz, 80s) elicited long term depression (iLTD) in either D1 or D2 MSNs depending 
on the membrane state of the MSNs. Moreover, optogenetic stimulation of the NAc using the 
same paradigm in vivo resulted in a striking behavioral outcome. The mechanisms underlying 
this plasticity are being investigated to determine how PV-INs shape NAc circuit function both 
in health and disease. 
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Abstract: Dopamine signaling in the nucleus accumbens (NAc) plays a central role in 
motivation. Medium spiny neurons (MSNs), the main output cells of the NAc, belong to either 
the direct (dMSNs) or indirect projection pathways (iMSNs). These pathways differ in their 
expression of dopamine D1 and D2 receptors (D1Rs and D2Rs) and operate in a dynamic 
balance to mediate appropriate goal-directed actions. Decreased D2R availability in striatum, 
including NAc, is common in several disorders characterized by motivational abnormalities, 
including drug addiction, ADHD, and obesity. However, whether D2Rs specifically expressed in 
NAc iMSNs directly contribute to motivation and to the function of striatal circuits necessary for 
motivated behavior is poorly understood. We selectively upregulated D2Rs in iMSNs by 
injecting a Cre-dependent adeno-associated virus into the NAc of D2-Cre transgenic mice. We 
tested the effect on motivation using a progressive ratio schedule of reinforcement. Mice 
overexpressing D2Rs (D2R-OENAcInd) pressed significantly more times, earned more rewards 
and continued to respond longer than EGFPNAcInd controls, suggesting that D2R upregulation 
in the indirect pathway of the NAc is sufficient to increase motivation. Using whole cell 
recordings in acute NAc slices we found that iMSNs, but not dMSNs, of D2R-OENAcInd mice 
are intrinsically hyper-excitable, an effect associated with reduced inward-rectifying potassium 
channel currents. Conversely, excitatory input onto iMSNs is reduced, as measured by a decrease 
in the frequency of spontaneous excitatory postsynaptic currents (sEPSCs). To study the role of 
D2Rs in regulating inhibitory output of iMSNs, we tested whether D2R upregulation alters local 
inhibition of dMSNs by iMSNs. We evoked inhibitory postsynaptic currents (IPSCs) in putative 
dMSNs by optogenetic activation of iMSNs from D2R-OENAcInd or EGFPNAcInd mice. The 
light-evoked IPSC amplitude in dMSNs was significantly reduced in D2R-OENAcInd mice 
compared to controls. These data raise the possibility that the increased motivation in the D2R-
OENAcInd mice may be associated with disinhibition of the direct pathway. Using an hM3Dq-
based chemogenetic approach, we showed that direct activation of dMSNs is sufficient to 



enhance PR responding to levels seen with D2R-OENacInd mice, suggesting that decreased 
inhibition of dMSNs could contribute to the increased motivation in D2R-OENacInd mice. 
These data indicate that D2Rs in iMSNs are key regulators of motivated behavior and striatal 
circuit function. Overall, our findings suggest that boosting D2R levels in the indirect pathway 
could be useful in treating motivational dysfunction. 
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Abstract: Human apolipoprotein E4 (ApoE4) is a major genetic risk factor for Alzheimer’s 
disease (AD), but it is unclear how harbouring ApoE4 causes earlier disease manifestation. 
ApoE4 is linked to early onset of cognitive decline and lower cerebral glucose metabolism. To 
examine the connection between ApoE isoforms with brain insulin signaling and cognition in 
AD, we crossed our mice carrying familial-AD mutant human amyloid precursor protein (APP) 
with the ApoE3 and ApoE4 mice. Young ApoE4/APP mice have poorer cognitive function as 
compared to ApoE3/APP and APP mice. Insulin treatment was also observed to stimulate insulin 
signaling in hippocampal slices from ApoE3/APP, but not ApoE4/APP and APP mice. Similarly, 
insulin treatment was only able to increase AMPA-GluR1 phosphorylation in (50uM) forskolin-
pretreated hippocampal slices from ApoE3/APP but not ApoE4/APP and APP mice. In the 
absence of Abeta, insulin treatment increased the miniature excitatory postsynaptic current 
(mEPSC) amplitude in both ApoE3 and ApoE4 hippocampal neurons. Abeta42 (500nM) 
however, only inhibited insulin-induced mEPSC increases in ApoE4 hippocampal neurons. 
Immunocytochemistry experiment showed that insulin increased AMPA GluR1 subunit insertion 
in both ApoE3 and ApoE4 hippocampal neurons in the absence of Abeta42. But, adding Abeta42 
only affected new AMPA GluR1 subunit insertion in insulin treated ApoE4 hippocampal 
neurons. Taken together, our results suggest that ApoE3 expression can prevent Abeta inhibition 



of insulin-stimulated AMPA receptor function. This ApoE-specific effect could regulate 
cognitive impairment in our ApoE/APP mice. 
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Abstract: The accumulation of extracellular amyloid β (Aβ) plaques is one of the pathological 
hallmarks of Alzheimer’s disease (AD). The vast majority of patients diagnosed with AD also 
have cerebral amyloid angiopathy (CAA). The ε4 allele of human apolipoprotein E (apoE) is 
associated with higher amyloid plaque load as well as higher amounts and prevalence of CAA. 
Whereas apoE may influence deposition of Aβ plaques and CAA through common mechanisms 
affecting Aβ clearance and aggregation, evidence from animals suggests that apoE may promote 
amyloid plaque and CAA deposition via some specific mechanisms. Out of 299 amino acids, 
human apoE4 shares only 70% homology with murine apoE, and human apoE4 and murine apoE 
facilitate amyloid plaques and CAA differently. As compared to mouse apoE, human apoE4 
results in delayed plaque load but increases CAA. This difference is not likely caused by changes 
in Aβ clearance rate/concentration because a higher or lower Aβ concentration will have the 



same impact on plaque burden and CAA. To further investigate the differential effects of mouse 
apoE and human apoE4, we assessed their co-aggregation/co-localization with Aβ in plaques and 
CAA. We first confirmed that human apoE4 is associated with lower plaques and higher CAA as 
compared to mouse apoE in the 5XFAD-line 7031 mice using X-34 staining. Then we co-stained 
brains using X-34, anti-mouse apoE and anti-human apoE specific monoclonal antibodies in 
5XFAD mice expressing one copy of mouse apoE and one copy of human apoE4 under the 
control of the normal mouse apoE gene regulatory elements (5XFAD/apoEm/4). Both human 
apoE4 and mouse apoE co-localized more with parenchymal plaques than with CAA, suggesting 
a differential co-aggregation of apoE with Aβ in plaques and CAA. More importantly, plaques 
contained more mouse apoE which is prone to cause parenchymal plaque formation while 
parenchymal CAA contained more human apoE4 which is prone to CAA formation. We further 
confirmed the co-aggregation of mouse apoE with Aβ in plaques by correlating insoluble mouse 
apoE with insoluble Aβ in PS1APP-21/apoEm/4 mice, which develop plaques without having 
CAA. This data demonstrates that when mouse and human apoE are expressed at the same level 
they differentially co-aggregate with and influence parenchymal plaque deposition versus CAA. 
Understanding how this occurs may lead to a better understanding of the causal relationships 
between apoE and CAA/plaque formation and suggest new therapeutic strategies targeting apoE. 
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Abstract: Apolipoprotein E (apoE), the major carrier of cholesterol in brain and in the periphery, 
has essential and diverse role in the CNS. It’s involved in neuritic growth, synaptic plasticity, 
regeneration and remyelination of axon and cognition. In the brain it’s produced by many cell 
types, but mainly by astrocytes. ApoE is also highly expressed by the choroid plexus and the 
predominant apolipoprotein in cerebrospinal fluid (CSF). However, the role of apoE in CSF is 
unclear. Recently, the ‘glymphatic system’, a system that is functionally analogous to the 
peripheral lymphatic system, was shown to be fundamental for the convective flow of brain 
interstitial fluid (ISF). This system consists of CSF inflow via the perivascular space of 
penetrating arteries, CSF/ISF exchange and astrocytic aquaporin 4 (AQP4)-mediated convective 
flow of ISF through the parenchyma. We tested the hypothesis that the glymphatic system also 
serves as delivery and distribution pathway for choroid plexus/CSF-derived human apoE to 
brain, in mice. We found that CSF-delivered apoE enters brain via the perivascular space and 
diffuses radially around arteries, but not veins, in an isoform specific manner 
(apoE2>apoE3>apoE4). This restricted apoE4 diffusion may contribute to the cause of cerebral 
amyloid angiopathy (CAA) and vascular dementia. Diffusion of apoE around arteries was 
facilitated by the water channel, aquaporin 4 (AQP4), a characteristic feature of the glymphatic 
system. ApoE3, delivered by lentivirus to the choroid plexus and ependymal layer but not to the 
parenchymal cells, was present in the CSF, penetrating arteries, neurons and astrocyte. The 
inflow of apoE, contained in CSF, into brain was severely suppressed by sleep deprivation, 
consistent with the data that the glymphatic activity is affected by the sleep/wake cycle. This 
may deprive neurons of CSF-derived apoE, and may contribute to cognitive impairment. Thus, 
the glymphatic system performs an essential physiological role in the brain-wide distribution of 
choroid plexus/CSF-derived apoE, and failure in this system may contribute to apoE isoform-
specific disorders, such as CAA, vascular dementia and AD. MT and BL contributed equally. 
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Abstract: The apolipoprotein E4 (ApoE4) allele is known to be the strongest genetic risk factor 
for developing late-onset AD. However, the mechanisms that underlie the link between ApoE4 
genotype and AD are not yet well understood. Evidence suggests that the effects of ApoE4 allele 
on Alzheimer disease risk are related to the reduced ability of this allele to metabolize neurotoxic 
amyloid Aβ and clear it from the brain. Other mechanisms have been implicated as well. We 
have previously found that the levels of phosphoinositol biphosphate (PIP2) are reduced in 
postmortem human brain tissues of ApoE4 carriers, in ApoE4 knock-in (KI) mouse brains, as 
well as in primary neurons expressing ApoE4 alleles compared to ApoE3 counterparts. These 
changes are secondary to increased expression of synaptojanin 1 (synj1) in ApoE4 carriers. 
Further studies indicate that ApoE4 which behaves like ApoE null conditions, fails to degrade 
synj1 mRNA efficiently unlike ApoE3 does. These data suggest a loss-of-function of ApoE4 
genotype in regulating PIP2 homeostasis. Most importantly, genetic reduction of synj1 in ApoE4 
KI mouse models restores PIP2 levels, and rescues AD-related cognitive deficits. Based on these 
observations, we have further characterized downstream molecular mechanisms. We screened a 
siRNA panel of ApoE receptors that are highly expressed in neurons, and identified that two 
ApoE receptors are likely involved in ApoE-regulated synj1 expression. Moreover, we found 
that levels of mi-195 and mi-155 are differentially expressed in ApoE3- versus ApoE4-treated 
neurons, which are likely involved in regulating synj1 mRNA degradation. We also searched for 



compounds targeted at reducing synj1 expression, and identified 2 top hits which can reduce 
synj1 protein levels in ApoE4 neuronal culture. Treating ApoE4 mice with one compound for 1-
month can improve cognitive functions of these mice. Together, our studies are the first in-depth 
mechanistic studies of pathogenic roles of ApoE4 genotype in phospholipid homeostasis. Our 
observations suggest that these ApoE4-induced changes in the cascade of aberrant molecular 
events may lead to long-term neurodegenerative process. We are currently studying the 
mechanistic actions of 2 top hits, developing their structural analogs to explore sites for 
modification and improvement with respect to potency. More importantly, we are investigating 
detailed signaling pathways involved in ApoE-regulated phospholipid homeostasis. We believe 
that the findings provide a basis for the development of new therapeutic interventions for the 
treatment of late-onset AD. 
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Abstract: Exosomes are small extracellular vesicles (30-100 nm) derived from the endosomal 
system and secreted by variety of cell types such as neurons, astrocytes and oligodendrocytes. 
Exosomes are suggested to play important roles in amyloid β (Aβ) deposition and clearance. Aβ 
is well known to induce neuronal cell death, whereas little is known about its effect on 
astrocytes. The limited information of the effect of Aβ on astrocytes led us to perform 
experiments to study the effect of Aβ on release of exosome from astrocytes. The astrocytes were 
prepared from the SD-rat brains. We characterized and analyzed release of exosomes and apoE, 
both of which are known to remove/clear Aβ from the brain, in the culture medium of astrocytes. 
Exosome release was determined by western blot analysis using exosome specific marker 
proteins, flotillin and HSP90. We found that exosome and apoE-HDL were successfully 
separated by density gradient ultracentrifugation. Their release was confirmed by distribution of 



their specific markers and lipids, and electron microscopic analysis. Exosome release was 
significantly reduced by Aβ1-42 treatment in cultured astrocytes accompanied by an increased 
JNK phosphorylation. Whereas, apoE-HDL release remained unchanged. A JNK inhibitor 
recovered the decreased levels of exosome induced by Aβ treatment to levels similar to those of 
control, suggesting that Aβ1-42 inhibits exosome release via stimulation of JNK signal pathway. 
Because, exosome is shown to remove Aβ in the brain, our findings suggest that increased Aβ 
levels in the brain may impair the exosome-mediated Aβ clearance pathway. 
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Abstract: Chronic activation of the complement system and induced inflammation are 
associated with neuropathology in Alzheimer’s disease (AD). Recent large genome wide 
association studies (GWAS) have identified single nucleotide polymorphisms (SNPs) in the 
C3b/C4b binding receptor (CR1 or CD35) that are associated with late onset AD. In order to 
characterize the role of CR1 in AD, we have studied CR1 localization by immunohistochemistry 
(IHC) in control and AD brain using antibodies (Abs) directed against different epitopes of the 
receptor. Most of the Abs tested by IHC stained erythrocytes in blood vessels (CR1, the immune 
adherence receptor, is expressed on RBCs) but not neurons or glial cells. However, two 
monoclonal anti-CR1 Abs (8C9.1 and J3B11) labelled astrocytes in all of the cases tested 
(control and AD), and this reactivity was preabsorbed by recombinant human CR1. Astrocyte 
staining with both mAbs was supported by immunocytochemistry in human-derived astrocyte 
cultures and by colocalization with GFAP in tissues and in cell cultures. Staining of neurons with 



8C9.1 occurred in tissue from some cases, but was not preabsorbed by recombinant human CR1 
indicating non specificity or Ab crossreactivity with other molecular structures. The amount of 
astrocyte staining varied among the samples, but no consistent difference was conferred by 
diagnosis, or the GWAS-identified SNPs rs4844609 or rs6656401. Plasma level of soluble CR1 
does not correlate with either diagnosis or SNP. However, there was a modest but statistically 
significant increase in relative binding affinity of C1q to CR1 with the rs4844609 SNP compared 
to CR1 without the SNP. In addition, C3b binding by CR1 was also significantly increased in the 
CR1 genotypes containing one or both SNP’s (rs6656401, rs4844609). These results demonstrate 
that further careful functional studies of variants of CR1 are required to determine the role of this 
receptor in the progression of AD. It remains to be determined if CR1 is involved in the 
clearance of amyloid beta peptide in blood and/or brain, and/or if CR1 differentially modulates 
complement-mediated inflammation in AD brains or in the periphery. 

Disclosures:  M.I. Fonseca: None. S. Chu: None. A. Pierce: None. W. Brubaker: None. R. 
Hauhart: None. D. Mastroeni: None. J. Rogers: None. J.P. Atkinson: None. A.J. Tenner: 
None. 

Nanosymposium 

461. Alzheimer's Disease: Risk Factors 

Location: S403 

Time: Tuesday, October 20, 2015, 8:00 AM - 11:00 AM 

Presentation Number:  461.07 

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

Title: Rs17518584 polymorphism in CADM2 gene accelerates brain and hippocampal atrophy 
in Alzheimer's disease and Mild Cognitive Impaired patients 

Authors: *B. MOHAJER, N. ABBASI, A. ABDOLALIZADEH, M. H. AARABI, A. S. 
BAYANI ERSHADI, M. PISHNAMAZI;  
Student's Scientific Res. Center, Tehran Unive, Tehran, Iran, Islamic Republic of 

Abstract: Introduction: Alzheimer's disease (AD) is a progressive neurodegenerative disorder of 
central nervous system in which patients experience impairment in cognitive processing. 
Structural imaging studies like Tensor Based Morphometry (TBM) have proved their use in AD. 
Many SNPs in various genes have been showed to play role in trigger or progression of this 
disease. Recently in a GWAS study, rs187518584, an intronic SNP of Cell Adhesion Molecule 2 
(CADM2) gene, has been shown to have a significant impact on cognitive processing speed in 
normal population. We found impact of mentioned SNP on (TBM) findings. Methods: Data 
acquisition: Using Alzheimer's Disease Neuroimaging Initiative (ADNI) project 471 patients 



with Alzheimer's and MCI were included. SNP extracted from chromosome 3 by VCFtools. 
Imaging data: Tensor Based Morphometry with Symmetric Diffeomorphic Image Normalization 
(TBM-SyN) Based scores from 12 month (M12) follow-up images were used to obtain TBM 
changes during one year. The TBM-SyN Scores represent annualized atrophy rates computed 
from the subject’s baseline scan to each follow-up, and summarized by averaging over the 31 
ROIs. Brain, ventricular and hippocampal robust atrophy rate measurement with Boundary Shift 
Integral (known as KN-BSI) for m12 were also used to calculate brain and ventricular BSI as 
well as hippocampus. Cognitive assessment: Alzheimer's Disease Assessment Scale (ADAS) 
questionnaire of baseline and m12 and m24 were used to investigate SNP impact. Statistical 
analysis: we used IBM SPSS 22 for univariate analysis to investigate SNP's effect adjusted for 
sex, age and education on having the risk allele (C). Significant results with p-value <.05 are 
reported. Results: Using General Linear Model we found significantly more loss in TBM-SyN 
from M12 (p-value=.026) with recessive allele (estimated mean -.013 compared to -.017). Also 
left and right hippocampus boundary shift integrals were significantly higher (whit p-values .037 
and .045 respectively). M12 and M24 ADAS changes from baseline, as well as brain and 
ventricles BSI, have not shown any significant changes, considering the form of SNP. 
Discussion: Firstly our study is the first one to show the effect of mentioned SNP on brain 
structure. In a recent GWAS study it has been shown that, this SNP has a highly significant 
impact on cognitive process speed. Secondly our findings demonstrated that having the risk 
allele significantly increase hippocampal atrophy, beside the atrophy found in TBM. It is 
important to note all of these imaging findings are in the absence of cognitive changes. Further 
evaluation with clinical data in patients with AD is suggested. 
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Abstract: Bin1 and CD2AP are putative genetic risk factors for Alzheimer’s disease (AD). The 
most frequent gene variants possibly associate with loss of function. Little is known on how Bin1 
and CD2AP increase the risk for AD. We found that upon Bin1 or CD2AP knockdown 
endogenous Aβ production rises in the axon or in dendrites, respectively. We asked if Bin1 and 
CD2AP affect APP and BACE1 trafficking to endosomes, where Aβ is produced. We report that 
BACE1 recycling to the axonal plasma membrane is reduced by Bin1 depletion and that BACE1 
gets trapped in enlarged endosomal tubules. Thus Bin1 is essential for BACE1 recycling from 
axonal early endosomes, probably by controlling scission of recycling carriers. On the other 
hand, CD2AP depletion reduced APP degradation mainly in dendrites, accumulating APP in 
early endosomes at the limiting membrane whereas in control neurons APP is at the endosomal 
lumen, likely escaping processing. Overall, Bin1 and CD2AP modulate Aβ endosomal 
generation by controlling BACE1 recycling and APP degradation, respectively. Our data 
contribute to validate Bin1 and CD2AP as AD risk factors and imply that their modulation may 
have therapeutic potential in AD. 
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Abstract: Pathological hyperphosphorylation of microtubule-associated protein tau (MAPT) is 
an invariant feature of AD as well as other neurodegenerative disorders collectively known as 
tauopathies. A strong body of literature exists linking inflammation and innate immunity to AD 
pathogenesis through the use of genomic approaches and animal models. Recent coding variants 
of Triggering Receptor Expressed on Myeloid Cells-2 (TREM2), a key regulator oif innate 
immune processes, have has been shown to dramatically confer increased risk of developing late-
onset (AD). Initial characterization of TREM2 deficient APPPS1 mice by the Lamb lab revealed 
complete elimination of CD45hiLy6ChiF4/80+ plaque associated macrophages with decreased 
pro-inflammatory cytokine production and a modest reduction in amyloid burden. The focus of 
the current study is to determine the role of TREM2 signaling and expression in a pathological 
MAPT mouse model of AD tauopathy. Our data reveals that deficiency of microglial TREM2 
results in earlier and increased phosphorylation of several MAPT epitopes, earlier MAPT 
aggregation, altered microglial activation, and cognitive dysfunction. Analysis of the underlying 
mechanisms linking TREM2 deficiency to MAPT phosphorylation revealed dysregulation of 
multiple MAPT kinases including GSK3β, ERK1/2, and JNK. Strikingly, we have determined 
that cell autonomous TREM2 signaling results in opposing effects between amyloid and tau 
pathologies, thereby exacerbating amyloid pathology while suppressing tau pathology. We posit 
that the observed effects are due to a reduction in critical neuronal-microglial cross-talk resulting 
in a lack of suppression signaling which detrimentally alters inflammatory signaling, or that 
microglia lacking TREM2 are unable to effectively clear extracellular MAPT. The current study 
will add critical knowledge to the function of TREM2 and innate immune pathways in AD and 
other neurodegenerative tauopathies, and may reveal novel therapeutic targets beneficial to 
human patients. Keywords: Tau, Alzheimer’s Disease, Neuroinflammation 
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Abstract: Genome-wide association studies identified the single nucleotide polymorphism 
(SNP) rs3865444, located near CD33, as a modulator of Alzheimer’s Disease (AD) risk. CD33 is 
a sialic-acid binding inhibitory receptor, postulated to have an immunosuppressive effect on 
microglia in brain. To elucidate the SNP actions, we identified CD33 isoforms expressed in 
human brain as a function of genotype. We found a significant association between rs3865444 
genotype and CD33 exon 2 exclusion and intron 1 retention. This action was allele dose 
dependent, with homozygosity for the minor allele associated with a 45% reduction in mRNA 
encoding typical CD33 and a 0.82 AD odds ratio. We interpret this finding as suggesting that a 
more robust CD33 inhibitor may reduce AD risk further, within an overall model wherein CD33 
inhibition enables microglial activation. Considering possible inhibitors, we note that CD33 
antibodies such as Lintuzumab were safe in humans but ineffective when tested in acute myeloid 
leukemia trials. We found that Lintuzumab is effective and potent in downregulating CD33 from 
the cell surface in vitro. We are currently evaluating Lintuzumab effects on microglial cell line 
function, with readouts including phagocytosis and cytokine production. Overall, this prototypic 
approach exemplifies our long-term goal of elucidating the mechanisms underlying protective 
SNP alleles and developing pharmacologic mimics with enhanced efficacy for AD. 
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Title: Targeting apoE lipidation via nuclear receptor agonists 
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Abstract: APOE4 is the greatest genetic risk factor for sporadic Alzheimer’s disease (AD), 
increasing risk up to 15-fold compared to APOE3, while increased levels of amyloid-β42 (Aβ42) 
causes familial AD. Levels of amyloid beta (Aβ) in the brain are influenced by APOE genotype. 
Transgenic mice co-expressing five familial AD mutations (5xFAD) in the presence of human 
APOE alleles (ϵ2, ϵ3 or ϵ4) (EFAD mice) exhibit APOE genotype-specific differences in Aβ 
accumulation, suggesting an interaction between APOE and AD pathology. Compared to apoE3, 
apoE4-containing lipoproteins are less lipidated, leading to reduced apoE4/Aβ levels and 
increased levels of neurotoxic oligomeric Aβ (oAβ). Increased apoE4 lipoprotein 
association/lipidation via increasing ATP-binding cassette transporter (ABCA1) transport of 
lipids to apoE-containing lipoproteins may be a mechanism for reducing soluble Aβ levels. 
Using EFAD mice we recently demonstrated that Aβ levels and APOE genotype determine the 
effect of retinoid X-receptor (RXR) agonists on Alzheimer’s disease (AD) pathology. In E4FAD 
mouse brain regions with the greatest level of Aβ pathology at time of treatment, RXR agonists 
increased ABCA1 levels, apoE lipidation but not apoE levels, increased apoE/Aβ complex, 
reduced soluble Aβ and Αβ42 and oAβ) and increased synaptic protein expression. However, 
RXR agonists also induced hepatomegaly, confounding further interpretation of the data. Thus, 
targeting ABCA1 without the side effect profile of RXR agonists is a critical aspect of 
developing an NR agonist for the prevention and treatment of AD, particularly for the fragile 
elderly population. We propose an approach with a counter screen to identify tissue-specific 
nuclear receptor agonists that upregulate ABCA1 in glial cells in the CNS, and minimize a toxic 
gene expression profile in hepatocytes (for example, increase SREBP decrease INSIG-1). We 
treated primary mixed glial cells (astrocyte, microglia) with NR family subtypes (PPARγ, 
PPARβ/δ, LXR, RXR, FXR, and RAR agonists) and measured mRNA and protein levels of 
ABCA1 and apoE, cholesterol levels (by enzymatic assays), and apoE lipidation state. In primary 
mouse hepatocytes treated with NR ligands, the following were assessed: toxicity (caspase 
levels, MTT assay), expression of genes/proteins considered beneficial (INSIG-1, CYP7A1) and 
detrimental (SREBP1c, CREBP), lipid metabolism (HMG-CoA) and cholesterol levels (as 
above). We identified an FXR and PPARγ agonist as candidate tissue-specific NR modulators. 
Further development of related compounds using the candidate drugs as scaffolds will likely 
improve the tissue selectivity of a second-generation drug. 
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Abstract: Introduction: The Apolipoprotein E (apoE) gene encodes a 34kDa protein that binds 
to plasma lipoproteins. There are three apoE isoforms (E2, E3, E4) differing in two single 
nucleotide polymorphisms at codons 112 and 158, with apoE4 being associated with a profound 
increase in the risk for development of Alzheimer’s disease (AD). The isoform-specific 
modulation of disease risk could be attributed to conformational differences. Interestingly, apoE4 
adopts a closed conformation in comparison to apoE2 and apoE3, owing to the formation of a 
salt bridge between Arg-61 and Glu-255. It is thought that these structural differences mainly 
impact on the properties of secreted apoE. However, these conformational differences, along 
with possible modulation by disease modifiers, have not been studied in detail. Methods: We 
cloned a series of apoE2, E3 and E4 constructs carrying a N-terminus RFP tag and a C-terminus 
GFP tag, placing the 18 aminoacid signaling peptide that mediates protein secretion before the 
RFP tag. The constructs were transiently transfected in HEK293 cells, fixed 24-48h later, and 
imaged on a Zeiss Meta510 scope for Förster resonance energy transfer (FRET) and fluorescence 
lifetime imaging microscopy (FLIM) by measuring around 100 and 40 cells per construct, 
respectively. In a separate series of experiments, transiently transfected HEK293 cells were 
dissociated, fixed and analyzed for FRET on a flow cytometry BD LSRFortessa instrument by 
measuring 30,000 cells per construct. Results were analyzed with two-sided t-tests followed by 
Bonferroni correction for multiple testing. Results: FRET and FLIM assays demonstrated that all 
three isoforms exhibit domain interaction within cells. Substantially increasing the number of 
cells measured using FRET-flow cytometry confirmed presence of FRET but also revealed the 
presence of subtle conformational differences between isoforms, with apoE4 adopting a more 
closed conformation (higher FRET efficiency) than apoE2 and apoE3 (p-values <0.0001 and 



0.003, respectively). The difference between apoE2 and apoE3 was more subtle, with apoE2 
exhibiting a slightly more open conformation (lower FRET efficiency) than apoE3 (p-value 
0.046). Conclusion: Here, we describe a series of genetically encodable tools that robustly 
recapitulate in vitro the differences in domain interaction between apoE isoforms. Future studies 
could elucidate how amyloid and AD risk factors modulate domain interaction to increase 
susceptibility to disease. 
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Abstract: Corticobasal syndrome (CBS) is a clinically homogeneous but pathologically 
heterogeneous neurodegenerative disease resulting from either frontotemporal lobar degeneration 
(FTLD) or Alzheimer’s disease (AD). Multimodal neuroimaging studies have demonstrated that 
a combination of gray matter MRI and diffusion tensor imaging (DTI) of white matter can 
reliably distinguish between AD and FTLD pathology. However, these studies have typically 
included clinically heterogeneous patient cohorts and therefore may have been confounded by 
the spatial heterogeneity of the circuits involved in these neurodegenerative diseases. Here we 
assess the reliability of neuroimaging to discriminate between pathological sources in clinically 
homogeneous corticobasal syndrome (CBS) using graph theoretical methods sensitive to 



alterations in distributed brain circuits. We parcellate the brain into 119 regions based upon the 
labeled OASIS dataset. We construct structural brain networks in individuals with FTLD (N=19) 
or AD (N=21) by linking all regions with the number of white matter streamlines identified in a 
deterministic tractography analysis. Pathology was confirmed by autopsy or a cross-validated 
cerebrospinal fluid total-tau to beta-amyloid ratio. We then identify regions in a large fronto-
parietal network with reduced gray matter volume in CBS (N=40) relative to age-matched 
controls (N=40) and characterize white matter networks with 5 graph-based statistics within this 
system. To evaluate classification power, we apply leave-one-out cross validation using 
supervised support vector machine (SVM) separately for (i) gray matter volume, and (ii) each 
network statistic in the fronto-parietal system. The SVM procedure demonstrated that gray 
matter volumes poorly discriminated between FTLD and AD with only 52% sensitivity and 
specificity. In contrast, local efficiency, a measure of how a region contributes to the information 
across the network, was the most sensitive and specific (84%) network statistic in the fronto-
parietal system. A majority vote combination of network statistics achieved a marginally better 
sensitivity/specificity of 85%. Our results demonstrate that the underlying pathological sources 
of CBS can be classified more accurately using graph-theoretical statistics derived from patterns 
of white matter microstructure in the fronto-parietal system than by regional gray matter volume 
alone, highlighting the importance of a multimodal approach to diagnostic neuroimaging 
analyses of CBS. 
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Abstract: Alzheimer’s Disease (AD) is diagnosed in a rapidly increasing number of elderly 
individuals. No single factor has been identified to cause late onset AD, however, vascular risk 
factors seem to play a substantial role in the development of dementia. Specifically, there seems 
to be a critical but poorly understood relationship between stroke and AD. While evidence 
indicates that stroke may render neurons more vulnerable to AD pathology, how this occurs on a 
cellular level is unknown. In search of a potential mechanism behind the interaction of stroke and 
AD, we focus on the cell membrane. Membrane lipids such as gangliosides are critically 
implicated in neuronal functions and survival, and it has been suggested that they can influence a 
cell’s vulnerability to external stressors. We know that stressors such as stroke can change 
ganglioside expression patterns, and ganglioside GM-1 supplementation has shown 
neuroprotective effects in various models of neurodegenerative diseases. Taken together, this 
evidence points towards gangliosides as potential players in harmful interactions between stroke 
and AD pathology. Based on this, we hypothesize that stroke triggers changes in ganglioside 
expression, which render neurons in the elderly rat brain more vulnerable to developing 
pathological and behavioural characteristics of AD. To test this hypothesis, we use APP21 
transgenic rats, which express the human form of APPSwe/Ind. These rats do not spontaneously 
exhibit histological hallmarks of AD but they are susceptible to developing characteristics of AD 
when challenged. In a subset of adult transgenic and wildtype animals, we induce striatal stroke 
by intracerebral endothelin-I injection. Control animals receive an injection of saline instead. At 
28 days post-stroke, brains are harvested and ganglioside (GM1, GM2, GM3, GD1, GD2) 
expression patterns are analyzed in brain sections using matrix-assisted laser 
desorption/ionization imaging mass spectrometry (MALDI-IMS). This technique allows us to 
measure the expression of different ganglioside species in an anatomical context both in the 
vicinity of the stroke and in remote brain regions. In addition, brain sections are screened for 
histopathological correlates of AD. Preliminary results indicate that ipsilesional changes in 
ganglioside expression may occur even in strategic brain regions remote from the stroke core, 
with few but distinct differences between transgenic and wildtype animals. 
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Abstract: The pathophysiology of Alzheimer's disease (AD) is known to start before the 
appearance of clinical symptoms. In particular, the entorhinal cortex (EC), a key component of 
the episodic memory system, shows early signs of tau pathology in AD. However, there is 
currently no method to reliably assess the likelihood of developing AD from a healthy state. The 
potential value of a pre-MCI marker would be improved efficacy of therapeutic or preventive 
interventions. Here, we examined anatomical differences in two matched groups of healthy 
elderly individuals (N=27/27), one of which went on to exhibit MCI in the subsequent visit. 
Before exclusions, our sample had 1087 subjects (63.5% female) aged 70-85, with yearly follow-
ups as part of a 5 year longitudinal study. The control group was matched using age, gender, 
APOE ε4, MiniMental State Examination (MMSE) and years of education, and constrained to 
yield one control per “converter”. We analysed structural MRI T1-sequences (1mm isotropic 
resolution on a 3T GE MRI, 8-channel head coil) acquired at visit 1 (V1), using the group labels 
indicating presence/absence of MCI obtained from neurological/neuropsychological evaluations 
at visit 2 (V2). Voxel-Based Morphometry (VBM) analysis, using SPM12, proceeded as follows. 
For each subject, grey matter tissue maps were extracted and a nonlinear spatial registration 
technique (Dartel) applied. Following this spatial standardization, the grey matter density (GMD) 
maps were entered into an unpaired voxelwise t-test, corrected for multiple comparisons. This 
VBM analysis yielded a highly focal difference between groups. Figure 1 shows: a) Significant 
decrease in MMSE score for the converter group from V1 to V2. b) Significant differences in 
GMD between the two groups at V1 (height thresholded p<0.001; extent threshold 50 contiguous 
voxels) and shown on a “glass” brain and in orthogonal sections. c) GMD values extracted from 
the peak voxel located at Zmax in (right EC) for each group. Error bars indicate s.e.m. In 



conclusion, GMD in the EC may be predictive of conversion to MCI in healthy elderly 
populations. 
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Abstract: Using MR imaging with manganese (MEMRI) to examine axonal transport rates in 
vivo, we reported previously decreased transport in mice transgenic (Tg) for Alzheimer’s disease 
(AD). For this study, we hypothesized 3xTg-AD mice would show decreased fractional 
anisotropy (FA) on diffusion tensor imaging (DTI) indicating loss of white matter integrity as 
part of the neuropathological cascade in AD. Methods: Mice, (3xTg-AD, n=15 and wild-type 
(WT) n=8) were imaged at 10 weeks and again at 6 mos. of age. DTI (14T Bruker Biospin Corp) 
was acquired over the entire brain using a 4-shot echo-planar imaging (EPI) sequence applied 
along 30 non-colinear diffusion-gradient directions; voxel size 0.195x0.195x0.5 mm3, 35 slices, 
FA/TR/TE: 90deg/8750ms/17.8ms. DTI processing included a custom algorithm, to eliminate 



image frames contaminated by motion artifacts, followed by eddy current and B0 corrections. 
FA maps were constructed from DTI by FSL software (Analysis Group, FMRIB, Oxford, UK). 
Regions of interest were manually drawn in the right and left external capsules and averaged 
across 3 consecutive slices to estimate white matter integrity by a researcher blinded to groups. 
Results: 3xTg-AD mice have significantly reduced fractional anisotropy (FA), a marker of white 
matter integrity as early as 10 wks. of age (Wild-type: 0.38±0.02 vs. 3xTg-AD: 0.32±0.03, 16% 
decreased p≤0.01). WT had a modest, but significant aged-related decrease in FA (10wks: 
0.38±0.02 versus 6mos: 0.37±0.02, 5% decrease p=0.05). However, 3xTg-AD mice did not have 
a further significant aged-related decrease (10wks: 0.32±0.03 versus 6mos: 0.32±0.02). 
Conclusions: Axon-related deficits are an early feature in the AD neuropathological cascade that 
precedes traditional AD pathology of amyloid plaques and neurofibrillary tangles and may 
underlie the specific vulnerability of neuronal populations with long axons to the disease process. 
This finding may be a result of early aggregating proteins (abeta oligomers and phosphorylated 
tau), however further research is needed to investigate the underlying mechanisms. 
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Abstract: Introduction: Alzheimer’s disease (AD) is the most common form of dementia in 
adults over 65. Although many studies have measured the effect of tissue degeneration for 
subcortical structures such as the hippocampi, amygdala, and the ventricles, little is known about 
the changes that occur in the structure of the white matter (WM) during the course of AD. We 
describe an automatic framework for classification of AD patients and Normal Controls (NC), 
based solely on the three dimensional shape of the twenty major WM tracts. Our framework 
automatically identifies twenty major human WM tracts from diffusion-weighted magnetic 



resonance imaging data using fiber tracking, calculates the shape attributes of each tract and 
employs machine learning methods to train a classifier able to distinguish between AD and NC 
subjects. We evaluate our framework on a cohort of 49 AD and 57 NC subjects available through 
the Alzheimer’s Disease Neuroimaging Initiative. Results: The shape of each tract was 
summarized using only two values, namely the "root" and "canopy" support measure of the tract, 
which was estimated by calculating the volume of the cube encapsulating the endpoints on each 
end. Intuitively, this provides us with the measure of the cortical termination and the origin 
volume of the tract. As the tissue degeneration progresses, this cortical termination is expected to 
shrink. Our support descriptor is thus coarse enough to overcome the uncertainty in tractography 
output near the cortex region (viewed by many researchers as non-robust and noisy), while still 
being accurate enough to capture the shape variability in the white matter caused by 
degeneration, as illustrated in figure 3. We employ a simple feature ranking method and train a 
radial basis function kernel based support vector machine classifier. We achieved 92.07% 
accuracy in classification of AD patients vs. NC subjects. Discussion: We show that white matter 
shape attributes provide important information that can be used to identify early onset of AD. 
These biomarkers of AD have been largely ignored in the literature. We plan to continue 
exploring the shape individuality and variability in WM in different stages of dementia and 
analyzing available data sets to establish identification methods for prodromal AD. 
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Abstract: Defects in axonal transport are implicated in peripheral neuropathies and in 
neurodegeneration, yet imaging transport within the living brain has proved challenging. We 
have developed manganese-enhanced magnetic resonance imaging (MEMRI) to witness 
transport within axonal bundles in living mice. In previous studies we demonstrated that Mn2+ 
transport is delayed in the optic nerve when kinesin-1 is defective, as occurs in the kinesin light 
chain 1 knock-out (KLC1-KO) mice. Here we investigate whether similar transport dynamics 
can be detected and measured in the living brain by MEMRI. We injected 3-5 nL of 600 mM 
Mn2+ into CA3 of the posterior hippocampus and imaged axonal transport in vivo by capturing 
whole-brain 3D magnetic resonance images (MRI) at discrete time points after injection in the 
11.7T Bruker scanner. Mn2+ is a paramagnetic ion that enters neurons through voltage-gated 
calcium channels. Once inside the neuron, Mn2+ travels down the axon apparently by axonal 
transport. Since Mn2+ causes a reduction in the relaxation time of protons, a hyper-intense area 
appears in the MR image wherever the Mn+2 is present. Statistical parametric mapping 
comparing intensities at successive time points revealed the position of the Mn2+-enhanced MR 
signal as it proceeded from the injection site into the forebrain, the expected projection from 
CA3. Comparisons of results between KLC1-KO mice to their wildtype littermates by visual 
inspection of statistical maps and by quantitative region of interest analyses demonstrate that 
distal accumulation of Mn2+-induced intensity changes is delayed by 30% at 6 hr post-injection, 
and achieved normal levels at 24 hr in the KLC1-KO mice, suggesting a delay in axonal 
transport consistent with our earlier findings in the optic tract. DTI and correlation histology 
showed that the KLC1-KO brain is 10% smaller with similar decrease diameter of axonal 
bundles, which was insufficient to account for the delayed transport. These findings demonstrate 
that transport in the central nervous system is in part dependent on intact kinesin-1, and that 
MEMRI has the power to detect differences in transport dynamics within the living brain.  
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Abstract: Alzheimer’s disease (AD) is a severe neurodegenerative disorder still in search of 
effective diagnosis. Altered levels of the NMDA receptor co-agonist, D-serine, have been 
associated with neurological disorders, including schizophrenia and epilepsy. However, whether 
D-serine levels are deregulated in AD remains elusive. Here, we first measured D-serine levels in 
post-mortem hippocampal and cortical samples from nondemented subjects (n = 8) and AD 
patients (n = 14). We next determined D-serine levels in experimental models of AD, including 
wild-type rats and mice that received intracerebroventricular injections of amyloid-β oligomers, 
and APP/PS1 transgenic mice. Finally, we assessed D-serine levels in the cerebrospinal fluid 
(CSF) of 21 patients with a diagnosis of probable AD, as compared with patients with normal 
pressure hydrocephalus (n = 9), major depression (n = 9) and healthy controls (n = 10), and 
results were contrasted with CSF amyloid-β/tau AD biomarkers. D-serine levels were higher in 
the hippocampus and parietal cortex of AD patients than in control subjects. Levels of both D-
serine and serine racemase, the enzyme responsible for D-serine production, were elevated in 
experimental models of AD. Significantly, D-serine levels were higher in the CSF of probable 
AD patients than in non-cognitively impaired subject groups. Combining D-serine levels to the 
amyloid/tau index remarkably increased the sensitivity and specificity of diagnosis of probable 
AD in our cohort. Our results show that increased brain and CSF D-serine levels are associated 
with AD. CSF D-serine levels discriminated between nondemented and AD patients in our 
cohort and might be incorporated in a candidate biomarker panel for early AD diagnosis. 
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Abstract: The cerebral cholinergic system is a central modulator of attention and episodic 
memory processes. Its degeneration in Alzheimer’s disease is believed to underlie the 
progressing memory deficits associated with this disease. Although subcortical vascular lesions 
are frequent in older age, less is known about the link between vascular lesion load and the 
integrity of the cholinergic system. Recent evidence suggests that vascular white matter lesions 
(WML) disrupt cholinergic fibre tracts and thereby cause cognitive deficits. Yet unclear is the 
interrelation between white matter integrity and the cholinergic system and their individual 
impact on cognitive performance. Healthy old volunteers and patients with mild cognitive 
impairment (MCI) underwent neuropsychological assessment, brain MRI and PET imaging. In 
order to assess WML severity, the semiquantitative Scheltens scale was used. N-[11C]-methyl-4-
piperidyl acetate (MP4A-) PET imaging allowed to measure cortical Acetylcholinesterase 
(AChE) activity. Using SPM8, we calculated voxel-wise multiple regression analyses between 
MP4A-k3-maps, Scheltens scale values and cognitive performance. Severity of WML was 
inversely correlated with executive functions and visuo-spatial memory. In the MCI group, 
WML were negatively correlated with attention performance. Cortical cholinergic activity was 
generally negatively correlated with WML. The highest impact on cholinergic activity, 
especially in the temporal and parietal cortices, was exerted by periventricular WML load. 
Multiple regression analyses revealed a dissociation between the effects of cholinergic activity 
and WML load on cognitive performance. Cortical AChE activity predicted performance across 
cognitive domains even when WML load was controlled for. However, WML load was 
negatively associated with memory and executive function only in concert with associated 
cortical AChE reduction. In conclusion, we found evidence that cerebral cholinergic system 



integrity predicts cognitive performance irrespective of WML load. Our results further suggest 
that WML cause cognitive deficits at least in part via a disruption of cholinergic pathways. 

Disclosures:  J. Kukolja: None. A. Michel: None. N. Richter: None. Ö. Onur: None. L. 
Kracht: None. M. Dietlein: None. M. Tittgemeyer: None. B. Neumaier: None. G.R. Fink: 
None. 

Nanosymposium 

462. Imaging and Biomarkers in Neurodegenerative Disease 

Location: N226 

Time: Tuesday, October 20, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  462.09 

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

Title: Axonal diameter estimated with 7-tesla hybrid diffusion imaging in transgenic 
Alzheimer’s rats 

Authors: *M. DAIANU1, Z. ABARYAN2, R. E. JACOBS4, T. TOWN3, P. M. THOMPSON2;  
1Inst. for Neuroimaging and Informatics, USC, Marina Del Rey, CA; 2USC, Marina del Rey, 
CA; 3USC, Los Angeles, CA; 4Caltech, Pasadena, CA 

Abstract: Alzheimer’s disease (AD) is the most common form of dementia in the elderly. AD 
pathology involves the abnormal accumulation of amyloid plaques and neurofibrillary tangles, 
but white matter (WM) changes also occur, including myelin breakdown, and loss of 
connectivity. Complementing methods to tau and amyloid imaging, diffusion-weighted MRI is 
sensitive to subtle changes in WM microstructure. Here we used 7-Tesla hybrid diffusion 
imaging to scan 3 transgenic (Tg) rats ex vivo at 10, 15 and 24 months, bearing mutant human 
amyloid precursor protein and presenilin 1. We acquired 300 DWI volumes across 5 q-sampling 
shells (b=1000, 3000, 4000, 8000, 12000 s/mm2). We computed fractional anisotropy measures - 
reflecting the directionality of molecular displacement by diffusion, at each b-value in the corpus 
callosum (CC). The diffusion signal had highest signal-to-noise ratio from the first three shells 
versus the last two (2-tailed t-test P=0.04). From the top three b-value shells, we reconstructed 
axonal diameter maps (using ActiveAx, http://cmic.cs.ucl.ac.uk/) and WM tractography with 
diffusion tensor imaging in the CC (genu, body and splenium) of the three Tg rats. As expected, 
axonal diameter was larger in the CC body than the genu and splenium (see Figure). Axonal 
diameters increased across the three time points (except in the genu), possibly indicating neuritic 
dystrophy - characterized by enlarged axons and dendrites (as seen on electron microscopy in the 
cortex and hippocampus of Tg rats in a study by Terrence Town and colleagues). Tractography 
detected fewer fibers in the CC at 10 versus 24 months. These preliminary findings are in 



preparation for larger scale connectivity analyses and offer great potential to provide technical 
and scientific insight into the neurobiology of disease. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a rapidly progressing neurodegenerative 
disease with a typical range of survival between 2-5 years. Prognostic markers are needed to 
improve management of clinical care and provide quantitative endpoints in the context of clinical 
trials. Cerebrospinal fluid (CSF) measures of total-tau (ttau) are hypothesized to provide a 
marker of neuronal degeneration in neurodegenerative diseases but the potential prognostic 
utility has not been evaluated in ALS. We also evaluate phosphorylated tau at threonine 181 
(ptau) as a control biomarker that has previously been demonstrated to be elevated in tauopathies 
but not involved in ALS. CSF ttau and ptau were measured using the Luminex/XMAP platform 
in 71 ALS patients [13 (+/- 12) month disease duration; 57 (+/- 11) years old]. Disease 
progression was measured using rates of survival (months from onset to death), rates of 
functional decline using the ALS functional rating scale (FRS-R), and rates of physical decline 
using body mass index (BMI). We also related CSF ttau to MRI measure of grey matter density 
(GMD) in a subset of ALS patients (N=27). Statistical analyses included age of onset and onset 
site (bulbar vs. limb) as nuisance covariates since these factors have been demonstrated to 
contribute to survival. A cox regression analysis revealed that CSF ttau was significantly 
associated with survival [Hazard Ratio=1.016; p=0.009]: for every 10 pg/ml of CSF ttau there is 
a 16% increased risk of death. Linear mixed effects regression models evaluated longitudinal 
decline for all 71 patients across a total of 396 clinical visits: elevated CSF ttau was associated 
with increased rate of FRS-R decline [B=-0.009; p<0.0001] and increased rate of BMI decline 
[B=-0.002-; p<0.0001]. Imaging regression analyses related reduced GMD to CSF ttau and 
observed an association in left supplementary motor and dorsal inferior frontal cortex (BA9) 
along with right middle temporal cortex (BA21; all peak p<0.05 FDR). All analyses of CSF ptau 
did not reach significance. Together these findings provide converging evidence that CSF ttau, 
and not CSF ptau, provides a prognostic biomarker in ALS related to survival, functional 
decline, physical decline, and neuroanatomic disease severity. We suggest that CSF ttau provides 
a prognostic quantitative endpoint for future clinical trials related to ALS. 
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Abstract: Introduction: Hippocampal subfields play a major role in memory and dementia. 
Delineation of these subfields in vivo relies on heuristic rules, as most histological boundaries are 
difficult to discern on in vivo scans. However, the validity of these heuristic rules is under 
debate. Ultimately a translation from histology to ex vivo MRI to in vivo MRI is needed. In this 
study, we will focus on the translation from ex vivo to in vivo MRI and compare hippocampal 
size and structure on in vivo and ex vivo MRI in the same subjects. Methods: Pairs of 
0.2x0.2x0.2 mm3 ex vivo and 0.4x0.4x2.6 mm3 in vivo T2-weighted MRI scans (time between 
scans 2.2±0.7 years) from nine subjects (age at death 66.4±8.9; 56% men; Mild Cognitive 
Impairment n=2, Frontotemporal dementia n=3, Semantic, Alzheimer’s dementia, Primary 
Progressive Aphasia, aphasia n=1) were aligned using Histolozee (by DHA). Thickness was 
measured in one coronal slice, one slice posterior to the uncus. Height of the hippocampus 
proper (HP), subiculum (SUB) and dentate gyrus (DG) and cornu ammonis (CA) 3, and width of 
the HP, CA1 and DG&CA3 were measured (fig) and compared using non-parametric tests. 
Results: We were able to closely align the in vivo and ex vivo scans. Several features, e.g. the 
shape of the HP and of the white matter band, were similar in the in vivo and ex vivo images, 
though several differences, e.g. thickness of CA, could also be observed (fig). Thickness 
measurements revealed stat. significant differences between in vivo and ex vivo images for HP 
height (6.40±0.48 vs 6.81±0.61 mm), and HP (8.31±0.85 vs 8.85±1.02), CA1 (0.68±0.08 vs 
1.28±0.23) and DG&CA3 width (6.78±0.94 vs 6.32±1.15), but not for SUB (1.58±0.43 vs 
1.77±0.57) and DG&CA3 height (4.30±0.58 vs 4.31±0.64). Conclusions: This is the first study 
to compare a set of same subject in vivo and ex vivo image pairs of the human hippocampus. The 
close alignment and similarities of the in vivo and ex vivo images indicate that mapping 



cytoarchitectonic information from ex vivo to in vivo MRI is feasible, though a strategy needs to 
be developed that accounts for differences in structure and size. 
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Abstract: Alzheimer’s disease (AD) has a long preclinical stage. However, relatively little is 
known about the potential link between accumulating Aβ and tau protein levels and non-invasive 
functional brain activation patterns in cognitively normal (CN) older adults. Here we explored 
this potential relationship by correlating functional magnetic resonance imaging (fMRI) data 
during a visual working memory task with CSF protein levels in CN older adults. Thirty seven 
CN older adults (mean age = 76.2, SD = 7.5; 21 females) completed a short-term memory task 
while fMRI was performed using a 3T Siemens TIM scanner. Tensor-based independent 
components analysis (ICA) was conducted using FSL’s MELODIC to identify task-related 
regions of interest (ROIs) for correlation with CSF protein levels. For fMRI magnitude analyses, 
BOLD signal in each ROI was averaged over all trials in each task epoch relative to baseline for 
each participant. For fMRI connectivity analyses, correlations were performed on trial by trial 
percent signal-change estimates between each ROI for each participant. Connectivity between 



the left MFG and each LOC region was then averaged to create a single fronto-occipital fC 
estimate per task phase for each participant. Lumbar CSF was drawn and Aβ1-42, total tau (t-
tau) and phosphorylated-tau181 (p-tau181) were measured according to standard protocols 
(Olsson et al., 2005). Partial correlation analyses were performed to assess relationships between 
fMRI data and levels of AD risk assessed by CSF protein levels (higher risk is associated with 
lower levels of CSF Aβ42 and higher levels of CSF tau) controlling for age and sex. Results 
indicated negative partial correlations between BOLD magnitude in the left DLPFC/LOC ROI 
and CSF Aβ42 (r = -0.52, p = 0.002), and the Aβ42/tau ratio (r = -0.45, p = 0.007), and a positive 
correlation with the Tau/Aβ42 ratio (r = 0.41, p = 0.01) when controlling for age and sex. In 
contrast, there were positive partial correlations between left DLPFC/LOC functional 
connectivity scores and CSF Aβ42 (r = 0.39, p = 0.020), Aβ42/tau ratio (r = 0.39, p = 0.02) and 
Aβ42/pTau ratio (r = 0.43, p = 0.01) when controlling for age and sex. Our results provide 
evidence for an association between patterns of fMRI brain activation patterns and preclinical 
AD biomarkers in CN older adults. Whereas increased BOLD magnitude in fronto-occipital 
regions was associated with increasing risk of preclinical AD, increased functional connectivity 
between those fronto-occipital regions was associated with lower risk of future AD. 
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Abstract: The most widely accepted etiology of Alzheimer’s disease (ALZ), the Amyloid 
Cascade Hypothesis, proposes that accumulation of beta-amyloid sets into motion a toxic, 
detrimental cascade of effects leading to neurodegeneration. The Stressed Homeostasis 
Hypothesis (SHH) acknowledges the importance of multiple interactive and additive factors, 
including vascular disease, in causing ALZ. We reasoned that because the signal of SPECT 



requires cellular uptake of bicisate, that SPECT will be more sensitive for the detection of small 
vessel disease (SVD) than structural MRI or lumen-based measures of perfusion, including 
MRP, CTP, and ASL. We examined over 6,000 brain perfusion bicisate SPECTs from the NMIC 
database at University at Buffalo. Three ordinal levels of cognitive impairment were studied: 
memory loss alone, mild cognitive impairment and dementia. The diagnosis of ALZ was based 
on the clinical presentation and outcome and by the grey matter perfusion profile of ALZ. We 
discovered that white matter SVD is a constant feature of late onset ALZ (LOAD), but is not 
always present in the phenotypically similar early onset ALZ (EOAD). Furthermore, white 
matter SVD progressively worsens with increasing degrees of cognitive impairment, no matter 
what grey matter patterns may be present. As compared to psychiatric illness or other 
neurodegenerative processes, white matter SVD is a more prominent covariate of the grey matter 
pattern of ALZ. These findings indicate that white matter SVD plays an important role in 
cognitive impairment and lend support to SHH as a better explanation for ALZ etiology. SVD 
appears not only capable of directly impairing cognition, but also is contributory to the 
neurodegenerative process called Alzheimer’s disease. These findings support the use of basal 
physiologic functional imaging of perfusion or metabolism as a useful biomarker for the risk of 
developing and for the differential diagnosis of cognitive impairment. Creation of effective 
therapy for ALZ will first require identification of the relative strengths of the multiple factors 
causing ALZ. 
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Abstract: A majority of individuals who live to old age display cognitive functional decline. 
This is reflected in age-appropriate adjustments in norms for neuropsychological tests. Some 
elderly, on the other hand, perform significantly better than their peers on cognitive tests. We 
have coined the term ‘SuperAger’ to refer to individuals over the age of 80, whose performance 
on tests of memory is at least equivalent to healthy 50-65 year-olds, and on tests of other 
cognitive domains at least equivalent to their cognitively normal aged peers. Amyloid plaques 
(AP) and neurofibrillary tangles (NFT) are present in the brains of virtually all normal elderly in 
limited density and distribution, but display higher density and wider distribution in mild 
cognitive impairment (MCI) and Alzheimer disease (AD). We investigated the distribution and 
density of AP and NFT in the entorhinal cortex, the site in which NFT appear first, in five 
SuperAged individuals and five age-matched cognitively normal elderly controls. Mature AP and 
NFT were visualized using the Thioflavin-S (TS) stain and pre-NFT / NFT were immunostained 
using the PHF-1 antibody, which recognizes tau phosphorylated at Ser396/404 - Thr181. The 
Braak staging of NFT in SuperAgers ranged between 0 and III whereas the range in normal 
elderly was between II and IV. Unbiased stereological analysis revealed 180% lower density of 
TS-stained NFT in SuperAgers than the control group (p=0.003). A similar pattern was observed 
for PHF-1 immunoreactive pre-NFT / NFT, where the density in SuperAgers was ten-fold lower 
when compared with controls (p<0.03). The density of TS-positive mature plaques was more 
variable, but also was significantly lower in SuperAgers than the control group (p=0.02). Our 
findings suggest that SuperAgers may be resistant to the age-related accumulation of AD 
pathology. Thus pre-NFT / NFT, and to a smaller degree mature AP, appear to display an inverse 
relationship with cognitive status in the SuperAged-normal aged-MCI-AD continuum. 
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Abstract: Parkinson’s disease (PD) is a progressive and continuous neurodegenerative disorder. 
Transplantation of human embryonic dopaminergic progenitors within the striata of PD patients 
has provided encouraging results, but ethical concerns and tissue availability limit this approach. 
The use of mesenchymal stem cells (MSCs) and induced pluripotent stem cells offers an 
alternative cell source for transplantation that circumvents the ethical issues, and provides a 
readily available source of cells, as they are derived from adult tissue. This two part study (in 
vitro and in vivo) explored the use of MSCs as a cell source for DA neuronal induction prior to 
transplantation as a means to increase integration within the striatum. To this end, our lab 
developed a novel adenovirus for the polycistronic expression of multiple genes (Ascl1, Lmx1a, 
and Nurr1) that are involved in DA neuron differentiation and used gfp to track transfection. 
MSCs were cultured with the adenovirus, which resulted in morphological changes as well as 
expression of GFP as evidenced by fluorescence microscopy. The presence of the viral DNA 
within the transfected cells was confirmed with PCR. Immunocytochemistry and RT-PCR 
analyses revealed that, cells expressing GFP have nuclear co-labeling of ASCL1, LMX1a and, 
NURR1, as well as an up-regulation of these genes, along with an up-regulation of downstream 
gene targets, such as tyrosine hydroxylase, and the dopamine transporter. These results are 
indicative of active ASCL1, LMX1a and, NURR1 promoting dopaminergic differentiation. 
Furthermore these induced DA neuronal-like cells produced dopamine which has been quantified 
utilizing high performance liquid chromatography. Our in vitro results suggest that the approach 
used in this study may provide a new means of facilitating cell replacement therapy. Following 
the in vitro study, the in vivo study consisted of transplanting induced DA neuronal-like cells into 
the unilateral 6-hydroxydopamine (6-OHDA) lesion rat model of PD. The unilateral 6-OHDA 
lesion was assessed utilizing the cylinder test and amphetamine rotation. Induced DA neuron like 
cells, were transplanted into the dorsal striatum of rats at 8 weeks, following verification of the 
6-OHDA lesion. There was a significant improvement in behavior in both behavioral tasks, in 
addition to cellular integration following cellular transplantation; thus indicating a potential 
clinical utility for this method. 
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Abstract: The deposition of alpha-synuclein (aSyn) in Lewy bodies is the neuropathological 
hallmark of Parkinson´s disease (PD). In addition to the characteristic motor symptoms, 
cognitive disturbances are also common in PD. These cognitive deficits, which can predict the 
development of dementia in later stages, do not respond to dopamine therapies, and represent an 
unmet need in the treatment of PD. Recently, adenosine A2A receptors (A2AR) emerged as an 
attractive non-dopaminergic target for the treatment of both motor as well as non-motor 
symptoms of PD. Nevertheless, the precise molecular mechanisms underlying neuroprotection 
and the effects of blocking A2AR on synaptic plasticity and cognition in a PD context remain 



unknown. Based on our previous data showing that aSyn oligomers impair long-term 
potentiation (LTP), we set out to investigate whether A2AR blockade prevented synaptic 
dysfunction. We found that hippocampal slices preincubated with the selective A2AR antagonist 
SCH58260 (110 min, 50 nM) did not lose the ability to sustain LTP when preincubated with 
aSyn oligomers (90 min, 500 nM) (n=5-9, P<0.01). Consistently, aSyn oligomers also failed to 
impair LTP in A2AR KO mice (n=3-4, P<0.05). This neuroprotection was achieved through the 
prevention of NMDA receptors basal overactivation caused by aSyn oligomers. We then tested a 
novel selective blocker of adenosine A2AR, KW6002, in the Thy1-driven human aSyn 
transgenic mice (Thy1-aSyn), in order to establish its potential to rescue memory and cognitive 
function. Thy1-aSyn mice and their WT littermates were treated for 1 month with KW6002 
administered in the drinking water (3 mg/kg/day) and tested for hippocampal-dependent tasks 
using the Morris Water maze (MWM) and Y-maze tests. In the MWM, Thy1-aSyn mice 
presented a slower learning during acquisition and a lack of preference by the target quadrant 
during probe test. These deficits were reverted by A2AR blockade (n=6-11, P<0.05). In the Y-
maze, Thy1-aSyn performed worse than WT mice, revealing no preference for the novel arm. 
When treated with the A2AR antagonist, short-term memory was restored (n=6-11, P<0.05). 
Overall, these results reveal the involvement of A2AR in the aSyn-associated synaptic and 
memory impairments by showing that long-lasting synaptic and behavioural effects of aSyn can 
be reverted by targeting adenosine A2AR. These findings provide a novel evidence for the use of 
adenosine A2AR antagonists as potential therapeutic targets in PD-related cognitive deficits. 
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Abstract: Symptomatic treatment with the dopamine precursor L-DOPA is at present the most 
effective therapy for the treatment of Parkinson’s disease (PD); however, its long-term 
administration frequently induces L-DOPA induced dyskinesias (LID). Dyskinesias are a priority 
within the scientific community because of their impact on the quality of life of PD patients, but 
the molecular mechanisms underlying L-DOPA-induced dyskinesias are not yet completely 
understood. Previous results from our lab show that the pleiotrophin receptor, RPTP-z/b is 
upregulated after L-DOPA treatment in a rodent model of PD (1). This receptor interacts with 
PSD95 and regulates the tyrosine kinase Fyn in the postsynaptic density complex (2). Fyn has 
been associated with learning, memory and long-term potentiation through the regulation of the 
NMDA receptor subunits NR2A and NR2B. After dopamine depletion and L-DOPA treatment, 
Fyn has been found to participate in NMDA receptors redistribution (3),(4). In addressing Fyn as 
an intermediate in the development and maintenance of LID, and therefore as a potential novel 
target for the treatment of LID in PD, we have obtained the following results in our model of 
rodents with unilateral 6-OHDA lesion: after L-DOPA treatment, the number of pleiotrophin 
immunopositive striatal neurons and the phosphorilation level of Fyn is increased in dyskinetic 
rats. In addition, LIDs are reduced in both intensity and duration in Fyn KO mice compared to 
WT ones with equivalent lesion severity as demonstrated by TH inmunohistochemistry and 
behavioral tests. Our results show that the kinase Fyn appears to have an important role in LID, 
highlighting this protein as a novel target of study for the treatment of this side effect of L-
DOPA therapy. References: 1) Ferrario JE et al.(2008) Pleiotrophin receptor RPTP-zeta/beta 
expression is up-regulated by L-DOPA in striatal medium spiny neurons of parkinsonian rats. 
Journal of neurochemistry 107:443-452. 2) Pariser H et al.(2005) Fyn is a downstream target of 
the pleiotrophin/receptor protein tyrosine phosphatase beta/zeta-signaling pathway: regulation of 
tyrosine phosphorylation of Fyn by pleiotrophin. Biochemical and biophysical research 
communications 332:664-669. 3) Dunah AW et al.(2004) Dopamine D1-dependent trafficking of 
striatal N-methyl-D-aspartate glutamate receptors requires Fyn protein tyrosine kinase but not 
DARPP-32. Molecular pharmacology 65:121-129. 4) Trepanier CH et al. (2012) Regulation of 
NMDA receptors by the tyrosine kinase Fyn. FEBS J. 279(1):12-9. 
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Abstract: Transplantation of dopaminergic neuroblasts into the Putamen of patients with 
Parkinson’s Disease is seen as one of the most promising routes for symptomatic treatment of 
motor symptoms. A number of clinical trials have assessed the therapeutic potential of fetal 
dopaminergic ventral mesencephalic dopamine neurons in both open label and double-blinded 
study designs. While some patients have benefitted greatly from the therapy, the outcome has 
been highly variable and a non-trivial number of the patients developed a new form of 
involuntary movements termed graft-induced dyskinesias (GIDs). In this study, we have utilized 
fetal dopamine cells from a novel TH-Cre knock-in driver line transduced in situ in the striatum 
with an inducible AAV8 vector carrying different versions of chemogenetic receptors 
(DREADDs) potentiating or inhibiting the activity of the transplanted neurons specifically after 
the systemic delivery of their respective inert ligands. Thanks to a novel DREADD receptor 
(based on the kappa-opioid receptor and stimulated with the otherwise inert compound 
Salvinorin B), the same transplant could be activated or inhibited solely dependent on the ligand. 
We here show for the first time that the recovery in motor function from a fetal transplant can be 
significantly potentiated through the chemogenetic drive of dopamine cell function and that Gi-
based silencing of the same cells can remove all therapeutic activity of the graft in selected 
behavior tests. Importantly, we have in this model been able to induce GIDs by solely increasing 
the intracellular cAMP concentrations in the transplanted DA neurons. We have also generated 
strong evidence that such elevation can be achieved through activation of a subset of serotonin 
receptors on the graft and thus provide a link between serotonergic system and GIDs that is 
acting through dysregulation of the transplanted DA neurons. 
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Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disorder 
affecting 1% of the population over the age of 65. In recent years, over-expression of alpha-
synuclein has been shown to play a key role in the pathophysiology of PD, with a 1.5 or 2-fold 
up-regulation of alpha-synuclein shown to cause familial PD. Treatment of PD is currently 
limited to dopamine-replacement therapies, which only provide symptomatic relief. Novel drug 
targets are therefore needed and clearance of alpha-synuclein represents an exciting strategy for 
the development of the next generation of therapeutics for PD. An emerging possibility to reduce 
intracerebral alpha-synuclein levels is vaccination against the protein to induce long-lived 
antibody responses. For vaccine production, short peptides representing the middle (PD1), N-
terminus (PD2) and C-terminus (PD3) of human alpha-synuclein were selected and chemically 
cross-linked onto Qb-based virus like-particles. Pilot studies in mice demonstrated that 
intravenous delivery of these vaccines led to production of good antibody titres (OD50 >103) 
and that antibodies from Qb-PD1- and Qb-PD3-treated mice were able to recognise Lewy bodies 
in post-mortem brain tissue from PD patients. The Qb-PD1 and Qb-PD3 vaccines were then 
tested for immunogenicity in a mouse model of Parkinson’s disease, which over-expresses 
human alpha-synuclein (the SNCA-OVX mouse). Following subcutaneous administration of 
these vaccines for 2-3 months, SNCA-OVX mice produced antibodies against alpha-synuclein 
and peripheral antibody titres were at levels relevant for crossing of the blood-brain barrier. In 
SNCA-OVX mice, vaccination was well-tolerated and safe, as assessed by examination of 



general behaviour and analysis of blood parameters. Biochemical and histochemical studies are 
currently underway to characterise changes in alpha-synuclein protein levels, and potential 
reversal of early deficits in dopamine neurotransmission. 
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Abstract: Clinical studies have shown that grafted fetal tissue can achieve considerable 
biochemical and motor improvements in Parkinson’s disease (PD) patients decades after 
implantation. The source of fetal tissue is limited, clinically impractical and alternative sources 
are needed. Human parthenogenetic stem cells (hpSCs) offer a more practical alternative because 
they are pluripotent stem cells that can be expanded indefinitely in vitro and generate an 
unlimited supply of neural tissue. Unlike human embryonic stem cells, hpSCs are derived from 
unfertilized oocytes, avoiding the destruction of a potentially viable human embryo. Proof-of-
concept studies have shown that human parthenogenetic stem cell derived neural stem cells 
(hpNSCs) are safe and increase brain dopamine levels in PD animal models. Here we present the 
results of the comprehensive preclinical development of hpNSCs as a PD therapy. The 
pharmacology, toxicology, biodistribution, tumorigenicity, safety and efficacy studies 
demonstrate that nigrostriatal administration of cGMP-manufactured hpNSCs is safe, well 
tolerated, and does not induce dyskinesia, dystonia, systemic toxicity, host immune rejection, 



ectopic tissue, tumors, or hyperproliferation. More importantly, hpNSC-transplanted animals had 
lower Parkinson’s rating scores and higher healthy behavior scores, dopamine levels, number of 
nigral dopaminergic neurons and striatal fiber density than vehicle control-injected animals. The 
multimodal actions of hpNSCs, including neuroprotection, neurotrophic support, and cell 
replacement may have promoted the recovery of the host nigrostriatal system. Overall, these 
results show that hpNSCs are safe, well tolerated and effective in treating Parkinson’s disease 
and support their testing in clinical trials. 
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Abstract: Parkinson’s disease (PD) and Lewy body dementia (LBD) are two of the most 
common neurodegenerative disorders. As the life expectancy of the aging population grows, 
increasing numbers of people are affected. While PD and LBD are primarily characterized by the 
accumulation of α-synuclein in Lewy bodies, evidence shows that smaller, oligomeric aggregates 
are likely the most toxic form of the protein. Moreover, we have found that oligomeric α-
synuclein coexists with tau protein in disease in a possible toxic synergy, implicating tau 
oligomers as a therapeutic target for synucleinopathies. Here, we have evaluated the efficacy of a 
tau oligomer-specific antibody (TOMA) in a synucleinopathy mouse model. We treated seven-
month-old mice overexpressing mutated α-synuclein (A53T mice) intravenously with either 
TOMA, Tau-13 for all forms of tau, or a control IgG and injected wild-type mice with saline. 
After two weeks, mice were evaluated on a battery of behavioral tasks assessing cognitive and 
motor function. Following testing, half of the mice in each group were sacrificed and tissue was 
collected for biochemical and immunohistochemical analysis. Remaining mice were aged to 12 
months and tested a second time. We found that A53T mice treated with TOMA were protected 
from cognitive and motor deficits, while treating with an antibody for all forms of tau, Tau-13, 
appeared to exacerbate the phenotype on multiple measures. We found decreased levels of toxic 
tau oligomers in the brains of TOMA-treated mice. We also show that levels of dopamine were 
elevated in TOMA-treated mice, as well as levels of the synaptic protein, Synapsin 1. Our results 
indicate that targeting tau oligomers is beneficial for a mouse model of synucleinopathy and may 
be a viable therapeutic strategy for treating diseases in which tau and α-synuclein have a 
synergistic toxicity. 
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Abstract: Primary motor symptoms in Parkinson’s disease (PD) arise due to the loss of 
dopamine signaling from the substantia nigra to the striatum. These motor symptoms can be 
alleviated with levodopa (L-DOPA) treatment, a catecholamine replacement therapy that 
reverses dopamine depletion in the brain. Unfortunately, chronic L-DOPA treatment inevitably 
leads to the development of L-DOPA-induced dyskinesias (LIDs) in the majority of PD patients. 
LIDs are involuntary motor symptoms that include chorea, dystonias, and limb hyperkinesia that 
are distinct from parkinsonian motor symptoms. Since the molecular etiology of LIDs has yet to 
be fully elucidated, we sought to determine transcriptional differences between parkinsonian rats 
that developed dyskinesias and those that did not. We found the transcript for Nurr1, a nuclear 
orphan receptor involved in dopaminergic neuronal development and health, to be significantly 
upregulated in the striatum of dyskinetic animals. Preliminary studies utilized recombinant 
adeno-associated virus (rAAV) to modulate striatal Nurr1 expression prior to L-DOPA treatment 
in 6-hydroxydopamine unilaterally lesioned rats. These studies have shown that overexpression 
of Nurr1 exacerbates dyskinesias, while silencing Nurr1 with a targeted shRNA cassette 
attenuates LIDs suggesting that ectopic Nurr1 expression in the striatum may be an important 
mediator of LID development. Ongoing studies aim to investigate Nurr1’s ability to affect LIDs 
in animals that have been primed with L-DOPA. In these studies, we plan to deliver Nurr1-
modulating rAAV after L-DOPA treatment, instead of before as in the previous study. The goal 
is to determine if 1) delivering rAAV-Nurr1 to an L-DOPA primed animal that has not 
developed LIDs will induce dyskinesias, and if 2) delivering rAAV-Nurr1-shRNA to an animal 
with established LIDs will reverse the dyskinetic symptoms in the presence of L-DOPA. We will 
establish the LID model by chronically dosing both Sprague-Dawley and Fischer rats following 
unilateral lesions with 6-hydroxydopamine. We expect to see a typical proportion of dyskinetic 
and non-dyskinetic animals following L-DOPA (roughly 70% animals developing dyskinesias). 



After dyskinesias have been established, we will stereotactically inject either rAAV 
overexpressing Nurr1 into nondyskinetic animals, or rAAV carrying the Nurr1 shRNA cassette 
into dyskinetic animals. These ongoing experiments will show whether 1) Nurr1 striatal 
expression can induce dyskinesias in a previously LID ‘resistant’ animal and whether 2) LIDs 
can be attenuated by silencing Nurr1, thus indicating Nurr1 as a potential interventional target 
for dyskinesia. 
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Abstract: Background: Sleep is a major complain from Parkinson’s Disease (PD) patients with 
up to 90% of them reporting insomnia, restless legs syndrome, excessive daytime sleepiness 
(EDS), rapid eye movement sleep disorder (RBD; Schulte and Winkelmann, 2011). Some can be 
the consequence of the motor symptoms (as nocturnal dyskinesia or tremor) or treatment (as 
insomnia) but EDS and RBD are reported to occur 5 to 10 years before diagnostic of alpha-
synucleinopathies (Claasen and Kutscher, 2011), leaving an open window for early detection. It 
has been proposed that the alpha-synuclein (ASyn) accumulation in pontine regions important 
for sleep regulation during presymptomatic stages (Braak et al, 2004) is responsible for these 
alterations but the mechanisms of how alpha-synuclein affect sleep and may lead to RBD are 
unknown. This study aims to characterize the sleep alterations in an animal model of PD and to 
correlate them to the accumulation of ASyn. Methodology: Rats were injected bilaterally with 
AAV-human ASyn (AAV-ASyn) in Substantia Nigra and compared to AAV-GFP control 



animals (Lundblad et al, 2012). Both groups were implanted with electroencephalographic 
(EEG) and electromyographic (EMG) electrodes. Sleep architecture and spectral profile of the 
vigilance states were analyzed over 24h. After the recording, animals were euthanized, brains 
removed and dissected. Human ASyn expression was assessed by immunostaining in AAV-
ASyn animals and ASyn levels were measured in plasma and different brain regions by WB and 
ELISA in both groups. Results: Eight weeks after injection, the AAV-ASyn rats presented a 
fragmented sleep pattern compared to the AAV-GFP littermates with disruption of the spectral 
profiles. Moreover, these animals have an important increase of muscle tone during their sleep. 
We have also confirmed the presence of the human ASyn only in the brain and plasma of AAV-
ASyn group. Interestingly, AAV-ASyn animals present increased total ASyn in Brainstem but 
not in Prefrontal Cortex. Conclusion: Together, our results demonstrate that AAV-ASyn rats 
have similar alterations of their sleep pattern as PD patients and confirm the model as 
translationally relevant for PD. Moreover, these changes are concomitant of an increased ASyn 
level in sleep regulating regions, suggesting ASyn implication in these alterations. This model 
will then be used to characterize the development of sleep disturbances as an early marker of 
disease in correlation with ASyn accumulation. In addition, our data highlight the importance of 
sleep alteration in PD and validate the potential of EEG/sleep characteristics to provide a 
valuable animal-clinical interface in PD. 
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Abstract: The ischemic penumbra represents a region of impaired, but salvageable tissue, where 
glucose and oxygen delivery to stroke-affected brain is compromised. During ischemic stroke 
injury, extracellular glutamate levels in the ischemic penumbra increase and are known to 
contribute to neurotoxicity. The current work builds upon our observation that glutamate 
oxaloacetate transaminase (GOT), a glutamate metabolizing enzyme in the brain, can protect 
brain tissue during ischemic stroke. We previously reported that correction of stroke-induced 
hypoxia by supplemental oxygen (oxygenated hypoglycemia, OH) induced GOT expression and 
lowered glutamate levels in stroke-affected brain. Here, we test the hypothesis that induction of 
GOT increases glutamate metabolism in the ischemic penumbra and protects against stroke-
induced injury. In C57/BL6 mice subjected to middle cerebral artery occlusion (MCAO), 
correction of hypoxia during stroke increased ischemic penumbra volume as quantified by 
magnetic resonance diffusion-perfusion mismatch. In vivo proton magnetic resonance 
spectroscopy (1H MRS) was used to spatially resolve glutamate levels in the stroke-affected 
brain. In the ischemic penumbra of OH-treated mice, glutamate levels were significantly lower 
compared to normoxia controls. Furthermore, induction of GOT in stroke-affected brain 
increased anaplerosis of TCA cycle intermediates suggesting glutamate metabolism by GOT 
through a truncated TCA cycle. Targeted over-expression of GOT in somatosensory cortex 
attenuated stroke-induced injury and improved post-stroke sensorimotor function. Taken 
together, these key observations pave the way for a new paradigm that GOT orchestrates a 
functional switch for glutamate in the ischemic penumbra from neurotoxin to survival factor. 
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Abstract: Introduction: Global ischemia disrupts brain homeostasis leading the cells to the so-
called endoplasmic reticulum (ER) stress. Neurons counteract this stress through the autophagy 
and the ubiquitin-proteasome system (UPS). In this regard, salubrinal, a selective inhibitor of p-
eIF2α phosphatases that enhances the unfolded protein response (UPR) through the PERK 
pathway, have been reported to be neuroprotective when administered before focal ischemia. 
Aims: To analyze the neuroprotective effect of salubrinal in brain structures with different 
ischemic vulnerability when administered after the ischemic insult. In addition, we analyze its 
effect on the autophagy response to global cerebral ischemia. Methods: Autophagy response to 
global cerebral ischemia was analyzed both in rat organotypic hippocampal cultures exposed to 
30 min of oxygen and glucose deprivation (OGD) and in in vivo adult rats subjected to 15 
minutes of bilateral carotid occlusion. Phagophore formation and autophagy flux markers, 
including BECLIN1, LC3B, P62/SQSTM1, as well as protein aggregates positive for ubiquitin, 
were analyzed by PCR, Western blot and immunofluorescence assays. Moreover, propidium 
iodide and Nissl staining were used to estimate cell damage and cell demise. Results: Global 
ischemia elicited an autophagic response different in the hippocampal subfields CA1 and CA3 
and diametric between the in vivo and the organotypic hippocampal cultured models. A 
subpopulation of CA1 pyramidal neurons showed a great accumulation of polyubiquitin 
aggregates that colocalized with P62 but did not colocalize with any autophagosome marker. 
Treatment with salubrinal abolished this accumulation and increased the cell survival in injured 
CA1 in both experimental models. This neuroprotective effect is linked to an increase in the 
autophagy flux able to eliminate the misfolded protein aggregates observed in CA1 pyramidal 
neurons. Conclusions: The enhancement of UPR-PERK pathway improves CA1 outcome after 
global ischemia by increasing the autophagy flux, which allows the clearance of misfolded 
protein aggregates. Support: This study was supported by MINECO (reference BIO2013-49006-
C2-2-R) who also supports Berta Anuncibay-Soto and María Santos-Galdiano. Diego Pérez 
Rodríguez is granted by European Social Fund and Junta de Castilla y León (EDU/346/2013) 
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Abstract: Acute ischemic stroke triggers complex neurovascular, neuroinflammatory and 
synaptic alterations. The aim of our study was to test the prediction that blocking pro-
inflammatory platelet-activating factor -receptors (PAFR) plus administering selected 
docosanoids after middle cerebral artery occlusion (MCAo) would lead to sustained neurological 
recovery. Two different types of bioactive small molecules were investigated. The first was 
LAU-0901, an antagonist of PAFR that blocks activated pro-inflammatory signaling and has 
been shown to have promising efficacy in a stroke model (Belayev et al, 2012). The second was 
products of DHA, a novel synthetic docosanoids (Aspirin-triggered neuroprotectin D1 methyl-
ester; AT-NPD1-ME), which activates cell-survival pathways and has potent anti-inflammatory 
and neuroprotective activity in the brain (Bazan et al, 2012). Sprague-Dawley rats were 
anesthetized with isoflurane/nitrous oxide and received 2h MCAo by intraluminal suture. 
Neurological status was evaluated at 3h and 4h, and on days 1, 2 and 3; a grading scale of 0-12 
was employed. Animals were treated with LAU-0901 (i.p. 60mg/kg, 2h after onset of stroke), 
AT-NPD1-ME (i.v. 333mg/kg, 3h after onset of stroke) and vehicles (cyclodextran and saline). 
There were four groups: LAU-0901+AT-NPD1; LAU-0901+saline; Cyclodextran+AT-NPD1; 
and cyclodextran+saline. On day 3, ex vivo MRI of the brains was conducted using 11.7 T MRI. 
LAU-0901 and AT-NPD1 treatments alone improved behavioral scores compared to vehicle 
groups by 22-32%. Using the LAU-0901+AT-NPD1 combination, the neuroprotective effect was 
enhanced, resulting in improved behavioral score up to 50% on day 3. Total lesion volumes, 
computed using T2WI, were significantly reduced by 80% with LAU-0901+AT-NPD1 treatment 
compared to vehicle-treated groups. We concluded that combination treatment of the PAFR 
antagonist LAU-0901 plus AT-NPD1-ME affords synergistic neuroprotection in the post-



ischemic brain and might provide the basis for future therapeutics in patients suffering ischemic 
stroke. We are currently exploring the molecular mechanisms involved. 
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Title: Neuroprotective effects of sympathetic attenuation in the ischemic brain 
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Abstract: Cardiopulmonary arrest (CA, a form of global cerebral ischemia) is a major cause of 
death/disability in the US affecting up to 325,000 people/year with only a 10% survival rate that 
can lead to brain injury resulting in neurological deficits. Circulating norepinephrine levels are 
significantly increased after CA, which is indicative of enhanced sympathetic nervous system 
(SNS) activity. However, the pathophysiological function of the SNS in the ischemic brain is 
unclear. We used a rat model of global cerebral ischemia (asphyxial cardiac arrest, ACA) to 
investigate the effects of surgical attenuation of the SNS in the brain via decentralization 
(preganglionic lesion) of the superior cervical ganglion (SCG, the last and major ganglia in the 
SNS innervating cerebral arteries and the brain). Decentralization of the SCG (DEC)-treated rats 



can alleviate ACA-induced hypoperfusion (via cortical cerebral blood flow studies in intra-vital 
two-photon laser scanning microscopy), which has been shown to play a crucial role in the 
progression of neuronal cell death and learning/memory deficits after ischemia. Interestingly, 
DEC-treated rats 5 days prior to ACA inhibited neuronal cell death in the CA1 region of the 
hippocampus. In support of these basic findings, we performed a retrospective study on ischemic 
stroke (focal ischemia) patients with atenolol (β1-adrenoceptor antagonist and sympathoplegic 
agent). Patients on atenolol (at the time of admission) presented with better outcomes (measured 
by the NIHSS scale) after discharge as compared to patients without β-blocker treatment. Here, 
we show that ACA-induced activation of the SNS in the brain is one of the major contributors to 
cerebral hypoperfusion resulting in neuronal injury and neurological deficits following cerebral 
ischemia. Attenuation of SNS activity is actually beneficial to counteract the detrimental effects 
of ischemia. 
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Abstract: Background: Endothelial Progenitor Cell (EPC) was reported to enhance repairing and 
regenerating neurovascular units. So far many papers have reported repairing and regenerating 
experiments using EPCs derived from bone marrow, spleen, or peripheral blood. However, the 
results were not always satisfied. Recently, we succeeded to get higher grade quality EPCs using 
a novel colony assay system which we have developed (Masuda H, et al, 2011). In the present 
study, we used this novel EPC colony assay system, and evaluated EPC effects on ischemic 
stroke model in mice. Materials and methods: We made 69 ischemic stroke model mice (10 
weeks male C57BL/6 mice) with permanent middle cerebral artery occlusion (MCAO). We 
injected PBS as control (n=23), MNCs from peripheral blood (n=22), or cultured MNCs (n=24) 
into external carotid artery at each 1 day, 3 days, 5 days, and 7 days after MCAO. At 3 weeks 



after MCAO, we took the brains and investigated time-lapse physiological parameters including 
cerebral blood flow and immunohistochemistry against some anti-vasculogenetic factor 
antibodies. We made another 15 MCAO mice for injecting PBS (n=5), MNCs from peripheral 
blood (n=5), and cultured MNCs (n=5) at next day of MCAO. At 3 weeks after MCAO, we 
operated perfusion fixation with carbon mixed latex and evaluated collateral circulations on 
those mice. Results: In the stroke model mice at 1 day and 3 days MNCs injections after MCAO, 
the stroke volume was decreased; however, the positive cells were increased with 
immunochemistry of IL10. The cerebral blood blow tended to increase on all stroke mice 
models. Conclusions: Those results indicate that the mice's MNCs including EPCs could 
promote repairing and regenerating neurovascular units after ischemic stroke, and the better 
MNCs injection timings might be 1 day and 3 days after MCAO. 
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Abstract: Background: Atorvastatin (At) is frequently advised for secondary prevention in 
stroke patients Coenzyme Q10 (CoQ10) the lipophilic endogenous antioxidant may be of critical 
importance considering inevitably sever oxidative stress in stroke brains subjected to subsequent 
thrombolysis either spontaneously or following thrombolytic therapy. Regarding the evidenced 
CoQ10 depletion following prolonged statins therapy, this may be highly suggestive At and 
CoQ10 co-administration may improve stroke outcomes. Our preliminarily experiments 
examines whether pretreatment with At and / or CoQ10 combination may alter penumbral 
oxidative state following ischemic stroke in experimental stroke. Methods: transient middle 



cerebral occlusion (tMCAO) (60 min) was used to induce ischemic / reperfusion injury in rats 
received oral At (10 mg/kg/day) and / or CoQ10 (200 mg/kg/day) for one month. Animals’ 
neurological function was evaluated 24h after reperfusion and then penumbral cortices were 
subjected to oxidative assays. Superoxide dismutase (SOD), glutathione peroxidase (GSH) and 
the lipid peroxidation product Malondialdehyde (MDA) content were selected as oxidative stress 
markers. Results: The oxidative stress markers data obtained in penumbral samples did not show 
any consistency. MDA content was not affected by the included treatments; SOD activity was 
reserved by At but abrogated by CoQ10 co-administration. Alternatively GSH activity was not 
improved by At pretreatment but diminished in samples subjected to At plus CoQ10. This was in 
quite disagreement with Animals neurological scores indicating a substantial improvement in 
animals received At plus CoQ10 rather than At alone. The rarity of pre-clinical investigations on 
prolonged statins therapy, may somehow explain the marked escalating impact of At treatment 
here we found on neurological function. Conclusion: These primary data suggesting CoQ10 
improves At effects on stroke neurological outcomes, highlights the probable escalating effect of 
CoQ10 on cellular oxidative state. Notably applying CoQ10 in daily high doses may explain the 
observed pro-oxidant activity. However the alternate mechanisms underlying the functional 
improvement brought by CoQ10 addition to At regimen should be thought of. 
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Abstract: Toll-like receptor (TLR4) is one of the most-studied components in the field of 
neurobiology due to its both detrimental and beneficial roles in ischemia through two 



downstream pathways, myeloid differentiation primary response gene 88 (MyD88) and 
Toll/interleukin-1 receptor (TIR)-domain-containing adapter-inducing interferon-beta (TRIF). 
TLR4 generally contributes to ischemic damages in the central nervous system including brain 
and retina, whereas a brief episode of ischemic stress or pretreatment with lipopolysaccharide 
prior to lethal ischemia provides TLR4-mediated neuroprotection. Prothymosin-alpha, a nuclear 
protein, is involved in multitudinous functions inside and outside of cells including its protective 
roles against brain and retinal ischemia/starving stress. Although TLR4 mediates exogenous 
prothymosin-alpha-induced immunopotentiation against viral infection in cultured murine 
macrophage, the beneficial effects of prothymosin-alpha-TLR4 signaling against ischemia 
remain to be elucidated. In the present study, preconditioning treatment with prothymosin-alpha 
48 h before retinal ischemia prevented the cellular damages estimated by histology and 
immunohistochemical analyses, and functional deficits of retina evaluated by 
electroretinography. Prothymosin-alpha preconditioning prevented the ischemia-induced loss of 
ganglion, bipolar and photoreceptor cells, but not amacrine cells in retina. Prothymosin-alpha 
treatment in the absence of ischemia caused the mild activation, proliferation and migration of 
retinal microglia, whereas the ischemia-induced microglia activation was inhibited by 
prothymosin-alpha preconditioning. All of these preventive actions by prothymosin-alpha 
preconditioning against ischemia were abolished in TLR4 knock-out mice, and by pretreatments 
with anti-TLR4 antibodies or minocycline, a microglial inhibitor, which themselves had no 
effects on the ischemia-induced damages or microglia activation. In transcriptional analyses, 
ProTα preconditioning inhibited the ischemia-induced marked up-regulation of TLR4-related 
injury genes, while did increase in TLR4-related protective genes. Furthermore, ProTα 
preconditioning prevented the retinal ischemia-induced cellular and functional damages in 
MyD88 knock-out mice, but not in TRIF knock-out mice. Taken together, the present study 
revealed that ProTα preconditioning implicates selective TLR4-TRIF signaling through 
microglia for the prevention of ischemic damages in retina. 
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Abstract: Insufficient oxygen delivery to the brain can promote significant brain damage in the 
adult or infant brain. While prompt re-oxygenation is critical in the management of affected 
patients, the reintroduction of oxygen can potentiate injury by promoting reactive oxygen species 
(ROS) generation within the mitochondria. While mitigating ROS damage may serve as a 
common therapeutic avenue for cerebral reperfusion injury, traditional attempts to scavenge ROS 
have failed. This failure is thought to be due to inherent difficulties in delivery to the brain and 
sub-cellular targets within the early minutes of reflow. Accordingly, we developed a non-
pharmacologic therapy that targets cytochrome c oxidase (CcO) using infrared light (IRL) that 
circumvents these delivery barriers. We discovered 2 specific IRL wavelengths that penetrate the 
brain and reversibly reduce the activity of CcO. We proposed that these wavelengths will inhibit 
ROS by stabilizing the αΨm during reperfusion. Our current aim was to investigate whether IRL 
could provide broad neuroprotection in multiple models of brain ischemia-reperfusion injury. We 
tested this hypothesis in cell culture, neonatal rat, and adult rat models. All IRL wavelengths that 
reduce CcO activity reduced neuronal death following oxygen-glucose deprivation (OGD) in cell 
culture (n = 7, p<0.05). IRL also directly modulated mitochondrial respiratory rate, reduced αΨm 
in a switch-like manner, and blocked mitochondrial ROS, providing preliminary insight into the 
mechanism of action. Next, the 2 wavelengths that reduce CcO activity were evaluated for 
neuroprotection in an adult rat model of global brain ischemia using a randomized and blinded 
study design (n = 8-12/group). After 14 days, animals subjected to ischemia demonstrated an 
88% loss of neurons. Strikingly, for the IRL-treated groups, loss of neurons ranged from only 



16% with the best treatment to 35% with the least efficacious regimen (p<0.05). IRL treated rats 
also had preservation of neurologic function, as demonstrated by a 40% improvement in the 
radial arm maze (n = 10, p<0.05). We next tested IRL in a neonatal hypoxia model in 7-day-old 
rat pups via unilateral common carotid ligation followed by 180 min of hypoxia (8% O2). Pups 
were randomly enrolled into IRL treatment groups (n=14-17), initiated immediately upon relief 
of hypoxia. Mean infarct volume was reduced with IRL treatment (31.6%) when compared with 
sham-controls (45.2%; p<0.05). These data demonstrate the neuroprotective effect of non-
invasive reduction of CcO activity with specific IRL wavelengths and may provide a novel 
strategy for the treatment of global brain ischemia in the adult and infant brain. 
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Abstract: Sex and gonadal hormone exposure have considerable independent impact on stroke 
outcome. Recently, we have shown that docosahexaenoic acid (DHA) therapy is neuroprotective 
in male rats, but whether a similar effect occurs in female rats is unknown. Isoflurane/nitrous 
oxide-anesthetized normothermic (brain temperature 36-36.5oC) female Sprague-Dawley rats 
received 2h middle cerebral artery occlusion (MCAo) by poly-L-lysine-coated intraluminal 
suture. The agent (DHA, 5 mg/kg; n=6) or vehicle (saline; n=8) was administered i.v. at 3h after 
onset of MCAo. The composite neuroscore comprises two different neurological tests, the 
postural reflex test and the forelimb placing test, to measure visual, tactile, and proprioceptive 
stimuli, which were evaluated on days 1, 2, 3 and 7 (normal score=0; maximal score=12). High 
resolution ex vivo MRI using an 11.7T Bruker was performed on day 7. The core and penumbra 



were automatically identified using the Hierarchical Region Splitting method for penumbra 
identification. Treatment with DHA improved behavioral score as compared to treatment with 
vehicle on days 1 (by 33%), 2 (by 38%), 3 and 7 (by 39-40%). DHA treatment reduced 
penumbral (by 80%) and total lesion volumes (by 40%) computed from T2WI, compared to the 
saline group. We concluded that DHA therapy accelerates recovery of motor function and 
rescues the ischemic penumbra following focal cerebral ischemia in female rats. DHA has 
potential for the treatment of male and female patients after ischemic stroke. 
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Abstract: Excitotoxicity following cerebral ischemia elicits a molecular cascade, which leads 
neurons to death. One key molecule of this pathway is c-Jun-N-terminal kinase (JNK), a MAP 
kinase, which plays both physiological and pathological roles in neurons. We have previously 
shown that JNK blockade by specific cell permeable peptide inhibitors significantly reduces 
infarct size and neuronal death. On the other hand, JNK inhibition may have detrimental side 
effects due to blockade of its physiological function. Here we have designed a new inhibitor, 
which blocks MKK7, a upstream activator of JNK, which mediates its pathological activation. 
This inhibitor was designed taking advantage of the growth arrest and DNA damage inducible 
45β (GADD45β) ability to bind MKK7, optimizing the essential domain of GADD45β and 
linking it with a spacer to TAT peptide sequence to penetrate cells. This inhibitor significantly 
reduces neuronal death in two in vitro models of excitotoxic cell death, one induced by NMDA 



exposure and the other by oxygen glucose deprivation. We tested the MKK7 inhibitor in vivo, in 
two models of permanent ischemia, the one obtained by electrocoagulation, and the other by 
thromboembolic occlusion of the Middle Cerebral Artery. In both models, it blocked MKK7 
activation and provided significant protection, reducing the infarct size (by 47% and 50% 
respectively) when injected 30’ before the lesion. In the electrocoagulation model, we also tested 
the efficacy of the peptide when injected 6h after lesion, obtaining similar protection. Therefore, 
we showed that it is possible to prevent JNK activation in excitotoxicity by specific inhibition of 
MKK7, preserving the physiological role of JNK driven by MKK4. Targeting MKK7 could 
represent a new therapeutic strategy for several diseases involving JNK activation. Moreover, 
this new inhibitor can be useful to further investigate the roles of the single JNK pathway in the 
developing and in the pathological brain. 
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Abstract: Aims: to verify the neuroprotection of NSP in ICH mice and to explore the related 
mechanisms. Methods: C57BL/6J male mice (n = 180) were involved in this study. ICH models 
were established with infusion of autologous blood into the brain parenchyma. NSP expression 
in ICH brains by morphological methods and western blotting analysis were detected. The brain 
water content and blood-brain barrier (BBB) permeability were dected to verify the 
neuroprotective effects of NSP. To explore the potential mechanisms of NSP, the distribution 
patterns of occludin-expressing cells associated to NSP administration and the total expression of 
occludin protein in the ICH and ICH + NSP groups were measured. Results: NSP protein 
expression was upregulated in ICH models, with a peak at 48 h after ICH induction. NSP local 
administration reduced the brain edema and the BBB permeability in ICH models. Thus, the 
neuroprotection of NSP in ICH state was confirmed. The expression of total occludin was 
unchanged by ICH and subsequent NSP administration; however, the distribution pattern of 
occludin-expressing cells was obviously changed by the ICH procedure but partly recovered 
after NSP administration. Conclusion: Protecting and/or repairing the injured vascular 
endothelial cells may be a potential mechanism involved in NSP neuroprotection, which needs 
further verification. NSP may be considered as a new potential therapy for ICH for the 
neuroprotective effects including amelioration of the edema. 
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Abstract: New diagnostic criteria for Posttraumatic Stress Disorder (PTSD) in children and 
adolescents highlight the need to better understand the neurophysiological adaptations that 
trauma might elicit during development. The single prolonged stress (SPS) rat model of PTSD 
reliably produces an enhanced fear response to traumatic cues and disrupted cortisol regulation 
similar to that typically observed in humans with PTSD (Wang et al., 2008; Knox et al., 2012). 
In addition, SPS has been shown to influence to response of rats to cocaine (Eagle et al., 2015), a 
finding that is relevant to reports of co-morbidity of PTSD with substance abuse disorders 
(Jacobsen et al., 2001). The current study seeks to investigate the possible long-term effects of 
exposure to a modification of the SPS model (two hours of restraint stress followed by 20 
minutes of forced swim) during adolescent development. Dependent variables include 
spontaneous locomotor activity and responses to the elevated plus maze, a black/white chamber, 
and an open field. Preliminary data indicate that exposure to SPS in young adult rats results in a 
statistically significant increase in spontaneous locomotor activity (t (9) = 1.80, p < 0.05; effect 
size r = 0.49) and decreased exploration of the center of the open field (t (9) = 2.38, p < 0.05; 
effect size r = 0.62) among SPS rats compared to non-stressed controls when measured two 
weeks after the SPS exposure. Analysis of plasma coricosterone levels and sensitivity to cocaine 
are in progress. 
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Abstract: An increasing number of studies have demonstrated the capability of rodents to share 
the affective state of their social partners. In rodents, this affective sensitivity to the distress of a 
conspecific appears to be modulated by stress. To further investigate the role of stress, we used 
an emotional contagion paradigm previously developed in our laboratory. In this paradigm, 
observer rats exhibit vicarious freezing after witnessing other socially related rats 
(demonstrators) experience repetitive painful foot-shocks. Vicarious freezing exhibited by the 
observer animal is used as a behavioral indicator of emotional contagion for the demonstrator’s 
distress. In the current study, pairs of male Long Evans rats were assigned the role of observer or 
demonstrator and were randonly assigned to one of four conditions: 1) first control condition-no 
interventions, 2) stressor condition through handling, 3) stressor through handling + metyrapone 
(anti-stress drug) and 4) second control: Metyrapone without the stressor. In the stressor 
condition (2&3), the observer was hand-restrained for 15 minutes before emotional contagion 
test. Metyrapone, a corticosterone synthesis inhibitor (25 mg/kg metyrapone) was 
subcutaneously administered to the observer animals 30 minutes prior to stressor (3 & 4). Results 
showed that stressing the observers through a handling procedure (condition 1) prior to test 
produces a reduction in the vicarious freezing compared to non-stressed controls (both control 
conditions). In contrast, stressed observers that were pretreated with metyrapone (condition 3) 
exhibited similar amount of vicarious freezing as control observers (condition 1). This result 
indicates that stress induced by hand-restrain reduces vicarious freezing in rats which can be 
counteracted by reducing stress levels through inhibition of corticosterone synthesis. Combined 
with results from other studies, it suggests that stress plays an important role in modulating 
emotional contagion in rodents. 
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Abstract: Human empathy emerges over phylogeny from various behavioral precursors. One of 
the simplest is emotional contagion, i.e. sharing emotional states between individuals, which can 
be modelled in rodents. In our model of socially transferred fear we showed that a brief social 
interaction with a fearful cage mate (demonstrator) promotes aversive learning in an otherwise 
naïve rat (observer) and activates the amygdala of the observers, especially its central part (CeA). 
To elucidate the role of neuronal circuits in the central amygdala of the observers, we used two 
methods of functional mapping: transgenic rats expressing, in behaviorally activated neurons, a 
PSD-95:Venus fusion protein and injected with anterograde tracer and a combination of 
retrograde tracing with c-Fos ISH. We have identified several afferent and efferent CeA 
projections active during socially transferred fear. We discovered strong activation especially in 
the periaqueductal gray (PAG) and dorsal raphe nuclei (DRN); these structures receive dense 
projections from the CeA and are implicated in fear and anxiety disorders. To test whether the 
activated circuits are similar for the socially and non-socially induced emotions, we used double 
immunodetection for a PSD-95:Venus construct and endogenous c-Fos. About 70% of neurons 
were activated by both social interaction with fear conditioned partner and subsequent fear 
conditioning. Moreover, using optogenetics, we showed that specific activation of CeA neurons 
involved during interaction with emotionally aroused partner results in a decrease of social and 
non-social exploratory behaviors and inhibition of ultravocalization. These findings suggest that 
there exists a group of neurons in the central amygdala that are involved in integrating 
information about a threat, activated during socially transferred fear and subsequently recruited 
by learning of fear responses. A fraction of these cells is probably specifically involved in 
socially induced anxiety. 
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Abstract: Physical fitness may imbue resilience to the acquisition of posttraumatic stress 
disorder (PTSD). We hypothesized that rats responsive to physical training might display more 
robust molecular and anatomical markers of fear-associated memory regulation. To test this 
hypothesis, we assessed fear learning and contextual fear extinction recall as well as plasticity 
marker changes in response to stress in rats selectively bred for their response to physical 
exercise. Rats were bred together who responded to treadmill running with either an appropriate 
cardiovascular fitness response (high response to training, HRT) or a deficient response (low 
response to training, LRT). 10 HRT and 10 LRT rats were exposed to a fear conditioning 
paradigm in which five, 1 mA shocks were paired with the cessation of a 10-s long 80 dB tone 
(60 s Inter-tone interval) in context A (one set of visual and olfactory cues). 24 h after fear 
conditioning, fear was extinguished in context B (visual and olfactory cues unique from context 
A) to thirty, 80 dB tones with an inter-tone interval of 60 s. 24 h after extinction, fear recall was 
assessed in context B with the presentation of ten, 80 dB tones with a 60 s inter-tone interval. 
Then we exposed a subset of 4 HRT and 4 LRT animals to 2 hours of physical restraint and 
assessed extracellular signal-regulated kinase (ERK) and brain-derived neurotrophic factor 
(BDNF) levels using Western Blot. Compared to LRT animals, HRT animals showed a 
significantly increased fear response (increased freezing) during both the extinction training and 
extinction recall days (t-test, p value < 0.05). HRT animals also showed a significantly higher 
phosphorylation state of ERK in response to restraint stress compared to similarly stressed LRT 
animals (Students t-test, p value < 0.05). However, BDNF levels were not significantly different 
between the HRT and LRT animals in response to acute physical restraint (t-test, p value > 0.05). 
Learning such as extinction learning, depends on changes in plasticity-regulated molecules such 
as ERK and BDNF . Interpretation of these results in light of extinction recall memory 
processing is limited by the fact that we assessed ERK and BDNF after a simple stressor rather 
than after extinction training or recall and the absence of results from the background strain. 
However, these results do suggest that ERK phosphorylation levels may differentiate stress 
regulation fitness in this rodent model of physical fitness. Additionally, because of its role in 
epigenetic regulation of gene expression, ERK activation may identify more unique targets and 
further our understanding of the molecular mechanisms underlying stress and resilience. 
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Abstract: It has been suggested for some time that a relationship exists between inflammation, 
stress, and mood disorders; however, the precise mechanisms and directionality of the 
interactions have remained elusive. In several lines of inquiry, circulating serum factors, 
including IL-6, IFN-alpha, TNF-alpha and IL-1 beta, have been identified in association with 
mood disorders; thus, several groups have directed efforts at elucidating the direct effects of 
cytokines as primary initiators of mood disorder. Much less well-understood, however, is the 
effect of repeated stressors on a subsequent “integrated dysregulation” of the immune system and 
CNS; we hypothesize that immune dysfunction as potentiated by stress may be a key link 
between stress and disorders of mood. As such, we examined immune response in peripheral 
blood, CNS-adjacent meningeal tissues, and brain, in rats subjected to a “learned helplessness” 
protocol involving foot-shock stressors. Behavioral endpoints were measured including failure to 
escape foot shocks during a probe trial when given a viable escape route (learned helplessness). 
Pro-inflammatory monocyte percentages were significantly increased in peripheral blood of 
helpless rats; intriguingly, however, rats that had undergone foot-shocks but were behaviorally 
resistant were not significantly different from naïve rats, indicating that the response is linked to 
the behavior of being “helpless.” Contrary to this phenotype in the blood, in meningeal tissues 
we observed more anti-inflammatory monocytes. Likewise, immunofluorescent labeling of CNS 
astrocytes and microglia revealed specific region-dependent changes in glial cell morphology 
and reactivity. Overall, our results suggest that while stress potentiates an initial acute pro-
inflammatory response by the immune system, further layers of CNS regulation may serve to 
shape the overall response to a complex pro- or anti-inflammatory polarization depending upon 
brain region and cell type. 
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Abstract: When threatened, animals exhibit appropriate defensive behaviors that are critical for 
their survival. The hypothalamus plays a role in such behaviors, but prevailing views depict it as 
a relay for an upstream defense center, the amygdala, rather than having a central role in control 
of these behaviors. We showed that optogenetic activation of the ventromedial hypothalamus 
(VMH)-specific SF1+ neurons is sufficient to produce defensive behaviors of freezing and flight 
that exhibit properties of scalability, persistence, dominance and negative valence. Furthermore, 
stimulation of SF1+ neurons triggers avoidance conditioning, refuting the long-held view that the 
hypothalamus cannot support defensive conditioning. Finally, to assess whether the VMH is 
necessary for defensive behaviors in diverse contexts, we ablated SF1+ cells and found that these 
mice failed to demonstrate appropriate predator avoidance, conditioned defense and anxiety 
behaviors. Collectively, these data suggest that the hypothalamus is not simply a passive relay 
site but rather plays a central role in the control of defensive behaviors. 
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Abstract: Recently we reported that activation of the Tachykinin 2 (Tac2) pathway in the central 
amygdala (CeA) is necessary and sufficient for the modulation of fear memories. The Tac2 
pathway includes the Tac2 gene, which encodes the neuropeptide Neurokinin B (NkB) and its 
corresponding receptor Neurokinin 3 receptor (NK3R). In this study, we screened Tac2 pathway-
related gene variants in patients with PTSD and explore the action mechanisms of Tac2 pathway 
in fear memory by combination of optogenetics, pharmacology, immunohistochemistry, qRT-
PCR, and electrophysiology in wild-type, Tac2-Cre, and Tac2-GFP mice. In a sample of 3070 
individuals with post-traumatic stress disorder (PTSD), we have identified two gene variants of 
the Tac2 pathway that are significantly associated with PTSD diagnosis. Hence, delineating the 
Tac2 pathway may be necessary to understand and treat fear disorders such as PTSD. In 
transgenic mice that express ChR2 solely in Tac2 neurons, in vivo optogenetic stimulation of 
CeA Tac2-expressing neurons during fear acquisition enhances fear memory consolidation and 
drives action potential firing in vitro. Notably, Tac2-CeA neurons were found to project to the 
medial reticular nucleus and periaqueductal grey, areas known to play a role in fear memory 
formation. In addition, Tac2-CeA neurons were shown to co-express striatal-enriched protein 
tyrosine phosphatase (STEP), which might play an important role in the regulating Nk3R 
signaling. Taken together, this study extend previous animal studies to clinical investigation, 
suggesting that the Tac2 pathway may play a role in PTSD, and we provided data that helps to 
understand the action mechanisms of the Tac2 pathway. 
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Abstract: Anxiety-like behaviour in rodents and humans is often modelled in approach-
avoidance conflict tasks such as operant conflict, elevated plus maze, or open field. Building on 
Bayesian Decision Theory (BDT), we have recently shown that behavioural inhibition in such 
tasks is normative under plausible priors on reward-threat correlations. Specifically, approach 
delays reduce predation probability. Our model predicted that approach delay should depend on 
expected threat, which was experimentally confirmed in humans. In terms of its neural 
implementation, threat-dependent approach delay could reflect Pavlovian inhibition to approach 
a threat, which conforms to BDT predictions under circumstances common in the wild. On the 
other hand, it could also reflect instrumental (goal-directed) behaviour, computed online. Here, 
we sought to disambiguate these possibilities experimentally. We identified two conditions for 
instrumental behaviour. First, Pavlovian behaviour is evoked by stimulus characteristics while 
instrumental behaviour takes into account action consequences. Secondly, approach delay in the 
BDT model emanates from reward-threat priors. If such priors exist in neural circuits, their 
representation must be independent from a particular task. To test the first condition, we modify 
a human operant conflict task such that behavioural inhibition increases threat probability and 
thus ceases to be instrumental. Humans show threat-dependent approach invigoration rather than 
delay, indicating that they take into account action consequences. The second condition is tested 
by tasking humans to approach a virtual "sleeping predator" in order to reveal its status. Rather 
than uniformly distributing their approach actions across time, or minimising opportunity costs 
of time, humans prefer to approach the predator shortly after unobtainable rewards have been 
displayed. This is again normative under priors encoding reward-threat correlations. In summary, 
both tests for instrumental behaviour are passed. Our findings indicate that humans use online 
cost minimisation according to BDT to control anxiety-like behaviour, and contradict a purely 
Pavlovian account of behavioural inhibition. This crucially constrains the search for a neural 
implementation of anxiety-like behaviour in humans and other animals. 
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Abstract: Studies have found that low levels of estrogens (estradiol) during fear extinction result 
in impaired consolidation of extinction and increased fear expression during extinction recall in 
women and female rats. However, the mechanism by which this occurs has not been identified. 
Estrogen has been found to modulate the renin angiotensin system (RAS) by downregulating the 
hypertensive components (including angiotensin II type I receptors (AT1R)) and upregulating 
the antihypertensive components. Interestingly, the AT1R antagonist losartan has been found to 
enhance consolidation of extinction and reduce freezing during extinction recall following 
systemic administration prior to a fear extinction session in male mice. In this study, we 
investigated whether systemic administration of losartan prior to a fear extinction session could 
enhance extinction consolidation in female rats with low estradiol levels. Adult female Sprague-
Dawley rats received 0.5mg/kg injection of levonorgestrel (a commonly used hormonal 
contraceptive that lowers circulating estradiol) or vehicle daily for 4 days prior to behavioral 
testing and throughout the behavioral testing period. Behavioral testing consisted of a classical 
fear conditioning paradigm, where rats received 5 tone-shock pairings. Rats underwent 
extinction 24 hours after fear conditioning, where they were presented with 30 tones without 
shock. Immediately prior to the extinction session, rats received an i.p. injection of 3mg/kg 
losartan, 10mg/kg losartan, or vehicle. Rats were tested for extinction recall 24 hours after 
extinction, where 30 tones were presented in the absence of shock. Fear expression was 
measured by recording the amount of time the rat spent freezing during tone presentations. A 
repeated measures ANOVA revealed that levonorgestrel treatment significantly impaired 
extinction recall (p < 0.05) relative to high estradiol females, and that both doses of losartan 
improved extinction recall in the levonorgestrel group to levels similar to high estradiol females. 
In conclusion, losartan treatment enhances consolidation of extinction and thus reduces fear 
expression during extinction recall in female rats with low estradiol levels. These findings 
indicate that treatment with a low dose of losartan (that has little to no effect on blood pressure) 



may be effective at enhancing the consolidation of fear extinction in women suffering from 
anxiety disorders like PTSD who are taking hormonal contraceptives. Current studies are 
investigating how site-specific infusions of losartan in the brain affect behavior in female rats 
with low levels of estradiol. 
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Abstract: The selectively bred lines of high-responder (bHR) and low-responder (bLR) rats, 
which display robust differences in anxiety-like behaviors, have previously been used in our 
laboratory to demonstrate the anxiolytic effect of systemic fibroblast growth factor 2 (FGF2) 
treatment (Perez et al., 2009). The effect of FGF2 administration on brain GABA-ergic function 
is largely unknown and of particular interest given the role of GABA in both anxiety and 
depression. Thus, we sought to examine the potential effects of FGF2 administration on GABA-
synthesizing enzyme isoforms glutamate decarboxylase 65 (GAD65) and GAD67 in the brains of 
bHR and bLR rats. Adult male bHR and bLR Sprague-Dawley rats received single daily 
injections of either vehicle or FGF2 (5ng/g, i.p.) for 21-days. On the day after the last injection, 
rats were behaviorally assessed for anxiety-like behaviors and the brain was subsequently 
removed. Thin (10 µm) sections taken through the forebrain of each rat were used to examine the 



expression of GAD65 and GAD67 mRNA using radiolabeled in situ hybridization with cRNA 
probes. The effects of phenotype (bHR vs. bLR) and treatment (vehicle vs. FGF2) as well as the 
interaction between the two were statistically evaluated using a 2-way ANOVA with Tukey’s 
post-hoc tests for multiple comparisons when appropriate. Irrespective of treatment, bHR-bLR 
differences in GAD65 expression were observed in the prelimbic and infralimbic cortices as well 
as the core and shell subregions of the nucleus accumbens with bLRs having lower GAD65 
expression compared to bHRs in all regions. Examination of GAD67 expression revealed that in 
the prelimbic and infralimbic cortices, bHR-bLR differences were limited to vehicle-treated rats 
and eliminated following FGF2 treatment. Moreover, FGF2-induced decreases in GAD67 
expression in these regions, as well as the sensorimotor cortex, occurred selectively in bHR, but 
not bLR, rats. In summary, the reduced expression of GAD65 in bLRs relative to bHRs supports 
the previously proposed association between decreased GABA function and anxiety-like 
behaviors. However, the failure of FGF2 treatment to augment GAD65 or GAD67 mRNA in 
bLRs suggests that the anxiolytic effects of FGF2 in the bLR line may not be related to changes 
is GABA function in the regions selected for analysis. Future studies will further examine 
GAD65 and GAD67 expression in other brain regions including the hippocampus which is 
known to play a role in anxiety and mood disorders. 
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Abstract: Despite clear sex differences in the prevalence of anxiety disorders, the underlying 
molecular mechanisms remain elusive. While women are twice as likely as men to be diagnosed 
with anxiety disorders and generally present with higher anxiety scores, this phenotype varies 
with ovarian hormones fluctuations observed throughout a woman’s reproductive life and 
menstrual cycle. It is therefore critical to further our understanding of the mechanisms 
underlying the higher vulnerability and prevalence of anxiety disorders in females and their 
interaction with the ovarian cycle. Notably, such gender differences are also observed in 
laboratory animals, where female rats exhibit lower levels of social interaction than males, 
denoting higher social anxiety. We recently showed that this sexually biased phenotype was 
controlled by the expression levels of the immediate early-gene and transcription factor early 
growth response 1 (Egr1, also known as Zif268, NGFI-A, Krox-24, or Zenk) in the medial 
prefrontal cortex (mPFC). Here, we undertook a large-scale characterization of sex differences in 
the mPFC transcriptome of males, proestrus and diestrus female rats by RNA-sequencing to 
investigate the influence of hormonal fluctuations (high in proestrus, low in diestrus). 
Surprisingly, while sex differences in gene expression in the rat mPFC were relatively small, 
they were substantially affected by the estrous cycle and proestrus and diestrus females presented 
with distinct and partly opposite sexually-biased transcriptomes. Moreover, the extent of 
differential gene expression and splicing within females vastly exceeded those between males 
and females, revealing a profound reorganization of the mPFC transcriptome throughout the 
estrous cycle. Interestingly, these variations affect genes related to the regulation of synaptic 
function at multiple levels and thus suggest a widespread modulation of neurotransmission 
across the estrous cycle. In order to investigate the specific involvement of Egr1 in these 
regulations, we sought to discover the specific genes under the direct transcriptional control of 
Egr1 by chromatin immunoprecipitation followed by sequencing (ChIP-seq). Combined to our 
RNA-seq analysis, this approach revealed substantial differential binding of Egr1 to synaptic 
plasticity-related genes which varied within females’ estrus cycles. In addition to demonstrating 
the importance of accounting for the estrous cycle, our data thus suggest a particular involvement 
of Egr1 in controlling the sex- and estrous cycle-dependent transcriptomic reorganization in the 
rat mPFC. 
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Abstract: FK506 binding protein 51 (FKBP51), encoded by the FKBP5 gene, is an Hsp90 co-
chaperone implicated in multiple psychiatric diseases, including depression and post-traumatic 
stress disorder (PTSD). FKBP51 levels increase with age due to reduced FKBP5 methylation, 
leading to vulnerability to stress and altered glucocorticoid signaling. Furthermore, single 
nucleotide polymorphisms (SNPs) in FKBP5 are associated with increased risk for developing 
depression and PTSD, suggesting targeted inhibition of FKBP51 may be beneficial in 
neuropsychiatric diseases. Using FKBP51 knockout mice, we have confirmed that FKBP51 does 
inhibit glucocorticoid receptor (GR) activity in the brain as expected. Therefore, we designed a 
screening platform to identify compounds that could attenuate FKBP51-mediated suppression of 
GR activity. Using cell-based luciferase assays, we screened more than 1000 pharmacologically 
active compounds and identified several lead molecules that abrogated the suppressive effect of 
FKBP51 on GR activity. Follow-up screens highlighted two compounds in particular that did not 
independently affect GR activity. One of these compounds was previously shown to impact 
depression, but it was thought to do so through a different mechanism, while the other compound 
has been used to treat other psychological disorders, but not depression. We have discovered that 
these compounds most likely work by directly disrupting GR-FKBP51 binding. These 
compounds also rescue the FKBP51-mediated decrease in GR nuclear translocation. Lastly, 
immobility time in the tail suspension test is reduced by these compounds, suggesting they 
exhibit anti-depressant efficacy. These findings provide new molecular probes to interrogate 
FKBP51 function at the GR complex and highlight that FKBP51 is a potentially druggable target 
for depression and PTSD. 
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Abstract: In human, exposure to severe stress in early life significantly contributes to the 
pathophysiology of psychiatric disorders in adulthood. While stressful and even traumatic events 
are common in childhood, only a minority of exposed individuals later develops a disorder, 
which is presumably modulated by genetic predisposition through gene by environment 
interactions (GxE). Many studies including from our group characterized the GxE of FKBP5 
(FK506 binding protein 5) and childhood trauma on the risk for post-traumatic stress disorder 
(PTSD) and other phenotypes. We recently identified allele-specific demethylation as a 
mechanism inducing life-long epigenetic changes in FKBP5 contributing to the deregulation of 
the HPA axis and thus leading to an increased risk to develop PTSD (Klengel et al., Nat 
Neurosci., 2013). Although highly controversial, exposure to environmental factors may lead to 
the transmission of information through the gametes to subsequent generation possibly 
influencing disease risk not only in the exposed generation. Here we extend our findings on a 
non-human primate model of childhood trauma in rhesus macaques using a cross-fostering 
paradigm to investigate the effect of ancestral childhood maltreatment on rheFKBP5 DNA 
methylation across generations. We find strong effects of ancestral maltreatment in cross-
fostered offspring in FKBP5 DNA methylation at the very same region that is relevant in human. 
We thus present for the first time data showing the ancestral environment influencing the 
offspring epigenetic imprint at the FKBP5 locus. 
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Abstract: How does the neural representation of natural sounds compare between human and 
non-human primate species? We used contrast-agent enhanced fMRI (Vanduffel et al., 2001) in 
awake macaque monkeys (0.7 mm isotropic voxel, using implanted phased-array coils, Janssens 
et al., 2012) to investigate the cortical encoding of natural sounds. We modelled fMRI responses 
in the auditory cortex as a function of the sounds’ spectro-temporal content (fMRI encoding), 
and derived single- and multi-voxel modulation transfer functions as well as topographic maps of 
sensitivity to frequency, spectral and temporal modulations. Results are compared to human 7T 
fMRI data collected using identical stimuli and analyzed with the same modelling approach 
(Santoro et al., 2014). Topographic cortical maps of acoustic features in the macaque are 
similarly organized as in humans: Tonotopic maps showed typical alternating high-low 
frequency gradients across the primary core and surrounding belt areas (Moerel et al., 2014; Joly 
et al. 2014). Consistent with human results (Santoro et al., 2014), fast temporal and coarse 
spectral acoustic information was preferably encoded in posterior auditory regions, as opposed to 
slow temporal and fine spectral information in anterior-lateral auditory regions. As an important 
difference, however, the macaques’ temporal modulation function showed a preference for faster 
modulation rates, with a peak at approximately 60 Hz, whereas the humans’ preferred 
modulation rate was centered at 3-4 Hz. The latter modulation rate has been linked to the 
processing of syllables in speech (Luo and Poeppel, 2007). Supporting this hypothesis, sound 
representations in humans maximized the fine-grained discrimination of speech and other human 
vocal sounds, but not of sounds from other categories (Santoro et al., submitted). No such effect, 
however, could be observed in the macaque although identical sounds and methods were used. 
These findings suggest that tuning of the human auditory cortex to the syllabic rate is unique and 
might constitute a product of the evolution of speech and language. 
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Abstract: Throughout the human auditory cortex, neurons with similar feature preference cluster 
together creating large-scale maps (e.g. tonotopy) [1]. Invasive animal studies suggest that 
another spatial organization is implemented orthogonal to the cortical sheet. That is, neuronal 
preference for frequency and spectrotemporal modulations may be stable throughout cortical 
columns [2,3]. Here we examine cortical depth-dependent feature preference in the human 
primary auditory cortex (PAC) based on its responses to natural sounds as measured with high 
field functional MRI (7 Tesla). We acquired high-resolution anatomical (0.6 mm isotropic) and 
functional data (0.8 mm isotropic), while volunteers (N = 6) listened to 144 natural sounds. 
Cortical responses were analyzed with an encoding model that defined the voxels’ responses by 
their frequency-specific spectrotemporal modulation preference [4]. The trained model predicted 



responses to novel sounds significantly above chance (mean prediction accuracy [SEM] = 0.69 
[0.02]; chance = 0.5; p < 0.001). Large-scale feature maps, created by color-coding voxels 
according to the frequency, temporal (rate) or spectral modulations (scale) with the highest 
model weight, were in accordance with previous findings [1,4]. Next, we quantified the cortical 
depth-dependent stability of feature preference (i.e., “columnarity”) as the ratio between the 
topographic maps’ local gradient parallel and orthogonal to the cortical sheet. For frequency and 
rate, we observed regions of consistent preference across cortical depths (i.e., columnar regions; 
p < 0.05 [permutation testing]). In line with results from recordings in cat PAC [3], scale 
preference was less stable across depths (significant difference to ‘rate’; p < 0.05 [paired t-test]). 
Specifically, compared to deep cortical depths, superficial depths preferred lower scales (p < 
0.05 [paired t-test]). We observed both overlapping and distinct columnar regions across feature 
maps, suggesting a columnar coding strategy in which tuning to some features is kept stable 
while tuning to another feature varies systematically. These preliminary findings show the 
feasibility of studying neuronal population tuning to acoustic features at submillimeter resolution 
using high field fMRI. Future analyses will evaluate the performance of different computational 
models across cortical depths to explore intracolumnar computations in the human PAC. 1. 
Formisano et al. (2003) Neuron. 2. Schreiner (2009) Spectral processing in auditory cortex. In: 
The Auditory Cortex (Winer and Schreiner, eds). 3. Atencio, Schreiner (2010) J. Neurophysiol. 
4. Santoro et al. (2014) PLoS Comput Biol. 
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Abstract: A central goal of auditory neuroscience is to understand the neural representation of 
natural sounds. One approach is to use “encoding models” to predict neural responses from 
stimulus features. However, there is no guarantee that features that predict neural responses are 
those that actually drive them, because distinct features are often correlated across natural 
stimuli. Here we introduce an alternative approach utilizing “model-matched stimuli” 
synthesized to evoke the same response as a natural sound in a model of neural computation. If 
the model provides a good description of the neural response, then the neural response to natural 
sounds and matched synthetic sounds should be similar even though the sounds may differ in 
many other respects. We used this approach to explore the sensitivity of different regions in 
human auditory cortex to standard acoustic features hypothesized to underlie their response. 
Using fMRI, we measured cortical responses to natural and synthetic sounds that were matched 
in average spectrotemporal modulation power, using a variant of existing texture synthesis 
methods. Crucially, the synthetic sounds were constrained only by their modulation power 
statistics, and as such were perceptually distinct from the natural sounds they were matched to 
(which exhibit additional higher-order statistical dependencies not made explicit by the 
spectrotemporal modulation model, and thus not replicated in the synthetic matches). Despite 
these perceptual differences, the natural and model-matched synthetic sounds produced nearly 
equivalent voxel responses in primary auditory cortex, suggesting that modulation power 
accounts for much of the neural response there. In contrast, voxel responses in non-primary 
regions differed markedly to the two sound sets, with many voxels producing little to no 
response for the synthetic sounds. This functional difference was much less pronounced using 
encoding models: modulation statistics were effective predictors of voxel responses in both 
primary and non-primary regions, presumably because they are correlated with higher-order 
features to which non-primary regions are tuned. Our approach reveals an increase in selectivity 
in non-primary regions of human auditory cortex and illustrates the use of model-matched 
stimuli in testing theories of cortical computation. 
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Abstract: Despite many proposals, there is little consensus on the functional organization of 
non-primary auditory cortex. Here we probe functional organization by developing models that 
perform difficult auditory tasks at near-human levels and then comparing the model 
representations with responses measured in human auditory cortex. If the set of solutions to 
difficult auditory tasks is small, the models could plausibly converge on representations similar 
to those in the brain. Models that perform well on ecologically relevant tasks thus provide 
candidate hypotheses of auditory cortical computation. As a first step in this research program, 
we trained a hierarchical convolutional neural network (CNN) to recognize words in high levels 
of complex background noise. We used millions of examples of speech from labeled corpora, 
explicitly optimized network architecture (Yamins, Hong, et al., 2014), and trained filters with 
standard back-propagation. Crucially, the CNN was optimized only for the speech task; it was 
not optimized to predict neural responses of any sort. With training complete, we measured fMRI 
responses to 165 natural sounds (e.g., outdoor sounds, mechanical sounds, animal vocalizations, 
speech, music, etc.) in the auditory cortex of eight humans, and tested whether different layers of 
the speech-trained CNN could predict the voxel responses. We computed the response of each 
unit in the CNN to the 165 sounds, and measured the representational similarity between the 
neural and model responses using linear regression. Specifically, we modeled each voxel as a 
linear mixture of model units from a particular CNN layer, and predicted the response to left-out 
stimuli. We have three key findings. First, the CNN predicts neural responses better than a 
standard spectrotemporal filter model, and better than an untrained CNN with the same 
architecture (and thus same number of model units). Second, the CNN suggests a computational 
distinction between primary and non-primary auditory cortex: shallow and deep CNN layers both 
predict primary auditory responses well, but deep CNN layers predict responses in non-primary 
cortex substantially better than shallow layers. Third, within speech-selective cortex, the 
predictive advantage of deeper layers of the CNN increases along the medial-to-lateral axis, 
potentially suggesting a previously unreported hierarchical organization within speech-selective 
cortex. Overall, our results suggest that task-optimized models can both clarify known properties 
of auditory cortex and reveal previously unknown aspects of cortical organization. 
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Abstract: Neural adaptation refers to the reduction of neural response magnitude following 
sound repetition. In human electroencephalography, effects of neural adaptation are particularly 
pronounced for the N1 auditory cortex response. Traditionally, N1 adaptation has been thought 
to be solely a function of the duration of the interval between successive sounds. Here we 
investigated the effects of the extended temporal history on neural adaptation and asked whether 
such temporal context effects change with aging. Electroencephalograms were recorded from 
younger (N=21, 24.6 years) and older participants (N=18, 61.7 years) listening to sequences of 
tones in which the interstimulus interval (ISI) changed in a regular way (becoming steadily 
shorter or longer), or in which the same ISIs were randomly presented. We compared neural 
responses to tones preceded by identical intervals in both sequence types, so any amplitude 
differences between regular and irregular contexts must arise from the extended temporal 
stimulation history. N1 amplitudes increased as a function of preceding interval duration. 
However, this amplitude increase was larger for older than younger participants, indicating that 
older participants have a larger dynamic range of neural responses. Critically, the degree to 
which N1 amplitude was modulated by the duration of the preceding interval was smaller in 
irregular than regular sequences. The data show that neural adaptation is not only influenced by 
the immediately preceding temporal interval, but by the overall temporal context in which tones 
are embedded. Within temporally regular sequences, the N1 response was larger when the tone 
presentation rate sped up compared to when it slowed down. This difference was reduced for 
older participants. Conversely, evoked gamma band responses (35-75 Hz; preceding the N1) 



were larger for speeding up than for slowing down contexts in older but not in younger 
participants. In sum, the current data show (1) that neural adaptation depends on the temporal 
context in which sounds are presented, and that this adaptation changes with age; (2) that N1 
auditory cortex responses in older participants are less sensitive to temporal regularities, 
although their dynamic response range is larger; and (3) that evoked gamma band responses 
show (potentially compensatory) context sensitivity in older participants. 
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Abstract: The left and right hemispheres have been argued to have different sensitivities to 
temporal and spectral auditory information, but the underlying cortical mechanisms remain 
unknown. Two related models posit that asymmetries arise from a relative difference in temporal 
integration windows (i.e. AST, Poeppel 2003) or a difference in spectral versus temporal 
resolution (i.e. Zatorre et al. 2002). Here we examine a unifying scheme based on the modulation 
power spectrum (MPS) of speech, providing a novel framework to parametrically manipulate 
speech stimuli and test psychophysical and neurophysiological responses. In contrast with a 
spectrogram, which represents the signal’s amplitude across time and frequency, the MPS is a 
second order representation that assesses how the time-frequency power is modulated across the 
spectral and temporal axes. We propose that the two hemispheres integrate different ranges of 
spectral and temporal modulations. In order to address this hypothesis, we implemented a new 
filtering technique and varied the degree of spectral and temporal modulations in the signal to 
produce new sentences materials. We characterized the modulation space as a function of 



intelligibility as well as pitch (here: gender) identification. Neurophysiological responses (MEG 
power 0.1-8 Hz) across sensors correlated significantly with the temporal and spectral 
modulation space. The spatial distribution of sensors was more left lateralized for the temporal 
modulation axis and more right lateralized for the spectral modulation axis. Behaviorally, the 
fine-graded parametric steps reveal a sharp intelligibility cutoff, a right ear dichotic advantage as 
well as an influence of spectral modulation on pitch perception. 
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Abstract: Tone-deafness (TD) is frequently defined by performance in a pitch and melody 
discrimination test. Phenotypically, TD individuals are usually characterized by an inability to 
sing in tune or to use their auditory feedback to make corrections to their vocal output. TD has 
been related to structural alterations in non-primary auditory regions in the temporal lobe as well 
as auditory-motor integration and motor-programming regions in the frontal brain and the major 
fiber tract (arcuate fasciculus) connecting these brain regions (see Loui et al., 2009; Mandell et 
al., 2007; Hyde et al., 2007). The question arises here is whether subjects with TD show 
functional impairment in addition in brain regions previously shown to have structural 
differences compared to typically developing individuals. To address this question, we compared 
the functional activation pattern of a melody and a rhythm discrimination task in TD and 



typically developing control subject. A group of TD subjects (n=11), using the cutoff suggested 
by the Montreal Battery for Evaluation of Amusia (MBEA; Peretz et al., 2003), and a control 
group (n=13) performed melody and rhythm discrimination tasks (for more details, see Overy et 
al., 2005) while they underwent a functional magnetic resonance imaging (fMRI) scanning 
session using a sparse temporal design fMRI design (for more details, see Gaab et al., 2003). TD 
subjects performed significantly poorer than controls on the melody subtests ( but not on the 
rhythm ones) of the MBEA. Similarly, their melody discrimination performance in the fMRI 
experiment was significantly below that of a control group, which was not seen in the rhythm 
discrimination test. In line with this, the fMRI analysis revealed activation deficits during the 
melody discrimination task mainly in fronto-temporal regions (especially the left inferior frontal 
gyrus and right middle temporal gyrus) in comparison to that of non-TD control subjects. No 
such between group differences were seen for the rhythm discrimination task. These functional 
activation deficits are most likely a reflection of the underlying anatomical abnormalities in 
amusic brains, since these findings partly overlap with the regions that showed structural 
alterations in previous voxel-based morphometric studies in TD (Mandell et al., 2007; Hyde et 
al., 2007). 

Disclosures:  L. Rogenmoser: None. P. Loui: None. K. Schulze: None. S. Marchina: 
None. H. Li: None. G. Schlaug: None. 

Nanosymposium 

466. Auditory Processing: Cortical Encoding of Complex Sounds 

Location: S402 

Time: Tuesday, October 20, 2015, 8:00 AM - 10:00 AM 

Presentation Number:  466.08 

Topic: D.02. Auditory System 

Support: Lithuanian Research Council Grant MIP-009/2014 

Title: Phase-Locking Index of 40Hz Auditory Steady-State Response is not related to major 
personality trait dimensions 

Authors: *M. KOROSTENSKAJA1,2,3, O. RUKSENAS4, I. GRISKOVA-BULANOVA4;  
1Functional Brain Mapping and BCI Lab, Florida Hosp. For Children, Orlando, FL; 2MEG Lab, 
Florida Hosp. for Children, Orlando, FL; 3Comprehensive Pediatric Epilepsy Center, Florida 
Hosp. for Children, Orlando, FL; 4Dept. of Neurobio. and Biophysics, Vilnius Univ., Vilnius, 
Lithuania 



Abstract: Background: Although a number of studies have demonstrated state-related auditory 
steady-state response (ASSR) dependence, the investigations assessing trait-related ASSR 
changes are limited. Five consistently identified major trait dimensions, also referred to as "big 
five" ( Neuroticism, Extraversion, Openness, Agreeableness and Conscientiousness), are 
considered to account for virtually all personality variance in both healthy people and those with 
psychiatric disorders. The purpose of the present study was, for the first time, to establish the 
link between 40Hz ASSR and "big five" major personality trait dimensions in healthy young 
people. Methods: 94 young healthy volunteers participated (38 males and 52 females; mean 
age±SD 22.180± 2.75). The 40 Hz clicks were presented for each subject thirty times in a 
pseudo-randomized order with an inter-train interval of 1-1.5 s. The EEG responses were 
recorded from F3, Fz, F4, C3, Cz, C4, P3, Pz and P4 locations according to 10/20 electrode 
placement system. Phase-locking index (PLI) was calculated and decomposed through non-
negative multi-way factorization (NMWF), indicating the activity that is the most common 
across subjects. For assessing "big five" peronality traits NEO Personality Inventory Revised 
(NEO-PI-R ) was used. Results and conclusions: No significant correlation between 40Hz ASSR 
PLI and "big five" personality traits was observed. Our results indicate that there is no 
dependency between 40Hz ASSR entrainment and personality traits. These results suggest low 
40 Hz ASSR variability among the healthy population that makes it a valuable asset when 
utilized as a selective marker for neuropsychiatric disorders. 
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Abstract: We usually explore a visual scene by saccadic eye movements. When saccadic eye 
movements consistently fail to land on the intended target, saccade accuracy is restored by 
gradually adapting the amplitude of successive saccades to the same target. Such saccadic 
adaptation can be artificially induced by systematically displacing a small visual target during 
the execution of the saccade. However, saccades are normally performed to objects that present a 
surface. In the present study, we investigated changes in saccade amplitude and in visual 
perception when the size of a target object was systematically changed during a saccade. Two 
groups of participants were tested in two experiments: shortening and lengthening paradigms. In 
the shortening experiment, participants made saccades to targets of 10 different sizes located at 
14.3 deg on the right of the initial fixation target which were each shortened during saccade 
execution. In the lengthening experiment, the targets were lengthened during the saccades. 
During saccade execution, the bar was changed by 30% of its original length. In both 
experiments, during a pre- and post-adaptation phase, subjects were instructed to manually 
indicate the horizontal size of each target by grip aperture (index and thumb extension). In both 
experiments, we evaluated the effect of change in visual perception on saccade and hand grip 
parameters. We observed first that saccadic adaptation can be induced by modifying target object 
size and secondly that this gradual change in saccade amplitude in the direction of the object size 
change evokes a concomitant change in the perception of initial object size. These findings show 
that size is a relevant signal for saccadic system and its trans-saccadic manipulation entails 
considerable changes at multiple levels of sensorimotor performance. In fact, the substantial 
transfer of size visual misperception to grip aperture is compatible with the view that object 
features such as size are better processed when the eyes capture the target with the fovea. In such 
view, we can argue that the distortion of grip aperture following the saccadic adaptation is 
strongly based on foveal vision. In fact, grasping and manipulation of objects require a 
representation of the central part of visual field that is critical to collect visual information for the 
interaction between hand and object. 
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Abstract: Networks of neurons are often tasked with representing and performing computations 
on their inputs, and relaying this information to downstream networks. However, they don't have 
unlimited resources with which to operate. Using a top-down approach, we build a neural code 
that seeks to minimize its representation error and its metabolic costs [1]. In doing so, we 
construct a neural network that is E/I balanced and whose neurons are subject to spike-frequency 
adaptation. This framework allows one to investigate and make predictions about the structure of 
neural networks as well as the roles that specific biophysical mechanisms may have in neural 
computation. We use this approach to investigate encoding and decoding in a model of 
orientation discrimination. While spike-frequency adaptation leads to efficient and biologically 
realistic spiking activity, it also produces a variable population code that is dependent on recent 
spiking history. This can lead to drastic changes in the neural tuning curves depending on the 
statistics of the stimuli. Despite those changes, an accurate representation can still be obtained 
without having to adjust the decoder because the global network activity adjusts itself through 
it's balanced, recurrent connectivity. These results predict that population code variability isn't 
simply due to noise, rather, it is a consequence of the cost/accuracy tradeoff inherent in the 
neural code. [1] M. Boerlin, C.K. Machens, and S. Deneve, PLoS Comput Biol. 9(11): e1003258 
(2013). 
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Abstract: Eye Movements (eyeM) are an essential component of visual perception. Stationary 
scenes are sampled and scanned by eyeM at various spatial scales, primarily at the scene level 
via saccades and at the local level via fixational eyeM (FeyeM). Given the constant motion of 
visual images on the retina, a crucial factor in resolving spatial ambiguities is the exact trajectory 
of eyeM. We show here that the trajectory of eyeM can be encoded at high resolution by 
symmetrical simple retinal RFs (ssRFs). The inhibitory flanks of ssRFs produce an isolated 
“corridor” through which, at certain retinal velocities, image details are encoded in only one 
direction - along the elongated axis of the RF (left panel, orange arrow). With retinal speeds 
inducing a delay of a few ms between the inhibitory and excitatory zones of the RF orthogonally-
moving stimuli (black arrow) would be inhibited. For foveal ssRFs these velocities are estimated 
around 1-10 deg/s, typical fixational drift speeds. The sensitivity of ssRFs to moving bars should 
thus depend on the speed of retinal motion - stronger for bars moving “along” (orange) at drift-
like speeds and for bars moving “across” (black) at lower or higher speeds (right panel). At drift 
speeds retinal proprioception is thus conveyed by a labeled-line code. Each ssRF is ‘labeled’ 
with a direction of eyeM; it will be activated only if the concurrent eyeM includes a motion 
component in its orientation. Thus, cortical simple cells encode eyeM as follows: their activation 
indicates the direction, the rate of their spikes indicates the retinal speed and the number of 
spikes indicates the retinal distance (in # of retinal RFs) of the concurrent eyeM. With sparse 
scenes, complex cells would be more reliable coders of eyeM trajectory due to their integration 
of several simple cells of the same orientation. This encoding can account for motion illusions 
such as the Ouchi illusion. Encoding of motion projections along horizontal and vertical ssRFs 
entails a kind of Cartesian decomposition of the 2D image into two 1D projections. 
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Abstract: Movements towards and away from sensory stimuli in the environment are critical for 
survival. Neurons in the deep layers of the optic tectum (superior colliculus in mammals) that 
command gaze movements rely on the synaptic integration of diverse sensory inputs. These 
multisensory cells form a canonical circuit with afferent sensory input targeting the superficial 
and intermediate tectal layers. Although studies have shown that multiple sensory modalities can 
modulate their neural activity, the synaptic underpinnings of this multisensory integration have 
not been investigated. Recently, we have shown that the GABAergic system within the optic 
tectum can generate visual stimulus selection through a process of competitive inhibition in the 
lamprey - a conserved vertebrate system. This is effectively carried out through long-range 
inhibitory connections across the tectal map of space that generate local excitation and global 
suppression onto gaze controlling neurons in the deep layer mediating orienting or avoidance 
movements. We now show that synaptic inhibition is not only critical for generating stimulus 
selection but also essential for multisensory integration. Here, we studied the mechanisms 
underlying cross-modal integration of visual and electrosensory signals onto gaze controlling 
neurons. Using whole-cell recordings in a midbrain preparation, we report that unimodal inputs 
generated direct excitation that was quickly followed by inhibition from local GABAergic 
interneurons. Notably, their distinctive intrinsic properties supported the temporal integration of 
excitatory and inhibitory synaptic currents during co-activation of both sensory afferent 
pathways, which resulted in a continuous scaling of their net excitatory responses. In particular, 
sensory-induced excitatory currents had a greater impact on their membrane depolarisation, 
when they did not temporarily overlap with feedforward inhibition, while synaptic depression 
during sustained activation ensured balanced activity in these neurons. This is was further 
corroborated in the intact animal where we demonstrate that deep layer neural activity, during 
local visual and electrosensory activation, increases sublinearly throughout a wide range of 



stimulus intensities. Pharmacological blockade of local GABAergic inhibition amplified 
responses with rigorous discharge of action potentials during unimodal and crossmodal 
stimulation, thus, cancelling any additive effects onto gaze controlling neurons. These results 
suggest that modality-dependent recruitment of inhibition provides an evolutionary strategy for 
generating robust multisensory normalisation. 
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Abstract: The dorsal aspect of the premotor cortex (PMd) is a key node in the cortical pathway 
for visually-guided reaching. There is debate about where in the eye-to-arm reference frame 
transformation PMd sits. One issue in this debate is whether or not the task that the animal is 
trained to perform may affect the tuning properties of PMd neurons. To address this we recorded 
from PMd of two Rhesus monkeys while they performed a delayed reaching task. The animals 
were not trained to fixate. We found that tuning in PMd for reach target location relative to the 
direction of gaze was quite weak. We recorded neural activity using a 96-channel Blackrock 
microelectrode array. Ten sessions with 45 +/- 10 well-isolated neurons per session were 
analyzed. We first used a standard linear regression to determine neural tuning. We found that 
tuning to the location of the target relative to the hand (target-hand reference frame; TH) was 
strong (79% of cells in Monkey L, 96% in Monkey I). We also found tuning to the location of 
the target relative to the eye (target-eye reference frame, TE; 59% of cells in Monkey L, 95% in 



Monkey I). However, we recognized that this measurement of TE could be an overestimate. We 
found that the animals exhibited consistent gaze behavior patterns during the task, and we 
reasoned that this could induce apparent TE tuning, even if none were present. We used two 
analysis techniques to control for the influence on neural tuning of behavioral coupling. We used 
a partial regression analysis to first remove the tuning due to one reference frame so we could 
investigate whether the residual variance was tuned in the other reference frame. When the effect 
of TH was removed, only one-fourth of our cells exhibited significant tuning to TE. In our 
second analysis, we simulated cells whose tuning were entirely determined by TH tuning. We 
built a simulated neural population with TH tuning measured from the real data, but no TE 
tuning. When those simulated neurons were analyzed like the real data, we found they exhibited 
TE tuning. The amount of TE tuning recovered from the simulation was comparable to the 
amount of TE tuning measured in the real data (Monkey L: 59% for the real data, and 49% in the 
simulated data; Monkey I: 96% for the real data, and 94% for the simulated data.) Thus, our 
simulations show that even when no TE tuning is present, TH tuning and behavioral coupling 
can produce spurious TE tuning. Our results suggest that neural tuning to the target location 
relative to gaze is inherently quite weak, but may arise in PMd once animals are trained and 
instructed to fixate. 
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Abstract: Receptive fields (RFs) of neurons within the primate visual system have been reported 
to shift prior to saccadic eye movements. It has been widely assumed that these presaccadic RF 



shifts anticipate the actual retinal displacements caused by eye movements in order to stabilize 
vision. In contrast to this predictive remapping of RFs we recently demonstrated that RFs based 
on the spiking activity of frontal eye field (FEF) neurons of the macaque monkey converge 
massively toward the saccadic end point. Here, we investigate the presaccadic RFs derived from 
simultaneously recorded local field potentials (LFPs) within the FEF. LFPs reflect multiple 
neuronal processes including extracellular voltage fluctuations due to synaptic inputs and thus 
carry additional information over that of spiking activity. We quantified LFP RFs in four 
different frequency bands, alpha (8-12 Hz), beta (16-30 Hz), gamma (30-80 Hz), and high 
gamma (80-150 Hz). With the exception of gamma, we obtained clear RFs in each of the 
remaining frequency bands during fixation and prior to saccades. Similar to the RFs derived 
from spiking activity, LFP RFs were retinocentric during periods of fixation; that is, they 
remained fixed relative to the fovea across different eye positions. However, shortly before eye 
movements, LFP RFs in the alpha, beta and high gamma band shifted substantially. Similar to 
the spiking RFs, the global pattern of the LFP RF shifts consisted of a convergence toward the 
saccadic end point. Next, we compared the time at which the visual probe stimulus used to map 
the RFs could be reliably encoded from low frequency band LFPs and corresponding spiking 
activities. The results of this comparison thus far show that during fixation, the latency of 
information about probe location was comparable for spiking activity and LFPs, whereas the 
amount of information was 1.5-fold higher for the LFPs. In contrast, during the presaccadic 
period, probe-location information was encoded earlier by the spiking activity (-27 ms) than by 
the LFPs. Furthermore, the amount of information about the probe was 2-fold greater in the 
spiking activity than in the LFPs. This pattern of results suggests that RF shifts might occur 
earlier in the FEF than in posterior visual areas, which provide the major source of visual inputs. 
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Abstract: During a memory-guided gaze shift task neurons in the Frontal Eye Field (FEF), one 
of the key nodes in sensorimotor transformation, often show activity related to visual 
presentation, movement generation, and working memory which forms a linking bridge between 
the visual and movement responses. Previously, we showed that in a classic memory-guided 
gaze task (in head-unrestrained conditions), where subjects need to make delayed gaze shifts to 
remembered location of visual stimuli, visual and movement responses in the FEF encode visual 
target location (T) and final gaze position (G), respectively. This differential code between visual 
and movement responses suggested that spatial sensorimotor transformation occurs within the 
FEF and its interconnected network (Sajad et al. 2014). However what is unknown is how this 
spatial transformation occurs as activity evolves from visual to memory, throughout memory, 
and from memory to movement. In order to investigate this we analyzed the spatiotemporal 
evolution of 74 neurons from the FEF of two monkeys through the entire visual-memory-motor 
extent of their response. Using a spatial model-fitting method described previously (Keith et al. 
2009) we constructed spatial models based on sensory- and motor-related parameters and 
identified the model that provided the best fit to the data. In addition to spatial models based on 
T (i.e., sensory parameter), and G (i.e., movement parameter), we considered a continuum of 
models along the T-G axis between (and beyond) T and G (Sajad et al. 2014) which allowed us 
to consider possibility for intermediary spatial codes. Our analysis showed that overall the 
population of FEF neurons showed a gradual drift from T towards G; but different neuronal 
subpopulations contributed differently to this trend. Visual responses of Visual (V, n = 10) and 
Visuomovement (VM, n = 42) neurons contained a spatial code very closely described by T. The 
memory activity which was most prominent in VM neurons and a subpopulation of Movement 
neurons (DM, n = 12) showed a gradual shift from T only partially towards G, and this 
intermediary spatial code was even present at the time of gaze onset. This contrasts to 
movement-only neurons with no delay activity (M, n = 10) which contained a spatial code 
described very closely by G in their movement response. These results show that at least two 
spatial transformations occur within the FEF (and its interconnected network) in the simple 
memory-guided gaze task: Transformation within an imperfect goal-memory circuit, followed by 
a memory-to-motor transformation downstream of the working memory network. 
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Abstract: Many theories propose that top-down attentional signals in frontal cortex control 
processing in sensory cortices by modulating neural activity. But who controls the controller? 
Here we investigate how a biologically plausible neural reinforcement learning scheme can 
create higher order representations and top-down attentional signals. The learning scheme trains 
neural networks using two factors that gate Hebbian plasticity: (1) an attentional feedback signal 
from the response-selection stage to earlier processing levels and (2) a globally available 
neuromodulator that encodes the reward prediction error. We demonstrate how the neural 
network learns to direct attention to one of two colored stimuli that are arranged in a rank-order 
(Lennert & Martinez-Trujillo, 2011). Like humans and animals, the model made more errors if it 
had to compare stimuli that were “close” in rank. Like monkeys trained on this task, the network 
developed units that are tuned to the rank-order of the colors and it generalized the newly learned 
rule to previously unseen color combinations. Specifically, the model exhibited transitive 
inference. If it had learnt that A was lower in rank than B and that B was lower in rank than C, 
the model inferred that A was also lower in rank than C. The model thereby provides new insight 
into how individuals learn order relationships and also how they learn to control attention as a 
function of reward contingency. Reference Lennert, T., & Martinez-Trujillo, J. (2011). Strength 
of response suppression to distracter stimuli determines attentional-filtering performance in 
primate prefrontal neurons. Neuron, 70(1), 141-152. 
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Abstract: Impaired social behavior is a persistent, treatment-resistant core symptom of autism. 
While selective 5-HT reuptake inhibitors (SSRIs) such as Prozac (fluoxetine) enhance sociability 
in limited subpopulations, their efficacy is diminished when 5-HT transporter (SERT) function is 
compromised. Aside from SERT, ancillary central transporters of 5-HT include organic cation 
transporters (OCTs) and plasma membrane monoamine transporters (PMAT), collectively 
known as “uptake 2”. Uptake 2 typically has lower affinity for 5-HT, but removes it from 
extracellular fluid with greater capacity than SERT. The study hypothesis was that uptake 2 
blockade would enhance social behavior via greater 5-HT neurotransmission. Effects of uptake 2 
blockade on the social behavior were compared in two socially-deficient mouse lines: 
BTBRT+Itpr3tf/J and SERT knock-out. Decynium-22 (D-22) was administered via acute 
injection or sub-chronic osmotic minipump delivery. Mouse behavior was assessed in three-
chamber sociability tests. In vitro [3H] 5-HT uptake or [3H] citalopram competition with D-22 
compared its blockade capacity and affinity to fluoxetine. D-22 pharmacokinetics in serum and 
brain were assessed by HPLC. Acute D-22 (0.1 - 0.01 mg/kg) injections enhanced social 
interaction preference in both BTBR and SERT -/-, by sniffing and chamber dwelling. Social 
novelty preference was undiminished by D-22 in BTBR. Furthermore, 2 week D-22 
administration improved interaction preference in both lines, with no apparent adverse effects. 
D-22 blocks 5-HT uptake in mouse brain in vitro with Km = 90 ± 10 nM, and has little affinity 
for SERT (Ki > 3000 nM). D-22 also appears to cross the blood-brain barrier. Overall, uptake 2 
transporter blockade may be an effective strategy for enhancing otherwise impaired social 
behavior in mice. 
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Abstract: Postnatal environmental factors influence the physiological and psychological state 
through life. Here we studied effects of social risk during early development on social behavior 
and brain serotonin function in common marmosets, a non-human primate species known to have 
human-like social activity. Early social risk condition, which was induced by a nursery rearing 
(NR) procedure, was compared to normal parental-reared (PR) condition. NR animals were 
further conducted to two groups in terms of later social environment after six months of the age, 
NRLA who continuously lived alone and NRLP who lived in pairs. These animals were 
compared to PR animals who continuously lived in pairs (PRLP). Social behavior was tested by 
behavioral response to the age-matched unfamiliar conspecific. Brain serotonergic function was 
measured by positron emission tomography (PET) with [11C]DASB, a specific PET tracer for 
serotonin transporters (SERT). In childhood (three and six months of the age), NR animals 
displayed low sociability such as social withdrawal in vocal and behavioral responses to an 
unfamiliar conspecific, and significant reduction in SERT binding in the midline brain structures 
including the posterior cingulate and medial prefrontal cortices, and also in the hypothalamus, 
thalamus, the hippocampus, and midbrain as compared to PR. In adulthood (two-three years of 
the age), NRLA showed social withdrawal in behavioral response to the unfamiliar conspecific, 
while NRLP showed no less sociability than PRLP. NRLA showed tendency of lower SERT 
binding in the posterior cingulate and medial prefrontal cortices and midbrain, where SERT 
binding activity was correlated with behavioral sociability. NRLP showed tendency of higher 
SERT binding in the piriform and inferior temporal cortices. These results suggest that the early 



social deprivation causes long-lasting but restorable social withdrawal, which may be linked to 
serotonergic dysfunction in the specific brain areas. 
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Abstract: There is ample evidence of the protective effects of prosocial interactions on 
vulnerability to drug use and abuse, but little is known about their role on already established 
addiction-like behaviors. Using the female prairie vole (Microtus ochrogaster), a socially 
monogamous rodent species that forms pair bonds after mating, we investigated the effects of 
social interactions during adulthood on extinction of acquired amphetamine (Amph) conditioned 
place preference (CPP), a model of drug-seeking behavior triggered by environmental cues 
surrounding drug use. Experiment 1 was designed to test the effects of social stimuli on 
extinction of Amph-induced CPP. Adult female voles were subjected to the CPP procedure with 
0.5 mg/kg Amph or saline (Sal). A pre-test established the initial cage preferences and then 40-
min conditioning sessions were performed twice daily (6 h apart) for 4 days, administering 
Amph in the non-preferred cage. After showing Amph-induced CPP, Sal or Amph conditioned 
females were housed continuously with their familiar female cagemates (Sal-FF and Amph-FF) 
which had received the same drug treatment during the CPP conditioning, or were housed with a 
novel drug-naïve female (Amph-NF) or vasectomized male (Amph-NM). Two days later, 4 
extinction sessions were performed at 48-intervals using the similar CPP paradigm. Our data 



indicate that females that cohabited with a novel conspecific, but not the familiar cagemate, 
showed extinction of Amph-induced CPP and this effect was independent of the sex of the 
conspecific. Experiment 2 was designed to test the specific role of social bonding for the 
induction of extinction of Amph-induced CPP. Adult females were treated with Sal or 0.5 mg/kg 
Amph for 4 days in their home cages. Twenty-four hours later, subjects were paired with a 
vasectomized male (defined as the partner), with which they cohabitated for 8 days. Preference 
for the male partner versus a male stranger was examined by 4 3-h partner preference tests (PP), 
performed every other day, with the first one being held 48 h after the female-male pairing. Our 
data demonstrated that Amph-treated females showed sustained impairment in PP even after 
long-term mating/cohabitation with a male partner, suggesting that the induced extinction of 
Amph CPP was not due to pair bond formation. Together, our data indicate that changes in the 
social environment may have profound beneficial effects on facilitating the extinction of Amph-
seeking behaviors. 
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Abstract: Oxytocin is a hypothalamic neuropeptide and can regulate many social behaviors 
including sexual interest toward conspecifics. Intra-nasal administration of oxytocin has been 
used extensively in studying the pro-social behavioral effects of oxytocin; however, it remains a 
question whether the effect of exogenous oxytocin is correlated with the activity of intrinsic 
oxytocin-producing cells in the brain. The supraoptic nucleus is a major source of brain oxytocin 



that directly modulates activities of brain areas that control sexually-associated social behaviors. 
Thus, in the present study, we tested the hypothesis that intranasally-applied oxytocin can alter 
sexual interest of adult male rats toward sexually-different conspecifics through activation of 
supraoptic oxytocin neurons. We put individual adult male rats in the center of an eight-arm 
radial maze device, and observed the frequency and duration of their approaching adult estrous 
female, non-estrous (diestrus and metestrus) female or male rats. The result showed that these 
males exhibited significantly more times and longer duration of approaching estrous females. 
Intranasal application of oxytocin significantly changed the pattern of this sexually-associated 
behavior. That is, the males became less interested in the estrous females but the non-estrous 
females and the stranger males. This oxytocin-evoked switching of sexual interest was associated 
with normal functions of the supraoptic nucleus. Mechanically disturbing the activity of this 
nucleus by intra-supraoptic injection of vehicle or L-aminoadipic acid (a gliotoxin) solution 
reduced the frequency and duration of the male rats that approached to the estrous females. 
Administration of L-aminoadipic acid but not the vehicle blocked intranasal oxytocin-evoked 
switching of this social behavior pattern. Mechanistically, intranasally-applied oxytocin can 
activate oxytocin neurons by activating oxytocin receptors in the olfactory epithelium and/or 
olfactory bulbs since low dose of nasal oxytocin receptor antagonist or a locally-applied 
anesthetic blocked oxytocin-evoked activation of oxytocin neurons in the supraoptic nucleus. 
These findings reveal for the first time that intranasal oxytocin can change sexually-associated 
social behaviors and that the hypothalamic oxytocin-secreting system can mediate this effect, at 
least partially. This work highlights that the effect of intranasally-applied oxytocin is likely 
mediated by a nose-olfactory bulb-supraoptic nucleus-social brain pathway. 
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Abstract: Growing evidence supports that central oxytocin (OT), neuropeptide, play a key role 
in regulating social communication. Present study aimed to demonstrate how social signaling 
including olfactory cues and scent marking, a prominent mode of olfactory communication in 
rodents, is regulated by central OT. In social approach test, male C57BL/6 mice were allowed to 
investigate wire-mesh bins in one of which OT or vehicle-infused stimulus mice (nasal 
administration, 40 min prior test) were placed. Exposure of those OT-infused mice via a wire-
mesh remarkably increased approaches and sniffing and also decreased scent marking deposited 
by intact male mice. These results suggest that OT may change (olfactory) social cues released 
from OT-infused mice which, in turn, suppress territorial (aggressive) behavior and induce 
approach/social contacts in social cue receivers. As such, in scent marking paradigm, central 
infusion of OT reduced territorial marking toward male conspecifics, and thus, in turn, reduced 
the scent marking of untreated males which were confronted with OT infused mice. Buspirone, a 
partial agonist at 5-HT1A receptors, induced release of central OT, also decreased scent marking 
in male mice. Nasal infusion of OT antagonist into these Buspirone-infused mice prevented the 
decreased scent marks, while those into saline-infused mice had no change in scent marking. 
These data indicated a sensitivity of scent marking in OT availability and suggest that 5-HT1A 
receptors would be involved in OT-regulation of olfactory communication between male mice. 
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Abstract: The molecular and neural mechanisms regulating human social behaviors are 
fundamentally important but largely unknown. Religious experience is one of the most powerful 
transformative factors in the lives of individuals and cultures, and provocative evidence showed 
that religion influences social behaviors in different and even controversy ways. It has been 
suggested that religious priming serves to enhance pro-sociality for in-group members, while 
increasing aggression towards out-group. It is interesting that social peptide hormone oxytocin, 
has been implicated to play a role in cooperation and competition within and between groups. In 
addition, recent study showed that religion priming and an oxytocin receptor gene polymorphism 
interact to affect self-control in a social context. We therefor hypothesized that religious priming 
will result in an increase in pro-sociality as measured by observer ratings of social stimuli, 
plasma serum levels of oxytocin, and functional connectivity in social brain regions. In this 
study, we report the plasma oxytocin levels before and after a thirty-minute period of religious 
experience in a cohort of eleven returned Mormon missionaries. Our preliminary results showed 
that the plasma oxytocin and vasopressin levels are highly associated. This is the first time to 
study the in vivo relationship of peptide hormones in regulating religious belief and will enhance 
our understanding of neurobiology of the effects of religious experience on social behaviors. 
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Abstract: Testosterone is the major endocrine mechanism promoting sexual differentiation of 
the mammalian nervous system and behavior, but we have an incomplete knowledge of which 
cells and tissues mediate these androgenic effects. To distinguish between neural and non-neural 
actions of androgens in sexual differentiation of brain and behavior, we generated a loxP-based 
transgenic mouse, which overexpresses androgen receptors (AR) only when activated by Cre. 
We used this transgene to overexpress AR globally in all tissues using a CMV-Cre driver (CMV-
AR), and we used a Nestin-Cre driver to overexpress AR only in neural tissue (Nes-AR). We 
then examined whether neural or global AR overexpression can affect socio-sexual behaviors 
using a resident-intruder paradigm. We found that both neural and global AR overexpression 
resulted in decreased aggressive behaviors and increased social behaviors, supporting a role for a 
neural site of action for these effects. Global, but not neural, AR overexpression in males led to 
an increase in same-sex anogenital investigation. Copulatory behaviors were differentially 
affected by neural and global overexpression of AR. Neural-only increases in AR led to an 
overall reduction in thrusting, whereas global overexpression of AR resulted in increased 
thrusting following sexual experience. Together, these results suggest novel roles for non-neural 
AR in sexual differentiation of mice, and indicate that excess AR can lead to a paradoxical loss 
of AR function. 
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Abstract: Mother’s milk is known to contain constituents that are crucial to infant development, 
yet the role of hormones in early mother’s milk on later infant cognitive and social behavior 
remains unexplored. Recent research has focused on “lactational programming,” whereby 
hormones in milk, namely cortisol, act to program infant growth and temperament. We studied 
N=26 rhesus monkey (Macaca mulatta) mother-infant dyads born and reared in large social 
groups from birth through weaning at 8 months. We sought to determine the role of cortisol in 
mother’s milk in the neonatal period on cognitive performance on an inhibition task, and on 
social behavior with peers later in development. We collected milk twice in the first 30 postnatal 
days and analyzed the samples for cortisol content. Beginning at 6 months of age, a subset of 
infants (n=8) was given a cognitive task five days per week to assess impulsivity/response 
inhibition. From 4-8 months of age, a larger subset of infants (n=24) was observed twice weekly 
for 10mins each to record the occurrence of social behaviors (i.e., play, grooming, mounting), 
both initiated and received. Regression analysis revealed that average cortisol in mother’s milk in 
the first 30 days of life negatively predicted “balk” rates (i.e., % trials the infant refused to 
participate; R2=0.43, p=0.045) and “bonk” rates (i.e., % trials the infant responded with an 
impulsive response; R2=0.67, p=0.026) on the cognitive task. Moreover, average milk cortisol 
also negatively predicted the frequency of initiated social behaviors, but for males only (R2=0.37, 
p=0.043). These findings support the “lactational programming” hypothesis and supplement 
previous findings in humans and monkey infants that cortisol in mother’s milk predicts negative 
affect/cautious temperament (Grey et al., 2013; Hinde et al., 2014). Collectively, our results 
point to a role for hormones in mother’s milk, beginning at birth, in subsequent infant 
neurological and behavioral development. Future studies will be able to draw upon these results 
to determine the mechanisms for this type of programming. 
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Abstract: Spatial attention improves our ability for selecting salient or behaviorally relevant 
stimuli as well as filtering out the distractor for visual processing, which is evidenced by 
shortening the reaction time of sensory-motor transformation and decreasing the threshold of 
visual discrimination within attention field. The covert focusing of spatial attention has 
traditionally been metaphorically thought as a ‘spotlight’ or ‘zoom lens’ on the attended area in 
visual field, where the contrast gain or response gain of visual stimuli was enhanced 
symmetrically as a Gaussian shape. However, the clear structure of spatial representation within 
attention filed has not been tested. Here we reported that, in both top-down and bottom-up spatial 
attention involved visual discrimination tasks, subjects’ manual reaction time and correct ratio 
were asymmetrically correlated with the location of visual stimuli relative to the center of covert 
attention. In left-right conditions, subjects responded faster and more accurately in the stimulus-
response compatible trials (the visual stimuli appeared in the left side within attention field 
(stimuli left) and subjects pressed left key (response left); stimuli right and response right) than 
in incompatible trials (stimuli left but response right; stimuli right but response left). So did in 
the up-down conditions. Through control experiment, we showed that the behavioral asymmetry 
highly depended on the participation of covert spatial attention rather than the relative positions 
(object-centered) of visual stimuli. Those results indicated that the spatial representation within 
attention field was asymmetrically distributed, which was similar to a contractible visual field. 
Combining with previous electrophysiology findings of the compression of visual receptive field 
toward the attended location, we propose that the whole visual spatial representation in higher 
visual cortex might shift and compress toward the current focus of spatial attention. 
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Abstract: Introduction: Alert healthy subjects typically exhibit a subtle bias of spatial attention 
favouring left space. This bias is attenuated, or shifted rightwards, under conditions of decreased 
alertness. This is consistent with theoretical models proposing that a right-hemisphere-lateralised 
ventral ‘alertness’ network regulates inter-hemispheric rivalry in the bilateral dorsal orienting 
network. Ocular exposure to short wavelength blue enriched white light (λmax ~480nm) can 
result in increased alertness and overt behavioural improvements during cognitive tasks. Here we 
tested the hypothesis that prior exposure to higher, relative to lower, intensities of blue enriched 
white light would promote the direction of attention to left space, as measured by behavioral and 
electrophysiological indices. Methods: Healthy participants (N=24) were exposed to three blue 
enriched light intensities (low/medium/high- 50/350/1400 lux, respectively) in a counterbalanced 
repeated-measures design over 54 separate sessions. Sessions began 13.5 hours after waking and 
comprised 10 min dark adaptation, then 1 hour of light exposure followed by a ~36 min spatial 
attention task. Behavioral and EEG indices of spatial attention were derived. Arousal was 
indexed via pre-target pupil diameter during the spatial attention task, independent of the prior 
light exposure manipulation. Results: Participants were faster to detect targets in the left, as 
compared to right hemi-field, an effect that was maximal after high intensity light exposure. Pre-
target pupil diameter increased as a function of light intensity, indicative of increased arousal 
following high intensity light exposure. EEG markers of spatial orienting, such as the N2pc, 
varied as a function of light intensity, such that greater amplitudes were observed after high 
intensity light exposure. Conclusion: These data show that prior exposure to blue enriched white 
light influences behavioral and EEG measures of spatial attentional orienting, potentially via its 
alerting effects. These data provide the tantalizing prospect that blue enriched white light might 
have rehabilitative value in disorders of spatial attention such as unilateral spatial neglect and 
ADHD. 
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Abstract: Attentional engagement is a major determinant in how effectively we gather 
information through our senses. Its variation within individuals indicates motivational states and 
personal interests. Unfortunately, the controlled measurement of attentional engagement in the 
laboratory typically bears little resemblance to the conditions under which we absorb information 
in the real world. Here, we use electro-encephalography to measure fast neural responses to 
natural narrative stimuli while we manipulate attentional state: participants were instructed to 
either attend normally, or to silently count backwards during presentation of auditory or 
audiovisual stimuli. We hypothesized that engagement of attention will promote reliable neural 
responses. As predicted, we observed that the neural responses correlated across subjects most 
strongly during the attentive state, in particular for audio-visual stimuli. Stories with a cohesive 
narrative elicited correlated responses along several dimensions, while stimuli with little or no 
narrative were dominated by a single component, regardless of modality. The modulation of 
reliability was strong enough to perfectly differentiate between attentive and inattentive states for 
the audiovisual stimulus with suspenseful narrative. From these results we conclude that the 
reliability of fast brain responses is closely tied to levels of attentional engagement, which is 
strongest for audio-visual narrative stimuli. 
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Abstract: Successful achievement of any task requires the ability to select goal-relevant 
information and suppress distractors. Previous research has demonstrated that attentional 
enhancement operates by increasing the gain of sensory neurons encoding target-relevant 
features while decreasing that of other features. However, it remains unclear how attentional 
selection and suppression operate simultaneously when they come into conflict (i.e. when 
distractors are similar to the target). We investigated this issue with event-related potentials, 
focusing on the N2pc and Pd components, which are indices of attentional selection and 
suppression, respectively. A visual search task was used in which the target was defined by color 
and shape. The frequency of a target-colored distractor was manipulated over blocks to have a 
75% probability of occurring in high-frequency blocks and a 25% probability in low-frequency 
blocks. We hypothesized that the need to limit distraction by the target-colored distractors in the 
high-frequency block would also result in reduced attentional enhancement for the target. The 
results were consistent with our hypothesis. Reaction times were longer to targets in the high-
frequency block, compared to the low-frequency block, when the target-colored distractor was 
absent, but shorter when a target-colored distractor was present. This suggests that feature-based 
gain enhancement was weaker when target-colored distractors were more likely to occur. 
Consistent with the behavioral data (n=16), the mean amplitude of the N2pc in response to 
targets (without a target-colored distractor) was smaller, and the Pd larger, in high-frequency 
blocks compared to low-frequency blocks. Thus, even though the manipulation was entirely in 
distractor probability, attentional selection of the target was weaker, even on trials when no 
target-colored distractors were present. These results indicate that expectancies about target-
similar distractors not only impact the ability to suppress them but also affect the ability to select 
the target. Attentional selection of the target was modulated based on the frequency of a target-
colored distractor, suggesting that feature-based attentional gain was adjusted to maximize the 
balance between the need to suppress distractors and to select targets. 
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Abstract: According to previous studies, posterior intraparietal sulcus (pIPS) enhances 
processing of visual stimuli in the contralateral hemifield in attentionally demanding conditions 
(Vandenberghe et al. 2005, Gillebert et al. 2011). By means of single pulse transcranial magnetic 
stimulation (TMS) of pIPS we aimed to examine whether its major role is in the delay or the test 
phase of a classic attentional paradigm. We predicted that pIPS, as a visually responsive area, is 
crucial in the test phase but not in the delay phase. We applied single pulse TMS on pIPS in 28 
healthy subjects during a spatial cueing task. All subjects completed 2 sessions consisting of 6 
runs of 120 trials. A trial started with a central spatial arrow cue pointing either leftwards or 
rightwards, followed by a delay of 200 ms during which only a fixation point was shown. After 
the delay a peripheral grating was added in the cued hemifield. In 50% of the trials the target 
grating appeared on its own (‘single trials’), in the remaining 50% a task-irrelevant grating was 
added in the uncued hemifield (‘double trials’). Subjects had to discriminate by button-press the 
orientation of the target grating: clockwise or anticlockwise with respect to a reference 
orientation of 45°. In 40% of the trials we applied a TMS pulse in the delay phase (150 ms 
before target onset), in 40% a TMS pulse was delivered in the test phase (150 ms after target 
onset). In the remaining 20% there was no TMS. The TMS site, left versus right pIPS, was 
counterbalanced between runs. A 2 x 2 x 2 repeated measures ANOVA with target location (ipsi- 
versus contralateral relative to the TMS site), TMS timing (delay versus test phase) and trial type 
(single versus double trial) as factors and response accuracy as outcome measure revealed a 
three-way interaction [p = 0.0091, F(1,27) = 7.948] and a main effect of trial type [p = 0.0302, 
F(1,27) = 5.26]. When TMS was applied in the test phase, there was a significant two-way 
interaction between trial type and target location [p = 0.0493, F(1,27) = 4.107]. Accuracies were 
significantly higher for single than for double trials for ipsilateral targets [p = 0.0127, F(1,27) = 
7.168], but not for contralateral targets. When we delivered TMS in the delay phase, no 



significant interaction effects were found. After subtracting accuracies from corresponding trials 
without TMS as a correction for baseline performance, results were essentially confirmed. These 
results suggest a critical role for pIPS during selective attention in the test phase dependent on 
trial type and target location. This is compatible with the behavior of a previously tested stroke 
patient with a lesion confined to left pIPS (Gillebert et al. 2011). 
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Abstract: Individuals regularly experience fluctuations in their readiness to update attentional 
selections. These moment-by-moment changes in attentional flexibility vary based on the 
statistical structure of the environment (Sali, Anderson, & Yantis, in press). However, the neural 
systems involved in learned adjustments of preparatory control remain unknown. In the current 
study, we used functional magnetic resonance imaging to identify the neural systems that 
respond preferentially for contextually-defined unlikely orienting cue presentations relative to 
likely presentations. During each trial, participants monitored a rapid serial visual presentation 
(RSVP) stream of alphanumeric characters for the onset of an attentional orienting cue that 
signaled to either make a saccadic eye movement to a different RSVP stream or to continuing 
fixating the same stream. Following each cue presentation, participants made a parity judgment 
for target stimuli appearing in the cued stream, such that trial-by-trial RT served as an indicator 
of attentional flexibility. Critically, for half of the participants, shift cues tended to appear 
following a short temporal interval, while hold cues tended to appear following a long interval. 



The remainder of participants experienced the opposite cue probability mapping. The behavioral 
cost in RT for shift attention trials relative to hold attention trials at each temporal interval varied 
as a function of the environmental statistical structure, therefore providing evidence of learned 
preparatory modulations of attentional control. Analysis of the neuroimaging data revealed that 
cued overt shifts of attention were associated with a greater blood oxygenation level dependent 
(BOLD) response within bilateral intraparietal sulcus and the right medial superior parietal 
lobule. However, activity in these regions did not vary according to cue probabilities. Instead, we 
observed greater activity within the right anterior insula/inferior frontal gyrus, right middle 
frontal gyrus, and the right supplementary motor area for statistically unlikely cue presentations 
relative to likely cue presentations. Together, the current results suggest that these ventral 
attentional control regions may play a role in the detection of statistically improbable orienting 
cues, even when they appear at a perfectly predictable spatial location. 
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Abstract: The detection of a target item is degraded when subjects are distracted by another task 
(the Attentional Blink, AB). Recent evidence suggests that temporal attention is diffused and 
delayed during the AB. In the present study, we tested the hypothesis that during the AB, the 
weakening of attentional processes leads to intrusion of distractors into consciousness. We asked 
participants to report two target items embedded in a series of distractors while brain activity was 
recorded with MEG. Behavioral results revealed a typical AB: the identification of the second 
target stimulus was degraded when the delay between the two targets was less than half a second. 
A detailed examination of subjects’ reports revealed that, in error trials, the target was often 
substituted by distractors in the temporal neighborhood. Furthermore, using time-resolved 



multivariate pattern analyses, we were able to isolate the brain responses induced by each item in 
the RSVP. Preliminary results revealed that the sequence of brain patterns induced by each 
stimulus was similar to the one observed when the same stimulus was presented in isolation. 
However, while early brain responses (<250 ms) were unaffected during the RSVP, late brain 
responses (250-400 ms) had shorter durations. Importantly, late brain responses linked to stimuli 
immediately preceding or following the second target item were strongly attenuated while those 
induced by the target item were sustained and amplified. These results show that (i) during 
RSVP, relevant and irrelevant stimuli are processed to the same level, but (ii) the temporal 
selection of a target stimulus inhibits the processing of nearby distractors and sustain target-
related processes. Future analyses will evaluate how these processes are affected by tasks 
overlap. 
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Abstract: Conscious perception is characterized by a global propagation and integration of brain 
signals, as reflected by sustained and recurrent interactions between frontal and posterior cortical 
brain areas. Yet, while cortical regions clearly play a role in conscious perception, they are 
modulated by “low-level” subcortical structures such as the basal ganglia and thalamus. Previous 
research has established that dopamine release in the striatum, the input structure of the basal 
ganglia, releases the tonic inhibition of the thalamus by the output structures of the basal ganglia, 
resulting in activation of cortex. This raises the intriguing possibility that the striatum through its 
ability to modulate thalamocortical activity plays a crucial role in controlling which information 
is selected for global broadcasting and becomes a content we are aware of. To shed light on the 



role of the striatum in selective awareness, this study used the unique opportunity to directly 
record electrophysiological activity from the nucleus accumbens and the anterior limb of the 
internal capsule in 7 patients having electrode implants for deep-brain-stimulation therapy, while 
they performed an attentional blink (AB) task. In this task, subjects have to detect two targets 
(T1 and T2) in a rapid stream of distractors. Notably, subjects often fail to consciously perceive 
T2 if it occurs within 100-500 ms after T1: the AB effect. Patients displayed a typical AB and 
often failed to perceive T2 when it followed T1 after 200ms. Analyses of the intracranial EEG 
data revealed, firstly, that the conscious perception of T2 was associated with an increase in low 
frequency (theta; 3-5 Hz) power around 300ms after T2 onset. Given that the ventral striatum 
receives longer-latency input from the hippocampus by means of theta oscillations, we speculate 
that this increase in theta activity in the ventral striatum to perceived targets likely represents 
context-dependent gating of prefrontal cortical regions, determining which information enters a 
state of sustained representation. Second, only in trials in which T2 was not perceived, T1 
elicited a short-latency (100ms) increase in alpha power. Recent evidence from animal studies 
suggests that the striatum may also prioritize processing of salient stimuli, including arousing 
and behaviorally relevant events, by triggering frontal systems to orient attention within 100ms 
post-stimulus. The observed short-latency signal to T1 when T2 was not perceived may hence 
provide support for the idea that the AB is caused by T1-driven attentional capture. Together, 
these novel findings suggest an important role for the ventral striatum in selective awareness. 
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Abstract: Attention must be continuously, optimally balanced between maintaining current task 
goals and being ‘captured’ by task-irrelevant yet important information. Directing visual spatial 
attention to one hemifield is known to produce hemisphere-specific, behaviourally relevant 
modulations of neuronal oscillations; posterior alpha (8-12Hz) increases to block out irrelevant 
information and gamma (40-100Hz) activity reflects active feed-forward stimulus processing. 
Attention is also known to be biased by learned associations with stimuli in the visual field, but 
little is currently known about the interaction between attention, value, and oscillatory activity. 
Here, we trained participants via a conditioning manipulation to associate a set of novel visual 
stimuli (Chinese kanji symbols) with different value outcomes. Symbols could be paired with 
financial rewards, penalties, or with neither. We then measured participants’ neural activity with 
magnetoencephalography (MEG) while they performed a cued spatial (left versus right) attention 
task where the value-associated stimuli served as targets or distracters. We hypothesised that the 
value-associated stimuli would bias attention and alpha and gamma oscillations as compared to 
the neutral stimuli. We found dissociable effects in the alpha and gamma bands, by 
characterizing hemispheric lateralization of power when considering attention to the left versus 
right hemifield. Alpha-band lateralisation was determined by stimulus value-salience; salient 
targets (associated with positive and negative outcomes) decreased alpha power in target-
processing regions (contralateral to attention) whereas salient distractors attenuated alpha 
lateralisation. Furthermore, alpha lateralisation on a single-trial basis predicted participants’ 
response speeds. In contrast, negative - but not positive - distractors altered gamma lateralisation 
via an increase in gamma ipsilateral to the distractor. Thus, stimulus value impacts neuronal 
oscillations in a frequency-specific manner. Value-salience biased alpha oscillations in a similar 
manner to voluntary attention, suggesting that value and attention may be instantiated by similar 
underlying mechanisms. Given that alpha oscillations are known to be under top-down control of 
the dorsal attentional network, this same network may also be responsible for biasing attention 
according to stimulus value-salience. We are currently investigating the role of the basal ganglia 
in co-ordinating this top-down control. In contrast, gamma-band activity was specifically 
increased by negative distractors, suggesting a separate mechanism. 
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Abstract: Maintaining vigilance over time in sustained attention tasks is an effortful process. 
Performance in such tasks is hypothesized to be limited by finite cognitive resources that deplete 
with sustained performance. Recent theories emphasize the role of motivation in allocation of 
such resources. It has been proposed that costs of effortful performance are constantly weighed 
against the benefits of rewards. Here we examined whether a) response times in a sustained 
attention task improve with increasing reward, b) any improvement is accompanied by objective 
evidence for increased effort, and c) whether rewards are discounted if participants have to stay 
on task for a longer time. Participants performed a sustained attention task under three levels of 
reward (baseline, low and high reward). Following these task blocks a reward-discounting task 
was performed to measure the extent to which subjects experienced task performance as a cost. 
The outcome of the discounting task determined how long the participants had to perform the 
attention task for the remainder of the experiment. Performance improved with increasing 
reward, as evident from faster reaction times (Exp1, N=25). This effect was replicated in an 
independent sample (Exp2, N=24), in which higher rewards elicited enhanced effort as indexed 
by larger pupil diameter during task performance. Regardless of reward however, both 
behavioral performance and pupil diameter diminished with increasing time-on-task. 
Discounting curves constructed from the choice task indicated that subjects devalued rewards 
that came at the cost of staying vigilant for a longer duration. Finally, the extent to which 
participants discounted rewards in the choice task correlated with their reward-induced 
performance improvement in the sustained attention task. These data suggest that reward 
motivation can boost sustained attention performance through increased attentional effort; and 
that sustained performance is regarded as a cost against which reward value is discounted. 
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Abstract: Attentional feedback has been shown to evoke increases in the gain of early 
visuocortical responses, but its effects are likely non-uniform, both within and across visual 
areas. What neural computations give rise to these gain changes? Here, we used fMRI to 
investigate the hypothesis that gain increases with attention rely on a release from local 
inhibition. Specifically, we examined whether visuocortical responses that exhibit more strongly 
weighted inhibitory interactions would also exhibit larger attentional benefits. To do so, we 
measured the local, voxel-wise magnitude of both orientation-tuned inhibition and attentional 
modulation within early visual cortex. We assessed orientation-tuned inhibition strength by 
presenting participants with stimuli composed of two oriented gratings, which were combined in 



either a collinear or orthogonal configuration. Consistent with feature-tuned inhibition, collinear 
stimuli evoked weaker mean BOLD responses than orthogonal stimuli, indicating robust tuned-
normalization. Furthermore, the magnitude of local inhibition varied substantially between 
voxels within a visual area, suggesting heterogeneity in local inhibitory strength across a 
population. We next explored whether the strength of local inhibition relates to the magnitude of 
attentional modulation. To do so, participants were shown oriented gratings, and asked to either 
attend towards the grating (performing a fine orientation discrimination task), or attend away 
from the grating (performing a demanding task at fixation). We found an increase in BOLD 
response when attention was directed towards a stimulus, but the voxel-wise strength within a 
visual area had substantial variability in the amount with which attention boosted stimulus-
evoked responses. Leveraging the population-wide heterogeneity in both orientation-tuned 
inhibition and attentional modulation, we discovered that the strength of tuned inhibition for each 
individual voxel correlated significantly with the strength of attentional modulation, within 
striate and extrastriate cortex. Taken together, these results suggest that attentional modulation is 
not uniform within a visual area, and that the ability of a local neural subpopulation to increase 
its gain with attention is critically dependent on its weighted normalization strength: local 
inhibition regulates a population’s potential for attentional benefits. 

Disclosures:  I.M. Bloem: None. S. Ling: None. 

Nanosymposium 

469. Human Cognition and Behavior: Functional Mechanisms of Attention 

Location: N228 

Time: Tuesday, October 20, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  469.12 

Topic: F.01. Human Cognition and Behavior 

Support: NIH Grant EY018216 

Title: Spatial attention reduces noise in the fMRI response 

Authors: *W. J. CHANEY1, J. FISCHER2, D. WHITNEY1;  
1Univ. of California, Berkeley, Berkeley, CA; 2MIT, Cambridge, MA 

Abstract: Spatial attention enhances the representation of relevant stimuli, leading to improved 
performance in a variety of tasks. The neural mechanisms of spatial attention are manifold, 
including gain in response amplitudes, sharpened position selectivity, and reduced correlations in 
the noise of simultaneously observed neurons (Cohen and Maunsell, 2009; Mitchell et.al., 2009). 
This reduction in correlated noise within attended locations is a potentially powerful mechanism 



for boosting the fidelity of a signal carried by a population of cells, but the extent to which 
reduced noise correlations also manifest at larger scales than single neurons, and can be 
measured by fMRI in humans, is unknown. Here we tested whether spatial attention reduces the 
correlated noise in the fMRI BOLD signal between pairs of voxels. We examined the effects of 
attention on the representation of four Gabor stimuli presented simultaneously, one in each 
quadrant of the visual field at jittered eccentricities. Subjects attended for contrast decrements in 
the Gabors in one visual field (either upper or lower in alternating runs) while ignoring the 
Gabors in the other visual field. After regressing out stimulus driven activity in V1 and V2 in a 
General Linear Model analysis, we analyzed pairwise correlations of the residual timecourses in 
voxels representing either the attended or unattended visual fields. We found that attention to 
either the upper or lower visual field reduces both the correlation and coherence of these 
timecourses. This reduction cannot be predicted from reduced noise within individual voxels or 
an increase in stimulus driven activity due to attention, and it cannot be explained by vasculature 
differences or local scanner artifacts as each region is attended or ignored for an equal number of 
runs. We further found a potential benefit of decorrelated noise on the precision of spatial 
information carried by the population activity: voxels exhibiting the greatest decorrelation due to 
attention also showed the greatest improvement in position selectivity with attention. The 
reduction in correlated noise within attended locations is an efficient way to increase the 
precision of the information carried by population activity, and may facilitate readout by higher 
level processes that pool over information in early visual cortex. 
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Abstract: Intrinsic connectivity networks (ICNs) detected using task-free fMRI exhibit recurring 
patterns as distinct connectivity states (CS). Although such dynamic ICNs have been proposed to 
relate to different conscious states, few studies have directly correlated CS with behavior. Here 
we used spontaneous eye-closure in the drowsy state as a proxy for sensory processing capacity 
to identify CSs that correlate with greater and lesser levels of arousal. Young adults underwent 
two 6-min task-free scans, followed by four task scans measuring response speed to auditory 
stimuli. Scans were performed in the midafternoon circadian dip (~3pm) after 5h of nocturnal 
sleep. Eye-video during task-free runs were scored from 1-closed to 9-open. Dynamic ICNs (Yeo 
et al. 2011) were estimated using 40s wide, sliding-window correlation. K-means clustering was 
used to estimate the centroids of CS. We then computed distributions of CS occurrences at each 
eye score interval. CS derived from task fMRI were estimated using an identical approach and 
were matched to their task-free fMRI counterparts. From the 5 CSs derived from task-free fMRI, 
we identified 2 extreme CS (fig 1a). At one extreme was a CS corresponding to a state of low 
arousal with high likelihood of behavioral lapses (eye closures). At the one extreme was a CS 
corresponding to a state of high arousal (eye openness). The extremes of the 6 task-related fMRI 
CSs were highly similar in configuration to their task-free fMRI counterparts (fig 1b). 
Participants who spent more time in high arousal CS performed better in the task, whereas more 
time in low arousal state CS predicted poor performance (fig 1c). We identified dynamic CS in 
task-free fMRI associated with high or low level of arousal for a given individual corresponded 
with CS uncovered from task-regressed fMRI. CS derived thus predicted task performance in the 
drowsy state. Our findings suggest the feasibility of using dynamic functional connectivity to 
compliment eye-closure and response time as measures to track vigilance and understand the 
functional relevance of dynamic functional connectivity. 
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Abstract: In order to efficiently interact with an ever-changing environment, the brain 
dynamically responds to sensory stimulations. Recent behavioral studies suggest a theta-band 
rhythm in the effects of priming that underlies how human observers make alternate predictions 
of a future event based on presented visual input (e.g., Huang, Chen, & Luo, 2015). Here, we 
hypothesized three possible brain mechanisms that may lead to such rhythmic behavioral 
priming effects: 1) object representations may be rhythmic in the inferior temporal (IT) cortex; 2) 
Object representations may be constant, but attentional selection of the representations may be 
rhythmic; 3) Sensory sampling may be rhythmic as early as the primary visual cortex (Brodmann 
area 17), therefore all the subsequent processes may also be rhythmic. To test these possibilities, 
activity corresponding to visual object priming was measured in regions of interest (ROIs) across 
the whole brain by using fMRI. In addition to the BA17 and the frontoparietal attention network, 
separate fMRI scans were used to localize object-selective ROIs in the IT cortex including the 
fusiform face area (FFA) and the parahippocampal place area (PPA). Critically, to examine 
rhythmic effects, time-resolved measurements of fMRI activation patterns were attained by 
varying trial-by-trial stimulus onset asynchrony (SOA) between prime and probe in small steps 
of 20ms, beginning from 200ms and continuing to 1080ms. In each trial, participants were asked 
to maintain fixation at a cross displayed in the center and to make speeded responses to a probe 
stimulus (detecting face or house). The prime and probe are either congruent (prime is a face and 
probe is a face; prime is a house and probe is a house) or incongruent (prime is a face and probe 
is a house; or vice versa). Our behavioral results replicated previous findings, showing theta-
band oscillations in the priming effects of reaction times as a function of SOA. More 
interestingly, multivariate pattern analysis of the fMRI data also demonstrated theta-band 
oscillations as a function of SOA and out-of-phase relationship between congruent and 
incongruent conditions in the FFA and PPA. No such effects were found in the BA17 and 
frontoparietal attention network. Our study is the first to map theta-band rhythms across the 
whole human brain using fMRI. Our results suggest that object representation is oscillatory with 
theta-band rhythms in the IT cortex, providing insights to understanding how the brain 
dynamically responds to sensory stimulations. 
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Abstract: There is great interest in understanding individual differences that influence the 
vulnerability of individuals to age-related neurodegenerative diseases. Several protective factors, 
which collectively contribute to “reserve”, have been proposed including higher education, more 
lifetime cognitive activity, and exercise. Little is known about whether and how an individual’s 
personality relates to the risk of age-related neurodegenerative diseases, in particular 
Alzheimer’s disease (AD). In this study, we examined whether extraversion and neuroticism are 
related to the level of beta-amyloid (Aβ) deposition, a pathological hallmark of AD, in 
cognitively normal elderly. Using 18F-Florbetaben positron emission tomography (PET), we 
assessed a level of Aβ deposition of 36 cognitively normal elderly (20 Female, mean age = 64.9, 
SD = 3.1), who also completed comprehensive neuropsychological tests. Extraversion and 
neuroticism scores were based on a subset of the Big-Five personality inventory (Goldberg, 
1992). Amyloid deposition was determined using standardized uptake value ratio (SUVR) using 
a gray matter cerebellum reference region. Extraversion (mean = 3.4, SD = 0.7, range: 1.8-4.5) 
was negatively associated with higher Aβ deposition in the precuneus, accounting for age, sex, 
and years of education (β = -0.44, p < 0.05). The whole-brain voxel-wise analysis showed a 
negative association between extraversion and Aβ deposition across frontal, parietal, and 
temporal cortices. With cognitive composite scores assessing 4 cognitive domains (i.e., 
reasoning, vocabulary, processing speed, and memory), extraversion was positively associated 
with memory performance, accounting for age, sex, and years of education (β = 0.47, p < 0.05). 
Neuroticism, however, was not associated with either Aβ deposition or cognitive performance. 
This preliminary study suggests that extraversion, possibly through lifestyle factors, correlates 
with Aβ deposition and memory functions in cognitively normal elderly. Future studies need to 
address a causal relationship between personality and the vulnerability to AD-related pathology. 
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Abstract: White matter supports higher-order cognitive processes by facilitating signal 
transmission between cortical regions. The integrity of white matter declines with advancing age, 
leading to a decline in memory and executive processes in older adulthood. Yet, recent research 
suggests that higher physical activity and fitness levels may be associated with less white matter 
degeneration and better cognitive performance. Unfortunately, these prior studies infrequently 
associate white matter measures to cognitive outcomes, so the behavioral importance of greater 
white matter integrity with higher fitness levels remains a matter of speculation. Here we tested 
whether higher cardiorespiratory fitness levels were associated with greater white matter 
integrity and whether this relationship constituted an indirect pathway between cardiorespiratory 
fitness and memory in a cognitively healthy older adult sample. Diffusion tensor imaging was 
used to determine microstructural white matter integrity in a group of 113 (mean age = 66.61) 
neurologically healthy adults. Measures of cardiorespiratory fitness (VO2max) and spatial 
working memory performance were also collected. Using a whole-brain voxelwise approach, we 
found that higher fitness levels were associated with greater white matter integrity in anterior 
fiber tracts, including the anterior corona radiata, anterior internal capsule, and genu of the 
corpus callosum. Further, a statistical mediation analysis revealed that white matter integrity 
within these regions mediated the relationship between fitness and spatial working memory 
performance. These results suggest that higher levels of aerobic fitness may protect against age-
related declines in white matter integrity, which may, in turn, preserve memory performance in 
older adulthood. 
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Abstract: Most longitudinal studies of cortical thickness typically span two to three occasions. 
Here, we report on eight-year longitudinal change over five occasions at two-year intervals. 
Cognitively normal subjects were recruited from the Seattle Longitudinal Study (N=190 ;mean 
age=69.55, range=56-91; %male= 42; %HBP=58; %APOE4=30). High-resolution T1-weighted 
images were acquired for each subject at each occasion and automatically parcelated using the 
FreeSurfer analysis suite. For the present analysis we focused on 8 parcels averaged across 
hemispheres in the frontal lobe that represent association cortex. The frontal lobe is of particular 
interest in cognitive aging. Parcels were aggregated by weighted average into four regions: 
Superior Frontal Gyrus (SFG), Middle Frontal Gyrus (MFG), Inferior Frontal Gyrus (IFG), and 
Medial Frontal Gyrus (mF). We investigated cross-sectional (AGE) and longitudinal (TIME) 
effects and two salient modifiers of neural and cognitive health: Apolipoprotein E (APOE) 
haplotype and hypertension (HBP). Significant cross sectional age effects were found for all 4 
regions. Significant TIME effects or interactions were also found for all regions. For SFG, MFG 
and IFG older adults showed accelerated thinning over time (TIMEXAGE). No significant 
APOE or HBP main effcts or interactions were found. The significant TIME effects suggest 
broad longitudinal thinning in frontal association cortex with accelerated thinning with age for 3 
of 4 regions. These findings highlight the importance of longitudinal design. 
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Abstract: Variation in cognitive function across individuals is well documented and known to 
be due to a combination of heritable and non-heritable factors. Most studies performed to date 
have been largely underpowered to detect the factors influencing cognitive performance, 
especially when such factors exert a subtle effect. To address this, we created MindCrowd.org, a 
web-based assessment of simple visual reaction time (RT) and paired associates learning (PAL). 
Since April 1, 2013, 82,634 visitors started our test, with 52,995 participants completing the 
entire RT+PAL paradigm and answering 20 lifestyle and demographic questions including age, 
sex, education, and disease (64.1% completion rate). The RT task consists of a target object 
(pink sphere) that appears randomly, and the user is asked to respond as quickly as possible. We 
conduct 5 trials. The PAL task consists of 12 word pairs presented sequentially. During the test, 
the user is given half of a word pair and must recall the correct paired word. The 12 pairs are 
repeated over 3 rounds for 36 total tests. From all completed tests, we filter to select a final 
cohort for analysis by removing duplicate test takers, subjects who didnâ€™t understand the 
rules, and invalid or duplicate email addresses. While this data pruning approach is likely overly 
stringent, it still yields a final cohort size of 18,998 (PAL) and 15,990 (RT) subjects. Multiple 
regression models were fit with the PAL and RT results. Age is the most significant factor 
influencing both PAL and RT performance (p < 1.00e-132, r = -0.20 words; p = 8.13e-132, r = 
0.30%, respectively). At every age, females score better than males on PAL (p = 3.05e-45, r = -
1.77 words). Conversely, males perform better on RT across every age (p = 3.89e-63, r = 
5.31%). Higher education is associated with better PAL and RT performance (p = 2.69e-81, r = 
3.69 words; 3.02e-4, r = 2.31%). Lastly, a first degree relative with AD significantly, negatively 
impacts PAL and RT performance (p = 2.02e-07, r = 0.70 words; 6.54e-4, r = 0.02%). To 



investigate the familial AD effect, we first note a lengthening in PAL response time (the time 
taken to input the word pair). Second, there is a significant decrease in the PAL learning curve. 
Lastly, we identify several health and lifestyle factors that interact with familial AD status and 
PAL performance, including history of drug abuse, time of day, education, and number of daily 
prescriptions. This suggests heritable factors associated with first degree AD risk exert an effect 
on cognitive performance, even in healthy individuals at young adult ages. Our results 
demonstrate the effectiveness of web-based recruitment for the study of cognition across a 
diverse cohort. 
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Abstract: Episodic future thinking has been demonstrated to attenuate the neurobehavioral 
devaluation of future rewards in young adulthood (tag-effect) via functional interaction between 
the hippocampus and prefrontal areas (Peters and Büchel, 2010). Whether this tag-effect can be 
similarly evoked in healthy older adults is yet to be determined. It has been suggested that value 
integration in more complex choice tasks may be impaired in aging due to age-related deficits in 
fluid cognitive abilities, such as attention control (Samanez-Larkin & Knutson, 2015). The 
present study addressed these questions and investigated the tag-effect as a function of attention 
control ability in healthy older adults. Functional magnetic resonance imaging was applied in 
older adults during a delay discounting task in which they had to choose between a smaller 
immediate or a variable larger, but delayed reward. The delayed reward was either purely 
monetary (control condition), or connected to a social event (tag condition). Attentional control 
ability was assessed with an established paradigm (Sasse et al., 2014) prior to scanning. Our 



results indicate that in comparison with younger controls, the group of older adults exhibited a 
significant reduction in the tag-effect along with diminished activation of the neural episodic 
prospection network. On the individual level, however, older adults’ attention control ability 
significantly predicted the presence of the tag-effect. Specifically, elderly subjects with high 
abilities were more likely to exhibit a behavioral tag-effect paralleled by increased hippocampal 
activation. Moreover, in these high ability subjects, functional coupling between the 
hippocampus and the ventral striatum was significantly increased during subjective value 
processing in the episodic compared to the control condition. Our data indicate that beneficial 
effects of episodic prospection on the valuation of future rewards critically depend on attention 
control ability in aging. This is further supported by our neural findings, suggesting that only in 
the face of sufficient attentional resources elderly people can successfully integrate episodic 
information with neural value computation. 
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Abstract: Cognitive decline is a feature of the aging process, with working memory particularly 
susceptible to age-related decline in the later years of the lifespan. Even in the absence of 
objective memory deficits, increased bilateral neural activation has been observed in older adults 
during performance of working memory tasks. Age-related alterations to the neural correlates of 
working memory have been interpreted as compensatory (i.e. beneficial to performance), 
inefficient (i.e. no benefit to performance) or reflecting a shift in strategy. We used fMRI to 
investigate the extent to which this functional reorganization reflects changes in strategy 
utilization in the form of increased reliance on reactive rather than proactive control strategies. 
Participants were 18 healthy young adults (20 to 34 years) and 18 healthy older adults (55-69 
years of age) who were matched for years of education, IQ and working memory digit span. 
Participants completed an n-back task consisting of 2-back (target) trials and 3 and 4-back (lure) 



trials. A second version of the n-back contained cues to indicate which new items would be 
repeated as lures. The cued task version was designed to promote proactive control strategies and 
the non-cued version was expected to elicit reactive control strategies. Results indicated response 
times were faster for the cued condition, however there was no difference in accuracy for the 
cued and non-cued tasks. There were no significant differential age effects for accuracy or 
response time for the cued versus non-cued task versions. Similarly for fMRI data, the age x task 
condition (cued, non-cued) interaction did not reveal differential patterns of activation. Instead, 
older adults demonstrated increased bilateral inferior and superior temporal activation, left 
middle frontal gyrus and right cingulate activation, regardless of task condition. Greater activity 
was also observed in the right inferior temporal gyrus, a region which has previously been 
implicated in switching between reactive and proactive control modes. Younger adults 
demonstrated greater activation across left ventrolateral PFC, left insula and bilateral middle 
temporal gyrus. Findings from this study suggest that in older adults, recruitment of a more 
extensive network of bilateral brain regions during working memory is not due to age differences 
in the utilization of proactive and retroactive strategies. 
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Abstract: Cross-sectional research has demonstrated that aging has strong detrimental effects on 
both gray matter (GM) and white matter (WM) brain structure. How aging of these two types of 
tissues are related to each other is unknown. The current longitudinal study sought to address this 
issue using multiple occasion MRI scan data (MPRAGE for GM, DTI for WM). Participants 
included 107 individuals from the Seattle Longitudinal Study of aging (M age = 67, 53-85 yrs 
old) for whom at least three time points of each scan were obtained. We utilized latent growth 
curve modeling to assess level and 4-year change (i.e., intercept and slopes) between metrics of 
GM and WM integrity. FSL was used for probabilistic tractography and Freesurfer was used for 
cortical thickness measurement. We assessed specifically the major association WM bundles 
(SLF, ILF, uncinate, cingulum, fornix) and their relevant cortical GM counterparts. We 
hypothesized specifically change in WM with level of GM thickness at last time point (slope-
intercept association). Results indicate robust findings for WM change-GM level associations, 
suggesting that four years of degradation of white matter fibers is predictive of thinner regional 
association cortices at the end of those four years. We found these relations to be both 
proximally related (e.g., fornix integrity and thickness of the surrounding temporal cortex) and 
distally related (e.g., uncinate integrity and frontal and parietal thickness). These longitudinal 
study findings suggest that changes in white matter integrity underlie or precede gray matter 
thinning in association cortices during the course of normal aging. 
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Abstract: Cognitive flexibility, a measure of executive function, is disrupted in older adults. The 
present study examines the role of dopamine (DA) in mediating age-related differences in 
cognitive flexibility using 6[18F]fluoro-L-m-tyrosine (FMT) PET. FMT is a measure of DA 
synthesis capacity similar to FDOPA, and is quantified as net tracer influx (Ki). Previous studies 
indicate that multiple components of the DA system decline with age. However, there is also 
evidence for what may be compensatory upregulation of DA synthesis in older adults. Here we 
measured age differences in DA synthesis capacity in older adults (n = 9; mean age = 75.69) and 
young adults (n = 12; mean age =23.86) cross-sectionally, and examined relationships between 
DA synthesis capacity and cognitive flexibility in older adults. Analyses focused on FMT Ki 
measured in manually traced regions of interest in dorsal caudate, dorsal putamen and ventral 
striatum, averaged across hemispheres. FMT Ki was partial volume corrected using a region of 
interest approach (Rousset et al., 1998). While striatal gray matter volume was reduced in older 
adults, we found DA synthesis capacity was higher in all 3 striatal regions (F(1,19), p = .005) 
relative to young adults. An age by region interaction revealed largest group differences in dorsal 
caudate Ki (p < .001). Next, we assessed cognitive flexibility using a task switching paradigm 
previously shown to involve dorsal caudate (Stelzel, 2010). Older adults were less cognitively 
flexible than younger adults, showing greater mixing costs when two task rules were active 
relative to one (accuracy, p <.05; response time p < .005). In young adults, higher FMT Ki in 
dorsal caudate correlated with better performance during mixed runs (smaller switch costs for 
switch vs repeat trials, r = -.54). However, this behavioral benefit for high Ki individuals was not 
found in the older adult group, and the relationship between Ki and performance trends in the 
opposite direction (r = .28). These results suggest elevated DA synthesis capacity in older adults 
is not sufficient to maintain cognitive flexibility or may have detrimental effects on performance. 

Disclosures:  A.S. Berry: None. V.D. Shah: None. S.L. Baker: None. J.W. Vogel: None. H. 
Schwimmer: None. S.M. Marks: None. W.J. Jagust: None. 

Nanosymposium 

470. Cognitive Changes During Ageing 

Location: S404 

Time: Tuesday, October 20, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  470.09 

Topic: F.01. Human Cognition and Behavior 



Support: NIA Grant AG025526 

 State of Arizona and Arizona DHS 

Title: Impact of white matter hyperintensity volume on cortical brain morphology in healthy 
cognitive aging 

Authors: *G. E. ALEXANDER1,2,3,4, P. K. BHARADWAJ1,4, K. A. HAWS1,4, L. A. 
NGUYEN1,4, M. C. FITZHUGH1, T. P. TROUARD5, G. A. HISHAW6;  
1Dept. of Psychology, 2Neurosci. Grad. Interdisciplinary Programs, 3Physiological Sci. Grad. 
Interdisciplinary Programs, 4Evelyn F. McKnight Brain Inst., 5Biomed. Engin., 6Neurol., Univ. 
of Arizona, Tucson, AZ 

Abstract: White matter hyperintensities on T2 FLAIR magnetic resonance imaging (MRI) scans 
are often observed in healthy aging and to a greater extent in those with cerebrovascular risk 
factors, like hypertension. We sought to evaluate the effects of WMH lesion volume on cortical 
brain morphology and cognitive performance in a sample of 79 healthy, community-dwelling 
adults, 50 to 89 years of age without hypertension to determine whether the presence of white 
matter lesions in this healthy elderly cohort have an impact on the course of cognitive and brain 
aging. Participants (33M/46F; mean ±sd age = 65.7 ± 10.0; mean ± sd Mini-Mental State Exam 
= 29.3 ± 1.0) completed a battery of neuropsychological tests and were medically screened to 
exclude neurological, psychiatric, and medical illnesses that could affect cognitive function, 
including any hypertension diagnosis and clinic systolic blood pressures greater than 140 mmHg. 
Regional patterns of cortical brain thickness and area were assessed using Freesurfer software 
with T1-weighted 3T volumetric MRI scans (GE Signa Excite system) and logWMH volumes 
were computed from T1 and T2 FLAIR images using a multispectral, automated lesion 
segmentation method to produce probability maps with a lesion segmentation toolbox (SPM8 
LST). The relations between logWMH and cortical morphology were evaluated using Monte 
Carlo correction with 10,000 iterations for clusters with p < 0.05. The results showed that after 
controlling for the effects of age in the cohort, greater logWMH volume was associated with 
greater reductions in cortical thickness in medial frontal and right inferior temporal regions. In 
contrast, cortical area showed greater increases in lateral orbital and superior frontal and inferior 
parietal regions in relation to greater logWMH volumes. Greater logWMH volumes were also 
associated with poorer performance on several measures of executive cognitive functions, 
assessing aspects of inhibition and set-shifting abilities (0.016 ≤ p ≤ 0.041). Together, these 
findings suggest that in healthy community-dwelling, normotensive older adults, greater WMH 
volume leads to diminished cortical thickness, as well as poorer cognitive performance involving 
brain regions often impacted by cognitive aging, but is also associated with corresponding 
increases in cortical area. This areal expansion may reflect a compensatory response in these 
healthy older adults that could serve to enhance brain connectivity when faced with increasing 
WHM lesion load. 
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Abstract: Across a wide range of cognitive domains, older adults typically recruit additional 
fronto-parietal brain regions than younger adults. This is argued to be either compensatory, 
evidenced by nearly equivalent performances between the two age groups, or dedifferentiation, 
evidenced by lower performance in older adults. The CRUNCH model of aging (Reuter-Lorenz 
& Cappell, 2008) hypothesizes that task difficulty may play a critical role in interpreting of such 
age differences in neural recruitment. In the current fMRI study, older and younger adults were 
subjected to a hybrid-block design task switch paradigm, which consisted of single task blocks, 
and mixed task blocks where the two tasks alternated randomly (Figure 1). Analyses of imaging 
data took into account the 3 different levels of task difficulty (single, dual non-switch and dual 
switch trials) as well as 2 types of finger-mapping compatibility (compatible vs. incompatible). 
For older adults the simplest task demand yielded increased activation of the task-related regions 
(Figure 2a). Moreover, individual differences in neural modulation from single to dual tasks in 
older adults were positively correlated with the dual task accuracy (Figure 2c). These results 
support the CRUNCH model. Also, over-recruitment of additional parietal areas in older adults 
was observed, which may be considered compensatory due to equivalent accuracies across the 
two age groups. 
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Abstract: Introduction: Rumination upon negative previous events is a well-known risk and key 
factor of depression in midlife. Only little is known about whether such relations also exist in 
late-life depression. However, as older people tend to review their past, they might carry an 
increased risk to ruminate upon previous events and decisions (Ingersoll-Dayton et al., Aging 
and Mental Health, 2010). This risk might be particularly pronounced in the context of impaired 
autobiographical memory function hindering individuals to adequately retrieve concrete 
memories (Dalgleish & Werner-Seidler, TiCS, 2014). Methods: In the present study, 23 (17 
women, mean age 64.8 +/- 4.7 years) non-depressed older adults with varying degrees of 
brooding tendency were scanned with functional magnetic resonance imaging while performing 
the construction and elaboration of autobiographical memories cued by positive and neutral 
words. Results: Brooding tendency, as measured with the “Brooding” subscale of the Response 
Style Questionnaire, was associated with longer construction phases and more negatively rated 
elaborations, especially in response to positive cues. On the neural level, participants with high 
brooding tendency showed increased activation in the amygdala during the search for specific 
memories (construction phase) and reduced engagement of the episodic memory network during 
elaboration. Conclusion: Our findings support the hypothesis that ruminative thinking interferes 
with the search for specific memories while facilitating the retrieval of negatively biased 
schemes. Thus, the present results emphasize a critical role of autobiographical memory function 
for risk of depression in late life. Given the general decline of autobiographical memory function 
in aging, memory specificity training might be a particularly promising tool to increase resilience 
against depression in late-life. 
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Abstract: Age-related cognitive changes are often attributed to changes in brain anatomy and 
function observed with advancing age. However, while the nature of brain-behavior change 
associations is complex and far from being understood, we also do not sufficiently understand 
age-related change trajectories in brain structure, which supposedly underlie changes in 
cognition. We examined two-year longitudinal change in cortical thickness over 3 yearly 
measurement occasions in 186 older adults (Mean baseline age = 70.6 range 64.0-85.4). Data 
were taken from the Longitudinal Healthy Aging Brain (LHAB) database currently being built at 
the University Research Priority Program (URPP) “Dynamics of Healthy Aging” at the 
University of Zurich. MRI data were collected on a Philips 3T Ingenia scanner. Cortical 
thickness estimation was performed with FreeSurfer v5.3. Cortical thickness values for the 
resulting parcels were extracted for each study participant and measurement occasion and 
clustered to build four regional composite scores representing frontal, parietal, temporal and 
cingulum association cortices. Multivariate multilevel models using a stepwise modeling 
procedure examined longitudinal change in cortical thickness. In a first step we ran baseline 
models of change in cortical thickness for all four regions jointly. In a second step we included 
blood pressure, APOE status and years of education to explain individual differences in cortical 
thickness and thinning rates. Cortical thinning was statistically significant in all four regions 
(annual change ranged from 0.16% to 0.60% atrophy per year). In the frontal and cingulum 
regions, cortical thinning was accelerated with advancing age. Hypertension was associated with 
reduced cortical thickness at study entry (on average 1.9% thinner cortices compared to normals) 
and also with accelerated cortical thinning in the frontal and temporal lobes (an additional loss of 
0.5% per year of cortical thickness). APOE status and education did not explain differences in 
cortical thickness or thinning. Reliable individual differences in cortical thickness and rate of 
thinning were observed for all regions. In conclusion, we see a magnitude of cortical thinning in 
the very healthy and highly educated LHAB sample that is comparable with the very few 



previous studies addressing this question on the basis of longitudinal data. Our results indicate 
that in regions particularly important for cognitive aging (i.e. the frontal association cortex) 
cortical thinning is accelerated with advancing age and that health factors, such as hypertension, 
influence both mean level and the trajectory of cortical thinning. 
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Abstract: The limited extant reports of longitudinal white matter (WM) changes in healthy 
aging, using diffusion tensor imaging (DTI), suggest that such changes differ across brain 
regions and DTI indices. According to the “last-in-first-out” view, late-developing WM tracts 
may be particularly vulnerable to pathology or advanced age. Thus, comparison of age-related 
longitudinal changes in association, commissural and projection WM fiber regions may provide 
a better understanding of which WM fiber types are most susceptible to the negative effects of 
aging. In the present study, we used a skeletonized, region of interest DTI approach to assess the 
effects of age and hypertension, a common age-related vascular risk factor, on longitudinal 
change in axial diffusivity (AD), radial diffusivity (RD), and fractional anisotropy (FA) in 
healthy middle-aged and older adults (mean age = 65.4, SD = 9.0 years). Using linear mixed 
effects models, we evaluated the differential influences of age and hypertension at baseline on 
seven-year changes in association, commissural and projection fiber regions. Separate models 
were fitted to AD, RD, and FA data. Across models, association fibers showed the most 
pronounced declines over time. Advanced age was associated with longitudinal changes in RD 



and FA, independent of fiber type. In addition, follow up analyses on projection fiber regions 
showed older age was only associated with longitudinal increases in RD in late-developing but 
not early-developing projection fibers. Hypertension was marginally associated with higher AD 
and RD at baseline, but not with change. The present findings demonstrate the increased 
vulnerability of earlier developing WM regions and are in accord with the “last-in-first-out” 
hypothesis of the brain aging. 
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Abstract: Preservation of cognitive functioning is critical to successful ageing. One factor that 
might support this preservation is flexibility in the interactions between key functional brain 
networks. One way to estimate this flexibility is to examine both between-network and within-
network (i.e. between-node) connectivity from resting-state functional magnetic resonance 
imaging (rs-fMRI). However, common correlational methods for testing such interactions are 
confounded by age-related changes in the neurovascular coupling. In order to estimate causal 
network interactions at the neuronal rather than vascular level, we inverted dynamic causal 
models that specified both the neural interactions and neurovascular forward models for each 
node. The networks’ parameters were optimised to explain the spectral dynamics of rs-fMRI. 
Using on a population-based cohort (n = 635) uniformly sampled across the healthy adult 



lifespan (18-88 years), we assessed directed connectivity within and between three key large-
scale networks: the salience network, the dorsal attention network and the default mode network. 
We found that aspects of both within- and between-network connectivity were highly predictive 
of age, even when allowing for age-related differences in neurovascular coupling. Multivariate 
canonical correlation analysis revealed that the relationship between network connectivity 
parameters and cognitive functions (r = .44, p < .001) was age-dependent: relatively better 
cognitive performance in older subjects who relied more strongly on neural dynamics (see fig). 
These effects were in part driven by a common feature of all networks, namely higher inhibitory 
self-connections, which results in an accelerated decay of information in the absence of external 
inputs, i.e, reduced stability of neural states. In sum, our findings suggest that the balance 
between excitatory connectivity within and between networks, and the stability of intrinsic 
neural representations, vary with age, and that cognitive function of older subjects becomes 
increasingly dependent on these factors. 
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Abstract: Determining the pattern of activity of individual connections within a neural circuit 
could provide insights into the computational processes that are the basis of brain function. Here, 
we demonstrate new strategies to label active synapses in vivo in Drosophila. First, we develop a 
powerful activity-dependent marker for synapses based on by trans-synaptic interactions. Next, 
we create color variants, achieving activity-dependent, multi-color tagging of active synapses in 
vivo. Our system allows for the first time retrospective labeling of synapses (rather than whole 
neurons) based on their activity, in multiple colors, in the same animal. As individual synapses 
often act as computational units in the brain, our method will promote the design of experiments 



that are not possible using existing techniques. Moreover, our strategies are easily adaptable to 
circuit mapping in any genetic system. 
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Abstract: Genetically encoded tags for correlated light and electron microscopy (CLEM) had 
been developed to observe protein localization in different spatial resolution. Drosophila 
melanogaster is a model organism well known for its sophisticate genetic toolbox. Multiple 
neuronal mapping projects and structural functional analysis of individual genes or neurons have 
provided new insight to biomedical research. Adaptation of the CLEM tags into Drosophila will 
provide the capability to study various questions in Drosophila under light and electron 
microscopy. Here we demonstrate how the tags can be used in revealing the morphology of 
specific neurons in larval brains, and the arborization pattern of olfactory receptor neurons 
(ORNs) in antennal lobes of adult brain. 

Disclosures:  S. Yang: None. M. Wolf: None. 

Nanosymposium 

471. Molecular, Biochemical, and Genetic Techniques 

Location: N227 

Time: Tuesday, October 20, 2015, 8:00 AM - 11:15 AM 



Presentation Number:  471.03 

Topic: G.01. Molecular, Biochemical, and Genetic Techniques 

Support: NIH DC008983 

 NIH EY019049 

 Packard Fellowships for Science and Engineering 

Title: Generation and characterization of STARS (stochastic gene activation with regulated 
sparseness) transgenic mouse line 

Authors: *L. IBRAHIM1, S.-Z. WANG2, Y. J. KIM1, H. W. TAO1, L. I. ZHANG1;  
1USC, Los Angeles, CA; 2UCSF, San Francisco, CA 

Abstract: We generated a Cre dependent reporter mouse line that expresses GFP in a very 
sparse population of cells (~10% of all Cre positive neurons are labeled). The STARS 
(STochastic gene Activation with Regulated Sparseness) construct (Wang SZ et al., PLoS One 
4(1):e4200, 2009) was inserted into the Rosa26 site using Targaat technology to generate the 
STARS transgenic mouse line. The construct is made such that two different pairs of lox sites are 
interleaved and the distance between one set of identical lox sites is very large. Due to the 
differential distances for the two mutually exclusive cassettes, the efficiency of Cre is geared 
mostly towards the Cre sites with a shorter distance, resulting in expression of GFP in only 
~10% of all Cre positive cells. The STARS mice were crossed with different Cre lines to 
generate sparse labeling of parvalbumin (PV), vasoactive intestinal peptide (VIP), and Rbp4 
positive neurons in the cortex and hippocampus. The number of labeled neurons is estimated to 
be 8-15% of those labeled by crossing with a traditional reporter line Ai14 (Cre dependent 
tdTomato expression). Taking advantage of the sparseness, we set out to examine the spiral 
ganglion innervation pattern, specifically of type II fibers, in the cochlea. Using the PV-ires-Cre 
crossed with STARS to label the spiral ganglion neurons (as well as hair cells) sparsely, we were 
able to trace individual type II fibers at different ages. We observed type II fiber innervation 
patterns different from previously thought. The STARS mouse can be used to label any cell type 
sparsely in a Cre dependent manner. 
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Abstract: In developmental biology, methods for studying neural tube development have been 
limited by the inability to sequence RNA molecules as they are distributed within a cell. 
However, a novel technique called fluorescent in situ sequencing (FISSEQ) allows us to 
determine the spatial distribution of RNA molecules in models of neural tube formation. Using 
human induced pluripotent stem cells, we have successfully grown neural rosettes as an in vitro 
model for neural tube development. We applied the FISSEQ RNA library preparation methods of 
fixation, reverse transcription, circularization and rolling circle amplification to generate stable 
DNA libraries. We then performed sequencing by ligation chemistry with 35 rounds of 2-base 
imaging on a scanning head confocal microscope. We were able to sequence transcriptome-wide 
RNA molecules present in each type of cell in this developmental model. It is particularly 
interesting that many of our enriched hits are long non-coding RNAs, of which the functions 
have mostly not been identified. RNA was determined to be abundant in aggregate cells, which 
clearly distinguished those cells from the aggregates in which they originally neighbored. For the 
first time, we have demonstrated that FISSEQ can be successfully used to sequence a 
heterogeneous population of neural progenitor cells. Through the discovery of novel biomarkers 
and by presenting spatial information about the distribution of RNA, we hope to provide a new 
data set for the study of the developing brain. 
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Abstract: The mammalian protocadherin (Pcdh) alpha, beta, and gamma gene clusters provide a 
striking example of CTCF/cohesin-mediated enhancer/promoter interactions in cell-specific gene 
expression in the brain. The CTCF/cohesin complex plays a central role in insulator function and 
topological organization of mammalian genomes. Recent studies have identified a correlation 
between the orientation of CTCF-binding sites (CBS) and chromatin contacts. However, the 
functional significance of this observation has not been demonstrated. Here we developed an in-
situ CRISPR inversion technology, and in conjunction with chromosome conformation capture 
methods, to show that the location and relative orientations of CBSs within well characterized 
enhancer elements in the mammalian protocadherin and beta-globin gene clusters determine the 
specificity of long-range DNA-looping interactions between the enhancers and target promoters. 
We find that inversion of the relative orientations of CBS elements re-configures the topology of 
DNA looping and alters the pattern of gene expression. Thus, contrary to the prevailing view that 
enhancer function is orientation-independent, in the context of the native chromosome enhancer 
orientation determines both the architecture of chromatin domains and enhancer/promoter 
specificity. In addition, directional CTCF binding to CBSs determines chromosome topology and 
enhancer insulation. This mechanism of CTCF-determined looping directions have important 
implications regarding chromosomal architecture and insulator functions of genome-wide CBSs 
in genome folding and gene regulation. 
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Abstract: The in vivo use of AAV-based vectors to achieve gene-specific silencing or 
upregulation in the CNS and spinal cord is gaining its utility in the treatment of several spinal 
neurodegenerative disorders including ALS, SMA, muscle spasticity and chronic pain. In 
general, satisfactory spinal parenchymal expression is achieved when the AAV vector is 
delivered intravenously or intrathecally (i.e., the delivery route with most clinical relevance) in 
young animals; however, in comparison, rather limited parenchymal expression is seen once 
AAV is delivered using the same routes in adult animals. These characteristics represent a major 
limitation for more effective utilization of AAV9-based therapies with a spinally targeted route 
of delivery once employed in adult patients. Here we demonstrate that the spinal pia mater 
represents the primary barrier limiting effective AAV9 penetration into the spinal parenchyma 
after intrathecal AAV9 delivery in adult rats and pigs. By using a novel subpial (SP) AAV 
delivery technique and AAV9-dextran formulation, we show: i) potent spinal parenchymal 
transgene expression in white and gray matter including neurons and glial cells after single bolus 
SP AAV9 delivery, ii) near complete descending motor axon labeling throughout the length of 
the spinal cord after cervical or thoracic SP AAV9 injection, iii) potent retrograde transgene 
expression in brain motor centers (motor cortex and brain stem), and iv) safety of this approach 
by defining normal neurological function for up to 3 months after AAV9 delivery. These data 
demonstrate that subpial AAV delivery technique in adult animals represents a highly effective 
delivery approach to achieve well-controlled spinal trans-parenchymal and brain motor center 
transgene expression and may have a wide range of experimental and clinical utilization 
including: i) multi-segmental white and gray matter gene over-expression or silencing, ii) 
upregulation of neurotrophic genes in descending motor tract to promote sprouting (after spinal 
trauma-induced injury, for example), and iii) specific spinal segment-restricted gene modulation 
to alter neuronal hyper-excitability (localized spinal injury-induced pain or muscle spasticity). 
The highly potent transgene expression seen in adult pig spinal cord and brain motor centers also 
suggests that this technique can readily be used in the clinical setting in patients receiving 
spinally-delivered, AAV9-mediated gene-based therapies. 
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Title: The pb-tet-goi inducible system for direct differentiation, regulated growth factor 
secretion, and in vivo identification of quiescent tumor cell populations 
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Abstract: Precise control of transgene expression is fundamentally important for the 
investigation of biological systems and for gene therapy in the clinic. To address this, we have 
created a genetic system for the stable, inducible and reversible genetic control of cell lineages 
derived from proliferating neural stem and progenitor cells. Specifically, we have constructed an 
optimized piggyBac-transposable system that integrates into the genome of proliferating cells 
through pBase-mediated transposition, circumventing the problems associated with plasmid 
dilution. The system incorporates the latest generations of tetracycline transactivators, reverse 
tetracycline transactivators, and variants in order to provide regulated “on” and “off” transgene 
expression using doxycycline (dox). This novel system termed pB-Tet-GOI (piggyBac-
Tetracycline inducible system for the expression of a gene of interest) allows for precise 
temporal control of transgene expression in neural stem and progenitor cells both in vitro and in 
vivo, with robust inducibility and minimal leakiness. Furthermore, incorporation of fluorescent 



protein and luciferase allows for live imaging or bioluminescent detection, respectively, of cells 
expressing a gene of interest in vivo. We have used this system to direct differentiation of human 
neural progenitor cells to subtype specific neurons in vitro, reprogram mouse olfactory bulb 
interneurons to projection neuron-like subtypes in vivo, regulate growth factor secretion in vitro 
and in vivo, and identify quiescent tumor cell populations after oncogene misexpression in mouse 
neural stem cells in vivo. As various transgenes can be readily introduced into the system, this 
approach provides a robust and versatile strategy for the temporal regulation of transgene 
expression in vitro and in vivo. 
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Abstract: Research into photoreceptor development and degeneration can currently only be 
conducted in vivo, due to the lack of methods for in vitro culture of photoreceptors. Conventional 
2 dimensional (2D) culture of photoreceptors leads to massive cell death and morphological 
changes, that impede such studies. This project uses 3 dimensional (3D) culture of dissociated 
photoreceptors on hyaluronic acid (HA) - based hydrogels, to investigate the effects of the 
photoreceptor extracellular matrix on their survival and maturation in vitro. Our goal is to 
develop a method that will enable maintaining photoreceptors in tissue culture. We isolated rod 
photoreceptors by cell sorting from P11 NrlGFP mice, which express GFP under a rod 



photoreceptor specific promoter. The NrlGFP+ photoreceptors were cultured in isolation in 
standard 2 dimensional culture or in HA-furan hydrogels, crosslinked with PEG-(maleimide)2. 
Survival was assessed by GFP immunofluorescence for live cells and ethidium homodimer 
staining for dead cells, while immunostaining was performed for the maturation markers 
peripherin and ABCA-4. We found that when cultured in our HA-based hydrogels, the NrlGFP+ 
photoreceptors exhibited significantly improved survival and expression of both maturation 
markers. We further assessed the mechanism of action of our hydrogels, and found that 
modifying stiffness over a 100-fold range, did not alter the gel effect on the photoreceptors. 
Experiments using hydrogels without HA, or adding soluble HA in 2D culture conditions 
demonstrated that our gels act through an interaction between the HA and the photoreceptors. 
We conclude that culture in HA-based gels enables rod photoreceptors to be maintained in 
culture for up to 14 days, while promoting their maturation. This effect is mediated by 
interactions between the HA and the photoreceptors. The signaling pathways that are activated 
by HA need to be investigated and may provide cues for translational research on photoreceptor 
degeneration. 
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Abstract: G-protein coupled receptors (GPCRs) that engage Gs and adenylate cyclase activate 
multiple cAMP sensors to exert neuronal effects. Protein kinase A (PKA), and the guanine 
nucleotide exchange factors Epac2/Rapgef4 and neuritogenic cAMP sensor (NCS)/Rapgef2, in 
particular, mediate CREB, p38, and ERK1/2 phosphorylation, and cell survival, growth arrest, 
and neuritogenesis, respectively (Emery et al., J. Biol. Chem. 289:10126, 2014). Thus, drugs 
developed as agonists, antagonists, or biased ligands for CNS Gs-coupled GPCRs are most 
usefully screened for translational focusing of known and orphan putative Gs-coupled GPCRs 
using assays that monitor not only cAMP elevation, but also downstream activation of CREB, 
p38, and ERK1/2. A HEK293 cloned cell line (HEK293_CBS) expressing a luciferase split-
enzyme activated by cAMP was constructed, and used to create further subclones expressing 
known and putative Gs-coupled GPCRs for high-throughput screening. ORFs for GPCRs and 
downstream luminescence-based cAMP elevation and protein kinase activation detectors were 
introduced into HEK293 cells via rapid, high-efficiency retroviral transduction, allowing creation 
of reproducible biochemical and functional cell-based read-outs, based upon physiological 
cellular stoichiometries of the expressed proteins. HEK293_CBS lines expressing the family B 
receptors PAC1hop, VPAC1, VPAC2 and GLP1R, and the family A receptors ADRB1 and 
ADRB2, have been created and shown to produce dose-response curves, with appropriate 
ligands, with sensitivity, reliability and reproducibility required for high-throughput screening. 
The cAMP sensor NCS/Rapgef2 is functionally expressed, and linked to ERK activation, 
specifically neurons and neuroendocrine cell lines (Emery et al., Sci. Signaling 6(281), ra51, 
2013). The neuroendocrine cell line NS-1 was used to create sub-lines expressing ~30 of the ~70 
known and putative Gs-coupled GPCRs, in which GPCR-mediated signaling. These lines have 
allowed the categorization of Gs-coupled GPCRs into those that do and do not activate 
NCS/Rapgef2, which has been linked to the action of various Gs-coupled GPCR ligands, 
including PACAP and dopamine, in the central nervous system. High-throughput screening of 
HEK293_CBS_GPCR cell lines for inhibition of ligand-dependent cAMP elevation, followed by 
medium throughput and high-content screening of high-throughput hits using NS-1_CBS_GPCR 
lines will allow assessment of the specificity and functional activity of known Gs-GPCR-directed 
drugs, and potential pharmacological deorphanization of CNS-expressed GPCRs of suspected 
importance in neuronal cellular signaling. 
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Title: Combinatorial genetic targeting of GABAergic neuron subpopulations in mouse neocortex 
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Abstract: Systematic genetic access to GABAergic neurons will facilitate studying the 
organization and function of cortical inhibitory circuits. However, most single gene-driven 
mouse recombinase lines target relatively broad GABA populations. Although combinatorial 
approaches are expected to improve precision, it is unclear to what extent they can capture 
specific cell types defined by location, morphology, and connectivity. Here we demonstrate that 
combinatorial strategies based on just two markers, cell lineage and birth order, and their 
combinations target highly restricted populations characterized by laminar location, morphology, 
physiologic properties, and activity pattern during behavior. Properly designed intersection and 
subtraction reporters and brainbow reporter enhance the precision and versatility of 
combinatorial drivers. Conditional viral vectors activated according to lineage progression and 
mature markers further capture bona fide cell types. Together these second generation tools will 
accelerate progress in exploring the developmental assembly and functional operation of cortical 
GABAergic circuits. 
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Abstract: Triggering receptor expressed on myeloid cells 2 (TREM2) is expressed on myeloid 
cells, including microglia and macrophages. It couples to the adaptor protein TYRO protein 
tyrosine kinase binding protein (TYROBP/DAP12) for reorganization of the actin cytoskeleton 
to endocytose phagocytosed apoptotic bodies. Mutations in TREM2 are associated with the rare 
Nasu-Hakola disease, frontotemporal lobar degeneration (FTLD), Alzheimer’s disease (AD), 
Parkinson’s disease, and amytrophic lateral sclerosis. These mutations are associated with 
reductions in TREM2 processing and induction of phagocytosis in vitro as well as increases in 
the release of proinflammatory cytokines. This may be the cause of reduced clearance of amyloid 
and apoptotic bodies in AD, leading to increased inflammation and secondary necrosis due to 
build-up of apoptotic debris. To develop a high throughput screening modality for real-time 
monitoring of TREM2 signaling in vitro, we developed a construct by utilizing split-luciferase 
complementation technology and fusing the C-terminal region of the Renilla luciferase gene to 
the cytoplasmic region of TREM2, and the N-terminal region of the luciferase gene to the C-
terminal region of TYROBP (TREM2-CLuc-TYROBP-NLuc) with an internal ribosomal entry 
site (IRES) in the same vector. We show that transient transfection of HEK293 cells with our 
TREM2-CLuc-TYROBP-NLuc construct successfully reconstitutes luciferase activity up to 10-
fold when cells are stimulated with a TREM2 antibody, indicating TREM2 activation and 
coupling to TYROBP. We also measured the effects of stimulation with amyloid-β (Aβ) peptide 
and anti-TYROBP antibody. We then incorporated the AD- and FTLD-associated mutations, 
R47H, T66M, and S116C and measured their luciferase activity in response to antibody 
stimulation, as well as Aβ and anti-TYROBP antibody. T66M TREM2 mutation enhanced 



TYROBP coupling independent of TREM2 antibody stimulation, indicating that this mutation 
elicits constitutive coupling to TYROBP. Flow cyometry for both surface and intracellular 
TREM2 expression show a reduction in surface, but not intracellular TREM2 when the T66M 
mutation is present. These results demonstrate that our TREM2-CLuc-TYROBP-NLuc construct 
is a novel tool for measuring the TREM2-TYROBP interaction in real-time and will be utilized 
for biological studies and drug screening of complex molecules for the treatment of TREM2-
associated neurodegenerative disorders. 

Disclosures:  M.M. Varnum: None. G. Yonemoto: None. H. Asai: None. T. Ikezu: None. 

Nanosymposium 

471. Molecular, Biochemical, and Genetic Techniques 

Location: N227 

Time: Tuesday, October 20, 2015, 8:00 AM - 11:15 AM 

Presentation Number:  471.12 

Topic: G.01. Molecular, Biochemical, and Genetic Techniques 

Support: Celavie Biosciences Inc. 

Title: A phase I clinical trial of intraputaminal transplantation of human fetal-derived stem cells 
(hfSC) in patients with advanced Parkinson´s Disease: six-month follow-up 

Authors: *I. MADRAZO1, O. KOPYOV2, M. AVILA-RODRIGUEZ3, H. CARRASCO4, F. 
OSTROSKY3, F. JIMENEZ1, R. RIVERA1, R. FRANCO-BOURLAND5, T. VALENZUELA6, 
A. KOPYOV2, C. ZAMORANO6, E. MAGALLÓN6, F. PALMA7, G. GUIZAR8;  
1Hosp. Ángeles Del Pedregal, Mexico DF, Mexico; 2Celavie Biosci. Inc., Los Angeles, CA; 
3Univ. Nacional Autonoma de Mexico, Mexico City, Mexico; 4Hosp. Central Militar, Mexico 
City, Mexico; 5Biochemestry, Inst. Nacional de Rehabilitación, Mexico City, Mexico; 
6Neurosurg., 7Anesthesiol., Inst. Mexicano del Seguro Social, Mexico City, Mexico; 8Neurobio., 
Camina Lab., Mexico City, Mexico 

Abstract: We report the six-month follow-up of seven patients (2f, 5m, 43-75y, mean 55y) with 
Parkinson´s Disease (PD) after transplantation of the hfSC. Stem cells were derived from a fetal 
brainand manufactured according to GMP requirements. They express Oct-4, SOX-2, SSEA4, 
Nanog and do not produce tumors in immunodeficient animals. No clinical, radiological or 
serological signs of immune reaction or infection were observed. All patients received hfSC 
bilaterally into the putamen. Clinical follow-up included evaluations with UPDRS; Schwab & 
England; and Hoehn&Yahr scales, and a neuropsychological test battery. UPDRS and 
neuropsycological evaluations were performed during on and off medication conditions. 



Additionally, patients were examined with Positron Emission Tomography (PET) using 3 
radiopharmaceuticals to evaluate presynaptic and postsynaptic dopaminergic function at baseline 
and six month after transplantation. Radiopharmaceuticals evaluated were [11C]DTBZ, 
[11C]Raclopride (RAC) and [18F]FDOPA. All patients underwent DTBZ-PET scans and one 
additional study with either FDOPA or RAC, at least one week apart. Parametric images of non-
displaceable binding potential (BPND) and distribution volume ratio (DVR) were generated 
using a reference tissue model.At six months after surgery, neurological evaluations have shown 
a gradual but consistent decrease in UPDRS part II and III scores with no evidence of any motor 
complications, and a trend of improvement in the daily living activities scales. Similarly, an 
amelioration of the frontal motor signs, depressive symptomatology and a slight improvement in 
memory tasks which required an active organization of the response was observed in the 
neuropsychological evaluations, while verbal fluency, immediate memory and retrieval 
difficulties remained unchanged. Statistical parametric mapping (SPM) demonstrated a gradual 
but statistically significant (p<0.0001) decreased RAC uptake in the putamen of the 4 patients 
evaluated with this radioligand, suggesting an ongoing restoration of postsynaptic dopaminergic 
function. DTBZ scans showed also a trend of improvement, but even though some patients show 
an increased uptake in the putamen, changes are not statistically significantgiven its lower 
sensitivity to small changes, similarly to FDOPA evaluations.One interesting finding 
inneurological and PET evaluations is that patients with a more advanced disease tend to 
improve more than less affected patients. In summary, the preliminary results of this phase I 
clinical trial show a trend of improvement with no evidence of side effects or progression of the 
disease, which warrant a phase II study. 
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Abstract: Information processing in neocortical circuits requires integrating inputs over a wide 
range of spatial scales, from local microcircuits to long-range cortical and subcortical 
connections. We used rabies-based transsynaptic tracing to analyze the laminar distribution of 
local and long-range inputs to pyramidal neurons in the mouse barrel cortex and medial 
prefrontal cortex (mPFC). In barrel cortex, while confirming synaptic connections previously 
identified via electrophysiological methods, we observed significant inputs from layer 3 (L3) to 
L6 and prevalent translaminar inhibitory inputs. We also observed long-range inputs to barrel 
cortex L2/3 or L5/6 preferentially from L2/3 or L5/6, respectively, of other cortical areas in the 
sensorimotor network. These layer-specific input patterns are largely independent of NMDA 
receptor function in the recipient neurons. mPFC L5 received proportionally more long-range 
inputs and more local inhibitory inputs than barrel cortex L5. These results provide new insight 
into the organization and development of neocortical networks and identify important differences 
in the circuit organization in sensory and association cortices. 
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Abstract: Soluble oligomers of Amyloid beta cause synaptotoxicity-related cognitive 
dysfunction in Alzheimer’s disease (AD). Specific receptors mediate saturable oligomer binding 
to neuronal synapses, and reducing the binding of Abeta oligomers to surface receptors 
represents a tractable approach to disease modification in AD. We have discovered novel 
antagonists of a receptor not previously associated with AD (sigma-2/PGRMC1). We sought to 
define the role of this receptor in mediating Abeta oligomer binding and resultant 
synaptotoxicity. Knockdown of sigma-2/PGRMC1 (progesterone receptor membrane component 
1) protein expression in vitro using siRNA results in a highly correlated reduction in binding of 
exogenous Abeta oligomers to neurons of more than 90%. Expression of sigma-2/PGRMC1 
protein is upregulated in vitro by treatment with Abeta oligomers, and is dysregulated in 
Alzheimer's disease patients' brain vs. age-matched, normal individuals. Specific, high affinity 
small molecule receptor antagonists can displace synthetic Abeta oligomer binding to synaptic 
puncta in vitro and reverse the effects of Abeta oligomers on membrane trafficking and synapse 
loss in vitro and cognitive deficits in AD mouse models. Displacement Abeta oligomers from 
human AD brains was examined by incubating ex-vivo, fresh frozen tissue sections of human 
AD donor brains with 0.1 to 10 uM of a selective sigma-2/PGRMC1 antagonist for 1 hr at RT. 
Immuno-labeling for Abeta was decreased in Thio-S labeled dense-core plaques and in a 2 
micron oligomer-enriched region surrounding those plaques in a concentration-dependent 
manner with two different antagonists of sigma-2/PGRMC1, CT1344 and CT1812. Western blot 
analysis of the material eluted the human brain tissue by CT1812 revealed a consistent pattern of 
discrete oligomeric species of Abeta ranging from 22 to 85 Kd. CT1812 increased the amount of 
the Abeta oligomers displaced from the tissue in a concentration dependent manner. These 
findings suggest sigma-2/PGRMC1 receptors mediate saturable oligomer binding to synaptic 
puncta on neurons and that brain penetrant, small molecules can displace endogenous and 
synthetic oligomers and improve cognitive deficits in AD models. We propose that sigma-
2/PGRMC1 is a key mediator of the pathological effects of Abeta oligomers in AD and is a 
tractable target for small molecule disease-modifying therapeutics. 
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Title: Sigma-2/PGRMC1 antagonist CT1812 displaces Abeta oligomer binding and improves 
cognitive performance in aged Alzheimer’s transgenic mice 
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Abstract: We have identified a sigma-2/PGRMC1 receptor antagonist that displaces Abeta 
oligomers from neuronal receptors and reverses synapse loss in vitro and restores cognition in a 
mouse AD model. Behavioral studies were conducted in transgenic. Transgenic mice (Thy1-
hAPPLond/Swe+ male mice 3.5-4.5 months of age) or wild-type (WT) littermates were 
administered vehicle (5% DMSO, 5% solutol in phosphate buffered saline) or CT1812 once 
daily by oral gavage at 10 mg/kg/day for 9-10 weeks in two separate studies (N = 12/13 



animals/group). Several behavioral tests of cognitive function were performed in each study at 
the same intervals following study start: Y-Maze Fear Conditioning, and Morris Water Maze 
(measuring spatial memory). Drug concentrations in the plasma and brain and histopathological 
analysis were determined at study completion. Treatment of WT animals with CT1812 did not 
significantly alter motor behavior or other observable behaviors, and did not change their 
cognitive performance vs. WT vehicle-treated animals in either study. Treatment with CT1812 
improved transgenic animal spatial working memory in the Y-Maze, cue- and context-dependent 
learning and memory in the Fear Conditioning assay and spatial learning and memory in the 
Morris Water Maze. WT animals treated with CT1812 had average trough plasma concentrations 
of 26.6 ng/mL (54.7 nM) and corresponding brain concentrations of 15.4 ng/g (35.6 nM), while 
transgenic APP+ animals treated with CT1812 had average trough plasma concentrations of 27.7 
ng/mL (64.2 nM) and corresponding brain concentrations of 19.9 ng/g (46.0 nM). This translates 
to estimated receptor occupancy at sigma-2/PGRMC1of 81% and 84% respectively. This is 
consistent with previous studies (Izzo et al., PLOSONE 2014) demonstrating that brain 
concentrations of related sigma-2/PGRMC1 antagonists corresponding to greater than 80% 
estimated receptor occupancy improved cognitive function in transgenic animals, whereas 
concentrations corresponding to 50% receptor occupancy did not. Histopathological analysis of 
tissue indicated no signs of toxicity in any group. Taken together, this study indicates that 
treatment with CT1812 effectively improved several of the cognitive deficits detected in this 
experimental model of AD at a dose that was without obvious behavioral or histopathologic 
signs of toxicity. CT1812 is thus a promising disease-modifying Alzheimer’ therapeutic. 
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Abstract: The Sigma-2 Receptor (S2R) is highly expressed in the Central Nervous System 
(CNS) (eg; in retina and motor areas of the brain) and in tumors. The progesterone receptor 
membrane component 1 (PGRMC1), a 25 kDa protein, has been recently reported to be the S2R. 
Historically, the identity of S2R has been pharmacologically defined by the following 
characteristics: (1) the affinity of progesterone for the S2R-18 kDa is very low; 2) the S2R binds 
with high affinity to 1,3-di-o-tolylguanidine (DTG) (Kd = 50-100 nM and haloperidol (Kd = 10-
20 nM) but not to the Sigma-1 Receptor ligand, (+)-pentazocine ; (3) The apparent size of S2R, 
when specifically photolabeled with [3H]Azido-DTG or [125I]-iodoazidofenpropimorph 
([125I]IAF) is in the range of 18kDa. The following data differentiate the S2R-18 kDa from 
PGRMC-1: 1) Progesterone affinity for PGRMC1 has been reported to be 35 nM, while the Ki of 
progesterone for S2R-18Kda is 10 µmolar (approximately 300 times higher); 2) The binding 
constant for DTG to PGRMC1 (Ki = 5 - 25 µmolar) is 100 - 250 times lower affinity than to the 
S2R18 kDa (Ki = 50-100 nM); 3) In NSC34 cells devoid of PGRMC1 (Knock out cells using 
CRISPR/Cas9 technology) the maximum binding (Bmax) of haloperidol protectable high affinity 
[3H]-DTG binding (Ki = 50-100 nM) was similar to that of wild-type control cells indicating no 
effect of PGRMC1 removal. Further, NSC34 cells overexpressing PGRMC1 did not show an 
increase of [3H]-DTG binding; 4) In both control and PGRMC1-KO cells, [125I]-IAF 
selectively photolabeled the DTG protectable S2R- 18kDa protein. 5) A series of previously 
reported highly selective S2R compounds showed selective protection of [125I]-IAF 
photolabeling of the S2R-18kDa in PC12 cell membranes that contain both PGRMC1 and S2R-
18kDa. These results support the conclusion that PGRMC1 and S2R-18kDa are separate gene 
products. Cloning and characterization of the S2R-18kDa will provide further clarification. 
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Abstract: Sigma-2 receptors are highly expressed in various tumor cell lines and are more 
highly upregulated in proliferative than in quiescent cells. Sigma-2 receptor agonists induce 
apoptotic cell death. Here, we examine the effect of cell type, cell confluence at the time of 
harvest, and cell plating density on the cytotoxic potency of various sigma-2 agonists 
(siramesine, CB-64D, and CM572). We have observed that neuronal cell types appear to be 
generally more sensitive than non-neuronal cell types. To examine differences in sensitivity to 
siramesine in various cell types with the same origin (SK-N-SH) but with different phenotypes, 
we purified the heterogeneous SK-N-SH population into neuronal-like and epithelial-like 
populations and determined cytotoxic dose-response with the MTT assay. Siramesine EC50 
values in SK-N-SH parental line (mixed phenotype), SK-N-SH purified neuronal-like, SH-SY5Y 
thrice cloned neuronal type, SK-N-SH purified epithelial cells, and SH-EP epithelial subclone 
ranged 6.46 - 14.8 µM, with the neuronal types being only modestly more sensitive. Thus, there 
was not a large effect of cell phenotype. Sensitivity to sigma-2 agonists also appears to vary with 
cell confluency, an effect likely due to proliferative state. To examine SK-N-SH cell sensitivity 
to sigma-2 agonists, we varied two parameters: cell confluence at the time of harvest (cells 
harvested upon reaching 60% confluency or cells harvested after remaining at 100% confluency 
for 3 days) and cell plating density (low: 7,000, medium: 15,000, or high: 30,000 cells/well). 
Cells were treated with sigma-2 agonist 24 hours after plating. We found that both 100% cell 
confluence at the time of harvest and higher cell plating density decrease sensitivity to CB-64D. 
Interestingly, EC50 values for CM572 (an irreversible sigma-2 agonist) for cells harvested at 
60% confluence were similar regardless of cell plating densities (µM): 4.92, 7.6, and 6.06 for 
cells plated at low, medium, and high densities, respectively. In contrast, CM572 EC50 values 
for cells harvested at 100% confluence for 3 days were significantly dependent on plating density 
(µM): 17.62, 35.33, and >50 for cells plated at low, medium, and high densities, respectively. 
Therefore, sensitivity to CM572 only decreases after the cells are confluent for 3 days at 100%. 
Taken together, these results show that sensitivity of SK-N-SH cell cultures to sigma-2 agonists 
is not dependent on cell type. Cell density over longer time periods plays a stronger role, 
suggesting possible downregulation of sigma-2 receptors related to SK-N-SH cells transitioning 
from a proliferative to quiescent state. 
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Abstract: Alzheimer’s disease (AD) is a devastating health disorder that eventually robs 
afflicted individuals of all memory and the ability to function independently. Despite extensive 
efforts directed toward developing drugs to treat this debilitating disease, the only approved 
medications merely provide transient symptomatic relief for a subset of patients; they do not treat 
the underlying causes of AD or alter its progression. There is thus an urgent and unmet need for 
the discovery and development of more effective drugs to treat those suffering from AD. It is thus 
significant that we recently discovered that small molecule antagonists of sigma 2 
receptor/progesterone receptor membrane component 1 (Sig2R/PGRMC1) reduce cholinergic 
neuron death in a C. elegans model of neurodegeneration; gene knock-out and RNAi 
experiments confirmed that neuroprotection is mediated through a Sig2R/PGRMC1 pathway. 
We subsequently identified a lead Sig2R/PGRMC1 antagonist that achieves excellent murine 
brain exposure and rescues cognitive deficits in a transgenic AD mouse model. Importantly, no 
signs of toxicity were observed when our lead was administered to transgenic mice daily for 60 
days. Moreover, the maximum tolerated dose was determined to be ten times that of the dose 
used in preliminary experiments to enhance cognition. Collectively, these data suggest that 
Sig2R/PGRMC1 can be targeted to mitigate the effects of neurodegenerative pathways and that 
small molecule antagonists of Sig2R/PGRMC1 may be developed as potential neuroprotective 
and nootropic agents for use as therapeutics for age-related neurodegenerative diseases. 
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Title: Quantitative autoradiography analysis of Sigma-1 and Sigma-2 receptor densities in 
striatal and extra-striatal regions of the aged human brain 
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Abstract: N-[4-(3,4-dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl)butyl]-2-methoxy-5-methyl-
benzamide (RHM-1), a conformationally-flexible benzamide analogue, have been shown to have 
high affinity and selectivity for sigma-2 receptor versus sigma-1 receptor and the dopamine D2 
and D3 receptors (Bioorg. Med. Chem. Lett. 2004: 14; 195-202, Eur. J. Pharmacol. 2005; 525: 8-
17). Its high sigma-2 receptor affinity (Ki <10 nM) and selectivity (sigma-1: sigma-2 ratio > 300) 
indicates that it may be a useful radioligand to assess the sigma-2 receptors in the brain. 
Therefore, RHM-1 was radiolabeled with tritium (specific activity = 80 Ci/mmol) and the 
binding of [3H]RHM-1 to Sigma-2 receptors of aged human brain tissue was evaluated in vitro. 
Saturation binding studies showed that [3H]RHM-1 has a high sigma-2 receptor binding affinity, 
with a dissociation constant (Kd) of ~7.1 nM to human postmortem brain sections. Sigma-1 
receptor selective radioligand [3H]pentazocine was evaluated and used for determining the 
sigma-1 receptor binding densities in different brain regions. We found that [3H]pentazocine has 
a Kd value of ~4 nM for binding to fontal neocortex. The sigma-1 and sigma-2 receptor densities 
in striatal and extra-striatal regions of 11 congnitively normal aged human brains (age range: 77 
to 107 years) were measured. The sigma-1 and sigma-2 receptors are found to be extensively 
distributed in different brain regions, sigma-2 density is about two-fold higher than sigma-1 



receptor density in most brain regions: frontal cortex, precommissural caudate and putamen, 
postcommissural caudate and putamen, nucleus accumbens, globus pallidus, thalamus and 
substantial nigra, with the exception of red nucleus where sigma-1 and sigma-2 densities are 
equal. The binding densities in red nucleus for both sigma-1 and sigma-2 are lower than the other 
regions mentioned above. The high binding density of sigma-2 receptor in the aged brains 
suggests that sigma-2 receptor may play an important role in the brain disorders such as 
Alzheimer and Parkinson diseases. 
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Abstract: Sigma-2 receptors are pharmacologically defined membrane bound receptors that are 
highly upregulated in rapidly proliferating cancer cells as compared to non-cancerous tissues. 
Recently, a relationship to PGRMC1 has been proposed. When activated, sigma-2 receptors 
induce apoptotic cell death, and have thus been of interest as targets for novel anticancer agents 
or as mediators of neurodegenerative disease. However, this role of promoting cell death is 
incongruous with the overexpression of sigma-2 receptors in cancer cells, indicating that our 
understanding of the function of this receptor is incomplete. We previously reported that CM769, 
an isothiocyanate derivative of the well-characterized sigma-2 receptor antagonist SN79, had the 
unusual effect of stimulating MTT reduction in SK-N-SH neuroblastoma cells (Nicholson et al., 



Soc. Neurosci. Abstr. #299.17, 2014). We have subsequently determined that the active 
compound was actually a degradation product of CM769. Here we report characterization of 
CM764 (sigma-2 Ki=3.5 nM with greater than 10-fold selectivity over sigma-1), which has 
revealed a novel stimulative and potentially neuroprotective function for the sigma-2 receptor. 
As compared to untreated cells, treatment of SK-N-SH neuroblastoma cells with 10 uM CM764 
resulted in increased mitochondrial reduction of MTT without corresponding proliferation. This 
effect could be attenuated by 30 uM SN79 and low-dose (0.3 uM) CM572, indicating a sigma-2-
mediated effect. Additionally, treated cells demonstrated a trend towards increased production of 
NAD+, NADH, and ATP. These data together indicate that the sigma-2 receptor may play a role 
in supporting cellular metabolism. Furthermore, when cells were exposed to 50 uM DCFDA, 
treatment with 10 uM CM764 caused a marked reduction in reactive oxygen species that 
exceeded the antioxidant properties of 200 ug/mL alpha-tocopherol. Taken together, this data 
suggests a role for the sigma-2 receptor in promoting cell survival and a potential avenue for 
neuroprotection. This supports our previously presented hypothesis of a dual role of the sigma-2 
receptor in both promotion and prevention of apoptosis, dependent on the mode of activation 
(Garcia and Bowen, Soc. Neurosci. Abstr. #470.17, 2010). CM764 and related compounds with 
sigma-2-mediated stimulative activity will be useful tools in investigating this novel function of 
the sigma-2 receptor and its potential role in neuroprotection. 

Disclosures:  H.E. Nicholson: None. C. Mesangeau: None. C.R. McCurdy: None. W.D. 
Bowen: None. 

Nanosymposium 

555. Sigma Receptors: Emerging Roles in Health and Disease 

Location: S405 

Time: Tuesday, October 20, 2015, 1:00 PM - 3:15 PM 

Presentation Number:  555.08 

Topic: B.04. Ion Channels 

Title: The controversial identity of the sigma-2 receptor with PGRMC1: is the PGRMC1/sigma-
2 protein, that binds Abeta oligomer, made of two independent molecular entities? 

Authors: C. ABATE1, M. NISO1, M. L. PATI1, *N. A. COLABUFO2,1, F. BERARDI1;  
1Dept. di Farmacia-Scienze del Farmaco, Univ. degli Studi di Bari, Bari, Italy; 2Dept. di 
Farmacia-Scienze del Farmaco-Università degli Studi di Bari, Biofordrug S.r.L., Bari, Italy 

Abstract: Sigma-2 receptors are intriguing targets under study for their involvement in tumors 
and neurodegenerative diseases. However, the ‘sigma enigma’ is not over yet, with controversies 
about sigma-2 receptor identity. In one of the last attempts for the characterization, the 



identification of the sigma-2 protein with the progesterone receptor membrane component 1 
(PGRMC1) was proposed and generally accepted. Recently, the so-called PGRMC1/sigma-2 
protein was identified as a neuronal receptor for Abeta oligomers binding, with Abeta oligomers 
behaving as ‘regular’ ligands at such proteins. Very importantly, a few sigma-2 receptor 
antagonists were able to displace synthetic Abeta oligomers from synaptic puncta, as well as 
human Abeta oligomers from brain sections of Alzheimer’s disease (AD) patients, in a dose-
dependent manner. In vivo, these compounds showed to reverse cognitive deficits restoring 
memory and sustaining long-term improvement in AD mice models. Starting from the 
consideration that PGRMC1 and sigma-2 are the same molecular entity, the PGRMC1/sigma-2 
protein involvement in these activities was demonstrated by radioactive sigma-2 ligand binding 
together with PGRMC1 silencing. Nevertheless, we feel that the clear identification of the 
proteins involved in the described effects is crucial for future development of AD disease-
modifying therapies. With this perspective, we verified how the expression of sigma-2 receptor 
is independent of PGRMC1 expression by western blotting and Scatchard analyses. Such assays 
were perfomed on human breast adenocarcinoma MCF7 cells where sigma-2 receptors were 
constitutively present, and where PGRMC1 was alternatively silenced or overexpressed. In 
addition, the sigma-2 mediated activity, which was studied through sigma-2 agonists, was 
independent of the presence and amount of PGRMC1. In order to further investigate the 
connection between sigma-2 and PGRMC1, the profiling of these proteins in a number of cell 
lines is in progress. Confocal microscopy and flow-cytometry studies employing sigma-2 
fluorescent tracers are undergoing in cell lines where PGRMC1 is silenced, overexpressed and/or 
constitutively present. Results from this work will contribute to clarify the controversial 
relationship between sigma-2 and PGRMC1, so that unbiased research focused on these targets 
for the development of AD-modifying agents may be conducted. 

Disclosures:  C. Abate: None. M. Niso: None. M.L. Pati: None. N.A. Colabufo: None. F. 
Berardi: None. 

Nanosymposium 

555. Sigma Receptors: Emerging Roles in Health and Disease 

Location: S405 

Time: Tuesday, October 20, 2015, 1:00 PM - 3:15 PM 

Presentation Number:  555.09 

Topic: B.04. Ion Channels 

Title: PGRMC1 expression correlates with the sigma-2 fluorescent probe (SW120) staining in 
rat hippocampus cells 



Authors: *R. H. MACH, C. ZENG, N. GARG, B. LIEBERMAN;  
Radiology, Univ. of Pennsylvania, Philadelphia, PA 

Abstract: Progesterone receptor membrane component 1 (PGRMC1) is a cytochrome-related 
protein. The PGRMC1 protein complex was previously identified as the putative sigma-2 
receptor binding site. The sigma-2 receptor/PGRMC1 has been primarily characterized as a 
biomarker for measuring cell proliferation in tumors. However, PGRMC1 is also present in the 
central nervous system (CNS) and is responsible for axon path finding in zebrafish and mediates 
progesterone-elicited neuroprotective effects. Recently, it was reported that PGRMC1 is a 
potential receptor for amyloid-β (Aβ) oligomers in rat primary neurons, and sigma-2 receptor 
antagonists block the binding of Aβ oligomers in neurons and reduce Aβ-induced neuronal 
toxicity. These findings indicate that the PGRMC1 plays an important role in the CNS. However, 
the molecular and cellular mechanisms of sigma-2 receptor/PGRMC1 in normal brain and 
neurological disorders such as Alzheimer’s disease (AD) are largely unknown. In order to better 
understand the biological function of this protein complex in the CNS, we examined PGRMC1 
protein levels by immunohistochemistry and Western blot analysis in rat primary cultures of 
neurons, astrocytes, oligodendrocytes and microglia cells of E18 rat hippocampus. We also 
examined the sigma-2 receptor binding using a sigma-2 fluorescent probe (SW120) in the same 
primary cell types. Our data show that the expression of PGRMC1 and SW120 staining are 
prominent in neurons, moderate in oligodendrocytes and microglia cells, and low in astrocytes. 
In dual labeling studies, there was a linear correlation between PGRMC1 protein expression 
levels and SW120 uptake. These results indicate that PGRMC1 expression levels correlate with 
sigma-2 receptor densities in four different rat brain cell types, supporting our previous finding 
that PGRMC1 is associated with the sigma-2 receptor binding site. The results also suggest that 
the sigma-2 receptor radiotracers can potentially be used to noninvasively image neuron/synapse 
densities in human CNS with positron emission tomography (PET). 
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Title: Proteolysis of huntingtin releases non-polyQ fragments that cause death through dynamin 
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Abstract: Cleavage of mutant huntingtin (HTT) is an essential process in Huntington’s disease 
(HD), an inherited neurodegenerative disorder. Cleavage generates N-ter fragments that contain 
the polyQ stretch and whose nuclear toxicity is well established. However, the functional defects 
induced by cleavage of full-length HTT remain elusive. Moreover, the contribution of non-polyQ 
C-terminal fragments is unknown. Using time- and site-specific control of full-length HTT 
proteolysis, we show that specific cleavages are required to disrupt intramolecular interactions 
within HTT and to cause toxicity in cells and flies. Surprisingly, in addition to the canonical 
pathogenic N-ter fragments, the C-ter fragments generated, that do not contain the polyQ stretch, 
induced toxicity via dilation of the endoplasmic reticulum (ER) and increased ER stress. C-ter 
HTT bound to dynamin 1 and subsequently impaired its activity at ER membranes. Our findings 
support a role for HTT on dynamin 1 function and ER homeostasis. Proteolysis-induced 
alteration of this function may be relevant to disease. 
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Abstract: Huntington’s disease (HD) is caused by an expanded CAG repeat in the huntingtin 
gene, which encodes an expanded polyglutamine stretch in the huntingtin (HTT) protein. 
Prevalence of HD is 4-10 per 100 000 in the western world, with many more people at risk of the 
disease. Although the HD mutation has been identified, the molecular and cellular basis of HD is 
far less known. Basic research and clinical studies indicate that mutant Huntingtin (mtHtt) causes 
defects of mitochondrial function which subsequently leads to neuronal degeneration, however, 
the underlying mechanism is not yet clear. In our study, we found that mtHtt interacted with 
AAA-ATPase Valosin-Containing Protein(VCP)on the mitochondria of HD models in culture 
and in mice, and promotes VCP translocation to mitochondria. To examine the functional 
outcome of mtHtt-induced mitochondria accumulated VCP in HD pathology, we used a rational 
approach to develop a peptide inhibitor, HV-3, that selectively interferes with the protein-protein 
interaction between VCP and Htt. We demonstrated that treatment with HV-3 blocked the 
interaction between Htt and VCP and inhibited VCP translocation to mitochondria in both HD 
cell cultures and HD animal models. Significantly, we found that treatment with peptide HV3 
reduced mitochondrial dysfunction and cell death in both HD mouse striatal cells and HD 
patients-iPS derived neurons. The treatment also greatly reduced neuropathology in HD 
transgenic mice. Taken together, our findings reveal a causal role of mtHtt-induced 
mitochondria-accumulated VCP in the pathology of HD. We propose that a selective peptide 
inhibitor of VCP/Htt binding, such as HV3, is a useful therapeutic agent for treatment of HD. 

Disclosures:  X. Guo: None. X. Qi: None. 

Nanosymposium 

556. Huntington's Disease Mechanisms II 

Location: N426A 

Time: Tuesday, October 20, 2015, 1:00 PM - 4:15 PM 

Presentation Number:  556.03 

Topic: C.04. Neurodegenerative Disorders and Movement Disorders 



Support: CIHR MOP-8443 

 GPG-102165 

Title: Caspase cleavage of huntingtin releases a hidden autophagy inducing domain dependent 
on myristoylation that is associated with increased mutant huntingtin clearance 

Authors: *D. D. O. MARTIN1, D. E. EHRNHOEFER1, M. SCHMIDT2, S. S. SANDERS1, B. 
NGUYEN1, N. LAZIC1, R. J. HEIT3, M. C. YAP3, L. G. BERTHIAUME3, M. R. HAYDEN1;  
1Med. Genet., 2Neurosci., Univ. of British Columbia, Vancouver, BC, Canada; 3Cell Biol., Univ. 
of Alberta, Edmonton, AB, Canada 

Abstract: Huntington disease (HD) is a debilitating neurodegenerative disease characterized by 
the loss of motor control and cognitive ability. It is caused by a polyglutamine expansion at the 
N-terminus of huntingtin (HTT) that promotes aggregation. Consequently, many studies have 
focused on promoting the removal of mutant HTT (mHTT) through several mechanisms 
including autophagy. We recently identified an autophagy inducing domain within HTT that is 
released by caspase cleavage and is dependent on myristoylation. HTT is posttranslationally 
myristoylated (PTMyr) following exposure of the N-terminal Gly553 after caspase-cleavage at 
Asp552. Myristoylated HTT released by caspase cleavage at Asp552 and Asp586 (myr-HTT553-
585-EGFP) was shown by live cell microscopy to induce the formation of autophagosomes that 
use the ER as a lipid donor. Overexpression of myr-HTT553-585-EGFP was also associated with 
elevated levels of LC3-II, indicating an increase in autophagic flux. Notably, HTT553-586 
partially aligns with the autophagy regulatory domain of ATG14L, known as Barkor/Atg14(L) 
autophagosome-targeting sequence (BATS) domain. We propose that myr-HTT553-586 acts as a 
membrane curvature sensing domain that induces the formation of autophagosomes similar to the 
BATS domain; by sensing membrane curvature at the ER and inducing membrane curvature as 
cleavage of HTT progresses, suggesting a novel and unexpected role for wild-type HTT in 
autophagosome formation and processing. The build-up of toxic aggregates displayed in HD is in 
part due to dysfunctional autophagy, wherein cargo loading of autophagosomes and their fusion 
with lysosomes are disrupted. PTMyr of HTT was significantly decreased in mHTT transiently 
expressed in HeLa cells, suggesting a loss in the ability of this peptide to associate with 
membranes and, consequently, a decrease in autophagic flux. Therefore, the loss of PTMyr in 
mHTT provides a novel molecular mechanism by which autophagic flux is impaired in HD. 
However, blocking proteolysis at D586 significantly increases PTMyr at G553. Previously, we 
have shown that blocking caspase cleavage at D586 completely ameliorates the disease 
phenotype in HD mice. Our new data now suggests that this protection is mediated by correcting 
the autophagy pathway thereby promoting mHTT clearance. 
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Abstract: The Hippo/YAP signaling pathway has been implicated in mammalian organ size 
regulation and tumor suppression. Specifically, this pathway plays a critical role in regulating the 
activity of the transcriptional co-activator Yes-associated protein (YAP), which modulates a 
proliferative transcriptional program by binding to the transcription factor TEAD. While the 
Hippo/YAP pathway is known to be activated during tumorigenesis, recent studies have revealed 
that it may also play a role in neurodegeneration. For example, mammalian sterile 20 (STE20)-
like kinase 1 (MST1), a downstream pro-apoptotic protein kinase in the Hippo pathway, 
mediates oxidative stress-induced neuronal death. In addition, MST1 activity leads to caspase 
activation and impairment of autophagy in a mouse model of Amyotrophic Lateral Sclerosis. 
Importantly, homozygous deletions of MST1 in this mouse model delayed symptom onset and 
improved the survival of spinal cord motor neurons. Finally, activation of the Hippo pathway has 
been linked to alterations in autophagy. Together, these findings implicate the Hippo/YAP 
pathway in the underlying mechanisms of neurodegeneration. Therefore, we investigated the 
possible role of this pathway in Huntington’s disease (HD) pathogenesis. Our results 
demonstrate that there is a significant increase in phosphorylated MST1 (pMST1), active form, 
in post-mortem human cortex from patients. Additionally, pMST1 was also increased in the 
striatum and cortex of mutant Hdh111/111 mice compared to control as well as in mutant 
STHdh111/111 cells compared to control STHdh7/7 cells. There was also a significant and 
concomitant increase in YAP phosphorylation in Hdh111/111 striatum. Together, these results 
demonstrate that the Hippo/YAP pathway is altered in HD and may provide a novel therapeutic 
target for the treatment of HD. 
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Title: Mn-handling deficit in a prodromal HD mouse model underlies metabolic alterations 
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Abstract: CAG triplet repeat expansion in the Huntingtin (HTT) gene causes striatal 
neurodegeneration in Huntington’s disease (HD). Expression of mutant HTT decreases net 
uptake of manganese (Mn) into neuronal cells and suppresses biological responses to Mn 
exposure both in vitro and in vivo. These data support the hypothesis that neuronal Mn 
homeostasis is disrupted in HD, and that this disruption may contribute to HD pathophysiology. 
Members of the arginase protein family are obligate Mn-dependent enzymes with roles in the 
urea and citrulline-nitric oxide cycles. Systemic alterations in these metabolic pathways have 
been reported in HD and HD models. Here, we directly test whether alterations in arginase-
related metabolic pathways occur in the striatum of prodromal (3-month) YAC128Q mice, and 
whether increasing in vivo Mn levels influences arginase-related metabolism. We report a 
significant reduction in basal arginase activity in the striatum of HD mice versus wild-type. 
Striatal arginase activity was substantially elevated by a one-week systemic Mn exposure 
paradigm in both genotypes. We assessed protein and mRNA levels of both arginase isoforms 
(Arg1 and Arg2) to evaluate their relationship to the observed activity changes. At 3-months of 
age (before detectable gliosis in this HD model) striatal Arg1 is undetectable in either genotype. 
Instead, striatal Arg2 mRNA and protein are observed. Striatal Arg2 protein levels are similar in 
wild-type and YAC128Q under basal conditions, despite reduced arginase activity in the HD 
model. In contrast, Arg2 mRNA levels are significantly elevated in YAC128Q striatum. Mn-
exposure substantially increased Arg2 protein levels in both genotypes, without a corresponding 
increase in mRNA, suggesting that protein levels are regulated by the cofactor Mn. Thus, the 



decreased arginase activity in YAC128Q striatum, despite elevated Arg2 expression, is 
consistent with a decreased biological availability of Mn in HD. Mass spectrometry analysis 
revealed significant changes in several related metabolites in the YAC128Q model. Mn-exposure 
rescued these HD metabolic phenotypes. These data strongly support the hypothesis that a HD 
Mn-handling defect causes alterations in Mn-dependent neurophysiology that may contribute to 
disease. 
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Title: p75NTR/TrkB imbalance in Huntington´s disease:Implications for future therapeutic 
approaches 
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Abstract: Basal ganglia dysfunction is a clear hallmark of Huntington´s disease (HD) involved 
in the classical motor disturbances that have been commonly associated to striatal 
neurodegeneration. However, it is clear that HD encompasses more than motor deficits, with 
evidence of cognitive dysfunction years before chorea symptoms appear. Therefore, the perfect 
scenario will be one in which by targeting a unique pathway memory disturbances could be 
ameliorated or prevented at early disease stages while slowing motor coordination impairments 



at middle disease stages. In searching for this “perfect target” we have focused on neurotrophic 
receptors given the dual role as modulators of both neuronal survival and synaptic plasticity and 
cognition. Moreover, and supporting the potential role of these receptors as a therapeutic 
approach in HD it is known that the levels of brain-derived neurotrophic factor (BDNF) in the 
striatum and hippocampus of HD mouse models and HD human brain are reduced. In this study 
we have demonstrated an imbalance between p75NTR and TrkB expression at early disease 
stages in the striatum of two distinct HD mouse models that was also manifested in the putamen 
of HD patients and was associated with a reduction of BDNF-mediated neuroprotection. 
Notably, in the hippocampus such imbalance was not found until 6 months of age since the 
increase in p75NTR protein levels was earlier (4 months) than the TrkB reduction. The role of 
p75NTR in the adult brain has been mainly associated with apoptosis, whereas its involvement in 
synaptic plasticity and memory is poorly understood. It is known that null p75NTR mice exhibit 
enhanced LTP and impaired LTD, while both null and heterozygous p75NTR mice display 
improved spatial memory. In this scenario we wondered whether normalization of p75NTR 
levels in HD mutant mice would recover HD memory deficits. In agreement with our hypothesis 
new double-mutant mice expressing mutant huntingtin but “normal” p75NTR levels showed 
preserved spatial, recognition, and associative memories along with an amelioration of dendritic 
spine abnormalities, likely through normalization of the activity of the GTPase RhoA. 
Altogether, our findings demonstrate a detrimental role of TrkB/ p75NTR imbalance in striatal 
vulnerability and dysfunction as well as a role for hippocampal p75NTR upregulation in synaptic 
and memory alterations in HD. These results, underline the need to address the benefits of 
neuroprotective therapies based on BDNF administration to treat HD pathology an open a new 
and exciting therapeutic alternative based on TrkB and p75NTR signalling as a target to treat 
both cognitive and motor disturbances in HD 
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Title: Fingolimod (FTY720) enhances hippocampal synaptic plasticity and memory in 
Huntington’s disease by preventing astrocyte-mediated inflammation and p75NTR up-regulation 
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Abstract: Huntington’s disease (HD) is a hereditary neurodegenerative disorder caused by the 
expansion of a CAG tract in the exon-1 of the huntingtin gene. Although clinical diagnosis relies 
on the manifestation of motor abnormalities, cognitive and behavioral impairments are evident at 
least 15 years before motor symptoms. The primary regions of neurodegeneration in HD have 
long been considered the striatum and cerebral cortex, but other structures involved in cognition, 
particularly the hippocampus, are affected in early stages of the disease. Synaptic and memory 
dysfunction in HD mouse models have been related to low levels of brain-derived neurotrophic 
factor (BDNF) and imbalance between TrkB and p75NTR receptors. In addition, astrocyte over-
activation has also been suggested to contribute to HD cognitive deficits. Fingolimod (FTY720), 
an agonist of sphingosine-1 phosphate receptors commonly used as an immunomodulator in 
Multiple Sclerosis patients, has recently been shown to increase BDNF levels and to reduce 
astrogliosis, proving its potential to regulate trophic support and inflammatory response. In this 
view, we have investigated whether FTY720 improves synaptic plasticity and memory in the 
R6/1 mouse model of HD, through regulation of hippocampal BDNF signaling and astroglial 
reactivity. Chronic administration of FTY720 from pre-symptomatic stages ameliorated long-
term memory deficits and dendritic spine loss in CA1 hippocampal neurons from R6/1 mice. 
Furthermore, FTY720 delivery prevented astrogliosis and over-activation of nuclear factor kappa 
beta (NF-κB) signaling in the R6/1 hippocampus, reducing tumor necrosis factor alpha (TNFα) 
and induced nitric oxide synthase (iNOS) levels. TNFα decrease correlated with the 
normalization of p75NTR expression in the hippocampus of FTY720-treated R6/1 mice, thus 
preventing p75NTR/TrkB imbalance. In addition, FTY720 increased cAMP levels and promoted 
phosphorylation of CREB and RhoA in the hippocampus of R6/1 mice, further supporting its 
role in the enhancement of synaptic plasticity. Our findings provide new insight into the 
mechanism of action of FTY720, and suggest that administration of this drug at the early stages 
of HD could help restoring normal BDNF signaling and preventing synaptic and memory 
impairments. 
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Abstract: Huntington disease (HD) is a neurodegenerative disorder caused by a polyglutamine 
expansion in the huntingtin protein, producing mutant huntingtin (mHtt). This causes 
neurodegeneration beginning in the striatum, and produces a range of motor, cognitive and 
behavioural symptoms. Many pre- and postsynaptic proteins interact with mHtt, and the function 
of at least some of these proteins is affected by the disease-causing mutation. This includes the 
neurotrophin brain-derived neurotrophic factor (BDNF), the release of which in impaired in HD. 
One of the consequences of these changes in protein function is alterations in synaptic signaling 
and plasticity. Particularly affected are the cortico-striatal synapses, especially those between 
cortical neurons and striatal spiny projection neurons (SPNs). We set out to examine changes in 
synaptic scaling, a form of homeostatic plasticity in which the strength of a neuron's synapses are 
uniformly increased or decreased in order to keep the neuron's overall level of activity within an 
optimal range, in excitatory synapses onto cortical pyramidal neurons. We used patch clamp 
recording to measure the amplitude and frequency of miniature excitatory postsynaptic currents 
(mEPSCs) following 48 hours of treatment with either tetrodotoxin (TTX) or water (vehicle), in 
cortical pyramidal neurons from either wild-type (WT) or YAC128 mice cultured in vitro to DIV 
21, to determine the effect of treatment with TTX on synaptic strength. The frequency of 
mEPSCs increased in WT cells treated with TTX relative to those treated with vehicle. The 
amplitude of mEPSCs in TTX-treated WT cells also tended to increase relative to that of 
mEPSCs in vehicle-treated WT cells. TTX treatment caused no change in either frequency or 
amplitude of mEPSCs in YAC128 cells. We then tested whether impaired BDNF release could 
be responsible for the observed deficit in YAC128 cells by adding BDNF or TrkBFc to the cell 



culture medium 48 hours before treatment with either TTX or vehicle. We also used 
immunocytochemical techniques to further assess the changes taking place in WT and YAC128 
cells in response to treatment with TTX or vehicle. This will allow us to better understand the 
dysfunction occurring on the presynaptic side of the cortico-striatal synapse in HD and what 
makes this synapse particularly vulnerable to the HD mutation. 
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Abstract: Double-cortin-like kinases (Dclks) play major roles in development and maintenance 
of neuronal functions. The neurobiological role of the third member of this family, the striatal-
enriched Dclk3 is unknown. We characterized the cytoplasmic and nuclear localization of Dclk3 
in the striatum in non-human primates and in man. A yeast-two hybrid screen identified seven 
Dclk3 interactors, all possessing zinc finger domains. One candidate is known to regulate many 
transcription activating factors (TAFs), p53 and lysine acetyl transferases. In line with this, 
expression of Dclk3 kinase domain in human striatal neural stem cells produces transcriptional 
changes that are mainly linked to chromatin remodeling. Chromatin and transcriptional 
perturbations have been described in Huntington's disease (HD). Interestingly, we found that 
Dclk3 expression is reduced in HD mouse models. We examined the effects of Dclk3 
overexpression in vivo in the striatum of HD mouse models using viral vectors and found that it 
produced a significant neuroprotective effect in vivo. In contrast, lowering the expression of 
Dclk3 using shRNA strategy increased mutant huntingtin toxicity. Expression of a Dclk3 protein 
truncated in its N-terminus but containing the C-terminal kinase domain was sufficient to 
produce neuroprotection. The study of mutants inactivating the kinase domain of Dclk3 
demonstrated that its neuroprotective effect is mediated through the catalytic activity of the 
kinase. The present findings suggest that Dclk3 participates in a striatal-specific regulation of 
epigenetic mechanisms maintaining the integrity of the striatum. In HD, decreased Dclk3 
expression may play a role in the vulnerability of the striatum against mutant huntingtin. 
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Abstract: Triggering Receptor Expressed on Myeloid cells 2 (TREM2) is an immune cell 
receptor expressed in brain microglia that is thought to be involved in regulating the phagocytic 
response to apoptotic cells and microglial survival. Mutations of both copies of TREM2 in 
humans lead to an early-onset neurodegenerative disorder characterized by widespread microglia 
activation. Recently, heterozygous mutations in TREM2, including the R47H mutation, have 
been associated with Alzheimer's disease (AD), amyotrophic lateral sclerosis, Parkinson's 
disease, and frontotemporal dementia. In cultured microglia, TREM2 downregulation leads to an 
excessive inflammatory cytokine response, thought to be detrimental in the context of a 
degenerating brain. TREM2 activation dampens the inflammatory response while simultaneously 
increasing phagocytic capacity. These effects are thought to be beneficial in the context of 
neurodegeneration and suggest that overexpression of TREM2 could drive microglia in a 
protective direction. To test this idea, human TREM2 bacterial artificial chromosome (BAC) 
transgenic mice were created to genetically overexpress human TREM2 under its endogenous 
promoter. The effects on microglia in vitro and in vivo are being tested, and TREM2 BAC mice 
have been crossed with mouse models of Huntington's disease (HD) and AD. Microglia from 
cultured TREM2 BAC mice microglia show a modified inflammatory response to LPS. 
Behavioral and pathological studies of TREM2 BAC mice crossed with HD and AD mice are 
ongoing. These studies will enable us to test the hypothesis that genetic overexpression of human 
TREM2 with its endogenous regulatory elements will suppress neuroinflammatory and 
neurodegeneration phenotypes. In addition, we will also be able to evaluate whether 
overexpression of R47H version of TREM2 will have distinct or opposite effects on disease 
phenotypes. 
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Abstract: The bulk of interest in the huntingtin protein has centered on the fact that, when 
mutated, huntingtin causes Huntington’s disease (HD), a devastating neurodegenerative disorder. 
The mutation causing HD is an abnormal polyglutamine stretch in huntingtin. Given the adult 
onset and dysfunction and death of adult neurons characterizing HD, most studies have focused 
on the toxic effects elicited by mutant huntingtin in post-mitotic neurons. However, the protein is 
ubiquitous and expressed in the developing embryo where it plays an essential role as revealed 
by the early embryonic lethality at day 7.5 of the complete knock-out of the huntingtin gene in 
mouse. Anyway, the roles of the wild-type protein during development have been overlooked. 
We will discuss how huntingtin regulates several steps of mouse embryonic corticogenesis 
including the division and cell fate of cortical progenitors of the ventricular zone, and the 
polarization and migration processes of newly generated neurons. We will also show the 
consequences of the presence of an abnormal polyglutamine expansion in huntingtin during 
cortical neurogenesis and consider the viewing of HD as a developmental disorder. 
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Abstract: Huntington disease (HD) is a fatal neurodegenerative disorder for which there is no 
treatment. HD is caused by a C-A-G trinucleotide repeat expansion in the HTT gene (>35 
repeats) that encodes an elongated polyglutamine tract within the huntingtin protein. The 
expansion of the polyglutamine tract in mutant huntingtin results in both the gain and loss of 
cellular functions which ultimately leads to the complex pathogenesis observed in HD. 
Therefore, reducing levels of mutant huntingtin in patients represents an attractive therapy for 
HD. Huntingtin lowering can be achieved through non-selective silencing of total huntingtin 
expression or by specifically silencing the mutant allele. To date, gene silencing strategies have 
undergone significant preclinical evaluation as therapies for HD. Non-selective silencing using 
antisense oligonucleotides (ASOs) or RNA interference methods have been shown to improve 
behavioural and neuropathological phenotypes in multiple animal models of HD. These studies 
suggest that reduction of wild type huntingtin is safe and well tolerated. However, wild type 
huntingtin is involved in numerous cellular functions and is essential for neuronal health, and it 
remains unclear whether its sustained reduction will be well tolerated over the long treatment 
durations likely required in humans. Therefore, selectively silencing mutant HTT in patients 
represents a more promising therapeutic approach for HD. One strategy to selectively inhibit the 
production of mutant huntingtin is to silence the mutant gene using ASOs targeted to single 
nucleotide polymorphisms (SNPs) at the HTT locus that are strongly associated with the CAG 
expansion (HD-SNPs). Our lab has previously evaluated ASOs targeted to one such HD-SNP 
and identified potent, selective, and well tolerated candidates currently undergoing pre-clinical 
validation. However, targeting any individual HD-SNP with an ASO would only provide a 
treatment option for a portion of the HD population. Therefore, we are developing a panel of 
ASOs targeting HD-SNPs specific to the three most common HD HTT haplotypes to maximize 
the number of HD patients that could be treated through selective silencing of mutant HTT. 
Using this approach, each individual ASO drug in the panel would treat a distinct subset of the 
HD population and in combination would provide a personalized treatment option for the 
majority of HD patients. 
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Title: Striatal shape differs before and after symptom onset in Huntington's disease and relates to 
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Abstract: Huntington’s disease (HD) is an inherited neurodegenerative disorder affecting motor, 
cognitive, and emotional functions. We used our novel shape analysis technique to test for 
regional differences in subcortical brain structure between groups of healthy controls (CN), and 
people with presymptomatic, or symptomatic HD (pre-HD, symp-HD) and associations with 
clinical measures. Participants were recruited as part of the IMAGE-HD study 36 CN (12M:24F, 
mean age: 42.41+/-13 yrs), 36 pre-HD (14M:22F, age: 42+/- 10 yrs), 37 symp-HD (21M:16F, 
age: 52+/-9 yrs)). T1-weighted MRI images were manually segmented. A surface-based 
parametric mapping protocol derived two pointwise shape measures: thickness (radial distance) 
and the Jacobian determinant (surface dilation ratio), across thousands of points on the surface of 
the left and right caudate and putamen. A multiple linear regression was fit at each thickness and 



Jacobian point to test for group differences and associations with clinical features. All analyses 
were adjusted for age, sex, and intracranial volume. A standard FDR correction was applied 
(q=0.05). Significant negative associations were detected between shape metrics and the number 
of CAG repeats, disease burden score, HD disease rating score (UHDRS), and years to onset in 
pre-HD, symp-HD, or both. Significant group differences were detected between CN, pre-HD 
and symp-HD. See Table 1 and Figure 1 for details. High-dimensional shape analysis revealed 
significant striatal morphometry differences between groups and associations with age of disease 
onset and severity. This method yields a potentially strong biomarker for disease-related 
subcortical changes. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a rapidly progressive and fatal 
neurodegenerative disease of spinal and cortical motor neurons. Clinical investigations and some 
ALS animal model studies show that the disease is associated with motor neuronal 
hyperexcitability. We have recently found that a hyperexcitability phenotype is present in 



induced pluripotent stem cell (iPSC)-derived motor neurons from ALS patients harboring 
distinct SOD1 mutations, C9orf72 repeat expansions, and FUS mutations (Wainger et al., Cell 
Reports, 2014). However, it is not clear how mutations in the disease-causing genes produce this 
hyperexcitability and if a single mechanism is involved. Since membrane excitability is 
determined by the relative expression and activities of ion channel subtypes, we hypothesized 
that a change in transcription of ion channels may be responsible for the ALS hyperexcitability. 
Here we report an approach to link excitability and gene expression differences at a single cell 
level, by collecting RNA from individual MNs after whole cell patch clamp recordings. Such 
single cell gene expression profiling in functionally characterized neurons has been conducted 
both in ALS patient iPSC-derived MNs and in cultured embryonic mouse spinal MNs 
(HB9::GFP hSOD1G93A). The expression data is reliable in terms of housekeeping gene and 
motor neuron marker expression, and suggests that KCNQ3 (Kv7.3) and KCNE2 (MiRP1) 
channels are down-regulated in hSOD1G93A HB9 positive mouse spinal MNs compared to 
controls. We are expanding the recording/single cell expression profiling to a broader gene set 
that includes voltage- and ligand-gated ion channels, S- and F-type MN markers, and ALS 
markers to both human and mouse ALS MNs, and anticipate that this approach will reveal which 
ion channel subtypes contribute to motor neuron hyperexcitability in familial ALS. 
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Abstract: The Woolf and Eggan labs have recently jointly discovered that motor neurons (MNs) 
derived from ALS patient induced pluripotent stem cells (IPSC) carrying SOD1, C9orf72 and 
FUS mutations are hyperexcitable relative to those from control subjects, with higher 
spontaneous action potential discharge, and that this is due to reduced delayed rectifier 
potassium-channel activity, likely caused by calcium overload and ER stress. This raises the 
questions: which specific potassium-channel subtypes out of the large family contribute to ALS 
MN hyperexcitability and can this drive therapeutic intervention? We have developed a new 
high-throughput thallium-flux assay (FluxOR) which very precisely quantifies potassium ion 
flow across the membrane of derived MNs. Using this technique we have revealed that after an 
initial increase, the potassium flux decreases in IPSC derived MNs that carry SOD1_A4V and 
C9orf72 repeat expansion mutations compared to isogenic corrected controls. By combining the 
thallium-flux assay with potassium-channel RNAi knockdown, we can use this technique to 
identify exactly which potassium-channel subtypes are active in derived ALS and control MNs, 
and from this which channel is decreased in the disease state. With the use of pharmacological 
modulators the thallium assay also provides a powerful tool to study potassium channel subtypes 
functionally. Previous work in our lab has shown that MNs carrying the SOD1_A4V mutation 
have a higher frequency of fast firing MNs than those of isogenic controls. Since voltage gated 
potassium channels often function as a natural brake on excitability, knockdown of potassium 
channels can have different effects on MNs with different spike rates. We have therefore also 
developed methods to quantify the spike rate of MNs using the genetically encoded calcium 
indicator GCaMP6 and the calcium sensitive dye FLIPR and have confirmed the 
hyperexcitability phenotype based on calcium spike analysis. We are now combining RNAi 
based knockdown with single cell activity imaging using an automated live cell screening 
instrument (ArrayScan™ VTI HCS) to identify which potassium-channel’s activity is reduced 
and drives MN hyperexcitability. This work has been made possible through the support of 
Target ALS. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease that 
specifically affects upper and lower motor neurons (MNs), leading to a progressive decline in 
motor functions and inevitable death. Stem cells have brought new perspectives and hope for the 
treatment ALS. We studied the effects of human neural precursors derived from induced 
pluripotent stem cells (NP-iPS) in the SOD1-transgenic rat model of ALS. Asymptomatic and 
symptomatic rats (7 and 25 weeks old, respectively) were intraspinally grafted with NP-iPS. The 
animals’ motor functions were tested throughout the course of the disease. Spinal cords and 
cerebrospinal fluid (CSF) were collected to study graft-host interaction, NP-iPS fate, protein and 
gene expression studies. We also studied the expression of chondroitin sulphate proteoglycans 
(CSPGs) in spinal cord and CSF at the presymptomatic, symptomatic and terminal (untreated 
and NP-iPS-treated) stages of the disease and in wild-type (WT) littermates. The mRNA 
expression of CSPGs, several growth factors and apoptosis-related genes were analyzed using 
RT-qPCR. The CSF collected from patients with a confirmed diagnosis of ALS and non-ALS 
controls were tested for CSPGs content. The transplantation of NP-iPS cells into symptomatic 
and presymptomatic animals resulted in significantly prolonged survival (by 13 and 20 days, 
respectively) and slowed disease progression compared with vehicle-treated littermates. 
Presymptomatic grafting of NP-iPS also postponed disease onset. Both groups of cell-treated rats 
presented significantly better motor activity. Grafting of NP-iPS up-regulated the expression of 
growth factors' (NGF, IGF-1 and BDNF) and stabilized the expression of apoptosis-related 
genes’ (BAX, BCL-2 and Casp-3) compared to sham-treated rats. We found that CSPGs could 
be detected in the CSF of healthy and SOD1-transgenic rats, however at the symptomatic stage 
animals had a significantly higher amount of CSPGs compared to the presymptomatic or age-
related WT animals. Vehicle-treated animals at the terminal disease stage lost substantial 
expression of spinal CSPGs, whereas NP-iPS-treated rats had significantly higher CSPGs 
expression. CSF from ALS patients also revealed differences in the expression of several CSPGs 
compared with non-ALS patients. We conclude that the administration of human NP-iPS 
alleviates the progression of ALS and extends lifespan. Grafting of NP-iPS safeguards PNNs and 
remodels the recipients' pattern of protein and gene expression. Evaluation of CSPGs in the 
patients’ CSF could potentially serve as biological markers of ALS. 
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Abstract: ALS and FTLD are neurodegenerative diseases that share similar pathologies and 
cellular dysfunction. ALS and FTLD are thought to lie on a clinical spectrum based on the 
presence of mutations in similar genes that can predispose specific neuronal populations to 
degenerative processes. In particular, a hexanucleotide repeat expansion in the C9ORF72 gene is 
the most common cause of ALS and FTLD, although the mechanisms linking the disruption of 
this gene to defined neurodegenerative processes have not been well established. Efforts to 
characterize phenotypes of the stem cell-derived neurons have been hampered by several factors, 
including heterogeneity between differentiations and differences in fate potential between lines. 
In this study, we identified tools to obtain post-mitotic neuronally committed cells derived from 
ALS patient and control pluripotent stem cells. Protocols to differentiate pluripotent stem cells 
into cortical projection neurons, cortical interneurons, and spinal motor neurons were 
implemented, and neuronal enrichment was demonstrated using several surface marker 
combinations. Transcriptional profiling of isolated neuronal populations revealed enrichment of 
terminally differentiated neurons that enriched for genes known to be associated either with 
cortical motor neurons, interneurons, or spinal motor neurons. In particular, using a novel 
protocol to generate deep layer cortical neurons, we observed increased expression of CTIP2, 
vGLUT1, FezF2, and TBR1 using FACS and immunofluorescence. Enriched cultures were 
depleted of EdU+, proliferative progenitors and exhibited typical neuronal characteristics, 
including spontaneous firing and synaptic puncta. Further efforts are currently being pursued to 
identify differences in molecular pathways affected during ALS disease onset and progression. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a devastating neurodegenerative disorder. It 
manifests itself with paralysis, skeletal muscle wasting, and ultimately death. The symptoms of 
ALS are caused by the progressive degeneration and death of upper motor neurons in the 
cerebral cortex and lower motor neurons in the brainstem and spinal cord. Currently there is no 
effective medical treatment for ALS. Mitochondrial abnormalities have been observed in the 
spinal motor neurons of ALS patients and impaired energy balance has been seen in the spinal 
cord. Previously, our group showed that treatment with caprylic triglyceride, a medium chain 
triglyceride that can be metabolized into ketone bodies, delays disease progression in the SOD1-
G93A mouse model of ALS, coincidental with less motor neuron loss. In mechanistic studies of 
mitochondrial function, we found that treatment with caprylic triglyceride significantly improves 
the oxygen consumption rate (OCR) in the treatment group compared to vehicle treated control 
group, suggesting that caprylic triglyceride may be beneficial as a treatment for ALS by restoring 
the energy metabolism of mitochondria. Our in vitro study also showed that caprylic triglyceride 
can promote mitochondrial respiration in the NSC-34 cell line, a hybrid cell line produced by the 
fusion of embryonic spinal cord cells with mouse neuroblastoma. Based on this evidence, we 
hypothesize that caprylic triglyceride may influence the function of the mitochondrial 
permeability transition pore (mPTP), which plays an important role in axonal degeneration. The 
mPTP opens under calcium overload, which leads to mitochondrial swelling, dissipation of the 
proton motive force, uncoupling of oxidative phosphorylation, and cell death. mPTP function is 



evaluated in isolated mitochondria from NSC-34 cells stably transfected with SOD1 G93A in the 
presence or absence of caprylic triglyceride. The OCR of the isolated mitochondria is analyzed 
using the Seahorse XF24 Extracellular Flux analyzer. In addition, the rate of ATP production is 
measured. In parallel, similar studies will be carried out in primary motor neurons isolated from 
SOD1-G93A mouse. Our study will provide information on the mechanism underlying the 
effects of caprylic triglyceride on mitochondrial function in models of ALS. In addition, the 
studies will provide guidance for translational clinical studies currently being designed by our 
group for the treatment of ALS. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease specifically 
affecting cortical and spinal motor neurons. ALS is the most common neuromuscular disease 
worldwide, with an average age of onset of 55 years and a mean survival of about 3-5 years from 
the beginning of symptoms. Death due to progressive motor neuron loss and muscle paralysis 
occurs within 3-5 years from the first symptoms. Although several pathways have been proposed 
to play a major role in the development of ALS, no consensus has yet emerged on a pathogenic 
mechanism common to different forms of ALS. Recently we identified mutations in two 
cytoskeletal genes, the actin binding protein profilin 1 (PFN1) and the microtubule subunit α-
tubulin 4A (TUBA4A), as associated with familial ALS, which suggests that alterations in the 
cytoskeleton architecture and dynamics may play an important role in the pathogenesis of ALS. 



In particular, we hypothesize that disruption to the actin and microtubule cytoskeleton affects 
multiple pathways, including protein degradation and mRNA post-transcriptional processing due 
to the inhibition of cellular trafficking. To explore this hypothesis, we investigated the effects of 
PFN1 mutations on the localization and aggregation propensity of the RNA-binding protein 
TDP-43 and other mRNA regulatory proteins. Aggregation and nuclear depletion of TDP-43 and 
other mRNA binding proteins such as FUS is a hallmark of ALS pathology. Our results show 
that mutant PFN1 leads to increased aggregation of TDP-43, possibly due to the inhibition of the 
ubiquitin proteasome system. Using quantitative immunofluorescence, we show that mutant 
PFN1 causes specific defects in the nuclear and axonal localization of TDP-43 and other mRNA 
processing factors, and that these defects are dependent on the ability of PFN1 to bind actin. 
Together, our results support the hypothesis that alterations to mRNA post-transcriptional 
processing represents a common pathogenic mechanism in different forms of ALS. 
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Abstract: Amyotrophic Lateral Sclerosis (ALS), also known as Lou Gehrig's disease and 
Charcot disease, is a devastating neurodegenerative disease for which treatments are very 
limited. People diagnosed have an average life span of 3 years post-diagnosis. Both upper and 
lower motor neurons are affected, leading to muscle weakness and atrophy throughout the body. 
Although familial forms of the disease only account for approximately 10% of all cases, various 
histopathological hallmarks, such as TDP-43 inclusions, are conserved across familial and 
sporadic cases. Mutations in the profilin 1 (PFN1) gene were identified in familial ALS by 
exome sequencing and the mutations and in vitro analysis of the mutations showed an inhibitory 
effect on axonal growth of motor neurons. PFN1 is a 12-15kDa ubiquitous actin-binding protein 



and a key regulator of actin filament dynamics, linking the regulation of the actin cytoskeleton 
with ALS pathology. Here, we studied the impact of the most prominent ALS-associated PFN1 
mutation (C71G) on neuronal morphogenesis in mouse primary neurons. Analysis of developing 
hippocampal neurons, expressing wt and mutant PFN1, revealed that mutant PFN1 leads to a 
specific increase in the length of dendrites and dendritic arborisation without impacting axonal 
growth. Furthermore, C71G PFN1 expression results in increased dendritic spine density in 
mature cultures of hippocampal neurons. To our knowledge, this is the first study to show 
dendrite-specific morphological changes in neurons expressing ALS-associated mutant profilin 
1. 
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Abstract: A massive expansion of a GGGGCC repeat in an intron of C9orf72 recently emerged 
as the most common cause of amyotrophic lateral sclerosis (ALS) and frontotemporal dementia 
(FTD), making it a key therapeutic target. However, the neurodegenerative mechanisms 
underlying C9orf72 ALS/FTD are unclear. Here, we use induced motor neurons (iMNs) 
generated using transcription factor-mediated reprogramming to show that the loss of C9orf72 
protein expression, which results from transcriptional stalling within the repeat expansion, is the 
major cause of neurodegeneration. Longitudinal tracking showed that C9orf72 patient iMNs 
undergo accelerated degeneration (3 patients, 3 controls, p=.002) and possess the hallmark 
pathology of C9orf72 ALS. In contrast, induced dopaminergic neurons from C9orf72 patient 
iPSCs do not undergo rapid degeneration, suggesting this phenotype is motor neuron specific. 
Removing the repeat expansion from patient iPSCs using CRISPR/Cas9 editing fully rescued 
iMN survival. Thus, C9orf72 iMNs faithfully model ALS disease processes. Similar to 



postmortem studies, patient-derived iMNs had low C9orf72 protein levels. We found that 
exogenously restoring C9orf72 expression rescued patient iMN survival. Conversely, knocking 
out C9orf72 protein expression in control iMNs using CRISPR/Cas9 editing induced rapid 
degeneration at rates similar to patient iMNs. Thus, the loss C9orf72 protein induces 
neurodegeneration. C9orf72 shares homology with guanine exchange factors that control 
endosomal trafficking. Consistent with this function, we found that C9orf72 is localized in 
endosomes in iMNs. We used a biochemical assay with purified C9orf72 and RAB GTPase 
proteins to show that C9orf72 acts as a guanine exchange factor for a RAB GTPase that controls 
the trafficking of early endosomes. The lack of C9orf72 function caused improper endosomal 
trafficking of glutamate receptors and hyperexcitability in patient and C9orf72-deficient iMNs. 
This caused excitotoxicity, which induced the rapid neurodegeneration. An FDA-approved drug 
that suppresses neuronal firing rescued patient iMN survival. Our results from the iMN model 
indicate that the loss of C9orf72 protein function plays a major role in C9orf72 ALS and provide 
a clear link between the causal mutation, endosomal trafficking, and excitotoxic neuron death. 
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Abstract: Background: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative 
disorder characterised by motor neuron degeneration. A hexanucleotide expansion in the 
C9orf72 gene is a common cause of ALS. We have recently published evidence in a Drosophila 
model that neurotoxicity is mediated by dipeptide repeat (DPR) proteins generated by repeat-
associated non-ATG translation. Emerging evidence suggests that DPR proteins cause nucleolar 
dysfunction and resolving this in relevant models will significantly increase our understanding of 
and ability to treat C9orf72-mediated ALS. Aims: To evaluate in C9orf72-ALS models if DPR 
proteins cause nucleolar dysfunction and interact with RNA and whether novel small molecules 
binding C9orf72-repeat RNA reduce DPR formation, nucleolar dysfunction and neurotoxicity. 
Methods: In an integrated approach across model systems nucleolar function is assessed in 1) 
novel in vivo Drosophila models, with subsequent validation in 2) C9orf72 human induced 
pluripotent stem cell (iPSC)-derived motor neurons. Small molecules binding C9orf72-repeat 
RNA are fed to Drosophila and will subsequently be applied to C9orf72 iPSC-derived motor 
neurons evaluating rescue of disease phenotype. Results and Conclusions: These experiments 
may provide novel mechanistic insights into a common form of ALS and deliver pre-clinical data 
on an exciting therapeutic approach. 
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Abstract: The importance of RNA metabolism was highlighted by the discovery of TAR DNA 
binding protein-43 (TDP-43) as a primary component of insoluble aggregates in patients with 
sporadic and familial motor neuron disease (MND). TDP-43 pathology not only provides a link 
between sporadic and familial MND as the basis of motor neuron death, but it is also an 
underlying mechanism in the spectrum of MND and Fronto-Temporal Lobar Dementia (FTLD-
TDP) disorder. In healthy neurons, TDP-43 is predominantly nuclear, but in MND and FTLD, 
TDP-43 is translocated to the cytosol where it is ubiquitinated and/or phosphorylated and 
cleaved. However, the underlying pathomechanism(s) leading to TDP-43 modification is not 
well understood and TDP-43 accumulation can lead to neuronal loss either through enhanced 
cytoplasmic function and/or diminished nuclear function. We intra-peritoneally injected (5-6 
months old) mice that express neuronal wild type human TDP-43 (Tg-TDP-43) with 10mg/kg 
nilotinib or 5 mg/kg bosutinib or DMSO daily for 3 consecutive weeks. Nilotinib and bosutinib 
are Abelson (Abl) tyrosine kinase inhibitors (TKIs) that are FDA-approved for chronic myeloid 
leukemia (CML). We found that these TKIs significantly reduce nuclear TDP-43 levels and 
attenuate cell death in the hippocampus and motor cortex, suggesting increased 
nucleocytoplasmic shuttling of TDP-43. Myelin thickness and axons within the dorso-cortical 
spinal tract (DCST) were reduced in DMSO treated Tg-TDP-43 mice, and TKIs reversed myelin 
thinning and protected against axonal loss. Interestingly, pathology was also detected in skeletal 
muscle as both angulated fibers (denervation) and centric nuclei (regeneration/degeneration), 
suggesting that neuronal TDP-43 expression affects spinal cord axons and muscle fibers, 
reminiscent of MND pathology. These mice also exhibited significant weakness at 1-2 years of 
age but TKI treatment for 4 weeks did not reverse weakness. TDP-43 mice showed memory 
deficit compared to control but TKIs improved memory. Taken together these data indicate that 
neuronal expression of human TDP-43 leads to spinal cord and muscle pathology as well as 
motor and cognitive defects. Nilotinib and bosutinib may induce critical post-translational TDP-
43 modifications that affect nucleocytoplasmic shuttling and protect against neuronal death, 
providing drug candidates as diseases modifying therapies in MND-FTD-TDP disorders. 
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Abstract: In the early stages of motor neuron disease, evidence of distal axonal degeneration 
begins to occur long before the onset of clinical symptoms. As the disease advances, 
degeneration progresses proximally and eventually reaches the cell body, leading to motor 
neuron cell death. Despite this ongoing degenerative process, surviving motor neurons attempt to 
reinnervate the denervated regions of the muscle by sending out axonal processes. Unfortunately, 
this repair process cannot keep up with the degeneration and patients begin to lose function in 
their extremities, greatly decreasing their quality of life. Here we propose using the Ly2886721 
beta-site amyloid precursor protein cleaving enzyme 1 (BACE1) inhibitor to enhance this 
endogenous regeneration in the G93A mutant super oxide dismutase 1 (SOD1) mouse model of 
amyotrophic lateral sclerosis (ALS). Previously, our lab had observed that inhibiting BACE1 
leads to augmented nerve regeneration in a sciatic nerve crush model. To assess regeneration 
specifically in motor nerves, we utilized the lateral thoracic nerve (LTN) and the cutaneous 
maximus muscle (CMM) system as the LTN is a purely motor nerve while the CMM is thin 
enough to allow whole tissue staining and imaging. We compared the physiological function of 
the LTN-CMM system between treated and untreated mice by performing electrophysiological 
recordings at three sites along the CMM. We also compared the number of innervated 
neuromuscular junctions at these same three sites between treated and untreated mice to assess 
morphological changes. Our preliminary results show an increase in the number of innervated 
neuromuscular junctions in mice treated with the BACE1 inhibitor as well as improved 
physiological function. While these experiments are still ongoing, we believe that BACE1 
inhibitors may be a potential therapy for patients suffering from motor neuron diseases. By 
enhancing regeneration of the surviving motor axons, function in the extremities may be 
preserved for longer and will greatly improve patient quality of life for slow progressing 
diseases. 
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Abstract: Spinal muscular atrophy (SMA) is the leading genetic cause of infant death. Most 
campaigns that aim to identify treatments for SMA have the goal of increasing survival motor 
neuron (SMN) protein levels. Although the level of SMN needed to maintain motor neurons is 
not known, doubling or tripling the amount of full-length SMN2 mRNA or protein should be 
clinically significant. Previously, we developed a high-through put assay that employs a SMN2-
luciferase construct allowing identification of compounds that act transcriptionally, enhance 
splicing or stabilize SMN protein. Using this assay we identified two novel scaffold series, LDN-
76 and LDN-75, which increase SMN protein by two distinctive mechanisms. LDN-76 series 
increased SMN mRNA, while LDN-75 series does not alter transcription or splicing of SMN2 
mRNA. Using a structure-based activity approach, we have now identified analogs with high 
potency for both series. For the LDN-76 series we identified a novel analog that exists as a 
racemic mixture. Racemic separation resulted in the identification of an active and inactive 
stereoisomer. The active isomer increased SMN transcriptionally without altering SMN mRNA 
stability. For the 75-series, we identified 20 active analogs with improved solubility (EC50 <400 
nM). One of these leads activates SMN2-luciferase by ~400% with an EC50 of 0.3 µM after 48 
hr, while the control Renilla luciferase was unaffected. There was no cell viability loss at 100x 
the EC50 after 48 hrs. SMN protein increased in GM003813T (hTert-immortalized SMA 
fibroblasts) by 2-fold. This analog does not alter SMN mRNA expression but increases half-life 
of the SMN2-luciferase protein (t1/2 >24 hrs), without affecting the half-life of control Renilla 



luciferase protein. These effects are not mediated via proteasome inhibition. Consistent with this 
interpretation, it did not affect cellular protein levels of short-lived proteins such as p53 or p21. 
When administered every other day by IP injection, survival of severe SMN∆7 mice increased 
by >200% compared to vehicle. In the Smn2B/- mice, all vehicle-treated mice died by PND 49, 
whereas ~50% of drug-treated mice were alive, had gained weight, and were fully mobile at 
PND 112. With a modest SAR campaign, we identified novel and active analogs of both series. 
These achieve increased levels of SMN protein by either transcriptional activation (76-series) or 
by reducing its metabolic turnover (75-series). The 75-series lead is biologically active in mouse 
models of SMA, extending survival and motor function. This represents a novel therapeutic 
mechanism for treatment of SMA that should be accretive to other modalities currently under 
investigation. 
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Abstract: Background: The NMDA-receptor hypofunction model of schizophrenia predicts 
dysfunction in both glutamatergic and GABAergic transmission in individuals with 
schizophrenia. In the current study we aimed to address this hypothesis by measuring γ-
aminobutyric acid (GABA), glutamate (Glu), and glutamine (Gln), and Gln+Glu (Glx) 



concentrations in vivo in patients with schizophrenia using proton magnetic resonance 
spectroscopy (1H-MRS) at an ultra-high field strength of 7.0 Tesla, which allows separation of 
these metabolites that would otherwise overlap at lower field strengths. In addition, we 
investigated the degree to which putatively altered levels of GABA, Glu, Gln, and Glx reflect 
genetic vulnerability towards schizophrenia by including healthy first-degree relatives. Methods: 
21 chronic, medicated schizophrenia patients, 23 healthy first-degree relatives of schizophrenia 
patients, and 24 healthy non-relatives underwent 1H-MRS at 7T. Glu, Gln, and GABA were 
measured cortically and subcortically in bilateral striatum and occipital cortex. Metabolites were 
quantified using an automated fitting procedure and concentrations were corrected for partial 
volume effects. Results: Reduced cortical GABA in was observed in individuals with 
schizophrenia, compared with both healthy relatives and healthy non-relatives, suggesting that 
altered GABAergic transmission in schizophrenia is associated with either illness state or 
medication effects. On the other hand, reduced cortical Glu and Glx were observed in both 
healthy relatives and schizophrenia patients, suggesting both that altered glutamatergic 
transmission is associated with illness liability and that reduced Glu and Glx in schizophrenia 
patients cannot be solely attributed to medication effects. A statistical trend for a larger ratio of 
GABA to Glx was observed in healthy relatives compared to both healthy controls and patients. 
These group differences remained even after controlling for differences in tissue composition 
across individuals. No group differences in metabolite concentrations or ratios were found in the 
striatum, and no differences in Gln were observed in any of the measurement regions. 
Conclusions: Combined, these findings are consistent with NMDA-receptor hypofunction in 
schizophrenia and provide novel insights into availability and transmission of glutamate and 
GABA in healthy relatives. 
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Abstract: Background: Most affective neuroscience models posit that affective information is 
processed by two separate but interacting systems: one evaluative system for Positivity and one 
evaluative system for Negativity, and their co-activation produces ambivalence (the 
simultaneous experience of pleasure and displeasure). Ambivalence impairs motivation and 
action readiness. To limit the occurrence of ambivalence from complex stimuli (which frequently 
contain positive and negative features), the more activated system inhibits the other system. 
Ambivalence is the major affective deficit in schizophrenia, suggesting impairment in cross-
inhibition between the two affective systems. The present study examined ambivalence in 
schizophrenia, and the results were interpreted in terms of cross-inhibition. More specifically, 
two functional aspects were examined: the maximum efficiency factor (at maximum activation 
of one system, the other one should be completely inhibited, i.e. ratings of maximum intensity 
are not ambivalent) and the gain function (as the activation of one system increases, the other 
one gets more inhibited, i.e. as intensity ratings increase, ambivalent ratings are less frequent). 
Methods: One hundred twenty individuals with schizophrenia and 62 non-patient control 
participants completed an evocative affective task with 40 IAPS pictures of different valences 
and intensities. Following each presentation, participants rated their induced levels of 
pleasantness and unpleasantness on two separate ratings of five different intensity levels each. 
All patients were also assessed on level of psychopathology. Results: Group differences of large 
effect sizes were found for the frequency of ambivalent ratings. When schizophrenia participants 
rated stimuli as extremely pleasant or extremely unpleasant, they gave ambivalent ratings more 
frequently than controls. As stimuli were rated as more negative, the frequency of ambivalent 
ratings decreased to a lesser extent in schizophrenia patients. No group differences were found 
with positive ratings. Conclusion: Individuals with schizophrenia showed more affective 
ambivalence, which suggests a deficit in the cross-inhibition between the positivity and 
negativity affective systems. Inhibition at maximal efficiency was impaired for both systems in 
schizophrenia. A specific deficit in gain control was observed for the Negativity but not the 
Positivity system, reinforcing the need to differentiate these two systems. Future research should 
examine the association between cross-inhibition and excitatory and inhibitory 
neurotransmission impairment in schizophrenia. 
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Abstract: There is compelling evidence that sensory processing impairments contribute to the 
cognitive and psychosocial dysfunction affecting the majority of schizophrenia (SZ) patients. An 
informative probe for sensory processing dysfunction in neuropsychiatric disorders is event-
related potentials (ERPs) time-locked to presentations of deviant stimuli interspersed in a train of 
standard tones, which elicits a response complex dominated by two peaks, labeled mismatch 
negativity (MMN) and P3a positivity. Conventional approaches to electrocephalogram (EEG) 
analysis do not access the full wealth of information contained in the ERPs. We have used a new 
method to analyze EEG data based on nonlinear data analysis that extracts the dynamical 
structure of the data, which allows for classification of raw data in nearly real time and is highly 
generalizable across patients. Delay Differential Analysis (DDA) is a time domain classification 
framework based on embeddings in chaos theory (Lainscsek and Sejnowski, 2015). An 
embedding reveals the nonlinear invariant properties of an unknown dynamical system (here the 
brain) from a single time series (here EEG data). The embedding in DDA serves as a low-
dimensional nonlinear functional basis onto which the data are mapped. Since the basis is built 
on the dynamical structure of the data, preprocessing of the data (such as filtering) is not 
necessary. DDA yields a small number of features (around 4), far fewer than traditional spectral 
techniques, which greatly reduces the risk of overfitting. We applied DDA to EEG data segments 
from 1630 subjects (normal control subjects n=753, SZ n=877) who underwent MMN testing as 
part of a Consortium on the Genetics of Schizophrenia (COGS-2) study. Receiver operating 
characteristic (ROC) curves were used to evaluate the extent to which DDA and traditional ERP 
components differentiated the 2 groups. The results of the present study show that DDA 
improved the differentiation of SZ from NCS (area under the ROC curve was 0.80) relative to 
conventional ERP analysis (area under the ROC curve was 0.75). Perfect discrimination occurs 



with the area under the ROC curve is 1. In conclusion, DDA is a powerful technique that 
capitalizes on information contained in entire EEG signal, revealing hidden information about 
nonlinear couplings that are not apparent in conventional ERP analyses. Moreover, DDA does 
not require data cleaning, extensive data processing or computational demands for rapid analysis 
of EEG results. Lainscsek, C. Sejnowski, T. J. Delay Differential Analysis of Time Series, 
Neural Computation, 27, 594-614, 2015 
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Abstract: Brain imaging has been limited by the motion intolerance of big, bolted-to-the-floor 
imagers like MRI, PET and MEG and by low resolution, surface-only imaging of EEG and Near 
Infrared Imaging. In this project, we are designing a wearable imager that will enable high 
resolution imaging of both deep and surface brain, all while the subject is upright and moving. 
Our initial simulation results have shown a more than 400% increase in sensitivity by the helmet 
scanner over the conventional whole-body PET scanner. With further improvements in time-of-
flight (TOF) and depth of interaction information, we expect the injected radioligand dose can be 
very low. Pilot data results show that it will be better than 1/10th of the standard dose. Advances 
will be shown, including designs of physical detectors and mechanical support prototypes, 
including one that is worn like a backpack and allows a high degree of motion freedom. Our 



team has investigated potential uses in the neuroscience and clinical worlds. Application ideas 
will be discussed, including those enabled by different uses of radioligands such as low-dose 
O15 with its relative short half-life that will allow for functional PET imaging, and other studies 
utilizing different neurotransmitter and microglia targets. Novel areas of study may include 
balance, physical therapies, natural social interactions, virtual reality as well as disorders like 
stroke, Alzheimer’s, Parkinson’s, multiple sclerosis and traumatic brain injury (e.g. testing 
effects of exercise on brain recovery). By helping future users of the imager understand the 
different design optimizations necessary to account for sensitivity, resolution, brain coverage and 
weight of detector (freedom of movement), we can discover the best uses for our imager and 
focus on creating the best prototype designs, while developing future partnerships. 
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Abstract: Establishment of a biomarker for psychiatric diseases such as schizophrenia (SZ) is an 
important step in early diagnosis and intervention prior to full escalation of symptoms. Here we 
report a study in which we found augmented cellular autofluorescence (AF) measured by 
fluorescence activated cell sorting in lymphoblasts of SZ patients (n=46) as compared to age-, 
race-, and gender-matched controls (n=38). Levels of AF were inversely correlated to overall 
cognitive function (composite scores), suggesting important clinical implications. As levels of 
AF are correlated with reactive oxygen species levels, the oxidative stress-elicited GAPDH 
nuclear pathway might be involved in the cellular mechanisms underlying pathological AF in 
SZ. In addition, we found that the excitatory amino-acid carrier-1 (EAAC1) knockout and 
dominant-negative DISC1 mice exhibited elevated levels of AF together with augmented 
oxidative stress in prefrontal cortex. Importantly, their cognitive deficits were ameliorated 
following treatment with the GAPDH nuclear pathway inhibitor, “RR”. We are now studying 
cell-type and region-specific AF and GAPDH pathology in these animals to link the cellular 
mechanism and cognitive deficits at the neurocircuitry level. 
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Abstract: Depressive symptoms are common in multiple psychiatric disorders and are frequent 
sequelae of trauma. A dimensional conceptualization of depression suggests that symptoms 
should be associated with a continuum of deficits in specific neural circuits. However, most prior 
investigations of abnormalities in functional connectivity have typically focused on a single 
diagnostic category using hypothesis-driven seed-based analyses. Here, using a sample of 105 
adult female participants from three diagnostic groups (healthy controls, n=17; major depression, 
n=38; post-traumatic stress disorder, n=50), we examine the dimensional relationship between 
resting-state functional dysconnectivity and severity of depressive symptoms across diagnostic 
categories using a data-driven analysis (multivariate distance-based matrix regression). This 
connectome-wide analysis identified foci of dysconnectivity associated with depression severity 
in the bilateral amygdala. Follow-up seed analyses using subject-specific amygdala 
segmentations revealed that depression severity was associated with amygdalo-frontal hypo-
connectivity in a network of regions including bilateral DLPFC, anterior cingulate, and anterior 
insula. In contrast, anxiety was associated with elevated connectivity between the amygdala and 
the ventromedial prefrontal cortex. Taken together, these results emphasize the centrality of the 
amygdala in the pathophysiology of depressive symptoms, and suggest that dissociable patterns 
of amygdalo-frontal dysconnectivity are a critical neurobiological feature across clinical 
diagnostic categories. 
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Abstract: Introduction Females are 2-3 times more susceptible to MDD than males. Males and 
females also often exhibit different symptomatic profiles, respond differently to antidepressants, 
and show different biological adaptations to stress. These sex-specific differences in the 
expression of MDD are believed to be accompanied by different transcriptional signatures across 
brain regions. This study aims at defining the sex-specific transcriptional signatures and gene 
expression networks in the brain associated with MDD. Methods Transcriptional profiles from 
postmortem brains of humans with MDD (N=12 males, 12 females) and controls (N=12 males, 
12 females) were analyzed in 6 brain regions (cingulate gyrus 25 (PFC; BA25), orbitofrontal 
cortex (OFC; BA11), dorsolateral PFC (dlPFC; BA8/9), anterior insula, hippocampus (HPC) and 
nucleus accumbens (NAc)) using RNAseq (50bp paired end). Transcriptional profiles from male 
and female mice after chronic variable stress (CVS) were also analyzed in the NAc and PFC. For 
both human and mice, differential analysis was performed with voom Limma and gene 
expression networks were constructed and analyzed through a weighted gene co-expression 
network analysis (WGCNA). Viral mediated gene transfer in mice was used to assess the 
functional relevance of our findings. Results Our analyses revealed differential expression of 
several hundreds of genes in each brain region investigated in both depressed males and females 
vs normal subjects. However, the overlap between males and females was strikingly small. A 
similar small overlap was also found in mice after CVS. WGCNA and differential network 
analysis uncovered several highly co-regulated gene subnetworks in MDD and in mice after 
CVS with a significant gain or loss of network connectivity. Our analysis also identified 
common and divergent gene subnetworks between males and females that were preserved in 
both species and that were enriched for differentially expressed genes in males or females, 



respectively. Viral mediated gene transfer in the PFC and NAc of mice confirmed the functional 
role of our findings by promoting stress susceptibility in males and females. Conclusions Our 
findings suggest that males and females with MDD show largely distinct transcriptional 
signatures. Overall, our results suggest that altering the precise transcriptional balance existing 
within and across brain regions may disrupt normal brain activities and interfere with the 
regulation of mood-related behaviors differently in males and females. 
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Abstract: An emerging hypothesis in the neuropathology of schizophrenia is that alterations in 
oscillatory activity contribute to cognitive and behavioral symptoms prevalent in the disorder. To 
test the hypotheses that 1) impoverished neural oscillations can impair skill learning in 
schizophrenia and that 2) computerized cognitive training paradigms can remediate these 
oscillations we use magnetoencephalographic imaging (MEGI) during implicit learning in a 
cohort of 24 patients with chronic schizophrenia. MEG data was collected using a 275-channel 
biomagnetometer (CTF) during a modified serial reaction time task (SRTT) using manual 
movements. Individuals were instructed to respond to a short vowel (/e/, /i/, /o/, /u/) presented in 
the auditory domain by pressing a button corresponding to one of four spatial locations. Stimuli 
were either presented randomly or in an eight-step movement sequence. MEG data was 
reconstructed in the time frequency domain using adaptive spatial filtering techniques, with 
oscillatory power changes examined in the beta (12-30Hz), gamma (30-55Hz) and high gamma 
(65-115Hz) bands. At baseline, patients were split based on performance during the SRTT into 



either learner (SZ-L; significant difference in reaction time between the final sequence and final 
random blocks) or non-learner (SZ-NL; no implicit learning) groups. While no significant 
difference in behavioral performance is observed between the SZ-L and a cohort of healthy 
controls (HC), the SZ-L group showed significant increases (p<0.005) in gamma suppression 
over the left dorsolateral pre-frontal cortex (DLPFC), sensorimotor cortex (SMC), supplementary 
motor area (SMA) and posterior parietal cortex (PPC) compared to HC when performing the 
task. In the SZ-NL group, impoverished high-gamma synchronization over SMC (p<0.005) is 
observed compared to HC. Following training, the SZ-NL group shows gains in implicit 
learning, with >70% of non-learners now learning an implicit sequence. A within-group 
comparison in the SZ-NL group between sessions (post-training vs. pre-training) shows 
significant gains in gamma suppression over PPC and SMA_regions active in the SZ-NL group 
at baseline. This data indicates that different oscillatory signatures are associated with either 
abilities or impairments in implicit learning in schizophrenia. Specifically, gamma suppression 
over key regions of the sensorimotor network acts as a compensatory mechanism in SZ-NL and 
that adopting these oscillations through cognitive training permit patients to become implicit 
learners. 
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Abstract: Neuropsychiatric symptoms including anxiety, apathy and depression are common in 
Parkinson’s disease (PD) and reduce quality of life on par with the core motor symptoms. At the 
time of diagnosis, clinically significant apathy is present in 17%, depression in 14% and anxiety 



in 25% of patients. These symptoms worsen over the course of the disease, affecting over two-
thirds of patients with mild-moderate PD, and remain a major unmet therapeutic need. Motor 
symptoms in moderate or advanced PD can be alleviated by deep brain stimulation (DBS) of the 
subthalamic nucleus (STN) and globus pallidus internus (GPi). The STN and GPi are also 
important nodes in associative and limbic cortical-subcortical networks implicated in anxiety and 
depression. However, the continuous, high-frequency DBS used to treat movement disorders 
appears not to help, and may even worsen, neuropsychiatric symptoms. We aimed to elucidate 
the role of the STN and GPi in approach-avoidance behavior, a core neuropsychiatric dimension 
in parkinsonian depression and anxiety. Here were report single-neuron recordings from the 
human STN (n = 3 subjects, 11 neurons) and GPi (n = 3 subjects, 7 neurons) during a novel 
approach-avoidance decision-making task. Neurons in both regions are phasically modulated by 
information about potential rewarding and aversive outcomes, supporting the possibility that 
novel modes of DBS responsive to the neuropsychiatric functions of these nodes could one day 
help alleviate neuropsychiatric symptoms. 
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Abstract: The neural mechanisms underlying the detection and resolution of emotional conflicts 
and the ability to make decisions in the context of emotionally salient stimuli remain largely 
unknown. Understanding the physiology underlying these processes can shed light on a wide 
range of neuropsychiatric diseases including PTSD and depression and be essential in developing 
novel approaches to trying to alleviate these diseases. Prior work, primarily using fMRI, has 



shown that the amygdala and anterior cingulate cortex play a central role in these processes. A 
detailed understanding of the neural activity underlying the role of these and other structures 
remains elusive. To investigate this in greater detail, three patients were implanted with 
intracranial electrodes and performed an affective version of the classic color-word Stroop task, 
the Emotion Conflict Resolution Task (ECR). The ECR task involves the presentation of pictures 
of faces which are either happy or fearful and which are overlaid with words (“HAPPY”, 
“FEAR”) which are either congruent or incongruent with the facial expression (see Etkin et al, 
Neuron 51, 2006, 871-882). All patients suffered from intractable epilepsy and were undergoing 
intracranial investigation to better localize their seizure foci as part of clinically indicated 
procedures. The research was approved by the local institutional review board and electrode 
placement was determined solely by clinical criteria. Event-related potentials (ERPs) during this 
task were present in widespread areas of the brain including the cingulate gyrus and amygdala, as 
observed in imaging studies. Hippocampus, and both lateral and medial frontal cortex also 
showed substantial potentials. The ERPs were often characterized by a sharp negative deflection 
at ~200 ms consistent with an N200 event. In some electrodes, the N200 deflection was followed 
by a positive sharp rising pattern, which later decayed exponentially to an intermediate voltage 
level and after about 600 ms fell back rapidly to the pre-stimulus baseline voltage level. 
Differences in ERP N200 amplitude were found in cingulate and mesial temporal structures 
when comparing happy and fearful face stimuli, face gender, and congruent and incongruent 
stimuli. These preliminary results support the notion that amygdala and cingulate work together 
in decision making in the context of emotionally salient information but also suggest that other 
areas may be involved in this important process. Further analysis of the temporal interactions 
between different areas may shed further light on the spatiotemporal sequence of events, which 
leads to conflict resolution in the human brain. 
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Abstract: Accumulating evidence suggest that depressive disorders (DDs) are associated with 
alterations of brain plasticity and neuron morphogenesis, as observed in depressed patients and in 
animal models. Microtubular system, one major component of cytoskeleton crucially involved in 
maintaining neuron morphology, may represent a new target for antidepressant strategies. 
Accordingly, 3βmethoxypregnenolone (MAP4343), a synthetic non-hormonal derivative from 
pregnenolone known to bind microtubule-associated protein type 2, may constitute an original 
therapeutic approach for treating DDs, as previously demonstrated in isolated-reared rats. To 
further validate the antidepressant-like efficacy of MAP4343, we used two animal models of 
DDs: (i) the Wistar Kyoto rats (WKY), a spontaneous model resistant to classic antidepressant 
treatments, and (ii) the tree shrews (TS) subjected to psychosocial stress, considered as a close-
to-primate model showing similar alterations observed in depressed patients. WKY were treated 
subcutaneously by MAP4343 in an acute phase (4 days, 10 mg/Kg), while stressed TS received 
oral administration during a chronic phase (4 wks, 50 mg/kg). We found that MAP4343 was able 
to reverse the anxious-like behavior of WKY by increasing the time spent in the center of open-
field arena. Similarly, MAP4343 reduced the depressive-like behavior of WKY by decreasing 
immobility time in forced-swimming test. In TS, oral administration of MAP4343 significantly 
reversed stress-elicited avoidance behavior and prevented stress-induced hypothermia, sleep 
disturbances, and hypersecretion of cortisol and noradrenaline. In parallel, we investigated the 
effects of MAP4343 on neuron morphology and plasticity using primary cultures from cerebral 
cortex of mice embryos (E16). Immunostaining experiments were used to visualize neuron 
morphology, while morphometric measurements, including neuron count, neurite length or 
branching point count, were obtained with a high content screening platform. These experiments 
revealed that 3-day incubation with MAP4343 promoted neuron morphogenesis in a dose-
dependent manner (0.1, 1 and 5 µM), increased the spinophillin immunostainning, and reduced 
the proportion of bundled growth cones. Neurite length and branching points were found 
increased, without affecting the neuron count. These data validate the antidepressant-like 
efficacy of MAP4343 in animal models, and suggest its stimulant action in vitro on neuron 
morphogenesis and plasticity. Further investigations are underway to establish connections 
between these pharmacological actions of MAP4343. 
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Abstract: The social defeat (SD) model has been considered a naturalistic model of stress, 
characterized by unpredictable aggressive interactions that help to better understand brain 
responses to social conflict. It becomes a useful translational model to post-traumatic stress 
disorder (PTSD). We aimed to investigate the involvement of the tachykininergic system (TS) in 
a SD model. Male C57BL/6 mice (3 m.o.) used as defeat animals (DA) were inserted (inside a 
perforated metal cage) into the aggressor animals (AG) cage being male Swiss mice (4-8 m.o.). 
Conditioning sessions lasting 3h for 3 consecutive days were performed with random periods of 
physical interaction between the DA and AG, followed by the partition test 24 h later. Control 
animals (CTL) were submitted to the same protocol in the absence of the AG. In an independent 
experiment, a group of animals received L703,606 a selective antagonist of NK1 receptor (10 
mg/kg; i.p.), 30 min before the partition test (Ethics Committee PP545). Parameters were 
evaluated in DA animals: barrier zone exploration time (BZET), risk assessment (RA), sawdust 
digging and rearing. Brains collected for immunofluorescence (IF), immunohistochemistry (IC), 
or the hippocampus (HP) and cortex (CT) freshly dissected for western blot (WB). In the 
partition test DA presented defensive behavior, namely decreased BZET and increased RAT 
behavior, compared to the CTL group. Notably, we found a significant increase in the levels of 



SP by IC, in the CT and HP of the DA when compared to CTL. Additionally, DA presented 
neuronal death in the HP in comparison to CTL, as a result of the stress conditioning. As SP is a 
pro-inflammatory mediator we carried-out IF to neuroinflammatory markers, such as GFAP and 
Iba-1. Results revealed increased astrocyte, but not microglial activation/migration in the CT and 
HP of DA compared to CTL, indicating that astrocytes might be critical cells to the maintenance 
of the pathology. Likewise, co-localization between GFPA/NK1 receptor revealed higher co-
localization in the HP of DA compared to CTL group. NK1 antagonism also induced lower 
levels of GFAP and co-localization with NK1 receptor, comparable to controls. Single treatment 
with L703,606 was also able to increase the BZET and reduce the RA behavior. Moreover, 
augmented levels of BDNF in the HP suggesting a possible neuroprotective effect of the 
antagonist. These data indicate the relevance of TS in the neuropathology of SD model. Overall, 
data suggest that SP is released as a consequence of the stress and induces cell death, possibly by 
activation of specific neuroinflammatory pathways. Thus, the NK1 receptor inhibition could be 
an attractive therapeutic approach to PTSD.  
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Abstract: It has been reported that the white matter changes might be involved in the 
pathogenesis of depression, and running exercise might have positive effects on depression. 
However, the effects of running exercise on the white matter of depression are unknown. The 
present study is the first study to investigate the effect of running exercise on the white matter 
and the myelinated fibers in the white matter of depression model of rats using the stereological 
methods. Male SD rats were randomly divided into the control group (10 rats) and depression 
model group (30 rats). The depression rats were made by giving rats the chronic unpredicted 



stress (CUS) for four weeks. The behaviors were tested with the sucrose preference test, the 
forced swimming test and the open-field test. Twenty successfully made depression rats were 
randomly divided into the control depression group (10 rats) without running and the running 
depression group (10 rats). The running depression group rats ran for four weeks. After 4-week 
running exercise, the behaviors were tested again. 5 rats were randomly sampled from the control 
group, the control depression group and the running depression group. The white matter volume, 
the total length of the myelinated fibers, the total volume of the myelinated fibers and the total 
volume of the myelin sheaths in the white matter were estimated using the stereological methods. 
4-week stress successfully established CUS rat model of depression. Running exercise could 
effectively improve anhedonia of depression rats. The total white matter volume, the total length 
of the myelinated fibers in the white matter, the total volumes of the myelinated fibers, the axons 
and the myelin sheaths in the white matter, the outer diameter of the the myelinated fibers, the 
thickness of the myelin sheaths in the white matter of the control depression group were 
significantly less than those of the control group. When compared to the control depression 
group, the total white matter volume, the total length of the myelinated fibers in the white matter, 
the total volumes of the myelinated fibers, the axons and the myelin sheaths in the white matter, 
the outer diameter of the the myelinated fibers, the thickness of the myelin sheaths in the white 
matter of the running depression group were significantly increased. Running exercise has 
positive effects on the white matter and the myelinated fibers in the white matter of depression 
model of rats, which might be one of the structure bases for the exercise-induced treatment of 
depression. 
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Title: Speed blues: methamphetamine induces anhedonia and disrupts frontal cortical energetics 
in mice 



Authors: *F. C. PEREIRA1,2, R. FONSECA1, R. A. CARVALHO3,2,4, C. LEMOS3, A. C. 
SEQUEIRA1, C. D. SILVA1, I. R. PITA1, F. CARVALHO3, R. D. PREDIGER5, I. JARAK3,2, R. 
A. CUNHA3,2, C. A. FONTES RIBEIRO1,2, A. KÖFALVI3,2,6;  
1IBILI/Faculty of Medicine, Univ. of Coimbra, Coimbra, Portugal; 2CNC.IBILI, Univ. of 
Coimbra, Coimbra, Portugal; 3CNC, Univ. of Coimbra, Coimbra, Portugal; 4Dept. of Life 
Sciences, Fac. of Sci. and Technology, Univ. of Coimbra, Coimbra, Portugal; 5Dept. de 
Farmacologia, Ctr. de Ciências Biológicas, Univ. Federal de Santa Catarina, UFSC, 
Florianópolis, Brazil; 6Inst. for Interdisciplinary Research, Univ. of Coimbra, Coimbra, Portugal 

Abstract: We recently showed that a single high dose of methamphetamine (METH) induced a 
persistent frontal cortical monoamine depletion that is accompanied by a depressive-like 
phenotype in mice. This recapitulates a METH addiction scenario in humans. However, the brain 
metabolic alterations underlying both neurochemical and mood alterations remain unknown. 
Herein, we aim to define the frontal cortical metabolic correlate of the early mood alterations 
triggered by METH. Therefore, adult C57BL/6 mice were injected with METH (30 mg/kg, i.p.) 
and their frontal cortical metabolic fingerprint was characterized after probing their anhedonic 
profile 3 days post-injection. METH triggered anhedonia, as indicated by the decreased 
grooming time in the splash test. At this time, METH did not alter anxiety-like behavior or motor 
functions. Depolarization-induced glucose uptake was reduced in frontocortical slices from 
METH-treated mice compared to controls. Consistently, astrocytic glucose transporter (GluT1) 
density was lower in the METH group. A proton high rotation magic angle spinning (HRMAS) 
approach revealed a significant decrease of the levels of N-acetyl aspartate (NAA), suggesting 
that METH decreased neuronal function in the frontal cortex. Additionally, METH also 
decreased the lactate/alanine ratio indicative of an increased oxidative stress. In conclusion, we 
report for the first time that a single METH injection impairs neuroenergetics, leading to 
neuronal dysfunction in frontal cortex, which underlies an anhedonic-like behavior. 
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Abstract: Streptococcus pyogenes infections are associated with two autoimmune diseases of 
the central nervous system (CNS): the movement disorder Sydenham’s chorea and the 
neuropsychiatric syndrome PANDAS (Pediatric Autoimmune Neuropsychiatric Disorders 
Associated with Streptococcus infections). This bacterium is known to induce autoreactive, 
mimetic antibodies against several CNS targets. Delivery of such antibodies in the mouse brain 
induces behavioral and motor deficits that are reminiscent of PANDAS symptoms, supporting a 
causal role for mimetic antibodies in this disease. How such autoreactive antibodies cross the 
blood-brain barrier (BBB) to attack CNS targets, however, is unknown. We have found that 
intranasal S. pyogenes infections lead to an antigen-specific Th17 cell response in the nasal-
associated lymphoid tissue (NALT), a functional analog of human tonsils. Repeated infections 
drive those cells towards an IL-17+ IFN-γ+ phenotype that has been implicated in BBB 
breakdown during many autoimmune diseases. Moreover, repeated infections promote entry of 
S. pyogenes-specific T cells into the olfactory bulb and other CNS regions, whereas the bacteria 
remain within the nasal cavity. We also find microglial activation and barrier breakdown in close 
proximity to CNS-infiltrating T cells, as measured by leakage of both serum IgG and a low 
molecular weight tracer (biocytin-TMR) as well as disruption of endothelial cell tight junctions 
at a structural level. These findings not only provide novel insight into how recurrent 
Streptococcus infections might impair brain function and lead to motor and neuropsychiatric 
diseases, but also suggest a general mechanism by which infectious agents that induce Th17 
immunity might exacerbate other CNS autoimmune diseases, such as multiple sclerosis, to 
provoke long-term neurovascular damage. 
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Abstract: Experience of stressful events and/or depression is one of the greatest risk factors for 
postpartum depression (PPD), a disorder affecting about 10% of new mothers. This, however, 
has not been modeled experimentally and thus hampered the understanding of the disorder. Here, 
we developed a novel model in which mice exposed to the chronic prepregnancy stress resulted 
in long-lasting PPD-like responses. We also investigated the underlying mechanisms, focusing 
on Disc1 and related signaling implicated in linking stress exposure to mental disorders. Female 
mice received mild stress for 3 weeks, followed with individually co-caged with a male. At 3 or 
12 weeks postpartum,only mice experienced with both stress exposure and childbirth (SC) 
displayed depressive-like behaviors in sucrose preference test, forced swimming test, tail 
suspension test and novelty suppressed feeding test. The number of offspring of SC mice and 
their survival rate were significantly decreased, compared to those of prepregnantly non-stressed 
mothers. In the hippocampus, the PPD mice showed increased expression of NMDA receptor 
subunit NR1 and Disc1 expression, and decreased phosphorylation levels of AKT and 
mTOR/4EBP1/S6k. A single administration of the NMDA receptor antagonist, ketamine and a 
Traditional Chinese Medicine, Yueju, reversed the depressive-like responses in SC mice in a 
rapid and lasting manner, whereas chronic fluoxetine treatment did not show antidepressant 
effects. Additionally, ketamine and Yueju normalized the Disc1/AKT/mTOR signaling in PPD 
mice. Our study indicates prepregnant stress contributed to PPD, on which abnormal Disc1 
signaling may mediate the effects, and Yueju may be potentially used for treatment of PPD. 
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Abstract: Researchers in psychiatry and neuroscience are increasingly recognizing the 
importance of gut-brain communication in behaviour. To date work in animal and clinical studies 
has established the gut-brain axis modulates anxiety and cognitive behaviours, and influences 
activity of emotional brain centers. Mouse strain differences in anxiety-related behaviour are 
well-established and provide a good naturalist mouse model to examine the link between 
microbiota, behaviour, and brain structure. To assess strain differences in exploratory and 
anxiety-like behaviour, male and female Balb/C and CD1 mice were tested in the light/dark test 
at 6 weeks of age and in the elevated plus maze at 8 weeks of age. To examine whole brain 
structure, high resolution ex vivo MRI was performed. Fecal samples were collected at the time 
of behavioural testing and molecular profiling of the bacterial 16S rRNA gene is ongoing to 
examine bacterial diversity. Balb/C mice showed reduced exploratory behaviour in the light/dark 
box compared to CD1 mice including reduced rearing and reduced number of transitions 
between the light and dark chamber. In the elevated plus maze, CD1 mice spent more time in the 
open arms and showed increased number of risk assessment behaviours including poke around 
and head dips compared to Balb/C mice. Volumetric analysis of MRI data revealed numerous 
strain-related changes in brain volume. For example, Balb/C mice showed reduced relative brain 
volume of the hypothalamus and hippocampus compared to CD-1 mice. Initial analysis of the 
association between brain structure and behaviour revealed a significant interaction between time 
spent in the open arms and strain in several brain regions including the frontal lobe, the parieto-
temporal lobe, the striatum and the amygdala. Interestingly, in these brain regions the 
relationship between open arm time and brain volume was different in the 2 strains. In Balb/C 
mice the more time spent in the open arms was associated with larger brain volumes, while in 
CD1 mice the more time spent in the open arms was associated with smaller brain volumes. 
Additional integrated analysis of behaviour and brain structure is ongoing, and these data will be 



combined with microbiota diversity data. Overall, this approach will help us understand the 
anatomical and biological basis of differences in behaviour. 
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Abstract: Human reactions to trauma exposure are extremely diverse, with some individuals 
exhibiting only time-limited distress and others qualifying for posttraumatic stress disorder 
diagnosis (PTSD). Furthermore, whereas most PTSD patients mainly display fear-based 
symptoms, a minority of patients displays a co-morbid anhedonic phenotype. We employed an 
individual profiling approach to model these intriguing facets of the psychiatric condition in 
underwater-trauma exposed rats. Basing Based on long-term assessments of anxiety-like and 
anhedonic behavior, our analysis uncovered 3 separate subtypes of stress response; an anxious, 
fear-based phenotype (38%), a co-morbid, fear-anhedonic phenotype (15%), and an exposed-
unaffected group (47%). Combining immunohistochemical assessments for cellular activation (c-
Fos) and activation of inhibition (c-Fos+GAD67) revealed a differential involvement of emotion 
processing regions and distinct limbic co-activity patterns in for each of these different types of 
response, validating the behavior profiling-based categorization. Finally, in accordance to the 
predictions of the “high anxiety train to posttraumatic depression” model of Sandi and Richter-
Levin (2009), p. re-trauma anxiety was found to be relates to the post-trauma progression of 
anhedonic behavior only in the co-morbid anhedonic phenotype. The results emphasize the 
importance of combining behavioral profiling and network level analyses to the translational 
power of models of when modeling a complex psychopathologies such as PTSD. 
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Authors: *S. L. THOMPSON1, E. V. HO1, M. E. KLINGER2, J. A. KNOWLES3, S. C. 
DULAWA1;  
1Psychiatry & Behavioral Neurosciences, 2Univ. of Chicago, Chicago, IL; 3Psychiatry & The 
Behavioral Sci., USC, Los Angeles, CA 

Abstract: BTBD3 was identified as genome-wide significant in the trio portion of the sample of 
the first GWAS for OCD. Specifically, the only genome-wide significant variant associated with 
OCD regulates expression of BTBD3 in frontal cortex. However, nothing is known about the 
role of BTBD3 in regulating behavior. In the present work, we assessed the role of BTBD3 in 
modulating exploratory and repetitive behaviors relevant to OCD. Male and female BTBD3 
wild-type (WT), heterozygous (HT) and knockout (KO) mice were pair-housed by genotype and 
gender, and were assessed for barbering behavior. Mice were also assessed in the open field, the 
dig test, the splash test, and in the prepulse inhibition (PPI) paradigm. BTBD3 KO mice showed 
increased locomotion in the open field. In addition, HT and KO mice showed a robust reduction 
in the number of rearings and time spent rearing. In the dig test, KO mice had an increased 
latency to dig, decreased duration of digging bouts, and trended for less total time spent digging. 
In the splash test, HT and KO mice exhibited more frequent, but shorter grooming bouts. BTBD3 
genotype did not affect PPI or startle. Both HT and KO mice barbered their cagemates 
significantly more than WT mice. We then assessed BTBD3 WT, HT, and KO mice for the 
effects of OCD-effective and OCD-ineffective treatments on behavioral phenotypes. Mice were 
pretreated with 10 mg/kg/day fluoxetine (OCD-effective), 20 mg/kg/day desipramine (OCD-



ineffective), or vehicle in the drinking water for fourteen weeks. After four weeks of drug 
treatment, mice were assessed in the open field, the dig test, the splash test, and PPI. Barbering 
was assessed weekly throughout the fourteen weeks of treatment. Interestingly, fluoxetine 
reduced barbering beginning at four weeks of treatment, whereas desipramine had no effect at 
any time point. Within genotype, fluoxetine significantly reduced barbering in WT and HT, but 
not KO, mice indicating an interplay between BTBD3 expression and fluoxetine-specific 
reversal of barbering. In summary, decreased BTBD3 expression reduces exploratory behaviors 
including digging and rearing, and increases repetitive behaviors such as barbering. The 
reduction of barbering behavior by chronic fluoxetine, but not desipramine, treatment lends 
predictive validity to this phenotype as OCD-like. In sum, BTBD3 expression plays a role in 
behaviors relevant to OCD in mice. We are currently assessing the neurobiological mechanisms 
of the role of BTBD3 in these behaviors. 
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Abstract: Decision making depends on how humans adapt to task difficulty, informing how we 
adapt to social and environmental challenges. The neural correlates of this flexibility has been 
associated with activity in the cingulo-frontal-parietal cognitive/ attention network (CFP). The 
CFP has demonstrated to be involved in higher order cognitive processes, including decision 
making of various types, and has also been implicated in neuropsychiatric diseases. 



Understanding the physiology of such diseases is fundamental to create novel and targeted 
therapeutic approaches. The Multi-Source Interference task (MSIT) was developed as a 
functional neuroimaging assessment in an attempt to better understand normal human cognition 
and psychiatric pathophysiology. This task is a validated fMRI task that reliably activates the 
CFP network. To this end, we sought to use this task to explore the neurophysiology underlying 
decision processes, particularly when the task changes from easy to difficult and vice versa. We 
asked patients who had been implanted with intracranial electrodes as part of their clinically 
indicated evaluation for intractable epilepsy to perform the task. Participants were asked to 
identify via button-press the number that differs from the other two in a set of three numbers 
with distractors. Participants performed this task twice- prior to surgery during fMRI scanning 
and while implanted with electrodes. BOLD activation patterns on fMRI data was compared to 
the subsequent intracranial electrophysiology during the experiment. These techniques allowed 
us to identify the activated cortical and subcortical regions and record the neural (local field 
potentials) in multiple electrode locations. Nine epileptic patients who were implanted with 
electrodes performed 300 trials of the MSIT task while in the epilepsy monitoring unit (EMU). 
Three of these patients also underwent fMRI study. This task evoked ERPs in multiple regions 
including dorsomedial prefrontal cortex (dmPFC), dorsolateral prefrontal cortex (dlPFC), 
amygdala and hippocampus with peak deflections at ~500 ms after stimulus. Differences in ERP 
amplitude were sometimes present in the dmPFC and dlPFC between congruent (easy) and 
incongruent (hard) trials. In patients who had undergone fMRI these same general regions 
showed differential activation during the task. Results showed that during MSIT brain regions 
which are activated in fMRI are also observed to change activity physiologically during ERPs. 
Further investigations of spatiotemporal dynamics could help to better understand the changes 
and processes within psychiatric pathophysiology, informing future clinical innovations. 

Disclosures:  D.I. Vallejo: None. N. Nosseson: None. A.C. Paulk: None. K.K. Ellard: 
None. S. Sorowitz: None. T. Deckersbach: None. E. Eskandar: None. A. Widge: None. D. 
Dougherty: None. S. Cash: None. 

Nanosymposium 

559. Mood Disorders: Preclinical Models and Therapeutic Approaches 

Location: S403 

Time: Tuesday, October 20, 2015, 1:00 PM - 4:30 PM 

Presentation Number:  559.11 

Topic: C.16. Cognitive, Emotional, and Behavioral State Disorders 

Support: National Natural Science Foundation of China (81371489) 
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Abstract: Repeated exposure to stress increases the risk of developing depression. The 
psychological effects of direct stressors have been well documented. However, stress-induced 
emotional disorder can not only occur in persons who experienced direct stress, but also in those 
who become indirectly affected by their close contact with individuals. Such indirect experience 
of stress, also named witnessing stress, can precipitate a more depression-like syndrome. 
However, very little is known about the neuronal architecture and mechanisms underlying the 
depressive behavior induced by witnessing stress.The main reason is that animal models of such 
witnessing emotional stress are scarce. In the current study, we used a modified social defeat 
stress paradigm in male C57BL/6 mice to investigate the depression-like behavioral 
abnormalities. Subsequently, the neuronal activity in mesolimbic dopamine pathway, composed 
of dopaminergic neurons in the nucleus accumbens (NAc), was monitored. The results showed 
that two C57BL/6 mice stayed together in one cage for 10 days spending more time in 
interaction zone, named as intimate partners. However, two mice stayed in different cages 
spending less time in interaction zone, named as stranger. C57BL/6 mice were defeated by an 
aggressive male retired CD1 mouse for 5 min per day, during which another C57BL/6 mouse 
with intimate or alienated relationship (partner or stranger) was forced to observe this defeated 
process. This witnessing stress in C57BL/6 mice lasted for 10 days. The behavioral tests were 
carried out on day 11. We found that intimacy with the defeated individual increased the 
sensitivity to witnessing stress and the following occurrence of social avoidance in C57BL/6 
mice. Additionally, witnessing partners being defeated significantly increased serum 
corticosterone compared with control mice. However, witnessing strangers being defeated did 
not alter serum corticosterone levels. Moreover, neuronal activity in the NAc was inhibited by 
witnessing stress in partners but not in strangers. Finally, witnessing stress of social defeat in 
partners significantly reduced dopamine D2R but not D1R proteins in NAc. Our findings 
suggested that witnessing stress involves the transfer and acquisition of negative affective and 
dysfunctional cognitive states due to prolonged and extended contact with others, such as family 
members, who have been directly exposed to stress. Future elucidation of underlying neuronal 
mechanisms is critically important as they underlie witnessing stress between individuals who 
have close contact each other and allow adaptive behavior in uncertain social environments. 
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Title: Epigenetic changes of miR-30a in the prenatal stress model: implications for psychiatric 
disorders 

Authors: *M. A. RIVA1, A. LUONI1, R. MASSART2, F. CIRULLI3, M. SZYF2;  
1Univ. of Milan, Milan, Italy; 2McGill Univ., Montreal, QC, Canada; 3Inst. Superiore di Sanità, 
Rome, Italy 

Abstract: Early life exposure to stressful events produces widespread changes on brain function 
that may predispose individuals to develop a wide range of psychopathologies. This may occur 
through epigenetic regulation of gene expression involving changes in DNA methylation as well 
as miRNAs. Animal models are very useful to characterize the molecular and functional 
mechanisms that may be persistently affected after exposure to early-life stressors (ELS). On 
these bases, we performed genome-wide methylation analyses in the hippocampus and prefrontal 
cortex of adult rats exposed to stress during gestation (PNS), a model that is associated with 
persistent behavioral and molecular alterations relevant for psychiatric disorders. We found that 
a large number of gene promoters were differentially methylated in the prefrontal cortex and 
hippocampus of adult male and female rats exposed to stress during gestation. An overlap of 138 
differentially methylated genes around the transcription start site (-2000 to +500) was observed 
among the two brain regions and genders. Ingenuity Pathway Analysis showed significant 
enrichment in molecules involved in neurological disease, molecular transport, nervous system 
development and function as well as psychiatric disorders. By restricting the overlap to genes 
that were modulated in the same direction, we identified miR-30a as being less methylated in 
PNS rats. Accordingly, the expression of miR-30a was significantly increased in adult rats that 
were exposed to stress in utero. Using miRWalk database, we determined predicted mRNA 
targets of miR-30a. Among these, a number of genes previously associated with mental illness 
were identified, including Bdnf and GAD-67, whose expression was indeed reduced as a 
consequence of the prenatal manipulation. In summary, our genome-wide approach allowed us to 
identify miR-30a as being persistently affected by prenatal stress through epigenetic changes, 



suggesting that this miRNA may represent a master regulator for the increased susceptibility to 
psychiatric disorders as long-lasting consequence of early life stress exposure. 
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Abstract: Lithium is a mood stabilizer that is used to treat manic episodes and depression in 
patients with Bipolar disorder. While lithium is effective as a mood stabilizer, the mechanisms 
that underlie its therapeutic effect are unclear. Lithium treatment is known to inhibit GSK3 in 
rodents as shown by increased phosphorylation of N-terminal serines in the alpha and beta 
isoforms of GSK3. Lithium also decreases the overall phosphorylation status of eEF2, which 
increases protein translation at the synapse of multiple mRNA transcripts including BDNF. 
Phosphorylation of eEF2 by eEF2K is necessary for the fast-acting antidepressant effects of 



ketamine. In addition, lithium increases BDNF mRNA and protein in human patients and 
preclinical rodent models. BDNF mRNA and protein expression are necessary for the behavioral 
effects of monoaminergic antidepressants such as fluoxetine and citalopram and the rapid 
antidepressant ketamine. Data has also demonstrated that clinically effective concentrations of 
lithium decrease AMPAR-mEPSC amplitude acutely in dissociated hippocampal cultures and 
decrease AMPARs on the membrane following chronic treatment in vivo. The goal of this 
project is to investigate whether eEF2-K activity and BDNF/TrkB expression are necessary for 
the behavioral and electrophysiological effects of lithium. We are able to show that clinically 
effective doses of lithium results in antidepressant and anti-manic like effects in mice. In 
preliminary experiments using eEF2-K constitutive null mice and conditional forebrain specific 
BDNF knockout mice, we find that neither eEF2 kinase nor BDNF appear necessary for the 
antidepressant effects of lithium. However, our preliminary data suggest that BDNF is necessary 
for lithium’s anti-manic actions, with altered levels of GSK3 phosphorylation occurring in 
conditional BDNF knockout mice. Experiments are currently underway to examine the 
contribution of eEF2 kinase on the anti-manic effects of lithium. To try to elucidate the 
mechanism for lithium’s action, we are performing whole cell voltage clamp electrophysiology 
experiments using dissociated hippocampal cultures. Our current data suggests that chronic 
lithium treatment at physiological concentrations causes a significant decrease in AMPAR-
mEPSC amplitude with no change in frequency, which requires the high affinity BDNF receptor, 
TrkB. Data will be presented highlighting our ongoing efforts to examine the role of eEF2 
signaling and BDNF-TrkB signaling in the effects of lithium. 
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Abstract: Sleep has been implicated in a variety of psychiatric disorders including those related 
to anxiety, and a number of approaches have been taken to measure sleep to examine this 
relationship. Activity monitoring devices provide a popular, noninvasive means of measuring 
activity in people and animals and algorithms have been developed using human data to classify 
sleep, with less success in primate models. The goal of this study was to optimize a standard 
clinical algorithm for reliable identification of sleep from actigraphic data in nonhuman primates. 
Twenty one adult cynomolgus monkeys wore collar-mounted activity monitors (Actical, Philips 
Respironics Inc., Bend, OR). During one continuous 18-hour period for each monkey, behavior 
was also recorded by infrared videography. The activity data was processed through the 
algorithm, and its efficacy was judged using a “Gold Standard” of videography. To optimize for 
monkeys, a series of alternate activity thresholds were tested and the one that performed best was 
used for further analysis. A standardized anxiety measure, the Human Intruder Test (HIT), was 
performed to begin physiological validation of the new threshold. Using the original threshold 
developed for use with human actigraphy, the sensitivity to detect videography-defined sleep 
was 94.4% but the specificity was only 39.3%. Optimization decreased the sensitivity to 76.2%, 
but specificity increased to 66.6%. In HIT, monkeys with low reactivity (a trait associated with 
anxious characteristics) showed significantly earlier morning waking (R=-0.484, p=0.019) and a 
trend toward falling asleep later (R=-0.385, p=0.07). Thus, threshold optimization allowed an 
increase in specificity that increased the usability of actigraphy-measured sleep in primates and 
kept sensitivity at an allowable level. Validation of the physiological use of the algorithm 
revealed that more anxious monkeys had a delay in nighttime sleep and earlier wake time. These 
findings will allow further detailed study of sleep patterns in nonhuman primates in carefully 
controlled models of psychiatric disorders. 
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Abstract: Ischemic stroke remains a serious threat to human life and health. The regeneration of 
microvessels (angiogenesis) and blood flow restoration in the peri-infarct region promotes the 
functional recovery after stroke. Pyruvate kinase isoform M2 (PKM2), an enzyme to catabolize 
glucose, has been recognized to promote cell proliferation. It was shown that recombinant PKM2 
(rPKM2) promotes angiogenesis by increasing the proliferation of endothelial cells in tumor 
tissue, mediated by activation of STAT3 signaling. In this study, we tested the hypothesis that 
rPKM2 could increase angiogenesis and promote functional recovery after ischemic stroke, via 
the underlying mechanism of activation of STAT3 pathway. In a mouse focal ischemic stroke 
model, rPKM2 (160 µg/kg, intranasal administration) was administered every other day starting 
24 hours after stroke, with or without the STAT3 Inhibitor XVIII, BP-1-102 (3 mg/kg, o.g., 
daily). To label proliferating cells, 5-Bromo-2’-deoxyuridine (BrdU, 50 mg/kg, i.p.) was injected 
every day starting 3 day after stroke. At 14 days after stroke, we assessed the angiogenesis by the 
immunohistochemistry staining of BrdU+/Glut-1+ co-labeled cells. The rPKM2 treatment 
increased angiogenesis in the peri-infarct region. Further, laser Doppler imaging revealed that 
rPKM2 enhanced the restoration of local cerebral blood flow (LCBF) in the peri-infarct region. 
rPKM2 also improved the sensorimotor function recovery measured by adhesive removal test at 
14 days after stroke. In Western blot analysis, rPKM2 increased Tie-2 and STAT3 expression at 
7 days after stroke. Inhibiting STAT3 activation by BP-1-102 abolished the beneficial effects of 
rPKM2 on angiogenic activities and behavioral recovery after stroke. Taken together, this study 
revealed that rPKM2 can enhance angiogenesis and improve functional recovery after ischemic 
stroke, and its underlying mechanism may involve in the activation of STAT3 signaling 
pathway. 
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Abstract: According to the American Heart Association, approximately 795,000 people each 
year will experience a new or recurrent stroke, leaving stroke the leading contributor to long-
term adult disability. In the past few years, increasing evidence shows a link between the central 
nervous system and the immune system in mediating damage, as well as regeneration and repair, 
following stroke. Previous work in our lab demonstrates a protective role of B-cells in motor 
recovery following experimental stroke. In addition to motor dysfunction, stroke also stimulates 
neurogenesis in the adult hippocampal dentate gyrus. Our current study extends our previous 
work by hypothesizing that B-cell depletion with Rituximab - a pharmacologic that targets 
human CD20-expressing B-cells - prior to stroke will exacerbate motor deficits and dampen 
stroke-induced hippocampal neurogenesis. To test this hypothesis, adult male human CD20+ 
(hCD20+) transgenic mice or wild-type (WT) littermate controls were trained on an accelerating 
rotorod for 2 weeks. Following training, all mice were administered Rituximab (50µg i.p.) daily 
for 3 days and weekly thereafter. Stroke was induced by a 60-minute transient middle cerebral 
artery occlusion (tMCAo), with functional recovery evaluated over 2 weeks. B-cell depletion by 
Rituximab in hCD20+ mice induced significant motor deficits in rotorod performance through 14 
days post-tMCAo, relative to deficits in WT mice that resolved by 4 days post-tMCAo. The 
hippocampal dentate gyrus was then examined at 2 weeks post-tMCAo for measures of 
neurogenesis, including quantification of doublecortin (DCX)-immunoreactive(+) 
neuroblasts/immature neurons. In WT mice - as expected - stroke induced a significant increase 



in DCX+ cell number in the dentate gyrus granule cell layer (GCL) of the ipsilateral hemisphere 
vs. the contralateral hemisphere. This stroke-induced increase in DCX+ cell number was not 
present in B-cell depleted (CD20+) mice. GCL volume was not changed in either WT or 
hCD20+ mice. Taken together, B-cell depletion with Rituximab inhibits functional recovery and 
dampens the stroke-induced increase in neurogenesis. Our results indicate a potential therapeutic 
role for B-cells in enhancing motor recovery while supporting hippocampal neurogenesis 
following transient stroke. 
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Abstract: Re-acquisition of cognitive and physical functions following brain injury requires 
repetitive, high-intensive training. The more neurorehabilitative training patients undergo, the 
better the functional recovery. One strategy to maximise training intensity during 
neurorehabilitation is to complement therapist-directed training with self-directed training. A 
major challenge of this approach is that self-directed training particularly hinges on the patient’s 
motivation, drive and persistence, which in turn are frequently diminished following brain injury. 
Indeed, adherence to self-directed training schedules observed in clinical practice is very low. 
Novel approaches targeting training motivation, effort and persistence are thus warranted. The 
goal of the current study was to test whether self-directed training during in-patient 
neurorehabilitation could be boosted by competition. Controlled competition has previously been 
shown to enhance motivation and performance in healthy adults. However, whether competition 
can also be used as motivator in therapeutic applications has never been explored. We recorded 
the amount and intensity of self-directed cardiovascular training on a cycle ergometer performed 



by stroke patients undergoing in-patient neurorehabilitation (preliminary n = 16). Self-directed 
training took place under three experimental conditions: Baseline (unmonitored), Feedback 
(monitored) and Competition (training activity compared to that of a well-matched opponent). 
The order of conditions was randomised across patients, and each condition was completed (at 
least) twice by each patient. Within-subject comparisons of the average training activity in each 
experimental condition were computed. We also tested whether candidate personality traits could 
predict effectiveness of competition across patients. Our main finding was that, on average, 
patients' training activity under competition was increased by 22% compared to baseline (p=.04). 
Thus, competition significantly enhanced the amount of voluntarily conducted self-directed 
training. In conclusion, the amount of self-directed training performed by neurorehabilitation 
patients can be increased by adding motivation-boosting features to the training programme. 
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Abstract: Objective: Startling acoustic stimuli (SAS), via activation of reticulospinal pathways, 
has shown to improve muscle strength in healthy subjects. We hypothesized that there is 
reticulospinal hyperexcitability in stroke survivors, and SAS could improve muscle strength in 
stroke survivors. Objective was to quantify the effect of SAS on maximal and submaximal 
voluntary elbow flexion. Design: Thirteen hemiparetic stroke survivors and twelve healthy 
subjects volunteered for this investigation. The effect of acoustic stimuli was evaluated at rest, 



for ballistic tasks and during submaximal isometric elbow contractions, using low (80 dB) and 
high intensity sound (105 dB). Results: Averaged occurrence frequency of acoustic startle reflex 
was more on the impaired side. A significant effect of SAS on reaction time and peak torque was 
observed across all subjects. The torque response during submaximal contractions increased 3-4 
times on impaired side of stroke survivors compared to the healthy subjects. Also there was 
significant level dependence which suggests that contribution of reticulospinal pathway is greater 
at higher baseline voluntary activation. Conclusion: The findings of significantly greater SAS-
induced effects in stroke survivors support reticulospinal hyperexcitability in stroke survivors. 
However, its implication for stroke rehabilitation remains unclear. 
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Abstract: INTRODUCTION: For patients with chronic stroke, it is believed excitation of the 
primary cortex of the non-lesioned hemisphere (NLH) exacerbates motor deficits by 
exaggerating transcallosal inhibitory interactions (TCI) upon the lesioned hemisphere (LH). 
However, recent evidence suggests the NLH may play a compensatory role in recovery for 
patients with greater motor impairment. If true, then therapies recruiting the NLH would elicit a 



more adaptive role for recovery of patients with greater impairment. Therefore, we tested the 
hypothesis that therapy involving the NLH (bilateral) would lower TCI exerted upon the LH 
compared to therapy only involving the LH (unilateral); an effect that would become more 
pronounced with increasing impairment. METHODS: In a crossover repeated-measures design, 
six chronic stroke patients with varying degrees of motor impairment (Fugl-Meyer [clinical 
measure of motor impairment]: 15 [more impaired] to 59 [less impaired]) underwent a single 
session each of unilateral and bilateral therapy. We measured excitation of the NLH and TCI it 
exerts upon the LH using transcranial magnetic stimulation. TMS uses electromagnetic induction 
to depolarize neurons in the cortex and assesses recruitment of hemispheric output to the muscle 
as motor evoked potentials and the transcallosal inhibition imposed upon the primary motor 
cortex. RESULTS: Overall, bilateral therapy resulted in greater increases in NLH excitability 
when compared to unilateral therapy (15.35 ± 33% vs. -6.81 ± 20.2%, p <.05). Further, bilateral 
therapy resulted in a greater reduction of TCI (-27.9 ± 18.6% vs. -5.16 ± 10.2%, p < .05), where 
the effect was more pronounced in the more impaired patients (r = .829, p < .05). 
CONCLUSION: Our preliminary results show that bilateral therapy may invoke an adaptive 
rather than inhibitory influence of the NLH with greater motor impairment, where the reduced 
TCI may free up surviving corticospinal neurons in the affected hemisphere and greater 
excitability of the unaffected hemisphere may trigger ipsilateral neurons devoted to the paretic 
limb, particularly in the more impaired patients. Still, it remains to be seen whether the 
neurophysiologic changes translate to recovery of motor impairment. Future work will test 
whether behavioral outcomes following bilateral therapy are superior to unilateral for patients 
with greater motor impairment. 
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Abstract: Stimulating the brain is one of the most popular yet controversial advents to boost 
plasticity in stroke rehabilitation. The idea is stimulating ipsilesional (stroke-affected) primary 
motor cortex (M1) would most impact upper limb recovery since M1 controls dexterity via 
corticospinal tracts (CST). However, CST from M1 are damaged commonly, which generates 
inconsistencies and controversies. For instance, outcomes of stimulation are weak and variable in 
patients with greater damage and disability. With incrementally greater damage, alternate areas, 
such as ipsilesional higher motor cortices, vicariate to assume the role of M1 in recovery. As 
such, how can stimulating M1 consistently boost rehabilitative plasticity? Here, across two 
independent studies, we tested the premise that stimulating ipsilesional higher motor areas would 
instead benefit patients with greater damage and disability. The first study used a clinical trial 
design to establish causality. We asked when matched for initial disability, do patients with 
serious damage and disability benefit more with transcranial direct current stimulation of 
ipsilesional higher motor areas in rehabilitative recovery? Our second study used a repeated 
measures crossover design to test comparative efficacy, asking whether repetitive transcranial 
magnetic stimulation of ipsilesional higher motor areas than M1 most benefits those with serious 
damage and disability? In both studies, injury to CST quantified baseline damage, while 
disability was noted as upper limb impairment. We studied outcomes of recovery and 
expressions of plasticity. Our clinical trial demonstrates that with incrementally greater injury 
and disability, stimulating ipsilesional higher motor areas elicits greater recovery. Our cross-
sectional study confirms -stimulating ipsilesional M1 is best only in those with minimal damage 
and disability. While our findings from two studies confirm our premise, we note alternate 
expressions of plasticity. Stimulating ipsilesional higher motor areas boosts plasticity of the 
contralesional (intact) hemisphere. We find greater cooperation between ipsilesional and 
contralesional cortices and concomitant rise in excitability of contralesional CST that predicts 
paretic limb recovery. Therefore, with incrementally greater damage to CST from M1, 
ipsilesional higher motor areas can vicariate but by recruiting intact cortices and their CST. Since 
stimulating M1 shares diametrically opposite relationship with injury and disability than 



stimulating higher motor areas, we can define threshold where outcomes of M1 weaken, but 
higher motor areas instead boost rehabilitative plasticity. 
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Abstract: The primary auditory cortex (PAC) is essential to human auditory abilities. Previous 
fMRI studies have measured two large tonotopic primary subfields with mirror symmetric 
progressions of preferred frequency. In humans, brain lesions induce plasticity in brain regions 
belonging to the same network, a phenomenon defined as diaschisis. Here, we acquired fMRI 
tonotopic mappings in unilateral brain lesion patients and quantified how these lesions affected 
the contralesional tonotopic map. We hypothesised that diaschisis-like effects should cause 
functional reorganisation of PAC if the lesion site involved areas belonging to the auditory 
pathway. We scanned 12 healthy controls and 12 patients with unilateral lesion (Fig1.A) in the 
left hemisphere, right hemisphere and the right cerebellum. Each participant attended to 
progressive cycles of pure tone bursts (88 - 8000 Hz) presented in 32s-blocks during two 8min 
runs. PAC was functionally defined as the largest cluster containing the mirror-symmetric 
gradients in each individual hemisphere. Tonotopic maps were quantified as percentage of 



preferred frequency within the total amount of voxels in PAC - the frequency distribution- and as 
signal variations for each frequency bin within PAC - the percent signal change (PSC) 
distributions. Mirror-symmetric gradients were maintained in both hemispheres, despite 
variations in frequency representations depending on the lesion site (Fig1.B). Frequency 
distributions and PSC variations in patients were outside normal range in contralesional and 
ipsilesional hemispheres, with lesion closer or within PAC inducing larger effects, such as an 
increased in low frequencies representations in contralesional PAC. Our results demonstrated 
that (1) tonotopic maps could be easily measured in stroke patients, (2) frequency mappings are 
preserved only if primary and non-primary auditory areas are not part of the lesion site, and (3) 
both contralesional and ipsilesional tonotopic maps are highly influenced by its own reciprocal 
maps, possibly reflecting some degrees of diaschisis-like effects. 
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Abstract: Stroke is a leading cause of disability in the US. Despite extensive rehabilitative 
training, many stroke patients are left with some degree of impairment in the upper limb. The 
development of methods that can enhance recovery after brain injury is critical to reduce 
disability. Recent, vagus nerve stimulation (VNS) paired with rehabilitative training has emerged 
as a potential method to improve post-stroke recovery. VNS paired with rehabilitative training 
enhances recovery of multiple quantitative measures of forelimb strength and speed compared to 
equivalent rehabilitative training without VNS in models of ischemic stroke and hemorrhagic 
stroke in rats. To further investigate that translational potential of VNS, we tested VNS paired 
with rehabilitative training in models of advanced age and of chronic stroke. In the first cohort, 
aged rats (16 months old) were trained to perform the isometric force task, which provides 
automated, quantitative measures of forelimb strength. Once proficient, rats received an ischemic 
lesion in the motor cortex to impair use of the trained limb. One week after stroke, rats were 
assigned to receive VNS paired with forelimb use doing rehabilitative training, or equivalent 
rehabilitative training without VNS for 6 weeks. We find that VNS paired with rehabilitative 
training results in significant, lasting increases recovery of forelimb strength compared to 
rehabilitative training without VNS. To investigate VNS efficacy in chronic stroke, a second 
cohort of rats underwent similar training and lesion. Seven weeks after lesion, rats received 
rehabilitative training with paired VNS, rehabilitative training with delayed VNS, or 
rehabilitative training without VNS. We find that VNS paired with rehabilitative training 
enhances recovery compared to rehabilitative training without VNS even when initiated many 
weeks after stroke. Additionally, we find that VNS must be paired with rehabilitative training to 
promote recovery, consistent with a role in enhancing neuroplasticity to support recovery. We 
are currently investigating the neuronal mechanisms that may underlie VNS-dependent recovery. 
These findings provide additional support that VNS paired with rehabilitative training may be 
useful as a post-stroke therapy. 
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Abstract: Variability is a prominent feature of behavior, and an active element of certain 
behavioral strategies. To understand how neuronal circuits control variability, we examined the 
propagation of sensory information in a chemotaxis circuit of C. elegans where discrete sensory 
inputs can drive a probabilistic behavioral response. Olfactory neurons respond to odor stimuli 
with rapid and reliable changes in activity, but downstream AIB interneurons respond with a 
probabilistic delay. The interneuron response to odor depends on the collective activity of 
multiple neurons - AIB, RIM, and AVA -- when the odor stimulus arrives. These three neurons 
participate in an ongoing synchronously fluctuating internal state that has a very probabilistic 
response to odor. However, certain activity states that are less synchronous respond to odor more 
reliably. Artificially generating these activity states by modifying neuronal activity increases the 
reliability of odor responses in interneurons and the reliability of the behavioral response to odor. 
The integration of sensory information with network state may represent a general mechanism 
for generating variability in behavior. 
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Abstract: Mosquitoes are a major threat to human health as vectors for infectious diseases like 
malaria, dengue and yellow fever. Mosquitoes find humans by detecting olfactory (body odor 
and CO2) and temperature cues (McMeniman et al, 2014; DeGennaro et al, 2013). Targeting the 
olfactory system of mosquitoes is therefore a promising approach for interfering with the 
transmission of infectious diseases. We have adapted the binary expression Q-system, originally 
developed for Drosophila (Potter et al, 2010; Riabinina et al, 2015), to genetically target 
olfactory neurons of the mosquito Anopheles gambiae. The OR7 (Orco) gene of A. gambiae 
codes for an olfactory co-receptor that is co-expressed with 79 olfactory receptor genes in about 
60% of all olfactory sensory neurons (OSNs). By using piggyBac transposable vectors, we 
created multiple Orco-QF2 driver lines that express the transcriptional activator QF2 in Orco-
positive OSNs. We have also generated QUAS-mCD8-GFP reporter lines to visualize OSNs, and 
QUAS-CGamp6f reporter lines for functional calcium imaging. The transgenic Orco-
QF2/QUAS-mCD8-GFP mosquitoes exhibit strong labelling of OSNs in the antennae, maxillary 
palps and proboscis, in the primary olfactory brain centre, the antennal lobes, and the primary 
gustatory brain centre, the suboesophageal ganglion. There are marked sexual dimorphisms in 
the distribution and numbers of Orco-positive cells. We developed a novel live imaging method 
that allows for the rapid assessment of antennal OSN population responses to essential 
components of human body odor and to other biologically relevant odorants. The new transgenic 
lines also allow for in vivo imaging of neuronal activity in the brain. To the best of our 
knowledge, this is the first successful attempt to specifically label the olfactory system of 
mosquitoes. These results demonstrate the feasibility of using the Q-system in A. gambiae, and 
dramatically enhance our abilities to characterize, decipher, and interfere with sensory 
processing in disease vectors. 
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Abstract: Since the discovery of olfactory receptors, researchers have elucidated the olfactory 
circuit from the epithelium to the bulb to the cortex in increasing detail. How odors are coded in 
the olfactory cortex, however, remains elusive. In large part because odors evoke activity within 
a sparse and random neuronal ensemble in the cortex, and it is unclear how this ensemble can 
represent an odor code. Remarkably, the 3 part circuit architecture of olfactory systems is 
conserved across species including flies, where olfactory circuitry and function are better 
understood. We take advantage of the smaller fly system to examine odor representation in the 
antennal lobe (bulb) and mushroom body (cortex). Experiments suggest that the antennal lobe 
employs a maximum entropy code to represent odors, ensuring that for any odorant only a few 
selective glomeruli are strongly activated. This representation is aided by gain control through 
lateral inhibition networks. We use random matrix theory to show how the glomerular odor code 
is represented in the mushroom body. We then transform theory into a specific model to 
quantitatively compare discrimination and generalization predictions with experimental data. We 
also extend this model to explain odor coding in the more complex olfactory cortex, and discuss 
how the two systems are designed to suit the performance objectives of their differing ecological 
niches. 
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Abstract: Purpose: Dopaminergic afferent neurons (DANs) attribute value to olfactory 
representations in the mushroom body (MB) Kenyon cells (KC) of fruit flies, and these 
assignments likely occur via synaptic plasticity in functional compartments defined by the co-
innervation of mushroom body output neuron (MBON) dendrites and dopaminergic neuron 
(DAN) axons in the MB lobes (Aso et al. eLife 2014a,b). The compartments imply design 
elements such as coincidence detection (Hige & Turner Neuron 2015), but the synaptic 
architectures for any MB compartment have never been mapped, and we do not understand how 
dopamine acts to attribute behavioral valence within the lobes. To this end we reconstructed 
neural networks defining the γ1 compartment, evidenced by the co-innervation of gamma KC (γ 
KC) axons, MBON γ1-pedc>a/β dendrites, and axons from their cognate DANs, the PPL1-γ1 
pedc cells. We then examined the KC-DAN-MBON synaptic interface in this compartment. 
Methods: Cells in an 863 serial section transmission electron microscopy volume through the 
horizontal lobes of an adult female Drosophila melanogaster brain were annotated, explored via 
graph visualization of connectivity, and 3D rendered using CATMAID software (Saalfeld et al. 
Bioinformatics 2009). Morphological reconstruction, cytoarchitectures, and connectivity analysis 
enabled robust cell classification. We mapped 102 γ KCs, MBON γ1-pedc>a/β dendrites, and 
PPL1-γ1 pedc axons until classifiable. We traced 32/102 γ KCs to completion in the volume. 
Results: The MBON γ1-pedc>a/β is postsynaptic at 9,325 sites, but never presynaptic. All 32 
complete γ KCs are presynaptic to the MBON via 367 highly convergent synapses that are often 
spatially coincident, consistent with observations in the MB α-lobe by a parallel effort at Janelia 
(Janelia Fly EM Project, unpublished). PPL1-γ1 pedc cells are routinely presynaptic to the 
MBON, and form axo-axonal pre- and postsynaptic connections with γ KCs. Interestingly, the 
MBON is postsynaptic at 75% of the DAN > γ KC synapses, and 93% of the γ KC > DAN 
synapses, forming divergent motifs at the KC-DAN-MBON interface. Conclusions: γ KC-
MBON convergence could support coincidence detection. The PPL1-γ1 pedc neurons act both 
pre- and postsynaptically to the KC-MBON interface in the γ1 lobe. Dopaminergic networks 
form γ1-local feedback and feedforward motifs that could modulate odor representations 
upstream of the DAN dendrites outside the MB. The results reveal a routinely cospatial KC-
DAN-MBON synaptic architecture in the γ1 compartment, and establish an initial framework for 
synaptic-level understanding of MB associational compartments. 
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Abstract: The Trace Amine-Associated Receptors (TAARs) are a small subset of evolutionarily 
conserved main olfactory receptors whose contribution to chemosensory function is not known. 
Our previous data have shown that the majority of TAARs are mapped to a discrete group of 
broadly-tuned, amine-selective glomeruli in the dorsal olfactory bulb of the mouse. Amines are 
key components of several social cues and/or predator-derived chemosignals in rodents as well 
as protein decomposition (e.g. rotting fish). We have shown that TAARs are necessary for the 
behavioral response to these odorants as genetic deletions of all olfactory TAARs, or even a 
single TAAR, eliminates the attraction or aversion to amines in a ligand dependent manner. 
However, it is not clear to what degree amine valence is influenced by potential detection deficits 
in TAAR deletion mice. Using a combination of gene targeting, electrophysiology, in vivo 
imaging, and behavior in mice, we are examining how TAAR gene deletions affect amine 
sensitivity. Mice lacking all olfactory TAAR genes exhibit a pronounced decrease (10-50-fold) 
in behavioral sensitivity to isopentylamine and phenylethylamine. Similarly, mice lacking a 
single TAAR gene (TAAR4) show a 10-fold decrease in sensitivity to phenylethylamine, a 
preferred TAAR4 ligand. These findings indicate that single TAARs can set the behavioral 
detection thresholds to specific amines and that TAARs may be the most sensitive amine 
receptors in mice. We also show that TAAR4 deletion mice fail to avoid phenylethylamine at 
concentrations that they can still detect. These data, along with our thresholding data, 
demonstrate that the loss of amine aversion in TAAR deletion mice cannot be attributed to amine 
anosmia. Thus, the TAAR inputs may also be crucial for encoding the perceived valence of 



amines. The importance of TAARs in amine detection and valence may help explain the 
conservation of these receptors in a wide range of vertebrates. 
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Abstract: In fundamental olfactory studies Lord Adrian found development of irregular intrinsic 
activity in the olfactory bulb (OB) as the animal awoke from anesthesia. Interestingly, he 
observed that this increase in basal activity made it difficult to detect responses to odor by 
mitral/tufted (M/T) cells, the second order neurons in the OB, and he hypothesized that this 
effect of intrinsic activity could be altered by changes in attention1. Indeed, in the awake animal 
the basal activity and responsiveness of these M/T cells is irregular and modulated by sniff. Here 
we studied the trial-to-trial variability of M/T cell baseline firing rate (BFR) before stimulus 
addition in awake behaving mice, and asked the question whether the response to sensory stimuli 
depends on this intrinsic activity and whether this activity reflects anticipatory status of the 
animal. Using tetrode recordings we find that BFRs vary widely on a trial-to-trial basis in M/T 
cell ensembles of awake mice. Importantly, the rate responses to stimulus display a negative 
correlation with BFR in the majority (70%) of M/T cells. Interestingly, when mice learned to 
associate one odor with lack of reward there was a decrease of excitatory responses and an 
increase in inhibitory responses in low BFR trials. Finally, in a substantial number of units when 



the animal responded to the unrewarded odor incorrectly (false alarm) the mean BFR was lower 
compared to correct rejection suggesting that intrinsic activity reflects the anticipatory status of 
the animal. Thus, in this sensory modality that receives massive parallel input through ~1,200 
olfactory receptors ensembles of second order neurons exhibit changes, that are modulated by the 
animal’s behavioral state, in BFR-dependent responsiveness on a trial-to-trial basis. This 
variation in BFR likely reflects trial-to-trial changes in processes such as attention, motivation or 
arousal. 
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Abstract: Mitral cells (MCs) and tufted cells (TCs) are the principal output neurons of the 
olfactory bulb. Although recent evidence suggests that MCs and TCs encode distinct features of 
olfactory information, the circuit mechanisms that lead to the functional differences are 
unknown. We hypothesize that these functional differences are mediated in part by differences in 
lateral inhibition (LI), the circuit motif that allows M/TCs to indirectly inhibit one another and 
that enhances contrast between similar odors. We measured LI in olfactory bulb slices from 
M72-ChR2-YFP mice that express ChR2 in a single type of olfactory sensory neuron. 
Photoactivation of the M72 glomerulus evoked LI onto M/TCs projecting to glomeruli adjacent 
to the M72. We measured the strength of LI by recording IPSCs evoked by stimulating the M72 
glomerulus with 10ms light pulses. We found that the peak amplitude of IPSCs onto MCs (38 + 
18 pA, n=12) was significantly larger than LI onto TCs (25+12 pA, n=11). We assessed the 
impact of LI on MC and TC spiking by constructing FI curves for each M/TC via somatic 
current injections of increasing amplitudes. At each current step, we recorded the number of 
action potentials evoked with and without M72 photostimulation. We found that LI affects MCs 
at intermediate firing rates (25-75 Hz) and TCs at low firing rates (5-40 Hz). We hypothesized 
that this difference in the range of firing rates affected by LI was due to differences in the 
intrinsic excitability between superficial granule cells (sGCs) and deep granule cells (dGCs). We 



confirmed this hypothesis in 2 ways. First, whole-cell in vitro recordings from sGCs and dGCs 
indicated that sGCs have increased input resistance, lower rheobase, and steeper FI curves 
compared to dGCs. Second, artificially increasing the excitability of GCs by bath applying an 
mGluR agonist, DHPG, shifted the range of firing rates affected by LI in MCs to lower rates. To 
gain insight into how these differences in LI between MCs and TC affect odor coding, we used 
computer simulations to model how well olfactory bulbs composed of only MCs or TCs 
discriminate between similar odors. We found that TCs outperform MC when odors are 
presented at low concentrations while MCs outperform TCs at high concentrations. Additionally, 
we showed that odor discrimination across a large concentration range is optimal with a 
combination of MCs and TCs as opposed to using only MCs or TCs. Together, these findings 
indicate that LI differentially affects MCs and TCs and may underlie the functional differences 
between them. Future work will build on these findings to better understand the types of 
olfactory tasks that each cell is best suited to perform. 
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Abstract: In the bulbar network, unique and functionally relevant interactions occur between 
spontaneous respiration-evoked and odor-evoked glomerular inputs. The responses that reach the 
mitral and tufted cell (MTC) somas backpropagate into the lateral dendrites, where they are 
balanced by feedback and lateral inhibition from granule cells. While recent modeling studies 
emphasize the importance of lateral inhibition in shaping bulbar responses to odors, how 
temporal and spatial glomerular input patterns influence the firing of a single MTC, the main 
output of the olfactory bulb, has not been fully characterized. Consistent with previous studies 
examining MTC responses to odor stimuli across the respiratory cycle, we find phase shifts in 
peak MTC activity following optical stimulation in the glomerular layer. MTCs display 
spontaneous respiration-mediated burst firing during the transition from exhalation to inhalation. 
This activity is followed by synchronized lateral inhibition that results in a quieting of MTC 
activity. In vivo optogenetic stimulation of excitatory glomerular inputs results in a significant 
shift in peak firing towards the exhalation phase. We are developing a model to investigate 
mechanisms of lateral inhibition that may underlie such respiration mediated tuning of sensory 
inputs. We examine the individual and combined roles of periglomerular and granule cell 
mediated lateral inhibition. Similar to our in vivo optogenetic experiments, our model simulated 
activation of excitatory glomerular inputs shifts MTC activity into the exhalation phase. 
Additionally, both our in vivo and modeling studies indicate that stimulation of glomerular inputs 
during the transition between exhalation and inhalation commonly results in a decrease in burst 
firing. Preliminary data indicate both layers of inhibition are important for shaping respiration 
mediated tuning of sensory inputs, but each may underlie unique aspects of glomerular input 
processing. Our data highlight the importance of temporal coding, and show how spontaneous 
respiration driven activity, associated with specific phases of the respiration cycle, influences the 
efficacy of glomerular input patterns. Using a combination of in vivo experiments and neural 
network modeling, we provide mechanistic explanations of how the bulb may process discrete 
dorsal glomerular inputs. 
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Abstract: Neuronal pattern separation is thought to enable the brain to disambiguate sensory 
stimuli with overlapping features thereby extracting valuable information. In the olfactory 
system, it remains unknown whether pattern separation acts as a driving force for sensory 
discrimination and the learning thereof. Here we show that overlapping odor-evoked input 
patterns to the mouse olfactory bulb (OB) are dynamically reformatted in the network at the 
timescale of a single breath, giving rise to separated patterns of activity in ensemble of output 
neurons (mitral/tufted cells; M/T). Strikingly, the extent of pattern separation in M/T assemblies 
predicts behavioral discrimination performance during the learning phase. Furthermore, exciting 
or inhibiting GABAergic OB interneurons, using optogenetics or pharmacogenetics, altered 
pattern separation and thereby odor discrimination learning in a bidirectional way. In conclusion, 
we propose that the OB network can act as a pattern separator facilitating olfactory stimuli 
distinction, a process that is sculpted by synaptic inhibition. 
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Abstract: Natural scenes are comprised of salient as well as background information. The brain 
separates the salient from the background by a computation known as figure-background 
separation (FBS). Where and how neural circuits compute FBS remain open questions. In an 
attempt to answer these questions in the olfactory system we used in-vivo two-photon calcium 



imaging of mitral cells (MCs) in the mouse olfactory bulb (OB). We used a three-odor based 
protocol where one odor is presented as background (a 50 sec stimulus) and one as figure-over 
background (a 2 sec stimulus during the background presentation). We compared between MCs 
responses to the figure alone versus the figure over background. Our data show that FBS is 
evident both at the single cell level, as well as at the population level. To test whether FBS is 
shaped by plasticity we used a 1-week odor enrichment protocol prior to testing FBS. In enriched 
mice, single MCs responses as well as population responses to the figure over background were 
significantly reduced. Additionally, FBS was stronger in the awake vs the anesthetized state. 
These data show that FBS already occurs at the level of the OB and that this computation 
undergoes experience-dependent plasticity. 
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Abstract: Although feedback projections from higher processing areas can constitute the 
majority of synaptic inputs to primary sensory regions, and play a role in shaping perception, 
principles of their anatomical organization remain largely unknown. Using a viral based strategy, 
we mapped feedback from the whole mouse brain to the granule cell layer (GCL) in the main 
olfactory bulb. Projections originated from a number of areas including from olfactory regions, 
neuromodulatory areas, and the ventral arm of CA1 hippocampus. Additionally, we identified 
asymmetries in the organization of feedback depending on the area of origin. For instance, 
spatially clustered feedback from the piriform contrasted with the distributed organization 
observed in feedforward projections to the piriform. Additionally, we found biases in the input 
from the ventral arm of the contralateral anterior olfactory nucleus (AON) as compared to the 
uniform distribution of feedback observed in ipsilateral projections to the bulb. The identity and 
organization of feedback projecting cells revealed through our viral tracing methods suggests 
higher olfactory processing centers and areas involved in stress, anxiety, learning and memory 
can all influence olfactory neuronal responses at the earliest stages, 2 synapses away from the 
where chemical compounds are first detected. 
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Abstract: Innate behaviors are observed in naïve animals without prior learning or experience, 
suggesting that the neural circuits that mediate these behaviors are genetically determined and 
stereotyped. The neural circuits that convey olfactory information from the sense organ to the 
cortical and subcortical olfactory centers have been anatomically defined but the specific 
pathways responsible for innate responses to volatile odors have not been identified. We have 
demonstrated that a stereotyped neural circuit that transmits information from the olfactory bulb 



to cortical amygdala is necessary for innate aversive and appetitive behaviors. Moreover, we 
have employed the promoter of the activity-dependent gene, arc, to express the photosensitive 
ion channel, channelrhodopsin, in neurons of the cortical amygdala activated by odors that elicit 
innate behaviors. Optical activation of these neurons leads to appropriate behaviors that 
recapitulate the responses to innate odors. We observe that aversive and appetitive odors activate 
distinct populations of neurons with unique projections to downstream targets. Furthermore, 
within the posterorlateral cortical amygdala we have identified an aversive domain that mediates 
avoidance behavior. Expression of channelrhodopsin in random ensembles of neurons in this 
region, and subsequent optical activation, is sufficient to elicit aversive behavior. Lastly, we have 
begun to characterize odor representation in cortical amygdala by endoscopic imaging of 
neuronal calcium activity using GRIN lens coupled 2-photon microscopy. Preliminary evidence 
suggests that neurons in this brain region may be tuned to odor valence. These data indicate that 
the cortical amygdala plays a critical role in the generation of innate odor-driven behaviors. 
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Abstract: The primate visual system contains myriad feedback projections from higher- to 
lower-order cortical areas, an organization that, across several theories and models, has been 
frequently implicated in sharpening or facilitating perceptual processing. The role of these 
feedback projections in action planning, by contrast, has received considerably less attention and 



it remains largely unexplored how movement preparation impacts neural responses in the early 
visual system. Here we show, by combining data across several human functional MRI studies, 
that pre-movement activity patterns in early visual cortex can be used to reliably predict which 
movements--from the effectors used (e.g., limbs, eyes) to the particular actions performed (e.g., 
grasping vs. reaching)--will be executed mere moments later. All the fMRI studies examined 
used event-related delayed movement tasks in which participants were first instructed about 
which object-directed movement to make and then, following a delay period, executed the 
movement. Multivoxel pattern analyses revealed that the representation of movement-related 
information in visual cortex during the delay epoch, rather than being object position-invariant, 
was primarily restricted to regions corresponding to the retinotopic position(s) of the object(s) to 
be acted upon. The only exception to this observation was during eye movement preparation, 
whereby we found that foveal retinotopic cortex contained information about saccades to be 
performed to objects located in the visual periphery. Together, these findings show that, prior to 
movement execution, the intention to act influences visual cortex activity patterns in an effector-
specific, goal-dependent manner and provide evidence for a modulation of early visual 
processing in accordance with the sensory consequences of upcoming movement. 
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Abstract: Many everyday actions require the fluid performance of smoothly changing, 
multidirectional movements. How can we map these complex behaviors in terms of their 
underlying movement representations? Motor regions in humans and non-human primates have 
neural populations that show tuning to multiple movement-related variables during goal-oriented 
hand movements. In humans, such neural populations have been identified with fMRI for 
discrete pointing movements along single fixed directions. To identify the neural populations 
involved in continuous movements, we implemented a simple manual-tracking task with 
systematically changing movement variables to probe the dynamics of population-level tuning, 
as revealed by BOLD fMRI signals measured at high spatial and temporal resolution. 
Participants continuously tracked a visual stimulus moving in a circle (16 s period) for blocks of 
three minutes. In each block, participants tracked the stimulus as smoothly as possible in one of 
three ways: (1) moving their right hand along a circular grooved board placed horizontally on 
their abdomen (Hand-only), (2) moving their eyes (Eyes-only), or (3) moving their hand and 
eyes concurrently (Hand-and-eyes). Movements in different blocks were either clockwise or 
counterclockwise. fMRI data were obtained on a 3T Siemans Prisma scanner, with a multiband 
accelerated pulse sequence that provided a full-brain scan with a 2x2x2 mm resolution and a 720 
ms repetition time. We sought to map movement representations from the multivoxel responses 
evoked by each of these three types of movements. We used multivariate regression to relate the 
time-varying conjoint activity of voxels in regions of interest to the instantaneous angular 
position and movement direction of the stimulus. This regression model was then used to decode 
these corresponding variables on data from separate movement blocks. We found accurate 
decoding of hand movements in primary motor and premotor regions that reflected the current 
movement direction, whereas parietal and visual areas showed accurate decoding of the stimulus 
and hand positions. The superior parietal lobule showed generalization across effectors, 
suggesting distinct mappings for both hand and eye movements. Interestingly, decoding 
performance was highest at the fundamental frequency of the stimulus, and did not generalize 
across movement rotation blocks. Together, these results highlight the possibility of mapping the 
representations of dynamically changing movement variables across the motor system, and 
provide a promising framework for disentangling movement representations during complex 
visuomotor behavior. 
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Abstract: Neural networks of the brain involved in the planning and execution of grasping 
movements are not fully understood. The network formed by macaque anterior intraparietal area 
(AIP) and hand area of the ventral premotor cortex (F5) is strongly implicated in the generation 
of grasping movements. However, it is not clear how these areas encode the preparation and 
execution of grasping movements at the neural population level. To examine how preparation is 
represented, we recorded spiking activity from many electrodes in parallel in F5 and AIP while 
two macaque monkeys performed a delayed or non-delayed grasping task. Six individual 
recording sessions were collected for each animal. By visualizing the neural trajectories of 
delayed vs. non-delayed grasps, it was clear that a distinct preparation state was achieved in the 
population of F5 and AIP units. Furthermore, this preparation state seemed to be bypassed during 
non-delayed grasps. During catch trials, in which no action was performed, activity in F5 begins 
to return to baseline after it is clear that no action will be required, while activity in AIP lingers 
near the preparation state until a reward is received. In order to quantify the existence of a unique 
preparation state statistically, the distance between the delayed and non-delayed neural trajectory 
was analyzed in the full space of all simultaneously recorded units. At the instant of cue 
presentation, only 1 of 24 cases (2 grip types x 12 recording sessions) showed a significant (p< 
0.01) difference between the delayed and non-delayed trajectories, confirming that the animals 
could not anticipate the task conditions. This pattern was maintained at 200 ms after cue 
presentation (2/24 and 3/24 cases in F5 and AIP), implying that the initial response to the cue is 
not modified by the command to move immediately. Crucially, at the time of go cue, 20/24 and 
17/24 of cases showed a significant difference between the trajectories in F5 and AIP, 
respectively. This suggests that this state is only achieved when an action must be withheld. 
Interestingly, delayed and non-delayed grasps occasionally elicited differential activity during 
movement (14/24 and 8/24 of cases in F5 and AIP), and after movement was completed (5/24 
and 6/24 of data sets in F5 and AIP), even when the action performed was identical. Taken 
together, these results re-enforce the essential role of F5 and AIP in the preparation of grasping 
movements, while endorsing the notion that the withholding of an action represents a unique 
state in both F5 and AIP. Moreover, variability in activity during movement may hint at a 
surprisingly flexible encoding scheme for grasp execution in this fronto-parietal network. 



Disclosures:  J.A. Michaels: None. B. Dann: None. R.W. Intveld: None. R. Eppinger: 
None. H. Scherberger: None. 

Nanosymposium 

562. Cortical Planning and Execution: Neurophysiology 

Location: S402 

Time: Tuesday, October 20, 2015, 1:00 PM - 4:00 PM 

Presentation Number:  562.04 

Topic: D.17. Voluntary Movements 

Support: MIUR 

 FIRB 2013,RBFR132BKP 

Title: Effect of visual feedback on grasping activity in monkey dorsomedial visual stream 

Authors: *R. BREVEGLIERI, A. BOSCO, C. GALLETTI, P. FATTORI;  
Univ. Di Bologna, Bologna, Italy 

Abstract: The medial posterior parietal area V6A is sensitive to visual stimulation as well as to 
grasping arm movements performed in darkness. The aim of this work was to assess whether, 
and to what extent, visual feedback affects grasp-related activity of V6A cells. Two trained 
Macaca fascicularis performed an instructed-delayed reach-to-grasp task in darkness and in light. 
Our hypothesis was that in light the neural activity would reflect motor efferent signals as well as 
proprioceptive and visual afferent feedbacks, whereas in dark it would reflect only the motor 
efferent copy and proprioceptive feedback. The object to be grasped in the task was an handle 
that could have, in different blocks, different orientations, so to require hand movements with 
different wrist orientations. We tested 150 V6A neurons. In half of the cell population, grasp-
related activity was excited by visual input and in the other half it was inhibited. The most 
prominent influence on cell activity was exerted by visual condition and wrist orientation jointly. 
About 40% of cells were modulated during grasping preparation and 60% during grasping 
execution, and handle pulling (ANOVA, factor 1: wrist orientation; factor 2: visual environment, 
p<0.05). Cells were classified as "motor," "visual," and "visuomotor" neurons. Motor cells, 
discharging equally well in light and in dark, represented 14% of cell population. Visual cells, 
discharging only in light, represented the 17% of cell population. The majority of cells (69%) 
were of visuomotor type, discharging both in light and in dark but with a different strenght. 
These findings suggest a multimodal representation of grasping action in V6A and strengthen the 
role of V6A in integrating visual and motor signals to monitor grasping actions. 
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Abstract: Previous human functional magnetic resonance imaging (fMRI) studies on the neural 
basis of movement planning typically used delayed-movement paradigms to isolate planning 
from execution (e.g. Toni et al., 2001; Mars et al., 2008; Gallivan et al., 2011a, 2011b, 2013). 
Although well established, this approach introduces artificially long planning delays that include 
brain activity unrelated to movement planning, making it difficult to disentangle the processes 
co-occurring with movement preparation during the delay period. Consequently it remains 
unclear to which degree delay-related brain signals 1) specifically reflect movement preparation, 
2) can be generalized to contexts without a delay (see Ames et al., 2014). To address these 
questions, we directly compared delayed and non-delayed arm movements (reach-to-touch vs. 
reach-to-grasp) towards a central target object. To examine if and where brain activity shared 
between delayed and non-delayed movement planning carries information about the planned 
movements, we used univariate as well as multivariate analysis of fMRI data. The univariate 
contrast [Planning > Baseline] revealed a bilateral network of premotor (dorsal premotor cortex, 
PMd - ventral premotor cortex, PMv), parietal (posterior intraparietal sulcus, pIPS - superior 
parieto-occipital cortex, SPOC), prefrontal (dorsolateral prefrontal cortex, dlPFC) and temporal 
(superior temporal sulcus, STS) regions, as well as the left supplementary motor area (SMA). A 
conjunction analysis confirmed that, with the exception of the left dlPFC, the same brain regions 
are recruited during the planning of both delayed and non-delayed movements. Moreover, 
multivariate cross-condition decoding showed substantial overlap with the univariate conjunction 
in the left PMd, PMv, SMA, the right STS, and bilateral pIPS, SPOC regions, but not in the 
dlPFC. These results suggest that frontal (PMd, PMv, SMA) and parietal (pIPS, SPOC) regions 
involved in movement planning represent planned movements regardless of the presence of a 
delay. 
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Abstract: To optimize their reward rate, animals must find the best speed-accuracy trade-off 
(SAT) for both their decisions and their movements. Recent analyses suggest that to optimize 
reward rate one should make decisions when sensory evidence reaches an accuracy criterion that 
decreases over time in a context-dependent manner. It has been proposed that this is 
accomplished by combining sensory evidence with an “urgency signal” that grows over time and 
sets the animal’s SAT policy. While recent neurophysiological studies have shown the effect of 
the urgency signal in several decision-related regions, the origin of this signal is unknown. We 
recently observed that urgency of decisions appears related to the vigor of movements produced 
after the decision is made. This suggests that SATs for deciding and acting are influenced by a 
shared urgency/vigor signal, possibly originating from the basal ganglia. Here, we test this 
hypothesis by recording activity in the BG output nucleus, the globus pallidus (GP). A monkey 
performed a reaching decision task in which sensory evidence continuously evolves during the 
time course of a trial. In different blocks, the temporal properties of the task were varied to 
induce adjustments of monkey’s speed-accuracy trade-off. Consistent with our predictions, GP 
activity during the decision process was not tuned to sensory evidence, but many cells showed 
build-up or decreasing activity during the deliberation period. Crucially, their activity often 
strongly varied with the context of the task: in blocks of trials favoring speed over accuracy, 



build-up neurons were more active than in blocks favoring accuracy. Neurons with decreasing 
activity had the opposite pattern. These results support the role of GP in providing the urgency 
signals needed to set the monkey’s SAT. To assess whether GP activity is causally involved in 
SAT adjustment, we interleaved control trials with trials during which GP activity was perturbed 
by trains of electrical pulses (100µA) delivered during deliberation. In most cases, micro-
stimulation reduced the context-specific behavior of the monkey in the two blocks of trials: it 
tended to slow down the fast decisions performed in blocks favoring speed over accuracy, and 
accelerated the slower decisions performed in blocks favoring accuracy. Together, these results 
suggest that BG output structures provide the contextual urgency/vigor signal that influences 
cortical activities related to decision and action. 
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Abstract: The fronto-parietal and occipito-temporal cortices show action-related preparatory 
responses for grasping and reaching movements. What remains unclear is whether the role of 
these areas is related to the perceptual representation of the object that is dynamically updated in 
the context of the upcoming action or to the anticipation of somatosensory consequences of the 
planned action. To answer this question, we used a slow event-related fMRI paradigm that 
independently manipulated vision of the object (Vision or No Vision) and action type (Grasp or 
Move hand). Movements consisted of either grasping the object with a whole hand grip or 
moving the hand beside the object without interacting with it. Sixteen right-handed human 
participants performed delayed movements with and without visual feedback using their 
dominant hand. At the beginning of each trial an auditory cue instructed participants whether or 
not to close their eyes and the action to be performed at the end of the trial. A delay of 10 
seconds was followed by the go cue. We hypothesized that areas involved in processing visual 



properties of the object that are relevant for the upcoming object manipulation would show 
higher activation for Grasp than Move hand actions, but only in the Vision condition. In contrast, 
areas involved in processing somatosensory consequences of upcoming actions would show 
higher activation for Grasp than Move hand actions in the Vision as well as No Vision condition. 
We found that bilateral Inferior Occipital Gyrus (IOG), Cuneus and posterior Intraparietal sulcus 
(pIPS) in the left hemisphere showed higher activation for Grasp than Move hand actions in 
Vision but not in No Vision conditions. In addition, the Pre-Cuneus in the left hemisphere 
showed higher activation for Grasp than Move hand actions in the Vision as well as No Vision 
condition. These results suggest that while areas in the occipital cortex process visual 
information about the object for the upcoming object manipulation, the parietal cortex shows 
visual processing as well as somatosensory anticipations for planned actions. 
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Abstract: The parietal cortex is centrally involved in sensorimotor transformations for motor 
outputs such as reaches, saccades, and grasps. These actions require computations on 
numerically quantifiable variables such as distance and size. This fundamental link between 
sensorimotor planning and execution and numerical processing may explain why, in both animal 



electrophysiology and human neural imaging studies, the parietal cortex has been implicated in 
quantity representation during arithmetic, comparison, counting, and other number 
manipulations. Here, for the first time, we investigate numerical encoding in the posterior 
parietal cortex using electrophysiological data recorded from a human with tetraplegia. As 
further evidence that the posterior parietal cortex encodes aspects of numerical processing, we 
have identified neurons in presumed human analogues of the anterior intraparietal area and 
Brodmann’s area 5 whose firing rates modulate during mental arithmetic calculations, while 
retaining numbers in memory, and while generating numerical responses. Furthermore, these 
neural activities are evident across representations of numbers in different modalities including 
language, visual symbols, and imagined actions. The involvement of the parietal cortex in 
numerical processing confirms an important function of this versatile brain area, and points 
toward potential applications in neural prosthetics where quantization could reflect speeds, 
forces, or other crucial aspects of action and interaction. 
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Abstract: The parietal reach region (PRR) and the dorsal pre-motor cortex (PMd) in rhesus 
monkeys both encode sensory and motor-related activities during action planning, but their 
functional interaction during goal-directed behavior is not understood. Functional interactions 



between premotor and posterior parietal areas in previous studies were assigned to either 
processes of motor-goal selection under uncertainty (sensorimotor decision making), or spatial 
working memory processes. Here we test if directed functional interactions between PMd and 
PRR occur selectively during reach goal selection or during spatial working memory processing. 
Two rhesus monkeys conducted a memory-guided center-out reach task. Depending on the 
context, reach goals were either directly indicated by a spatial cue (pro-reach) or had to be 
inferred from it (anti-reach). Space and context information was provided separately or 
simultaneously either before or after an instructed delay, which allowed us dissociating the 
motor-goal selection process (=space-context integration) from spatial working memory 
processes. We quantified the functional connectivity between PMd and PRR with the spectro-
temporal directed transfer function (DTF) from simultaneously recorded local field potentials 
(LFP) in PRR and PMd. We identified consistent Granger-causal functional interactions between 
PMd and PRR in two frequency bands. During trial periods which required the monkeys to hold 
a current state (fixation, memory, or target-hold period), a significant directed interaction from 
PRR to PMd in the beta-band (12-32 Hz) predominated, but was independent of both the motor 
goal and the spatial working memory state of the animals. In contrast, low-frequency (2-10 Hz) 
functional interactions (DTF-LF) from PMd to PRR occurred selectively during motor initiation, 
but not during selection of instructed motor goals, and were particularly strong when the spatial 
cue was provided prior to the instructed delay, i.e., when motor initiation required retrieval of 
preliminary motor goal information from spatial working memory. The DTF-LF magnitude 
correlated with the monkeys’ reaction times. Our results support the existence of directed 
functional interactions between PMd and PRR during goal-directed behavior, consistent with a 
combined role in motor-goal confirmation or initiation and spatial working memory retrieval of 
preliminary motor goals, but independent of motor-goal selection. 

Disclosures:  P. Martinez-Vazquez: None. A. Gail: None. 

Nanosymposium 

562. Cortical Planning and Execution: Neurophysiology 

Location: S402 

Time: Tuesday, October 20, 2015, 1:00 PM - 4:00 PM 

Presentation Number:  562.10 

Topic: D.17. Voluntary Movements 

Support: Radboud Excellence Fellowship 

Title: Neurocomputational correlates of swiping movements 



Authors: *S. FABBRI, L. SELEN, I. TONI, P. MEDENDORP;  
Radboud Univ., Nijmegen, Netherlands 

Abstract: With the advent of touchscreen technologies we can interact with objects in a virtual 
environment. Thus far, the neural computations underlying these virtual interaction have 
remained unexplored. Here, we measured hand kinematics during object manipulation on a touch 
screen during a swiping task. In this task, participants were asked to lock to a target object by 
placing their index finger anywhere on the touch screen and subsequently drag the target into the 
goal area (much like manipulating a map on your tablet). As a control we used a reaching task, in 
which they had to move the target by putting their finger onto its actual location before dragging 
it to the goal. We manipulated task difficulty by varying the size of the goal area and the distance 
between the goal and the target. During the swiping task, participants locked to the target by 
positioning their index finger in between the target location and the goal area, and not on the 
target itself. The locking distance to the target depended on both the target-to-goal distance and 
size of the goal area. These behavioral results show that object manipulation during swiping 
elicits different interactions with the target compared to direct reaching movements. We are 
currently measuring the neuronal correlates of this behavior collecting functional magnetic 
resonance imaging (fMRI) data while participants execute visually-guided swiping movements 
on a touch screen in the scanner. Preliminary imaging results show spatially-tuned activity in the 
sensorimotor network during both swiping and reaching. Maltivariate fMRI analyses are applied 
to decode this activity in terms of differences and commonalities in the neurocomputational 
mechanisms of these types of interactions. 
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Abstract: In daily life, we continuously interact with objects within our environment. These 
interactions require the specification of specific muscular patterns for smoothly executing an 
appropriate action. At the same time, the same action needs to be represented also in terms of its 
more general aim irrespective of how it will be achieved. This more abstract level of action 
representation should allow, when necessary, a flexible remapping of the aim of an intended 
behavior through a different motor output, e.g. comprising a different muscular pattern or even 
adopting another effector. Recent studies support the idea that actions might be represented at 
different levels of abstraction, i.e. generalizing across different motor features. This type of more 
“abstract” action representations have been described for movements performed with a specific 
effector (effector-dependent level), and even at an effector-independent level. Here we 
investigated within the same experimental paradigm how these different effector-dependent and 
independent “abstract” action representations are encoded within the human brain. Participants 
were instructed to perform non-visually guided object-directed actions within the MR scanner. 
We used a 2 (grip type: precision grip, whole hand grip) x 2 (hand orientation: 0°, 90°) x 2 
(effector: left hand, right hand) experimental design. A whole brain volume-based MVPA 
searchlight approach was adopted to investigate the encoding of different action representations. 
We used cross-decoding to test for the generalization of specific action features (i.e. across hand 
orientation and/or effector). Our results support the view of a hierarchical organization of action 
representations within the fronto-parietal “prehension” network during movement execution. 
Within this network, there was a widespread encoding of specific effector-dependent actions 
(within effector and hand orientation), but several regions were also encoding effector-specific 
actions irrespective of the adopted hand orientation. Effector-independent action encoding was 
evident within posterior parietal regions, such as the IPS and SPL, and within the lateral 
occipitotemporal cortex, a region considered fundamental for coding action semantic. Our data 
widen previous investigations on motor control by demonstrating that actions are represented at 
different levels of abstraction, possibly following a hierarchical organization, which might be at 
the basis of the extreme flexibility of our daily behavior. 
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Abstract: We investigated the relationship between single neurons recorded in the posterior 
parietal cortex (PPC) of two human participants and the subjective experience of the will to 
initiate movement. To determine the timing between neural activity and awareness of motor 
intent we used several variants of the method introduced by Libet and colleagues. Previous 
reports that have used this paradigm generally concluded that conscious intent results from 
unconscious neural processes that ramp up in anticipation of movement. The implication is that 
freewill as traditionally understood is untenable. Our results suggest a different interpretation. 
When aligned to the time of reported awareness, neurons in PPC showed a mixture of responses. 
Some neurons show significant modulation from baseline after the time of conscious intent, 
while others become active well beforehand. Some neurons showed a high degree of effector 
specificity, becoming active only for a preferred action, while others became active independent 
of the performed action. Application of dimensionality reduction techniques indicate network 
dynamics that begin to evolve in anticipation of awareness. One major component has linearly 
separable effector specificity (consistent with the representation of an evolving motor plan) and 
the other major component is effector general (perhaps reflecting a global urgency signal). These 
results are consistent with previous reports and indicate that PPC encodes not only the “what” of 
motor intentions (e.g. move the shoulder upward) but also the “when” of movements in the 
temporal evolution of the network dynamics. To better understand the nature of these dynamics, 
we realigned neural data with respect to trial onset. We found that the majority of units showing 
modulation in anticipation of movement began modulating, in an effector specific manner, at 
trial onset. In a modified version of the task, the subject chose whether to participate in the task 
on a trial to trial basis. The network dynamics observed when the subject chose to perform the 
trial were absent when the subject chose to skip the trial. It seems that a motor plan in the form 
of a dynamically evolving network is immediately initiated when the subject chooses to 
participate in a trial. The finding that neural activity ramps up in anticipation of the subject’s 
report of the urge to move questions the notion of freewill based on the logic that an effect 
cannot precede its cause. However, our data suggests that the “ramping” neural activity 
preceding the time of awareness at the end of the trial is actually the consequence of a decision 
that is made at trial onset. This raises the basic question: when is freewill? 
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Abstract: Behavior is an energy consuming process. Like all energy transformations in the 
abiotic and biotic realms, those brought about by behavioral and brain evolution conform to the 
Second Law of Thermodynamics (SLT) and the Principal of Least Action (PLA). Natural 
selection favors those behavioral uses of energy that consume it most efficiently and most 
completely, since energy is commonly a limiting resource. Those organisms that can make 
energy “go further,” or that can extract the maximum energy obtainable from their environments, 
are more likely to survive and reproduce than competitors that use energy less efficiently or 
completely. Therefore, the proximate end of survival, and the ultimate end of minimizing effort 
mandated by the PLA, are distinct but complimentary facets of the role behavior plays in the 
evolutionary process. Brains have evolved to subserve those behavioral requirements. This has 
resulted over time in a net but not inevitable increase in brain size in relation to body mass, and 
in more highly integrated connectional complexity. These trends are well illustrated in the 
evolution of brains in the line leading to modern humans. In all probability, tool use, control of 
fire, cooking and increased caloric consumption, co-ordinated social activity, and language 
interacted and co-evolved in a synergistic way, leading to brain enlargement and new 
connectivity, as humans dealt with the challenges of oscillating climate cycles both in Africa and 
Eurasia during the Pleistocene. Given that the human brain requires an inordinate proportion of 
the body’s available energy, it has to perform efficiently. The neural networks of the human 
brain have evolved to yield maximum communication effectiveness while minimizing 
connection cost (maximizing efficiency). Both effectiveness and efficiency of energy use or 
entropy generation have been selected for. The importance of this analysis is shown by the fact 
that degradation in effectiveness of this optimally functioning connectivity is a characteristic of 



autism and an early predictor of schizophrenic pathology. Conceptually the model affirms the 
ultimate directionality of the evolution of the brain and behavior. 
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Abstract: The cerebral cortex is composed of various areas that are characterized by unique 
cyto- and myeloarchitectonic features. Although the delineation of borders between such areas 
continues to be debated, specifically with respect to the sharpness and specific locations of 
transitions, the existence and relative spatial arrangement of these areas is well-established. 
Various attempts have been made to uncover an overarching organizational principle both for the 
architectonic differences and for the connectivity between these areas. One suggestion is that all 
cortical areas are the result of waves of differentiation originating from two distinct limbic 
sources: the paleocortex (piriform) and the archicortex (hippocampus). Here we aimed to 
describe the topography of connectivity patterns in the human cerebral cortex, and to relate those 
patterns to morphological features of cortical structure. Cortical surfaces and preprocessed 
resting-state fMRI data from the Human Connectome Project were analyzed. The connectivity 
matrix from each hemisphere was created separately, and included all cortical nodes, excluding 
the medial wall. Topographic patterns of connectivity were assessed on two spatial scales: In the 
first analysis, spectral clustering was applied to the connectivity matrix. The resultant spatially 
distributed network clusters were transformed into a graph where nodes represent networks and 
edges the probability of spatial adjacency. Spectral decomposition of the graph Laplacian was 
then used to derive an ordering of the network clusters. Results were visualized using a novel 
software that displays arrows superimposed on the cortical surface to depict the cluster ordering. 
In the second analysis, spectral decomposition was applied to the full connectivity matrix, thus 
providing a high resolution map of connectivity ordering. To relate connectivity organization to 



spatial distance along the cortical surface, geodesic distance was measured from peak areas of 
the topography maps. Connectivity patterns were ordered along a spectrum with the primary 
sensory/motor regions at one end and the heteromodal association and paralimbic areas at the 
other. The geodesic distance analysis revealed that peak areas of association cortex were 
equidistant from morphological landmarks of primary sensory/motor regions (central and 
calcarine sulci). These finding suggest a basic topographic organization that is consistent with 
theories of progressive differentiation of cortical areas based on cyto- and myeloarchitectonic 
studies. Further work will compare these findings in the human to connectivity topography in the 
brains of other mammalian species. 
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Abstract: The expansion of the cerebral cortex is the most obvious feature of mammalian brain 
evolution, and is generally accompanied by increasing degrees of folding of the cortical surface. 
However, the mechanisms that drive gyrification remain undetermined. This has been an area of 
intense research interest lately, with a number of proposals being put forward to explain it. Most 
such studies [1,2] focus on human cortices, and make use of detailed MRI data to postulate 
folding as driven by the (possibly differential or multi-layered) expansion of the cortical surface. 
In contrast, inspired by the Van Essen’s axonal tension-based hypothesis [3] and the statistical 
physics of membranes, we have recently [4] proposed a model in which folding is a consequence 
of the dynamics of white matter axon elongation coupled with surface expansion and self-
avoidance. This model predicts a power-law relation between cortical average thickness, exposed 
and total areas. Using coarse-grained data from dozens of different mammalian species, we have 
verified that the predicted relation holds true for both gyrified and lysencephalic cortices. 
Cortical folding that scales universally across clades, species implies that a single mechanism 
exists throughout cortical development and evolution - one that is based on the physics of 



minimizing the effective free energy of a growing surface subject to inhomogeneous bulk 
stresses. In the present work, we attempt to: (i) Apply and extend our model to fine-grained 
human cortical surface reconstructions from MRI data, and examine its applicability over 
variations across different human subjects; (ii) extend our understanding of the relevant 
morphological variables beyond global means towards local parameters such as cortical 
thickness and local gyrification, and verify if a similar scaling law can be obtained for variations 
in folding patterns across different areas of a given cortex. Of particular interest, it has been 
postulated that a range of genetic, environmental and pathogenic factors can contribute certain 
congenital brain formation disorders in which cortices are less (lissencephaly) or more 
(polymicrogyria) gyrified than normal. Do these cases also conform to the universal folding 
relation? This last question may be of some significance, as the answer may shed light upon the 
mechanisms through which these brain disorders operate, and even allow differentiating between 
their various putative causes. [1] Tallinen et al (2014) PNAS 111:12667-12672. [2] Ronan, L. et 
al. (2013) Cerebral Cortex 24:2219-2228 [3] Van Essen DC (1997) Nature 385: 313-318. [4] 
Mota, M, Herculano-Houzel (2015), Accepted for publication 
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Abstract: The human brain comprises a complex network of neural interactions at both the 
micro and macroscale. Studies examining connectivity on the microscale have reported a rich 
variety in cytoarchitecture with associative areas noted to display more complex neurons. In 



addition, -but predominantly coming from a different field of neuroscience- Magnetic Resonance 
Imaging has reported features of cortico-cortical white matter wiring to be related to brain 
functioning, with for example association regions showing elaborate global wiring. Here, we 
started to explore the interplay been microscale and macroscale connectivity of human cerebral 
cortex. Data on neuronal complexity was collated from histology studies, providing detailed 
information on cortical variation in dendritic branching, spine density etc. Next, we used ultra-
high resolution DWI data of the Human Connectome Project to reconstruct macroscale 
connectivity of cortical areas. Cross-modal micro-to-macro analysis revealed a clear link 
between cortical variation in neuronal complexity of pyramidal neurons of layer 3 -a layer 
known for its role in cortico-cortical communication- and macroscale connectivity. Areas with 
more and stronger macroscale white matter projections (i.e. a higher connectome degree) were 
found to display more elaborate (p=0.005, r=0.80), longer (p=0.002, r=0.70), and more spinous 
layer 3 pyramidal neurons (p=0.007, r=0.70) (Fig). Macroscale hubs -and their construction of a 
central rich club- were found to display more complex neuronal architecture as compared to 
peripheral regions (p=0.003). Furthermore, network attributes (e.g. path length, intermodular 
participation) significantly related to cytoarchitectonic features of cortical areas (p<0.01). We 
show our findings to be consistent across multiple datasets, including early histology work and 
other mammalian species (macaque, mouse). Taken together, our findings are supportive of the 
notion of the smallest and the biggest organizational aspects of neural connectivity of the human 
brain to be linked, and possibly interacting. 
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Abstract: Claustrums come in a wide variety of shapes, unlike other components of the brain. 
We here survey a sampling of this variation, one feature of which is to serve as a guide for 
selecting species for doing certain types of contemporary investigation that require at least a 
certain volume of contiguous tissue in order to obtain meaningful data while being certain of the 
locus of origin of the data. We used consistent and complete series, of claustrum-containing, 
stained sections of the brains of several mammals, to reconstruct in three dimensions the shapes 
of claustrums in specific taxa. Programs used for reconstructing include Photoshop, FIJI 
(ImageJ), TrakEm 2 plugin for FIJI and MeshLab. These 3-D reconstructions are then used for 
comparison to provide instances of unique morphological features in certain species. The chalice 
shaped claustrum of anthropoid primates rests on a columnar base. In humans, a ring near the 
base of the cup exhibits scallops and points reaching into suprajacent gyral cores. In pigs a sturdy 
backpack projects prominently adding to the extent of the claustrum. Dolphin claustrums show 
three curved branches reaching around the anterior limit of the insula well into the frontal cortex. 
Some marsupial and xenarthran claustrums resemble a forward-streaking comet trailing scattered 
cells behind. The claustrum of the red fox shows an elegant thin long stem stretching straight up 
beside the putamen capped at the top by a flower-like pyramid. In cats and dogs the topping 
appears more like a backward leaning club ending. The posterior part of this club contains maps 
of the visual, auditory and somatic sensory cerebral cortical regions with which they connect. 
Afrotherian hyraxes exhibit a robust thick claustrum in boomerang shaped parentheses on either 
side of the basal ganglia. In the highly evolved brains of murine rodents, the possibly vestigial 
tiny claustrum almost vanishes inside the cerebral cortical layers. Conclusions that can be drawn 
include: 1)identification of insular cortex as claustrocortex is mistaken, since many claustrums 
exist in the absence of, or in a different location than, insular cortex, and many regions of insular 
cortex have no adjacent claustrum. 2) claustral function cannot depend on spatial relationships of 
intraclaustral regions, otherwise there would be a standard shape for all claustrums. 3) 
claustrums take positions to fill available spaces, rather than imposing their spatial needs upon 
neighboring structures 4). there are many regions where local enlargements, here called puddles, 
are available for the conduct of a variety of modern investigative methods requiring a particular 
volume of contiguous claustral tissue. 
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Abstract: Although it was first described over 250 years ago, the function(s) of the claustrum 
are as yet almost completely unknown. We have recently hypothesized that one possible function 
of the primate claustrum may be to modulate the activity of resting state brain networks (RSN). 
These networks exhibit synchronous changes in blood flow, glucose metabolism, and/or 
postsynaptic activation during periods of task negativity or idleness, and the degree of functional 
connectivity is modulated as new tasks or external stimuli arise. Although the functional 
connectivity of the major RSN (default mode network-DMN; salience network- SN; 
frontoparietal network- FN) is well described, the structural connectivity presumed to underpin 
them is poorly understood. In this study, we examined claustrum connections with presumed 
network hubs in medial prefrontal (MPFC), anterior (ACC) and posterior cingulate (PCC), and 
posterior parietal cortex (PPC), using microinjections of fluorescent and biotinylated tracers. 
Eight injections in six adult marmosets were made into cortical areas 32 (MPFC), 24 (ACC), 23 
(PCC) and PFG (PPC) using procedures approved by the Monash Animal Ethics Committee. 
Claustrum connections were present in all cases, with marked variability between cortical areas. 
The densest claustrum connectivity was observed in PCC and MPFC, which are hubs of the 
marmoset DMN, while lighter connections were evident between hubs of the SN (ACC) and FN 
(PPC). Although the precise homology of cortical areas between primate species is still 



somewhat controversial, our data suggest that the claustrum is differentially connected to the 
hubs of the major cortical RSN. 
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Title: Anatomy and function of serotonin 2A receptor neurons in claustro-cortical circuits 
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Abstract: The serotonin 2A receptor (5-HT2AR) has been implicated in multiple 
neuropsychiatric disorders, including schizophrenia, anxiety and depression. Furthermore, 5-
HT2AR signaling mediates the behavioral responses to hallucinogenic compounds. Detailed 
examination of 5-HT2AR mRNA expression revealed that this receptor is highly enriched in the 
mouse claustrum (CL). Specifically, we show that 5-HT2AR is expressed in the glutamatergic 
projection CL neurons from the Emx1 lineage. The CL is a subcortical structure that gives rise to 
extensive claustro-cortical loops, and has been hypothesized to play a role in time perception and 
integration of multi-sensory information to generate unified experiences and conscious states. In 
this context, the CL is an intriguing candidate as a neural substrate involved in complex 
psychiatric syndromes such as autism spectrum disorders, schizophrenia, obsessive-compulsive 
disorder, and mood disorders. The dense innervation of the CL by serotonergic fibers and its 
high level of 5-HT2AR expression led us to hypothesize that 5-HT2AR defined claustro-cortical 



circuits may be important in the regulation of cognitive and emotional behaviors disrupted in 
psychiatric disease. We explored whether CL-cortical circuits expressing 5-HT2AR are part of 
the signaling responsible for behavioral response to hallucinogens, by restoring expression in the 
CL and/or cortex in a null background using conditional rescue 5-HT2AR mice and stereotactic 
injection of AAV2-Cre-ires-GFP into CL and cortex. We found a partial restoration of the head 
twitch response to the hallucinogen DOI when we restored expression of 5-HT2AR in both CL 
and adjacent cortex. Understanding CL circuits has been hindered by the ribbon-like anatomy 
and the position of the CL, making surgical access to the structure in mice difficult. To test 
hypotheses about the activity and function of 5-HT2AR CL neurons, a genetic strategy for CL 
manipulation is needed. To target the CL genetically we identified two CL-specific markers, 
Gnb4 and Gng2, that show high degree of overlap with the 5-HT2AR population, making them 
ideal candidates for genetic manipulation of the CL. We have designed a strategy to target Gng2 
and Gnb4 using CRISPR technology in order to insert gene expression cassettes into the start site 
of both loci, with the goal of rapid generation of genetic tools to study the function of the 5-
HT2A CL neurons. 
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Abstract: The focus of our studies is cortical and subcortical neuronal circuit physiology of the 
Short-Tailed Fruit Bat, Carollia Perspicillata. Bats are the only truly flying mammals. Unlike rats 
and mice, where most studies of navigation have been done to date, and where these studies 
demonstrate an essential role for hippocampus, bats provide an opportunity to study the 
physiology of hippocampus and other structures involved in an animal navigating in 3 
dimensions. In this study, we explored planes of section that preserve the best connectivity of 
neuronal circuits in the limbic system, neocortex, and their subcortical partners in the fruit bat. 
Bats were deeply anesthetized with isoflourane. Bat’s brains were fixed in 4% paraformaldehyde 



and sectioned on a freezing microtome at 40-micron thickness. Fixed brain sections were 
processed immunohistochemically (stained with a variety of primary antibodies) to reveal the 
morphology that is most likely to preserve functional connectivity. This provides us with a 
guideline for preparing acute brain slices for electrophysiological studies of neuronal 
connectivity in the bat’s brains. Connectivity within individual hippocampal and neocortical 
regions as well as between cortical and subcortical partners is assessed in brain slices using a 
multi-electrode array system with and without focal stimulation. 

Disclosures:  R. Orman: None. 

Nanosymposium 

564. Emotional Processing and Regulation 

Location: N228 

Time: Tuesday, October 20, 2015, 1:00 PM - 4:00 PM 

Presentation Number:  564.01 

Topic: F.03. Motivation and Emotion 

Support: 1KL2RR031974-01 Georgetown-Howard Universities Center for Clinical and 
Translational Science 

Title: Priming emotions to dissociate affective contributions to decision making in the ultimatum 
game 

Authors: *S. EL DAMATY, L. WAHEDI, J. VAN METER;  
Georgetown Univ., Washington, DC 

Abstract: Previous studies have explored the effects of fairness and uncertainty on cooperative 
behavior in the Ultimatum Game (UG). Fairness is an abstract concept and is poorly identified in 
the UG literature. We investigate the effects of valence priming on decision-making in the UG. 
We find no support for uncertainty hypotheses. We find that negative valence primes predicts 
lower generosity, while positive valence primes predict higher generosity. We also find that the 
neural correlates of decision-making after exposure to a negative prime are the same as the 
neural correlates of decision-making in response to an unfair offer in the UG context. This 
suggests that the fairness preference reported in the literature may operate through the same 
mechanism as affect. We also make a methodological contribution, showing that sub-threshold 
primes affect decision-making, and that constructs using the offering player in UG can be used to 
examine more divers treatments than those using the receiving player. 
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Abstract: Background: Romantic jealousy is not only a way of experiencing love but also acts to 
stabilize romantic relationships. However, morbid romantic jealousy is maladaptive. Romantic 
jealousy might arise from violation of romantic expectancy and can appear in two different 
stages: before and after being in a formal romantic relationship. We hypothesized that being 
engaged in a relationship can tune one’s romantic jealousy to the relationship partner. Here, we 
investigated the behavioral and neural correlates of romantic jealousy and their evolution across 
stages. Methods: The protagonist scenarios which base on romantic relationships in a campus 
setting were used to measure the imagined romantic jealousy and romantic happiness in forty 
heterosexual undergraduate students. The subjects underwent two MRI scanning runs (Stage 1-
before being in a relationship; Stage 2-after being in a relationship). Besides, all subjects were 
assessed by a set of self-report instruments, mainly including the Love Attitude Scale, Self-report 
Jealousy Scale and Modified Overt Aggression Scale. Results: We found that across stages, 
romantic jealousy produced activations mainly in the basal ganglia. Romantic jealousy was 
significantly higher after the relationship was established, and this increased jealousy was 
associated with a higher tendency toward aggression. Moreover, romantic jealousy was predicted 
by romantic expectancy (as reflected by romantic happiness). Conclusion: This neural 
representation, along with the subjective feeling of jealousy, is modulated by romantic 
expectancy and the stage of the romantic relationship. Such sharpening effect not only influences 
jealousy, but also has bearing on violence and aggressive behavior in romantic relationships. 



These results suggest that the essence of romantic jealousy is an expectancy violation, and may 
shed light on the neural underpinning of human monogamy. 

Disclosures:  Y. Sun: None. H. Yu: None. J. Chen: None. J. Liang: None. L. Lu: None. X. 
Zhou: None. J. Shi: None. 

Nanosymposium 

564. Emotional Processing and Regulation 

Location: N228 

Time: Tuesday, October 20, 2015, 1:00 PM - 4:00 PM 

Presentation Number:  564.03 

Topic: F.01. Human Cognition and Behavior 

Title: Dynamic emotion perception and prior expectancy: a novel fMRI paradigm and 
multivariate analysis 

Authors: *I. DZAFIC1, A. K. MARTIN1, J. HOCKING3, B. MOWRY1,4, H. BURIANOVÁ2,5;  
1Queensland Brain Inst., 2Ctr. for Advanced Imaging, The Univ. of Queensland, Brisbane, 
Australia; 3Inst. of Hlth. Biomed. Innovation, Queensland Univ. of Technol., Brisbane, Australia; 
4Queensland Ctr. for Mental Hlth. Res., Brisbane, Australia; 5Dept. of Cognitive Sci., Macquarie 
Univ., Sydney, Australia 

Abstract: Complex social interactions require the ability to rapidly perceive and interpret 
dynamic, multisensory emotional cues. Emotion perception is facilitated by prior expectations, 
which prioritize attention to cues that are aligned with what is expected. Findings show that prior 
expectations influence emotion perception both at the behavioural and neural level. However, 
studies to date have investigated prior expectations using static emotional images, despite the 
fact that dynamic stimuli would represent greater ecological validity. The objective of the study 
was to create a novel and ecologically valid fMRI paradigm to examine the influence of prior 
expectations on naturalistic emotion perception. For this purpose, we developed a dynamic 
emotion task, which consists of audio-visual videos that carry emotional information congruent 
or incongruent with the preceding emotional cues. The results show that emotional congruency 
was associated with activity in prefrontal regions, amygdala and putamen, whereas emotional 
incongruency was associated with activity in occipitoparietal regions, temporoparietal junction, 
and cingulate gyrus. Supported by the behavioural results, our findings suggest that, in a real 
world, perception of congruent emotion is facilitated by greater top-down influence, whereas 
incongruent emotion may rely more on rapid bottom-up processes. The results from the current 
study are compatible with the notion that the ability to automatically detect and turn attention 



towards unexpected events in complex dynamic environments allows for adaptive behaviours in 
potentially dangerous situations. 
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Abstract: Adolescence and young adulthood are developmental stages associated with an 
increase in impulsive and risk taking behaviors. Studies have posited a link between this 
developmental impulsivity and risky driving, with ‘risky’ drivers displaying higher psychometric 
and cognitive impulsivity than ‘safe’ drivers. However, these studies have not explicitly 
examined the neural bases of the links between impulsivity and risky driving. The current study 
utilised fMRI to examine the relationship between impulsivity, risky driving behaviors, and 
impulsivity-related functional activation in 40 ‘risky’ (individuals who had accrued “penalty 
points” on their license and/or reported being collision culpable) and 40 ‘safe’ male drivers, in 
two age groups: younger (18-24, M=20.5, SD=1.8) and older (29-56, M=38.5, SD=8.1). 
Participants completed three tasks designed to assess different facets of cognitive impulsivity 
whilst being scanned in a Philips Achieva 3T MR system: the Iowa Gambling Task (IGT), a 
Monetary Incentive Delay task (MID) and a Go/No Go task. They also completed psychometric 
measures of impulsivity and driving risk: Barratt’s Impulsiveness Scale, Kirby’s Delay 
Discounting Task and the Manchester Driver Behavior Questionnaire. Small volume correction 
analyses of a priori regions of interest were conducted with the WFU Pickatals toolbox of SPM8 
and corrected for multiple comparisons using FWE correction in combination with cluster extent 
thresholds identified using Monte Carlo simulations. Psychometric measures of impulsivity and 
driver behavior successfully differentiated between ‘risky’ and ‘safe’ drivers, with ‘risky’ drivers 
scoring significantly higher than ‘safe’ on many of the subscales. Despite minimal differences in 
performance on the tasks, the BOLD responses of ‘risky’ and ‘safe’ male drivers were found to 
be significantly different in several regions implicated in impulsivity and cognitive control, such 
as the ACC and SMA in the MID and the OFC, IFG and the ventral and dorsal striatum in the 
IGT, regardless of age. Furthermore, Go/No Go-related activation in the ACC, SMA, VMPFC 
and DLPFC differed between younger ‘safe’ and ‘risky’ male drivers. In most cases, ‘safe’ 
drivers demonstrated greater activation in these regions, with the exception of the SMA and the 
ACC, in which ‘risky’ drivers exhibited greater activation than ‘safe’ drivers in the MID. These 
findings indicate that there may be age-related as well as age-independent neural correlates of 
impulsivity that relate to risk taking tendencies while driving that may be relevant for the 
development of preventative initiatives aimed at both novice and more experienced drivers. 
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Abstract: Positive mindset, defined as favorable self-perceptions of people’s feeling and 
competence on learning, has been recently shown to play an important role in raising task and 
academic achievement (Broomhead et al., 2012; Paunesku et al., 2015). Little is known, 
however, about the brain mechanisms underlying positive mindset. One cognitive domain in 
which mindset has been extensively investigated behaviorally is math. Crucially, given the 
importance of math competence for academic and professional success, it is important to identify 
the behavioral and neurobiological correlates of a positive mindset towards math in children. We 
recruited 243 children (115 girls; Age M=8.17 years, SD=0.66) from the San Francisco Bay 
Area. Each child completed neuropsychological assessments for IQ, math (numerical operations; 
NO and math reasoning; MR), reading abilities, working memory (WM), and math anxiety. A 
Positive Mindset Scale for Math (PMSM) was used to assess children’s attitudes towards math 
(e.g. ‘Are you having fun with math?’, ‘Are you good at math?’ etc.). Of these children, 48 (25 
girls; Age M=8.28 years, SD = 0.72) participated in the fMRI study. In the fMRI scanner, 
children were asked to verify addition problems (e.g., “3+6=9”) or passively view fixation point 
(baseline). Behaviorally, multivariate regression revealed that PMSM scores of children 
predicted their math competence even when IQ, age, WM, reading skills, and math anxiety were 
controlled for: NO (β=0.24, t=3.25, p=.001) and MR (β=0.14, t=2.49, p=.01). At the 
neurobiological level, whole-brain regression analysis revealed that higher PMSM scores were 
associated with increased activation in left hippocampus (-28 -10 -24), left dorsomedial 
prefrontal cortex (DMPFC,-6 26 62), left supplementary motor area (SMA,-12 6 68), right 
lingual gyrus (rLG,16 -56 -6), and dorsal cerebellum (10 -62 -32) (voxel-wise height: p<.01, 
FWE correction: p<.05, k=100 voxels). Higher PMSM scores were also associated with 
increased functional connectivity of left hippocampus with SMA and rLG. Interestingly, 
increased functional connectivity of left hippocampus with DMPFC, SMA and cerebellum was 
related to better in-scanner performance on the addition task. Our findings provide strong 
evidence that a positive mindset contributes to children’s math competence. Crucially, a positive 
mindset is associated with greater engagement of the hippocampus and its functional circuits 
with DMPFC, SMA and rLG, highlighting distributed memory, cognitive control and visual 



processing processes (Menon, 2014) by which a positive mindset can contribute to children’s 
learning and growth for academic success. 
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Abstract: Why can the everyday conversation last so long? Infants develop a motivation to 
communicate with others through proto-conversation consisted of a contingency, an event whose 
outcome depends on individual’s action (Benson et al., 2014), between their actions and their 
mother’s feedbacks (Treverthen and Aitken, 2001). Thereby, the contingency may generate the 
intrinsic driving-force for conversation. Previous neuroimaging studies have found that actively 
earning rather than passively received monetary reward activates the reward-related brain areas 
such as striatum (Tricomi et al., 2004; Zink et al., 2004). These results indicate that positive 
outcome contingent on own action is a reward within an activity. In this study, we investigates 
the role of contingency as a reward which may drive people into conversation, in relation to 
pleasure. We hypothesized that the listener’s contingent positive feedback makes the speaker 
pleasant, and that pleasure within a conversation is related to the reward system. Thus we 
expected higher activation when the listener’s positive feedback is contingent on own action. To 
test these hypotheses, we developed a pseudo-interactive humor task which simplified a 



conversational interaction to a form making a listener laugh with funny humors, and conducted 
on functional MRI with 38 participants. In the task, a participant in the scanner uttered the punch 
line of the humor toward the listener outside the scanner, whose laughter was fed back to the 
participant (SELF-condition). There were three patterns of listener’s feedback; group laugh, 
single laugh, and no laugh. As a control condition of speaker’s action, the punch line was read 
aloud by the computer (PC-condition). Participants rated their pleasure after listener’s feedbacks. 
In addition, to identify the reward system, participants were required to perform the gamble task 
(Izuma et al., 2008). Subjective pleasure was higher when the laughter was contingent on the 
own utterance compared to PC conditions. For the analyses of neural data, first we identified 
bilateral ventral striatum as monetary reward related regions of interest on the gamble task (peak-
FWE p < .05, k > 10). These regions were responded to social reward and correlated with 
subjective pleasure in the humor task (p < .05, Bonferroni corrected). Furthermore, right ventral 
striatum was strongly activated by the laughter contingent on own utterance (p < .05, Bonferroni 
corrected). These results indicate that outcome-related activity in the ventral striatum reflects 
succession of own action. Our study showed that a contingency within a conversation have an 
important role to drive a conversation. 
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Abstract: INTRODUCTION: In daily life, we sometimes experience strong emotions that need 
to be deliberately regulated, such as feeling nervous during a first date or angry after getting cut 
off in traffic. One form of emotion regulation is cognitive reappraisal, where an individual 
reframes the emotional experience within a different context. Another form of emotional 



regulation is expressive suppression, where an individual prevents the emotion from overtly 
manifesting. While prior studies have found relationships between emotional regulation strategy 
use and gray matter volume in frontal regions in young adults, here we asked how cortical 
thickness, across all of the cortex, may relate to inter-individual differences in the use of 
reappraisal and suppression strategies in both younger and older adults. METHODS: We 
collected Emotion Regulation Questionnaire (ERQ) responses and structural brain images from 
75 adults (38 young [age=18-35] and 37 older [age=60-82]). Cortical thickness estimates for 
parcellated regions of cortex were calculated using FreeSurfer. Multivariate analyses were used 
to determine which regions were differentially related to cognitive reappraisal vs. expressive 
suppression emotional regulation strategies. RESULTS: Age-related cortical thinning was 
observed throughout the cortex, and age-related differences were particularly predictive of 
cortical thinning in frontal and temporal cortices. After accounting for age-related effects, we 
observed regions related to the use of reappraisal vs. suppression, with the former being 
particularly related to higher cortical thickness in frontal and temporal cortices. We also 
observed that several regions were more generally related to emotional regulation use (i.e., mean 
ERQ scores, averaging across the two subscales), including right inferior frontal gyrus and 
several visual processing regions. DISCUSSION: Here we examined the relative preference in 
strategy use, unlike prior studies which used the subscales directly, allowing us to more directly 
assess how structural differences relate to inter-individual variability in preferred emotional 
regulation strategy. Additionally, a whole-brain multivariate approach allows us to isolate 
regions that are individually important in predicting patterns, while penalizing against groups of 
regions that co-vary together. Our results demonstrate that the two emotional regulation 
strategies are related to brain morphometry. 
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Abstract: Influential theories in cognitive neuroscience and behavioral economics suggest that 
emotions determine the choices we make. This implies that manipulating an individual’s 
emotions should impact their decisions. Anxiety disorders are associated with both disrupted 
emotional processing and decision-making, but how emotions influence economic decisions and 
whether this interaction is altered in anxiety remain unresolved questions. To address these 
questions, patients with Generalized Anxiety Disorder (GAD) and matched healthy controls 
completed a gambling task, featuring a decision between a gamble and a safe (certain) option on 
every trial. Each decision was preceded by happy, fearful, or neutral faces, or object primes. One 
type of gamble featured only wins (“win-only”), allowing us to assess risk aversion; the other 
type involved weighing a potential win against a potential loss (“mixed”), allowing us to assess 
loss aversion. Preliminary results (N=19 patients, N=16 healthy controls) revealed that fearful 
faces, relative to object primes, induced an overall increase in risk-taking across both groups, 
with more gambles chosen under threat. Neutral faces, relative to objects, only affected clinically 
anxious individuals, resulting in more choices of potentially harmful (mixed) gambles, consistent 
with decreased loss aversion. By contrast, happy faces, relative to object primes, only affected 
healthy controls, increasing their propensity to choose win-only gambles, consistent with 
decreased risk aversion. These findings suggest that emotions influence people’s decisions in a 
mood-congruent manner. GAD individuals appeared to exhibit a specific increase in risk-taking 
involving potential losses under ambiguity, possibly reflecting an impaired ability to deploy 
harm-avoidance processes. 
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Abstract: In recent years, substantial advances have been made in understanding the behavioral 
and neural bases of self control in discrete choices (e.g. a choice to order healthy or unhealthy 
food off a menu). However, we must often exercise self control over longer timescales, in a 
continuous fashion (e.g. resisting eating cake in your kitchen all afternoon). Very little is known 
about the processes supporting continuous self control, let alone the temporal dynamics of such 
behavior, but clues may come from a recent movement toward “rational self control” models. 
These models reconceptualize self control as trading off between multiple sources of utility 
under constraints (like limited attentional capacity, or limited time). The question of how self 
control is exercised then becomes a question of identifying utility sources, their characteristics, 
and quantifying the constraints involved. We designed a novel task to examine continuous self 
control in an environment with known temporal and reward structures. Twenty-seven 
heterosexual males completed a task pitting a boring, but monetarily rewarding task against 
distracting images for 60 uninterrupted minutes. On half of a participant’s screen was a white 
circle with a “clock hand” that ticked in roughly 1/100 increments every second. Rarely (p = 
0.01), the hand would move twice as far (~2/100th). Participants received $1 for every correctly 
identified double-sized movement, but lost a dollar for every false alarm. The other half of the 
screen displayed the subset of IAPS images rated positively by males, with images changing 
every 1 or 2 seconds (synchronized with clock hand movements). We recorded eye tracking data 
throughout the session, allowing us to examine when participants were “on-task” (watching the 
clock hand) versus “off-task” (looking anywhere else), as a function of clock hand movements, 
image content, and image changes. We created a computational model based on the tradeoff 
between the known expected utility of clock hand movements and the “consumption utility” of 
the images, under constraints including the subjective estimation of the passage of time. The 
model fit gaze behavior well, and allowed the inference, from gaze alone, of the consumption 
utility of a given image for a given participant, as well as changes in that value over time. 
Critically, consumption utility was not reducible to ratings of valence or arousal. This 
combination of a novel task and computational models of how limited agents seek and consume 
utility over time holds the potential to provide new insights into the processes underlying 
continuous self control in both healthy and clinically-disordered populations. 
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Abstract: The vast majority of affective perception research has employed single faces as 
stimuli. Yet, when we face a crowd of strangers, we may need to rapidly evaluate the crowd’s 
collective mood and decide whether to approach or avoid it. One efficient way to do this is to 
read facial expressions in the crowd. Here we tested how humans extract emotion from groups of 
faces (termed “crowd emotion”) with average crowd emotion ranging from happy to angry. We 
created ‘morphed’ faces from emotionally extreme faces of 6 different identities (3 female/3 
male). In Study 1, two crowds of 4 or 6 morphed faces of a single identity were presented in the 
left and right visual fields for 1 sec. Subjects (N = 18) were asked to indicate via a key press 
whether the group on the left or right looked more approachable. We found that overall accuracy 
(63.7%) was significantly higher than chance, suggesting they could reliably extract the average 
emotion from two crowds of faces. The accuracy increased with the average emotional distance 
between the two face crowds (60.97% for ±5 and 67.22% for ±9 emotional units). We also found 
the tendency towards faster RTs for angrier crowds than happier crowds indicating more rapid 
processing of potential threat. There was no set size effect on accuracy or RT, suggesting that 
crowd emotion can be extracted without requiring serial processing. Finally, happy female 
crowds were identified more accurately than happy male crowds, while the opposite was true for 
angry male vs. angry female crowds. This suggests that crowd emotion perception is modulated 
by sex-specific identity cues (masculinity or femininity of a crowd), an effect also found for 
processing individual faces (Adams, Hess, & Kleck, 2015). In Study 2, we tested the effect of 
facial identity on perceived crowd emotion with a new cohort (N=18). The same morphed faces 
were intermixed to create crowds of 4 or 6 different identities. Although there was a slight drop 
in overall accuracy (60.31%) compared to Study 1, indicating interference of identity cues with 
emotion cues, we replicated the findings from Study 1: increased accuracy with average 
emotional distance, faster RTs for angrier vs. happier crowds, and no set size effects. In Study 3, 
we tracked subjects’ eye movements and found that the first saccade was made to the happiest 
face in the crowd more frequently than to any other faces, indicating that the eye movement 
system prioritizes extreme expressions in evaluating crowd emotion. In conclusion, average 
crowd emotion can be reliably extracted from crowds with varying emotional expressions, and 
its perception is modulated by identity cues and emotional valence. 
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Abstract: If we have any biological marker to objectively estimate our emotional state in real 
time, we can more effecctively exploit the emotion to facilitate our social communication. To 
achieve this, it is fundamental to detect neural responses reflecting emotional states. Real time 
recording of EEG can be of a tool as a brain emotion interface. EEG signals are, however, a 
composit of activities from different cortical sources, making it difficult to identify our complex 
emotional states. Independent component analysis (ICA) is a solution of this problem, which 
enables us to separate the superimposed EEG components into independent cortical responses 
[1]. Here, we recorded scalp EEGs from 64 electrodes of 13 undergraduate students while they 
perform an emotional evaluation task. An emotion-driving picture selected from IAPS was 
presented on a monitor for each trial. Participant was asked to fixate at the center of the picture, 
and they reported their emotional responses. Valence, arousal, luminance and spatial frequency 
power of the pictures were controlled across the pictures. EEG data was segmented into epochs 
from 1000 ms pre-stimulus to 4000 ms post-stimulus relative to the onset of the picture. The 
extended Infomax ICA was performed to obtain 64 independent components (ICs) from each 
participant.ICs were clustered into 16 clusters. Of these clusters, 2 clusters were found to be 
relevant to index features of presented pictures. A cluster localized in occipital area showed a 
significant effect of luminance and spatial frequency power (p < .05, bootstrap test, FDR-
corrected), while emotional valance and arousal had no influence on this cluster. In contrast, the 
other cluster of activities from posterior cingulate had a significant effect of emotional valence 
and arousal (p < .05, bootstrap test, FDR-corrected). As in the case of the first cluster in the 
occipital area, luminance and spatial frequency as physical features of the presented picture had 
no effect on this component. The posterior cingulate cortex is found to be related to evaluation 
emotional status [2, 3]. Our results not only support the role of the posterior cingulate on 
emotional evaluation but also demonstrate possibility of detecting pure emotional responses from 



the posterior cingulate using ICA. [1] Makeig, S. et al.. (2004). Trends in Cognitive Sciences. 
doi:10.1016/j.tics.2004.03.008 [2] Maddock, R. J. et al. (2003). Human Brain Mapping, 18(1), 
30-41. [3] Mantani, T. et al. (2005). Biological Psychiatry, 57(9), 982-90. 

Disclosures:  N. Kanayama: None. K. Makita: None. R. Kozuma: None. M. Machizawa: 
None. T. Sasaoka: None. G. Okada: None. S. Yamawaki: None. 

Nanosymposium 

564. Emotional Processing and Regulation 

Location: N228 

Time: Tuesday, October 20, 2015, 1:00 PM - 4:00 PM 

Presentation Number:  564.12 

Topic: F.03. Motivation and Emotion 

Support: National Basic Research Program of China 2010CB833904 

Title: Neural correlates of guilt-induced self-punishment 

Authors: *H. YU, B. SHEN, Y. CAO, X. ZHOU;  
Peking Univ., Beijing, China 

Abstract: Compensation/reparation following interpersonal transgression has been shown to 
have the function of reducing the unpleasant feeling of guilt. However, when actual 
compensation is not possible (i.e., the victim cannot benefit from the transgressors), the 
transgressors still tend to take effort or punish themselves, both in front of their victims and in 
complete privacy. In this study, we addressed the question how the effectiveness of self-
punishment and the presence of the victim influence guilt-related brain processes and self-
punishment behavior. The participants were playing a dot-estimation task with an anonymous 
partner. In some trials, the participants took the responsibility of estimation, while in others the 
partner did. The participants were told that an intensive painful stimulation will be delivered to 
their partner if the estimation, either by the participants or by the partner, was incorrect. Before 
pain delivery, participants were asked to choose the level of pain they would be willing to take. 
In separate blocks, the consequences of participants’ taking pain (i.e., self-punishment) were 
manipulated. In the Reparable block, the level of pain taken by the participants anti-correlated 
with the level inflicted on the partner. In the Open block, the pain stimulation inflicted on the 
partner was not affected by the participants’ choice but the partner could see the participants’ 
choice. In the Private block, the participants’ self-punishment could neither alleviate the 
partner’s pain, nor be conveyed to the partner. Self-report of guilt was lower in the Reparable 
block, confirming the guilt-reduction effect of compensation. We defined the behavioral agency 



effect as the allocation difference between self-error and the partner-error conditions. Such effect 
was positive in all three blocks but decreased linearly from the Reparable to the Open and the 
Private blocks. The agency effect of brain activation (self-error > partner-error) in the brain 
structures previously associated with interpersonal guilt, such as the anterior middle cingulate 
and the anterior insula, were modulated by the effectiveness of self-punishment and the presence 
of the victim: the agency effect was higher when the self-punishment could not reduce partner’s 
pain and the partner could observe the participants’ choice (Open block). To our knowledge, 
these findings provided the first evidence that compensation could reduce the neural activations 
in the brain structures associated with affective processes and suggested that guilt-induced self-
punishment may be driven by such processes. 
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Abstract: Soft materials have shown promise in improving the biocompatibility of neural 
interface devices and have been hypothesized to reduce interfacial, mechanical strain. However, 
the impact of soft materials on neuronal recording performance has not yet been carefully 
studied. We have developed a novel, mechanically soft, brain-like interface to assess whether 
minimizing the mechanical mismatch between the brain-electrode interface would improve the 
reliability of long-term neural recordings. A brain-like, soft (elastic modulus ~5-8 kPa) material 
with conductive properties was coated on a total of 9 tungsten electrodes. Six other uncoated 
tungsten electrodes were used as negative controls (n=5 rats). The coated and uncoated 
electrodes were implanted in the somatosensory cortex of the rat brain and neural recordings 
from awake animals were taken and analyzed for signal-to-noise ratio (SNR), firing rate, unit 
amplitude and neural activity characteristics. Electrochemical impedance spectroscopy 
measurements were used to test for changes in impedance due to tissue remodeling at the 



electrode-tissue interface. Soft neural interfaces whose elastic moduli were matched with that of 
the surrounding brain tissue showed relatively stable electrical impedance characteristics over 6 
months compared to the uncoated control electrodes. Peak-to-peak amplitudes (Vpp) for 6 sorted 
units each from coated and uncoated electrodes were tracked for 4 weeks. Coated electrodes 
showed negligible change in Vpp for 3 units and significantly increased amplitudes for 3 units, 
while 4 of 6 uncoated electrodes showed a decrease in amplitude. We conclude that soft, brain-
like coatings enable neural interfaces with relatively stable electrical impedances over 6 months 
in vivo compared to conventional microelectrodes. However, the soft, brain-like coatings did not 
by themselves guarantee high quality neural recordings due to several other contributing factors. 
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Abstract: Electrocorticography is one of the latest additions to the neuroscience toolbox. It has 
limitations due to the fact that patients are involved with pathologies that dictate the position, 
spacing and extent of coverage of electrodes. In most patients electrodes only cover part of a 
functional network such as the language system. The limited agreement in coverage and the 
resulting variability across subjects causes problems for research on mechanisms underlying 
functions that are served by neural networks. Here we present a data driven clustering approach 
for grouping data across individuals. Results are obtained for the language system, and are 
compared to known spatiotemporal activity patterns. Fifteen subjects with coverage over parts of 
their left hemisphere performed a verb generation task in which they had to covertly read a noun 
and overtly respond with a matching verb. Electrodes over all subjects were clustered based on 
the broadband gamma (40-125Hz) time-locked amplitude response to the task, regardless of the 
anatomical location of the electrodes. For the clustering we used the affinity propagation 
algorithm [Frey and Dueck, 2007]. The clusters represent the most common activation patterns 
among subjects over the entire left hemisphere. Cluster membership was spatially evaluated by 



means of heatmaps representing electrodes belonging to a single cluster. The cluster-specific 
gamma response waveform indicated timing of signal increase and decline. Clusters were 
surprisingly coherent in space, suggesting an anatomical agreement between function and our 
clustering method. The cluster waveforms indicated a sequence of events that followed a 
meaningful path: a distinct pattern of increased broadband gamma activity was observed starting 
at the occipital cortex, and followed by the left fusiform gyrus. Next, the dorsolateral prefrontal 
cortex (DLPFC) shows double activation peaks. In between the double peaks we see a peak in 
Broca. This is followed by a simultaneous peak in both the DLPFC and Broca. This might 
indicate task specific computation correlating the noun concept to the chosen verb concept. The 
sensory-motor cortex (SMC) peaks just prior to the recorded verb onset time and is likely 
involved in the generation of primary motor commands for speech. Prior to auditory feedback in 
the superior temporal gyrus, evidence for an internal control loop has been found involving 
Broca, the orbitofrontal prefrontal cortex and SMC. These results provide an initial high 
spatiotemporal overview of cortical activation patterns involved in language processing. 
Furthermore, this study has attempted to provide initial steps in performing group analysis in 
ECoG. 

Disclosures:  R.A. Van Der Spek: None. N.F. Ramsey: None. Z.V. Freudenburg: None. 

Nanosymposium 

565. Electrode Arrays III 

Location: N227 

Time: Tuesday, October 20, 2015, 1:00 PM - 4:15 PM 

Presentation Number:  565.03 

Topic: G.04. Physiological Methods 

Support: DARPA REPAIR Program N66001-10-C-2010 

 NSF CBET-1402803 and CBET-1264816 

 NSF EFRI Grant 0937848 

 The Ministry of Science, Korea, CISS-2012366054204 

Title: Development of fully transparent micro-optoelectrode array for simultaneous optical, 
electrical interface to the brain and its applications 

Authors: *J. LEE1, I. OZDEN1, Y.-K. SONG2, A. NURMIKKO1;  
1Sch. of Engin., Brown Univ., Providence, RI; 2Seoul Natl. Univ., Seoul, Korea, Republic of 



Abstract: Optogenetics, a technique of selective controlling neural activity by light, has become 
a powerful method for studying various field of the neuroscience. However, related device 
technology for broad in-vivo applications was still hindered mainly by light-induced electrical 
artifact. Here, we report a fully transparent micro-optoelectrode array (MOA) made from a single 
crystal of semiconductor zinc oxide (ZnO) and demonstrate its multiple functionality of multisite 
optical stimulation and simultaneous electrical recording of neural activity in in-vivo mouse 
model. New fabrication techniques were developed for processing 2 mm-thick bulk ZnO to 2D 
array of optoelectrodes, scalable to >100 channels, with precision dicing and wet chemical etch. 
Its physical foam factor is targeted Utah/Blackrock Si microelectrode array, > 1 mm long shanks 
with 400 µm pitch. And flexible optical/electrical interconnections for independent electrical and 
optical access to each optoelectrode were fabricated and integrated onto MOA afterwards. We 
performed optogenetic stimulation and electrical recording from Thy1-ChR2 transgenic mice 
with 4×4 version of MOA. A focused 473 nm laser pulses were sequentially delivered onto pre-
determined position of each optoelectrode by computer-controlled laser scanning system. High 
optical transparency of ZnO allowed us to monitor neural activities from multiple channels 
without apparent photoelectrical artifact while light was delivered through optoelectrodes to the 
same recording location, from microwatt to milliwatt levels of optical input power. Other 
additional capabilities, benefited from unique material choices, such as optical fluorescence 
detection and electrical neural stimulation was also demonstrated. Currently, we’re preparing a 
light source-integrated fully implantable ZnO MOA system integrated for expanded applicability 
in freely-moving animal model, while improving device performances such as recording quality, 
biocompatibility, and lager size of array for employing in non-human primates. 
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Abstract: Current development of neural implants and interfacing systems requires highly stable 
and biocompatible microelectrode arrays (MEAs) offering large numbers of small-diameter 
microelectrodes. However, such high-density integration cannot be achieved with conventional 
materials, for which microelectrodes have then high impedances, high intrinsic noise level, and 
small charge injection capacity. These issues can be overcome by nanostructuration of the 
electrode surface. In this context, 3-µm-long carbon nanotubes (CNTs) embedded into 
conductive boron-doped diamond (BDD/CNTs/BDD) has recently been proposed as a new 3D 
nanostructured BDD electrode material with very promising electrochemical properties. Here, 
we build MEAs made of either conventional BDD or 3D nanostructured BDD and tested these 
devices for neural recordings. The two types of MEAs were processed on glass substrates using 
micro-fabrication steps. Conventional BDD resulted in a macro-structured surface, while 3D 
nanostructured BDD displayed a high-aspect ratio nanostructured surface and a very large 
surface area. This innovative material allows for neural cell attachment, survival and neurite 
extension. 3D-nanostructured BDD microelectrodes have much lower impedances compared to 
conventional BDD microelectrodes. CV measurements show that 3D nanostructured BDD 
microelectrodes have an increased double layer capacitance compared to the conventional BDD 
ones, exhibit a large theoretical charge storage capacity (10 mC.cm-2 for 20-µm diameter 
electrodes), and have a much lower noise level compared to the conventional BDD ones. Further 
direct experimental measurement of charge injection capacity of these electrodes confirmed their 
better efficacy in stimulation as compared to conventional BDD. These 3D nanostructured BDD 
microelectrodes allowed both low amplitude signal recording and electrical stimulation in 
hippocampal cell cultures and whole acute embryonic mouse hindbrain spinal cord preparations. 
In conclusion, 3D nanostructured BDD is a promising new material for neural interfacing and the 
development of neural prosthesis or implants for rehabilitation. 
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Abstract: We report here on the design and fabrication of microelectrode arrays that use 
diamond mushroom-shaped microelectrodes (dMµEs) with an NCD passivation layer to deliver 
‘in-cell’ neural recordings. Microelectrodes have undergone rapid development recently with 
advances in both the interface materials and electrode geometries to bridge the gap between 
patch-clamp electrodes and planar microelectrode arrays. Protruding mushroom-shaped 
geometry can be used to elicit spontaneous engulfment by neurons, as shown by Spira et al., to 
reduce the junctional resistance and allow for ‘in-cell’ recordings; describing extracellular 
recordings with signal quality of intracellular single-cell recordings1. This gives the combined 
benefits from both patch-clamping and microelectrode arrays, to allow highly parallelized long-
term recordings with optimal signal quality and single-cell resolution. Electrode material is 
important for the electrical properties of the interface as well as the stability and 
biocompatibility. Advantages of diamond as an electrode material include biocompatibility, 
chemical and mechanical robustness, and a large potential window. Boron-doped nanocrystalline 
diamond (BNCD) has been shown to be an excellent material for both recording and stimulation 
of neural cells2. Additonally, intrinsic nanocrystalline diamond (NCD) is insulating and has been 
shown to work well as a passivation layer for microelectrode arrays3. Mushroom electrodes were 
fabricated on commercial microelectrode arrays (Multi Channel Systems MCS GmbH) with 200 
µm spacing and 30 µm electrode diameter (figure 1a,b). These electrodes combine advantages of 
mushroom-shaped geometry for cell engulfment with the interface properties of diamond 
electrodes. We have shown that neurons engulf dMµEs (figure 1c) and are currently performing 
functional testing with the described MEAs which are expected to give ‘in-cell’ recordings. 1 A. 
Hai, M.E. Spira, Jour: of Neurophys. 104, 559 (2011). 2 M. Cottance, S. Joucla, DTIP 16 (2013). 
3 V. Maybeck, A. Offenhäusser, Adv. Healthcare Mat. 3, 283 (2014). 
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Abstract: Implantable multielectrode array (MEA) is an essential technique to understand 
electrical signaling of in vivo neural networks and modulate the adjacent neuronal activity 
through micro-stimulation. Chronically implanted MEAs are critical components of brain 
computer interface (BCI) techniques for restoring lost neural functions in patients. However, 
current designs of MEAs used for interfacing with the nervous system elicit a characteristic 
inflammatory response that ultimately lead to device failure. Traditionally, relatively stiff 
materials like tungsten and silicon are employed to establish an interface with the relatively soft 
neural tissue. The stiffness of device cause multiple aspects of problems, preventing the 
formation of a chronically stable neural interface. In order to minimize the disparity between 
neural interface device and the brain, novel soft electrodes consisting of elastomers and 
conducting polymers were fabricated in this study. Both the conductive and the insulation 



materials were consisted of polymeric materials that aim to match the mechanical properties of 
the brain. To implant and characterize this soft microelectrode, an insert-and-release stainless 
steel shuttle was developed for the procedure. Neural recording, stimulation, 
immunohistochemistry and mechanical measurements of the device performance revealed 
satisfactory early result for this novel micro electrode. The elastic material also enabled in situ 
histology characterization of the electrode-tissue interface with the microelectrode sectioned 
inside the tissue block. Iba1, NF200 and GFAP markers were assessed to compare the different 
tissue response towards soft and stiff microwire electrodes, and cell deformation analysis 
indicated the soft microwire applied less strain to cells surrounding the implants. The results 
presented in our study substantiate the evidence in supporting of the use of soft materials for long 
term neural implants. 
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Abstract: Increasing the reliability of neural interface performance is critical to develop these 
technologies into chronic implantable research tools and therapies. Encapsulation and electrode 
metal stability influence all aspects of the device performance, and aging studies have shown 
impedance reductions for various electrode technologies both in saline and in-vivo. In particular, 
the silicon-micromachined Utah Electrode Array (UEA) has shown impedance reductions of 



>10x, loss of single-unit recording, and variations in results and thresholds for stimulation. We 
hypothesize that encapsulation damage is a key contributor to this failure, permitting 
electrochemical interactions at previously shielded electrode shank areas. We propose two 
methods to mitigate this failure mode: (1) Use of parylene C-aluminum oxide bilayer 
encapsulation, shown in previous work to be superior to parylene C alone in preserving 
impedances of planar test devices aged in vitro. UEAs were completely encapsulated (i.e. tips 
not deinsulated) with either parylene C alone (P-only) or parylene-alumina (PA) bilayer (N=2 
each) and aged in phosphate buffered saline (PBS) at 67°C. Devices were soaked for 97 days and 
measured at regular intervals; typical day 0 impedances at 1 Hz and 1 kHz were 8,000 MΩ and 
10 MΩ, respectively. Upon study completion both P-only devices showed median impedances of 
<50 MΩ and <6 MΩ at 1 Hz and 1 kHz while PA bilayer devices exhibited median final 
impedances of >1,000 MΩ and 10 MΩ. This indicates PA bilayer encapsulation will prevent 
aging-induced impedance reductions associated with P-only encapsulated UEAs. (2) Limit 
coverage of iridium oxide (IrOx) to the electrode site, such that any encapsulation damage 
does not expose more IrOx, and therefore has less impact on the electrical performance. 
Impedances in PBS were measured for two UEAs with 50 µm IrOx exposure: device UEA1 had 
electrodes without any insulation but with tight tip metal tolerances, and device UEA2 utilized 
normal tip deinsulation with precise encapsulation boundaries. Average UEA1 (N=32 channels) 
and UEA2 (N=16 channels) impedances closely (<10% error) matched between 1 Hz and 1 kHz 
(1 MΩ to 6 kΩ). Impedances differentiated at 1 kHz, where UEA2 maintained constant 
impedance while UEA1 displayed a slope change and decreased to <1 kΩ at 100 kHz. This 
indicates that IrOx exposure drives electrochemical interactions at frequencies <1 kHz, while 
only higher frequencies are affected by large areas of exposed silicon. Thus, by matching lengths 
of IrOx and encapsulation removal during microelectrode fabrication, the possibility of aging-
induced low-frequency impedance reduction is expected to be eliminated. 
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Abstract: Deep brain stimulation (DBS) therapy is a clinically accepted technique for treatment 
of movement disorders. Continuous electrical stimulation of certain brain regions has been 
shown to decrease the symptoms of movement disorders such as Parkinson’s disease and 
essential tremor. DBS therapy is expanding to a multitude of neurological disorders. More 
generally, microelectronic implants are used to treat cardiac rhythm disorders, deafness, chronic 
pain, and depression. New targets for use of implants are obesity, memory loss, blindness, and 
migraine. Implants also record electrical activity from surrounding nerves inside of the brain. All 
these devices use electrodes to interface with excitable tissue. An improved electrode material 
will have a significant impact on the capabilities of these devices and the effectiveness of these 
treatments. A novel, ultra-low impedance electrode material, high surface-area platinum-iridium 
alloy (Pt-Ir), was developed and characterized. The results showed increased stimulus pulse 
efficiency up to 80%, which will delay or possibly eliminate the need for expensive battery 
replacement surgery. The Pt-Ir material will enable highly-automated flex circuit electrode 
fabrication processes, which will significantly reduce manufacturing costs and allow more 
sophisticated designs. Pt-Ir coated DBS-style electrodes were evaluated in a chronic passive in-
vivo test to evaluate the effect of encapsulation on impedance and compare the effect versus a 
conventional platinum electrode. Pt-Ir coated DBS electrodes were implanted in rabbit brain and 
characterized by electrochemical impedance spectroscopy (EIS) at days 0, 30, 60 and 180 post-
implantation. The EIS measured values at 1 kHz, 100 Hz and 10 Hz at day 0 of the implantation, 
for uncoated Pt electrodes vs Pt-Ir coated ones, were reduced from 1,346 Ohm, 2,011 Ohm and 
5,540 Ohm to 673 Ohm, 742 Ohm and 966 Ohm, respectively. After 180 days post-implantation, 
the impedance values of the Pt-Ir coated electrode at the aforementioned frequencies were 838 
Ohm, 902 Ohm, 1092 Ohm, respectively. The results showed that the enhanced impedance of the 
coated electrodes were nearly unchanged after 180 days of implantation. The in-vivo results 
suggest a superior electrode material to lower the impedance on the electrode surface to be used 
potentially for chronic stimulation or for brain/machine interface applications. 
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Abstract: The number of novel opsins and solutions for cell-type specific expression has been 
rapidly increasing. But the existing engineering solutions available to deliver light to the brain 
come with limited functionality. Stimulation through light sources placed on the surface of the 
brain or large fibers placed in the brain parenchyma constrains animal movement and activates 
many un-monitored neurons. Whereas, stimulation through light sources placed directly on the 
probe shank or on the shank backend can result in thermal tissue damage. We report a minimally 
invasive fiber-less, multicolor optoelectrode that can provide spatial precision and scalability 
needed to enable many novel experiments such as closed loop excitation, creation of synthetic 
patterns to study plasticity, and control of a few to many neurons. The highly compact optical 
design is implemented using side-emitting injection laser diodes (ILD), coupled via gradient-
index (GRIN) lenses, to 7µm thick and 30µm wide dielectric waveguides on a 22µm thick 
Michigan probe. This novel waveguide approach provides independent activation and inhibition 
of simultaneously monitored neurons by illuminating different wavelengths at a given 
stimulation site and can be expanded to synchronously stimulate multiple optical sites along the 
shank length. The waveguide mixer design and alignment tolerances of optical assembly are 
thoroughly simulated in Zemax to maximize optical system efficiency. We have achieved 100 to 
5000 mW/mm2 of irradiance at the waveguide tips during optical bench testing and have 
successfully scaled up our design to a 4-shank device with eight ILD-GRIN assemblies. 
Combined with varied color choices for manipulating multi-opsins expressing local neural 



populations, this multi-port mixer waveguide design also offers low EMI noise and effective 
thermal isolation between light sources and tissue, realizing modular implantable optoelectrode 
array. Such versatile optogenetic tools ultimately hold a potential for allowing neuroscientists to 
study complex brain networks such as memory consolidation networks in hippocampus. 
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Abstract: Wireless neural prostheses can enable the scientific community towards more 
clinically relevant and chronic experimental protocols. A large portion of current rodent 
optogenetic experiments use restrictive tethers which prohibit freely behaving experiments. 
Wireless devices currently available only offer optical stimulation for open-loop modulation. 
Closed-loop strategies have been shown to offer advantages in deep brain stimulation for 
Parkinson’s disease and also in epilepsy by stopping seizures immediately upon seizure 
detection. Here, we present the optogenetic Bionode (o-BN). The o-BN provides two channels of 
biopotential recording and 1 channel of constant current LED-based optical stimulation in a 
miniature footprint (< 1cm3). The 2 channels of differential recording (0.7 Hz - 1 kHz, 60 dB 
gain) can be configured to observe cardiac, respiratory, and neural activity. A microcontroller 
(MCU) allows feature detection algorithms and a radio enables wireless programming of 
stimulation parameters. The LED-based optical module is driven by a constant current stimulator 
and can be coupled to a 200 µm diameter optical fiber for targeting deep brain structures. The 
fiber irradiance can reach 10 mW/mm2 with only 8 mA of input current (λ = 473 nm), which is 
sufficient to activate neurons with ChR2. Other wavelengths for optical stimulation can be 
implemented to be paired with the appropriate molecular probe. The o-BN consumes < 4 mW 
during non-stimulating conditions. The device is powered using resonantly coupled filter energy 



transfer (RCFET), a magnetic resonance wireless power transfer method. The powering cage 
provides powering in all orientations for true, freely behaving experimental approaches. 
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Abstract: There is currently a growing interest in the development of high channel-count 
electrode arrays that can survey cortical activity at high resolution and with broad spatial 
coverage (Fukushima et al. 2014, Khodagholy et al. 2014, Dimitriadis et al. 2014). The 
increasing quantity of recording channels requires strategies to simplify the external wire 
connections. We have formerly proposed a multiplexing solution integrated into the electrode 
array itself (Viventi et al. 2011). Here we present a headstage-level solution that provides 
integrated amplification, filtering and analog to digital conversion from many channels using a 
single commercial integrated circuit (IC). Amplification and digitization at the headstage level 
reduces the effect of transmission noise as compared to analog recording systems. We utilized an 
ultra low-noise, current-input analog to digital converter (Texas Instruments DDC232) to digitize 
and multiplex neural signals. The TI DDC232 combines current integration, 20-bit analog-to-
digital conversion, and multiplexing with sampling rates up to 6 kS/s per channel. We validated 
the current-sensed signal in acute recordings from rat auditory cortex. Cortical currents from a 
61-channel µECoG electrode array (Woods et al. 2015) were measured by two 32-channel ICs in 
a custom-built headstage. The IC dimensions are 9x9 mm, keeping the total headstage dimension 
to only 15x21 mm. Digital outputs were relayed by an ultra-flexible micro-HDMI cable. The 
measured signal was transformed by the impedance at the electrode-electrolyte interface. We 
successfully corrected for this transformation using a linear time-invariant filter model of the 
electrode impedance. We also confirmed similar results using a composition of bandpass and 



integrating filters. The current-sensed recording quality was compared to that from a voltage-
sensing headstage with analog multiplexing and conventional high-impedance amplification 
(Wang et al. 2014). We observed equal or better performance in a variety of signal and 
electrophysiological metrics including: evoked-response detectability; signal-to-noise and 
response-to-baseline ratios; rate of decay in spatial correlation; and ability to predict tone 
frequency from the multi-channel evoked-response. The headstage design was aligned with our 
ongoing efforts to leverage reliable and economical solutions made available by industrial 
electronics fabrication (Wang et al. 2014, Trumpis et al. 2014). The class of IC utilized can be 
tiled to create a digital headstage accommodating 1000s of channels with very few external 
wires, making it a realizable solution for novel high-density electrode designs. 
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Abstract: The Utah Electrode Array (UEA) is a penetrating neural interface designed to 
communicate with the nervous system through recording and stimulation. They are used for 
basic neuroscience research, and being investigated for use in treating neural disorders and 
controlling prosthetics. Damage to the tip metallization during chronic use or long-term soak 
testing of UEAs has been reported. We have found that damage to the metallization has a large 
impact on the impedance and charge injection capacity (CIC) of the electrodes. Characterization 
of the devices via electrical measurements and electron microscopy demonstrates that metal 
delamination, often with degradation of the silicon can occur during recording or stimulation, 



and with Pt or IrOx tip metallizations. We investigated the use of three novel electrode 
metallizations in comparison to existing metallizations used for these arrays. All metallizations 
used top layers of Ir and IrOx that are 200 and 350 nm, respectively. The layer for contact and 
adhesion investigated included 200 nm Pt, 25 nm Pt, and cosputtered 40 nm PtSi. These layers 
were subjected to typical UEA annealing conditions of 375 °C in forming gas for 45 minutes for 
the backside metallization, followed by a 475 °C, 30 minute oxygen anneal for the tip 
metallization. Dual-beam Focus Ion Beam (db-FIB) and cross-sectional scanning transmission 
electron microscopy (STEM) analysis found significant non-uniformity in silicide reactions with 
the Si, and the development of Kirkendall voids between PtSi and the Ir layers for the pure Pt 
contact layers. Cross-sectional STEM elemental mapping of each film stack on planar substrates 
showed complete transformation of the platinum layer to PtSi. In addition, a 40 nm layer of 
iridium silicide formed at the PtSi/Ir interface. For the thicker Pt contact layer, significant levels 
of Kirkendall voids formed at the Pt/Ir interface. These are expected to decrease the adhesion and 
mechanical stability of the interface. A smaller size and concentration of Kirkendall voids were 
found for the thin Pt metallization, and preliminary measurements suggests the co-sputter PtSi 
layer mitigates the formation of the voids. In-vitro electrical characterization of these tip 
metallizations demonstrated impedances of ~10 kOhms and charge injection capacities of 1-2 
mC/cm2. Accelerated stimulation testing was performed in-vitro to characterize the evolution of 
CIC, impedance, and degradation product concentrations, to investigate damage mechanisms. In 
addition, an improved metallization is proposed for recording and stimulation of peripheral nerve 
in a clinical study, and array performance metrics will be reported. 
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Abstract: In the past decade, substantial progress has been made in improving the sensitivity 
and biocompatibility of electrode arrays for massively parallel single-cell recordings within the 
brain. However, while recording quality depends on the coupling of cells to adjacent electrodes, 
this crucial interface remains relatively unexplored. Recent in vitro work has shown that 
protruding nanoelectrodes can shrink the cleft between the membrane and sensing electrode 
surface, exhibiting higher seal resistances than planar electrodes. The degree of coupling is 
significantly affected by both the geometry and the chemical functionality of these 3D structures. 
However, high quality recordings necessitate low impedance devices, limiting electrode design 
and material choices. Here we will describe our efforts to use nanostructured systems that 
separate the active electrode from the membrane sealing mechanism. We are developing 
electrodes encased in nano-ring structures whose outer ring region can be modified 
independently of the working electrode. This allows us to selectively vary the dimensions and 
surface chemistry of the outer structure without compromising electrode sensitivity. This 
geometry also permits chemical entrapment and release from the active electrode, enabling 
selective and controllable material delivery to single cells. Nano-ringed electrodes can be readily 
integrated onto high density electrode arrays, allowing for selective two-way communication 
channels with single cells. 
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Abstract: α-synuclein (α-syn) is an abundant brain neuronal protein predominantly localized in 
axon terminals being implicated in the regulation in synaptic function. α-syn is a prime suspect 
for contributing to Lewy pathology and clinical aspect of diseases, including Parkinson’s disease, 
dementia with Lewy bodies, and a Lewy body variant of Alzheimer’s disease. To explore the 
putative mechanisms underlying α-synucleinopathy pathology, we used transgenic mice 
overexpressing wild-type human α-syn in CNS neurons as a model of progressing nigro-striatal 
pathology and progressive sensorimotor abnormalities. The study followed factorial design with 
groups of non-transgenic (nTg) and transgenic M20 mice stereotaxically injected into striatum at 
2 months (mo) of age with mouse or human pre-aggregated α-syn. PBS injected mice served as 
controls within each genotype, yielding 2 × 3 between subject design. Starting one month post-
injection the mice were evaluated in a battery of tests including SHIRPA screen, beam crossing, 
wire suspension, grip strength, pole climbing, rota-rod tests and home cage burrowing behavior. 
The battery of behavioral tests was administered repeatedly 5 times, with the last test 
administered at 8 mo of age. All cohorts of mice were extensively studied for neuropathological 
changes and with brain imaging. Our results demonstrated that although M20 mice exhibited 
locomotor abnormalities in some of the tests including beam crossing, they stay longer on the 
accelerated rod when challenged in rota-rod test. Interestingly, the most robust treatment effect 
caused by the α-syn seeding was observed in the burrowing and nest building behaviors. Overall, 
the M20 mice showed significantly delayed burrowing activity and compromised nest building. 
Importantly, the M20 mice injected with aggregated human α-syn were most severely impaired 
in both activities and this compromised phenotype persisted throughout the experiment. 
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Title: R1441C-LRRK2 BAC transgenic rats show progressive motor impairment and 
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Abstract: Mutations in the leucine-rich repeat kinase 2 (LRRK2) gene lead to late-onset 
Parkinson’s disease, characterized by degeneration of dopamine neurons in the substantia nigra 
pars compacta (SNc) and clinical motor and non-motor symptoms. Some of the most frequent 
Parkinson’s disease linked LRRK2 mutations (e.g. R1441C) are located in the GTPase domain 
of the LRRK2 gene. To better understand neurophysiological deficits of dopamine neurons and 
circuits which are affected in Parkinson’s disease, we generated transgenic rats that express the 
full human wild-type LRRK2 or the R1441C-LRRK2 gene variant from a bacterial artificial 
chromosome insert. We examined young adult (6 months) and aged (16-22 months) rats for 
changes in motor behavior in a rotarod task and tested their cognitive ability in a spontaneous 
alternation paradigm. We found that aged R1441C-LRRK2 mutant rats show progressive motor 
impairments on the rotarod as well as cognitive deficits in the spontaneous alternation task. We 
assessed striatal dopamine release by fast-scan cyclic voltammetry and recorded the in vivo firing 
properties of identified (juxtacellularly labeled) dopamine neurons in the SNc of young adult and 
aged rats. We found that aged R1441C-LRRK2 rats show altered striatal dopamine release 
together with an age-dependent reduction in burst firing compared to non-transgenic and human 
wild-type LRRK2 controls. The progressive reduction in dopamine transmission and burst firing 
of SNc dopamine neurons are likely to result in reduced extracellular striatal dopamine levels, 
and may account for the observed motor impairment. Our results provide novel insights into the 
impact of LRRK2 mutations on dopamine neuron and circuit function which may underlie the 
development of Parkinson’s disease. 
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Abstract: Mutations in leucine-rich repeat kinase 2 (LRRK2) are implicated in both familial and 
sporadic Parkinson’s disease (PD). Determining LRRK2’s function in the cell and subsequent 
role in dopaminergic cell death has been a challenge to elucidate. However, evidence in the field 
has been mounting that LRRK2 may play a robust role in immune cell function. Here we show 
both in vitro and in vivo that LRRK2 G2019S knock-in primary microglia and bone marrow-
derived macrophages (BMDMs) display increased phagocytic activity that correlates with an 
increase in the ARP2/3 complex activator, WAVE-2. Conversely, LRRK2 null immune cells 
display impaired engulfment correlating with a decrease in WAVE-2 protein level. We also 
provide indirect evidence that LRRK2 may stabilize WAVE-2 via direct phosphorylation to 
induce increased phagocytic activity. To explore LRRK2’s role only in microglia and its effect 
on neurons we expressed LRRK2 specifically in Drosophila CNS phagocytes (ensheathing cells) 
which leads to both age-dependant locomotor deficits and loss of dopaminergic neurons. Taken 
together, our data implicate microglial phagocytic hyper-activity in the pathogenesis of LRRK2-
mediated Parkinson’s disease. 
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Abstract: Mutations in the leucine-rich repeat kinase 2 gene (LRRK2) are the most common 
genetic causes of autosomal dominant Parkinson’s disease (PD), which is characterised by a loss 
of dopaminergic (DA) neurons in the substantia nigra pars compacta (SNc) and the presence of 
the fibrillar cytoplasmic aggregates of α-synuclein (Lewy-bodies and neurites). We aimed at 
studying the neuronal consequences of an increase in the kinase activity of G2019S-LRRK2 
mutation, a phenomenon that is considered to be central in the triggering of neurodegeneration. 
To specifically address this question, we evaluated the potential neurotoxicity of lentiviral (LV) 
and adeno-associated viral (AAV) vectors expressing three different fragments of the C-terminal 
part of wild type (WT) or G2019S mutant LRRK2: 1) the kinase domain (K), 2) the kinase 
domain plus its regulatory ROC-COR domain (RCK) and 3) the RCK domain with the C-
terminal WD40 domain (RCK-WD40). The fragments were evaluated in kinase activity assay in 
vitro (autophosphorylation and substrate phosphorylation), showing that the mutation G2019S 
induced a major increase of the kinase activity of the RCK-WD40 domain. Viral vectors coding 
the different constructs were injected in the rat SNc. Histological evaluation showed that 20-60% 
of the tyrosine-hydroxylase-(TH)-positive DA neurons were transduced. Longitudinal evaluation 
(up to 25 weeks post transduction) of the rats injected with LVs and AAVs coding RCK-WD40 
(WT) or G2019S fragments showed no performance change in motor tests, and no loss of TH-



positive DA neurons in G2019S group as compared to controls. However, overexpression of 
RCK-WD40-G2019S produced significant transcriptomic changes as compared to the WT 
fragment and a Dead-Kinase (G2019S/D1994A). These observations indicated that this 
Cterminal fragment of LRRK2 was functional and produced cellular disturbances in vivo that, 
however, were sub-toxic at the time points considered after infection. We hypothesized that the 
lack of neurotoxicity of RCK-WD40-G2019S in DA neurons in rodents may be related to the 
absence of intrinsic factors rendering DA neurons exquisitely vulnerable in patients with the 
G2019S mutatio. One possibility is that human alpha-synuclein may play a permissive or 
accelerating role in neurodegeneration induced by LRRK2-G2019S. To study this hypothesis, we 
are examining whether G2019S RCK-WD40 could increase the neurotoxicity of human alpha-
synuclein in DA neurons. We will present preliminary results from ongoing experiments where 
rat DA neurons have been co-infected with AAV-G2019S-RCK-WD40 and AAV- A53T-alpha-
synuclein. 
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Abstract: Mutations in the leucine-rich repeat kinase 2 (LRRK2, PARK8) gene cause late-onset, 
autosomal dominant Parkinson’s disease (PD) and represent the most common cause of familial 
PD. Common variation at the LRRK2 genomic locus also contributes to the risk of idiopathic 
PD. LRRK2 mutations typically give rise to alpha-synuclein-positive Lewy body pathology in 
the brains of PD subjects yet in some subjects mutations can instead precipitate tau-positive 
pathology characteristic of certain neurodegenerative tauopathies. Furthermore, the 
overexpression of mutant LRRK2 in some transgenic mouse models can produce alterations in 
the phosphorylation and levels of endogenous tau in the brain. These observations suggest that 
LRRK2 mutations can potentially regulate tau metabolism, aggregation and pathology yet the 
nature of this interaction is poorly defined. To further explore the interaction of LRRK2 and tau 
in vivo, we crossed a well-characterized P301S-tau transgenic mouse model with G2019S-
LRRK2 transgenic and LRRK2 knockout (KO) mice. We have assessed the impact of pathogenic 
and endogenous LRRK2 on the steady-state levels, detergent solubility and phosphorylation of 
human tau in multiple brains regions at 6 months of age prior to disease-onset in the P301S-tau 
mice. G2019S-LRRK2 or LRRK2 deletion has minimal effects on human tau levels, solubility or 
phosphorylation throughout the brain. To complement these models, we have delivered AAV2/6 
vectors expressing human P301S-tau to the hippocampal CA1 region of G2019S-LRRK2 
transgenic and LRRK2 KO mice. At 8 weeks post-injection, P301S-tau expression induces the 
degeneration of CA1 pyramidal neurons and tau pathology in these mice. We are currently 
conducting unbiased stereological analysis of CA1 neuronal number and tau pathology to 
determine the impact of pathogenic and endogenous LRRK2 on tau-induced neurodegeneration. 
Our studies aim to clarify the role of LRRK2 in regulating tau metabolism and aggregation in the 
brain which could provide important insight into the pathophysiological mechanisms underlying 
LRRK2 mutations in PD. 
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Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disorder with 
a prevalence of between 2-5% in people over age 65. PD is pathologically defined by the death 
of dopaminergic nigrostriatal neurons with Lewy bodies composed primarily of misfolded a-
synuclein (a-syn) in surviving neurons. The most common genetic cause of PD is mutation of the 
gene that encodes leucine-rich repeat kinase 2 (LRRK2), a large, multi-domain protein with 
functions in vesicular recycling and neurotransmitter release. The LRRK2 G2019S mutation, 
which increases LRRK2 kinase activity, is the most common PD-causing mutation worldwide. 
We are currently investigating a-syn fibril-induced pathology in vitro and in vivo, and whether 
LRRK2 modulates this phenotype. Addition of synthetic a-syn pre-formed fibrils (PFFs) to 
primary neuronal cultures has been previously shown to induce aggregation of a-syn, neuronal 
network dysfunction, and eventual neuronal death. We are examining differences in the response 
of wild type, LRRK2 knockout (LKO), and LRRK2 G2019S knockin (GKI) primary cortical 
neurons to PFFs to elucidate if LRRK2 is involved in cellular response to a-syn insult, and if this 
may be relevant to the neuropathology of genetic PD. We are concurrently examining 
consequences of a-syn insult in vivo with behavioural testing following striatal injection of PFFs 
in nontransgenic, LKO, and GKI mice. This information could be crucial in the characterization 
of early molecular disease correlates and in the design of therapeutic and neuroprotective 
strategies for synucleinopathies. 
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Abstract: The pathogenic D620N (DN) mutation in vacuolar protein sorting 35 (VPS35) is 
linked to late-onset, autosomal-dominant Parkinson’s disease (PD). VPS35 is a core component 
of the retromer complex, involved in endosomal recycling and intracellular trafficking. Data 
from our overexpression model suggests that the mutation confers a loss of function upon 
AMPA-type glutamate receptor (AMPAR) recycling, resulting in aberrant synaptic connectivity. 
Here we explore differences in binding of known and novel retromer cargoes and early synaptic 
dysfunction in a novel D620N knock-in mouse model of PD. Western blot and co-
immunoprecipitation were performed in tissue from wild-type and mutant mice to explore 
differences in binding of neurotransmitter receptors and known VPS35 interactors. We found 
mutation-specific alterations to VPS35 binding with multiple neurotransmitter receptors as well 
as to FAM21, a regulatory component of the WASH complex. Fluorescence recovery after 
photobleaching was used to assay AMPAR surface recycling. Whole-cell patch clamp and 
immunocytochemistry were used to explore differences in synapse number and efficacy in div 21 
cultured neurons. Mutant cortical neurons had altered surface recycling of AMPARs and 
glutamate transmission relative to wild-type controls. We conclude that the D620N mutation 
alters binding to several neurotransmitter receptors, and alters glutamatergic synapse 
maintenance in cultured cortical cells. Many genes linked to PD appear involved in synaptic 
transmission; thus, understanding the neurophysiological role of VPS35 and the effects of 
VPS35 mutations may uncover pathophysiological processes that lead to neurodegeneration in 
PD 
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Abstract: Striatal synaptic plasticity and dendritic spine morphology are implicated in numerous 
psychiatric and neurodegenerative disorders, including Parkinson’s Disease (PD). However, few 
studies have explored the molecular mechanisms underlying this plasticity, particularly within 
the context of PD-linked gene mutations. We recently reported that mutations in the protein 
leucine rich repeat kinase 2 (LRRK2; the most common genetic risk factor for PD) alter synaptic 
activity of cortical neurons in cultures from LRRK2 G2019S knock-in mice: glutamatergic 
transmission was increased, and the phosphorylation status of presynaptic proteins was reduced. 
Here, we first developed assays to examine NMDAR-dependent long-term potentiation (LTP) 
and mGluR1/5 dependent long-term depression (LTD) in cortico-striatal co-cultures from non-
transgenic mice. We quantified striatal spiny projection neuron (SPN) spine morphology and 
density by confocal microscopy to examine the activity-dependence of structural plasticity, and 
measured changes in synaptic proteins, including surface expression of glutamate receptors. In 
neurons from non-transgenic mice, LTP increased spine density and AMPA-type glutamate 
receptor subunit density/intensity; the reverse was observed for LTD. We then extended these 
findings into cultures from G2019S knock-in mice to determine how LRRK2 may regulate 
cortico-striatal plasticity and morphology, and additionally examined electrophysiological 
changes. This study provides a launching point and the necessary assays to further investigate the 
role of LRRK2 in striatal plasticity, and how this may contribute to PD pathology. 
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Abstract: The neuropathology of Parkinson’s disease is characterized by profound degeneration 
of dopamine (DA) and noradrenaline cells. While oxidative stress is believed to contribute to the 
pathology of the disease, why dopaminergic and noradrenergic neurons are particularly 
susceptible remains unclear. Tyrosine hydroxylase (TH) is an enzyme specifically expressed in 
catecholamine neurons, and is the rate-limiting enzyme in the production of both DA and 
noradrenaline. A pathological role of TH has been suggested, as H2O2 and other reactive oxygen 
species are known by-products of its reaction. Dysregulation of TH activity can also lead to the 
accumulation of free cytosolic dopamine, known to be neurotoxic. Here, we have created and 
characterized a mouse over-expressing TH with the aim of assessing the potential contribution of 
increased levels to oxidative stress and the specific loss of catecholamine neurons. Using 
bacterial artificial chromosomal transgenesis, we developed a transgenic mouse with six total 
copies of the TH gene (TH-HI), resulting in both a three-fold increase in mRNA (p<0.0001) and 
in TH protein levels (midbrain and striatum, all p≤0.01). To confirm that the produced TH was 
functional, we showed that there was a significant increase in the accumulation of L-DOPA in 
TH-HI mice following administration of NSD-1015, a dopa-decarboxylase inhibitor 
(p<0.00001). The mice also demonstrate behavioural changes consistent with increased DA 
production, including a potentiated locomotor and stereotypic response to amphetamine (2.0 and 
3.0 mg/kg, p<0.001 for all). Striatal tissue content of DA and its metabolites, homovanillic acid 
and 3,4-dihydroxyphenylacetic acid, were also measured by high-performance liquid 
chromatography. Importantly, at 4 weeks of age, DA content was significantly higher in 
transgenic mice than wildtype counterparts (p=0.018); however, there was no significant change 
in DA tissue content beyond 10 weeks (p=0.99). A loss in tissue content of DA may be 
suggestive of dopaminergic cell loss. Striatal tissue content of metabolites remained significantly 
higher at both time points, as did the ratio of metabolite to DA, which could indicate an 
increased DA turnover and may be predictive oxidative stress (p≤0.001 for all). To our 
knowledge, the mice described here are the first to successfully over-express TH in vivo. We aim 
to use this model to further evaluate if increased levels of TH can lead to oxidative stress and cell 
loss. In doing this, we therefore hope to establish, proof-of-principle, if TH could represent a 
target for therapeutic intervention. 
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Abstract: The molecular state of alpha-synuclein (AS) changes in the course of 
neurodegenerative synucleinopathies, where it ultimately deposits in intracellular Lewy-like 
inclusions as filamentous aggregates. Soluble oligomeric aggregates are formed in the process of 
aggregation and are considered toxic species that cause a range of cell-autonomous effects and 
tissue responses including prion-like spreading. We have previously demonstrated that p25alpha 
stimulates aggregation of AS, so we generated a mouse model of enhanced oligomer formation 
by expressing low level human p25alpha in forebrain neurons together with human AS from the 
Thy1 promoter (Rosa26-p25α/Nex-Cre/Thy1-AS) (AS-p25alpha mice). As control mice, we use 
mice 1) without p25alpha but with the same level of AS overexpression (Thy1-AS mice) and 2) 
with p25alpha but without human AS (Rosa26-p25alpha mice). Preliminary data shows that 
p25alpha augments the phenotype of Thy1-AS mice as AS-p25alpha mice have severe 
difficulties turning and initiating movement in the pole test. Increased ser129 phosphorylated AS 
is associated with aggregated AS in disease, and immunohistochemical analysis reveals that 
S129 phosphorylated AS is increased in brain regions where p25alpha and human AS is co-
expressed of AS-p25alpha mice. Immunoblotting confirms increased S129 phosphorylated AS in 
total brain extracts of AS-p25alpha mice. Biochemically, we can demonstrate a significant AS 
oligomer formation in the AS-p25alpha mice compared to the Thy1-AS mice as determined by a 
sucrose density sedimentation assay. Differential extraction analysis of brain tissues supports this 
finding, as we find increased SDS extractable AS in AS-p25alpha mice We first want to 
determine if the enhanced p25alpha induced AS aggregation is taking place in the presynaptic 
compartment and use the mice to study effects induced by AS aggregates initiating from this site. 



Their down-stream toxic signalling may uncover neuroprotective strategies to be exploited to 
identify future drug targets. 
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Abstract:  Homozygous and compound heterozygous mutations in PTEN-induced kinase 
(PINK1) gene are responsible for an autosomal recessive early-onset Parkinson’s disease (PD) 
and represent a well defined susceptibility risk factor for sporadic PD. PINK1 gene encodes for a 



mitochondrial protein kinase with established neuroprotective functions that is known to 
counteract stress-induced apoptotic neuronal death and sustain synaptic transmission by 
regulating mitochondrial homeostasis and wellness. Compelling evidence from both human and 
animal studies points out to defects of synaptic vesicular functions and mitochondria dynamics 
as early determinants influencing the susceptibility of dopaminergic neurons to 
neurodegeneration in PD. We provide a multidisciplinary characterization of PINK1 mouse 
model carrying either heterozygous or homozygous PINK1 gene mutations, PINK1+/- and 
PINK1-/- mice respectively. By means of intracellular and whole-cell patch clamp recordings we 
characterized both short- and long-term changes in synaptic transmission at corticostriatal 
synapses. We demonstrated a specific pattern of changes in synaptic plasticity related to the 
PINK1 mutation state. Indeed, while striatal medium spiny neurons (MSNs) from PINK1-/- mice 
were not capable of expressing corticostriatal long-term depression (LTD) and potentiation 
(LTP), MSNs from PINK1+/- mice showed only a selective and partial reduction of the LTP 
magnitude. The dopamine release from nigrostriatal terminals is the main regulator of 
corticostriatal synaptic plasticity. We found a lower striatal dopamine content upon stimulation 
in both mutated groups of animals, suggesting that the reduced dopamine release might be the 
common factor underlying abnormalities of corticostriatal synaptic plasticity in these animals. 
We further characterized the possible source of changes in neurotransmitter release by an 
electron microscopy analysis. A slight reduction of the average surface area of individual 
synaptic vesicles in tyrosine hydroxylase (TH)-positive terminals was found in the striatum of 
mutated mice, suggesting that the vesicular content of dopamine may be reduced in nigrostriatal 
terminals of mutants. Our data clearly support the role of loss-of-function PINK1 mutations in 
regulating synaptic transmission at corticostriatal synapses through the impairment of 
nigrostriatal dopamine release. We suggest that PINK1 might disrupt synaptic neurotransmitter 
release by altering the synaptic vesicle dynamics. Further investigations of this pathway will 
provide insights in PD pathogenesis and will offer new molecular targets for preventive 
therapeutic approaches. 
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Abstract: Parkinson Disease (PD) affects approximately 1% of the population by 65 years, 
increasing to 4-5% in 85-years-olds. PD is generally considered a multifactorial disorder that 
arises owing to a combination of genes and environmental factors. Many genes have been 
implicated in PD. SNCA encodes α-synuclein, the key component of Lewy body inclusions, 
which are the hallmark of PD. Linkage analysis identified PD-associated mutations and genomic 
multiplication of SNCA in familial, late-onset Lewy body PD where additional SNCA copies 
lead to earlier-onset and more pronounced Lewy body disease in which dementia is a prominent 
feature. Mutations in Leucine-rich repeat kinase 2 (LRRK2) are the most common genetic risk 
factor for PD, including substitutions R1441C and G2019S. LRRK2 has GTPase and kinase 
activity and has been implicated in striatal neurotransmission, neurite arborization, endocytosis 
and autophagy. The vacuolar protein sorting 35 (VPS35) D620N mutation has been shown to 
cause late-onset autosomal dominant parkinsonism, VPS35 is a critical component of the 
retromer system that mediates endosomal traffic of proteins to the trans-Golgi network, lysosome 
and plasma membrane. To evaluate the behavioral consequences of these PD protein mutations 
we performed comparative testing (at the same facility) of multiple transgenic mouse models; 1) 
LRRK2 G2019S knock-in mice (GKI) 2) LRRK2 R1441C knock-in mice (RKI), 3) VPS35 
D620N knock-in mice (VKI) and 4) human SNCA (SNCA OE) overexpressing mice. Mice were 
examined at consistent, linear time points ranging from 1 to 12 months, in a constant in-house 
setting, by standardized testing to reduce variability in phenotype characterization. Behavioral 
assessments of motor activity (open-field, cylinder tests), learning and memory (novel object 
location and novel object recognition), and anxiety (open-field) were performed. In vivo 
microdialysis was also conducted to correlate behavioral deficits with neurotransmitter levels. 
Our behavior models represent a clear useful tool for the study of PD and may play a role in 
future studies for the discovery of new therapies. Data in RKI and GKI mice suggest the 
involvement of LRRK2 in the modulation of cognitive function and dopamine release. SNCA 
over-expression led to hyperactive behavior and increased dopamine release. These studies 
provide clearly defined, clinically relevant phenotypes that enable screening of small molecules 
targeted at symptoms control and slowing (or halting) disease progression. 

Disclosures:  S. Cataldi: None. M. Volta: None. S. Paschall: None. S. Bergeron: None. M.J. 
Farrer: None. A.J. Milnerwood: None. 



Nanosymposium 

647. Parkinson's Disease: Rodent Models I 

Location: S405 

Time: Wednesday, October 21, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  647.13 

Topic: C.03. Parkinson’s Disease 

Support: Cure Parkinson Trust UK 

Title: Neuroprotective effects of lixisenatide and liraglutide in the MPTP mouse model of 
Parkinson’s disease 

Authors: *C. HOLSCHER1, M. SHARMA2, J. JALEWA2, W. LIU3, L. LI3, G. LI4;  
2Biomed. and Life Sci., 1Lancaster Univ., Lancaster, United Kingdom; 3Key Lab. of Cell. 
Physiol., 4Neurolog. Hosp., Shanxi Med. Univ., Taiyuan, China 

Abstract: Glucagon-like peptide 1 (GLP-1) is a growth factor. GLP-1 mimetics are on the 
market as treatments for type 2 diabetes and are well tolerated. These drugs have shown 
neuroprotective properties in animal models of neurodegenerative disorders. In addition, the 
GLP-1 mimetic exendin-4 has shown protective effects in animal models of Parkinson’s disease 
(PD), and a clinical pilot study in PD patients showed promising first results. Liraglutide and 
lixisenatide are two newer GLP-1 mimetics which have a longer biological half-life than 
exendin-4. We previously showed that these drugs have neuroprotective properties in an animal 
model of Alzheimer’s disease. Here we demonstrate the neuroprotective effects in the 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) mouse model of PD. MPTP was injected once-daily 
(20mg/kg i.p.) for 7 days, and drugs were injected once-daily for 14 days i.p.. Results: When 
comparing exendin-4 (10nmol/kg), liraglutide (25nmol/kg) and lixisenatide (10nmol/kg), it was 
found that exendin-4 showed no protective effects at the dose chosen. Both liraglutide and 
lixisenatide showed effects in preventing the MPTP- induced motor impairment (Rotarod, open 
field locomotion, catalepsy test), reduction in Tyrosine Hydroxylase (TH) levels (dopamine 
synthesis) in the substantia nigra and basal ganglia, a reduction of the pro-apoptotic signaling 
molecule BAX and an increase in the anti-apoptotic signaling molecule Bcl-2. The results 
demonstrate that both liraglutide and lixisenatide are superior to exendin-4, and both drugs show 
promise as a novel treatment of PD. The work has been supported by a project grant of the Cure 
Parkinson's Trust UK. 
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Abstract: The circumstances of disease onset and progression of Parkinson’s disease (PD) are 
largely obscure (> 90%). A common denominator among many neurodegenerative diseases is the 
occurrence of some level of chronic inflammation affecting the central nervous system (CNS). 
Dopamine (DA) producing neurons in the substantia nigra pars compacta of the midbrain are 
particularly vulnerable to inflammatory insults, likely because of the high degree of oxidative 
reactions involved in the synthesis of DA as well as the unusual density of immune-competent 
microglia. In a previous screen of post mortem brain sections of advanced-stage PD and 
matching control individuals (n=12 per group; Banner Sun Health Research Institute, Mayo 
Clinic, AZ), we established the intra-neuronal presence of the Gram positive anaerobe, 
Propionibacterium acnes (P. acnes), in the majority of PD samples (>83%) at more than twice 
the rate of controls. Furthermore, we were able to replicate this finding in cultured DA neuronal 
cells (SH-SY5Y) scored with transmission electron microscopy (TEM). Work by others on the 
initial cellular signs and progression of alpha-synuclein deposits in PD brains in combination 
with studies on natural weak spots in the blood brain barrier are suggestive of circumventricular 
organs (CMO), the olfactory system (OF) and the choroid plexus (CP) as potential points of 
entry for an opportunistic pathogen. To test this hypothesis, we administered intra-nasal and 
intra-venous injections of P. acnes and a control organism, Staphylococcus epidermidis (S. 
epidermidis), into wild type mice of various ages followed by immunohistochemical analyses of 
brain, blood and cerebrospinal fluid. Our results indicate that whereas both, P. acnes and S. 
epidermidis, appear to be capable of invading OF, CP and ventricular spaces, microglial 
activation and handling differed markedly between the two pathogens with P. acnes adopting a 
much more evasive strategy. Further tests in cultured microglial cell lines confirmed our in vivo 
observations and continue for the dissection of underlying mechanisms. These results confirm 
the OF and CP as entry points for opportunistic pathogens into the CNS and demonstrate 



opportunistic success of P. acnes through immune-evasive mechanisms. The scope of this work 
is currently being expanded to explore a cause and effect relationship between intracranial P. 
acnes and PD. If consistent with our findings in post mortem human brain sections, intra-nigral 
P. acnes injections into mouse brains are projected to recapitulate much of the cellular signs and 
symptoms of PD. 

Disclosures:  J.R. Leheste: None. K.E. Ruvolo: None. M. Caughey: None. M. Goldfinger: 
None. G. Torres: None. 

Nanosymposium 

648. Ataxias and Non-Huntington's Disease Neurodegenerative Diseases 

Location: N426A 

Time: Wednesday, October 21, 2015, 8:00 AM - 11:15 AM 

Presentation Number:  648.01 

Topic: C.04. Neurodegenerative Disorders and Movement Disorders 

Support: NIH/NINDS Contract HHSN271200800033C 

Title: The NINDS repository collection of patient-derived biomaterials available for 
neurodegenerative disease research 

Authors: *C. A. PEREZ, K. REEVES, J. SANTANA, S. HEIL, A. GREEN, A. AMBERSON, 
D. HUBER, G. BALABURSKI;  
NINDS Repository, Coriell Inst., Camden, NJ 

Abstract: Neurological disorders are a major public healthcare concern. The pathophysiology of 
neurodegenerative disorders remains largely unknown while the limited availability of reliable 
disease models hinders progress leading to the identification of reliable genetic and molecular 
biomarkers for disease onset, diagnosis, progression and therapeutic response. The National 
Institute of Neurological Disorders and Stroke (NINDS) Repository was established in 2002 with 
the mission of providing high quality biospecimens as a strategy to facilitate and accelerate 
research in neurological diseases. The NINDS Repository collects biospecimens and de-
identified clinical data from patients with neurological disorders as well as neurologically normal 
controls. In addition, the NINDS Repository features collections of patient-derived fibroblasts 
and induced pluripotent stem cells (iPSCs) with well-defined mutations as essential research 
tools for the establishment of cellular models. To further enhance the investigation and discovery 
of novel biomarkers the NINDS Repository also maintains extensive, long term longitudinal 
collections of biological samples such as plasma, serum, cerebrospinal fluid, and urine obtained 
from affected and neurologically healthy individuals. Since its establishment, biomaterials from 



more than 46,000 individuals with cerebrovascular diseases, Parkinsonism, motor neuron 
diseases, epilepsy, Tourette syndrome, dystonia, Huntington's disease, frontotemporal 
degeneration and neurologically-normal controls have been banked in the NINDS Repository 
and are available at http://catalog.coriell.org/1/NINDS The NINDS Repository has established 
validated standard operating procedures and rigorous quality control assessments that span the 
life cycle of all biospecimens collected to provide premium samples. The NINDS Repository 
aims to ensure and implement standardization for collecting and processing across all samples 
without compromising patient safety and privacy. In addition, the NINDS Repository utilizes 
secure and integrated laboratory information management systems to monitor inventory, sample 
processing, storage, and distribution of biospecimens, and facilitates sample-data association by 
cross-referring with other resources such as dbGaP, etc. The development of such a centralized 
collection of human biospecimens and their associated de-identified clinical data allows the 
NINDS Repository to provide a vital resource for research designed to discover and validate 
genetic and molecular biomarkers relevant for the study and treatment of neurological disorders. 
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Abstract: Aging is strongly associated with deficits in balance and motor coordination, leaving 
older adults prone to serious injury and a reduced quality of life. Despite extensive research, the 
underlying molecular mechanisms contributing to age-related motor function deficits remain 
poorly understood. Previously, the spindle assembly checkpoint protein BubR1 emerged as a 
novel genetic component contributing to aging-related pathology. Mutant mice expressing low 
levels of BubR1 (BubR1 hypomorphic or BubR1H/H mice) show an accelerated onset of aging-
related features including reduced lifespan, cachectic dwarfism, sarcopenia, cataracts, 
craniofacial dysmorphisms, and heart arrhythmias. In addition, mutations in the human BUBR1 
gene are linked to mosaic variegated aneuploidy (MVA) syndrome, a rare autosomal recessive 
disorder. Children with MVA syndrome exhibit low levels of BubR1 protein and display similar 
progeroid traits. Moreover, BubR1 expression in wild-type (WT) mice undergoes a marked 
reduction in multiple tissues throughout the natural aging process. Together, these observations 
suggest a key role for BubR1 in age-related pathologies. Although motor function deficits are 
frequently observed in aged populations, whether reductions in BubR1 contribute to such deficits 
is not known. Here we found that BubR1 is expressed within the adult mouse cerebellum and is 
significantly reduced with chronological aging. We further demonstrate that BubR1H/H mice 
show several features of motor function impairment such as severe coordination deficits, reduced 
locomotor activity, abnormal gait, hindlimb clasping, and reduced neuromuscular strength. At 
the cellular level, we found BubR1H/H mice exhibit cerebellar abnormalities including 
decreased Purkinje cell number and spine density. Given strong evidence that motor deficits 
commonly arise from cerebellar circuit dysfunction, we suggest that such cerebellar defects in 
BubR1 mutants contribute to motor function impairment. Collectively, our study identifies a 
novel role for BubR1 as a key component required for normal motor function and provides new 
insight into age-related neuropathology. 
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Abstract: Synaptic vesicle (SV)-associated cysteine-string protein α (CSPα)maintains synaptic 
function and is neuroprotective. CSPα recruits Hsc70 and activates its ATPase activity ensuring 
proper activity of SNARE proteins, dynamin and a limited number of other synaptic client 
proteins. Deletion of CSP in flies and mice causes progressive synaptic failure, paralysis, 
neuronal loss and premature death. Mutations in human CSPα (hCSPα, L115R and L116Δ) cause 
a dominant adult-onset form of Neuronal Ceroid Lipofuscinoses (ANCL, CLN4B), a progressive 
neurodegenerative disease with lysosomal pathology causing seizures, dementia, and early death. 
We have generated a Drosophila model of ANCL by transgenically expressing normal hCSPα 
and the CLN4B-causing mutations L115R and L116Δ in fly neurons. Normal hCSPα is 
functional in flies and can significantly restore defects of Drosophila CSP (dCSP) null mutants. 
Neuronal expression of hCSPα in wild type flies has no significant detrimental effects while 
CLN4B-mutant hCSPα induces neurodegeneration and reduces lifespan is a dose-dependent 
manner. Expression of hCSP-L115R and L116Δ induces the formation of abnormal SDS-
resistant protein aggregates (>250 kD) containing both hCSPα and endogenous dCSP. CSP 
aggregates accumulate on late endosomes found at axon terminals, axons and neuronal somata in 
a dose-dependent manner and arrest the formation of functional lysosomes and/or 
autophagosomes. Electron microscopy images show numerous pathological structures including 
abnormally large autophagosome-like structures, multi-laminar membrane “whirls”, large 
osmophillic bodies and widespread degeneration. To define mechanisms that contribute to 
CLN4B-induced neurodegeneration, we are conducting F1 dominant gain- and loss-of-function 
genetic modifier screens. So far, we have identified a number of candidate genes that enhance or 
suppress the phenotypic effects of hCSP-L116Δ expression. Interestingly, some of these are 
associated with CSP’s synaptic function, indicating a tight link between ANCL/CLN4B disease 
pathology and CSP function. 
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Abstract: SCA2 is an inherited disorder caused by CAG repeat expansion in an encoded region 
of the ATXN2 gene resulting in polyglutamine expansion and gain of toxic function. We 
hypothesize that lowering overall ATXN2 expression using antisense oligonucleotides (ASOs) 
would be therapeutic for SCA2. Objective: To demonstrate that lowering ATXN2 expression 
modifies molecular, motor, and neurophysiological phenotypes of SCA2 mice. Methods: We 
screened >100 ASOs designed to lower ATXN2 expression in vitro in HepG2 cells. ATXN2-
Q127 transgenic mice were treated by intracerebroventricular (ICV) injection of ASOs. ASO 
effects on established ATXN2-Q127 mouse phenotypes were determined: Motor phenotypes 
were studied by rotarod testing, cerebellar molecular phenotypes were determined by qPCR, and 
Purkinje cell firing frequencies were determined by extracellular recordings in acute cerebellar 
slices. Results: Three ASOs lowered ATXN2 expression in ATXN2-Q172 transgenic mice, the 
best by >80% after 7 d, without evidence of toxicity (Iba1 activation). ATXN2 remained 
significantly reduced after 21 wks. Immunohistochemical staining of ASOs using anti-ASO 
antibody demonstrated ASO localization in Purkinje cells. ASOs also localized in motor neurons 
throughout the spinal cord and spinal cord ATXN2 expression was significantly reduced. 
ATXN2-Q172 mice treated 13 weeks with ATXN2 ASO had delayed motor phenotype onset 
(rotarod), and normal pacemaking Purkinje cell firing frequencies, unlike saline treated control 
mice. Conclusions: We identified ASOs that potently lower ATXN2 expression resulting in 
delayed progression of SCA2 phenotypes in ATXN2 transgenic mice. Ongoing studies include 
screens for more efficacious ASOs and determination of ASO effects on the SCA2 phenotypes in 
SCA2 BAC transgenic mice. 



Disclosures:  D.R. Scoles: None. M. Schneider: None. P. Meera: None. K. Figueroa: 
None. M.H.T. Ho: None. G. Hung: None. F. Rigo: None. C. Bennett: None. T. Otis: None. S. 
Pulst: None. 

Nanosymposium 

648. Ataxias and Non-Huntington's Disease Neurodegenerative Diseases 

Location: N426A 

Time: Wednesday, October 21, 2015, 8:00 AM - 11:15 AM 

Presentation Number:  648.05 

Topic: C.04. Neurodegenerative Disorders and Movement Disorders 

Support: NIH Grant T32HD007470 

 NIH Grant T32GM007618 

 CIRM Grant TG2-01153 

 Consortium for Frontotemporal Dementia Research 

 Taube-Koret Center 

 Hellman Family Foundation Alzheimer’s Disease Research Program 

 Roddenberry Stem Cell Program 

Title: The kinase RIPK1 regulates progranulin levels 

Authors: *A. R. MASON1,2,3,4, L. ELIA1,2, S. FINKBEINER1,2,5;  
1Gladstone Inst. of Neurolog. Dis., San Francisco, CA; 2Taube-Koret Ctr., San Francisco, CA; 
3UCSF DSCB Grad. Program, San Francisco, CA; 4UCSF Med. Scientist Training Program, San 
Francisco, CA; 5UCSF Departments of Physiol. and Neurol., San Francisco, CA 

Abstract: Among the known genetic causes of frontotemporal dementia (FTD), progranulin 
(PGRN) haploinsufficiency is one of the most common. One potential approach to treating 
PGRN-deficient FTD is increasing PGRN levels. We performed a siRNA-based screen of the 
mouse kinome to identify genes that, when knocked down, lead to increased levels of 
extracellular progranulin. We identified receptor-interacting serine-threonine kinase 1 (RIPK1) 
as a regulator of PGRN levels. Eight distinct siRNAs against RIPK1 each increase extracellular 
PGRN levels in Neuro-2a cells, confirming RIPK as a genetic modifier of PGRN levels. This 
effect is not due to changes in cell number or changes in global secretion. Knockdown of RIPK1 
with shRNA increases extracellular PGRN in primary mouse cortical neurons. RIPK1 



knockdown does not change PGRN mRNA levels, indicating that RIPK1 regulates PGRN 
through a non-transcriptional mechanism. Additionally, RIPK1 knockdown leads to an increase 
in both intra- and extra-cellular PGRN, indicating that RIPK1 does not change the rate of PGRN 
secretion. Preliminary data indicates that kinase function may not be required for the effects of 
RIPK on PGRN. Future studies will determine which domains of RIPK1 and which downstream 
signaling pathways are involved in PGRN regulation. Primary support for this work was from 
the California Institute of Regenerative Medicine (A.R.M.), and the Consortium for 
Frontotemporal Dementia (S.F.). Additional support was provided by the Taube-Koret Center 
(S.F.), the Hellman Family Foundation Alzheimer’s Disease Research Program (S.F.) and the 
Roddenberry Stem Cell Program (S.F.). 
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Abstract: Frontotemporal lobar degeneration (FTLD) is a heterogeneous group of 
neurodegenerative syndromes affecting frontal and temporal lobes and leading to dementia. At 
molecular level, FTLD pathogenesis is suggested to involve impairment of protein degradation 
pathways, including the proteasome, leading to formation of intracellular inclusions containing 
e.g. TDP-43, FUS and ubiquilin proteins. Recently, hexanucleotide repeat expansion in 



C9ORF72 gene was identified as a major cause of FTLD and amyotrophic lateral sclerosis. The 
expansion is suggested to contribute to disease pathogenesis via mechanisms involving 
haploinsufficiency and aberrant RNA metabolism and protein translation. Physiological 
functions of C9orf72 protein are not well known, but it may control endosomal trafficking. Here, 
we have used overexpression of the two C9orf72 protein isoforms A and B to investigate their 
expression, subcellular localization, and relationship with other FTLD-associated proteins in 
neuronal SH-SY5Y cells under normal conditions or proteasome inhibitor-induced proteasomal 
impairment. Human frontal cortex samples were used to examine levels of C9orf72 isoforms and 
other FTLD-associated proteins in relation to presence or absence of C9ORF72 repeat 
expansion. Levels of both C9orf72 isoforms significantly increased after proteasomal inhibition, 
implying that their cellular levels are regulated by proteasomal degradation. There were no signs 
of C9orf72 aggregation in the cells. We found no differences in the protein levels of TDP-43 or 
FUS in isoform A or B overexpressing cells in either conditions compared to control cells. 
However, overexpression of isoform A, but not B, led to significantly decreased ubiquilin-1 
levels under both conditions. Microscopy revealed that isoform B was evenly distributed in the 
cytoplasm, while A was clearly localized in intracellular vesicles. These results suggest that 
subcellular localization and protein interactions of isoform A and B may differ. Protein levels of 
TDP-43 or FUS were not altered in correlation with the repeat expansion in human brain, but 
ubiquilin-1 levels were lower in expansion carriers. Using a commercially available antibody, we 
observed no significant differences in C9orf72 isoform levels in expansion carriers and non-
carriers. Interestingly, C9ORF72 mRNA levels were decreased in human temporal cortex in 
relation to the progression of neurofibrillary pathology. Taken together, our studies provide 
novel data on the expression and biology of the two C9orf72 protein isoforms in neuronal cells 
and human brain. 
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Abstract: Mutations in ATP1A3, the gene encoding the neuron-specific sodium-potassium 
pump Na+, K+, ATPase alpha 3 subunit (Na,K-ATPase alpha3), lead to the debilitating brain 
disorder, Rapid-onset Dystonia-Parkinsonism (RDP). Symptoms, including dystonia and 
cognitive disorders, are triggered by intense stress. The Na,K-ATPase exports three Na+ ions and 
imports two K+ ions for each ATP hydrolyzed. In neurons, the energetic costs of action 
potentials mainly arise from the ATP required for the Na,K-ATPase to restore the resulting 
electrochemical gradients and approximately 50% of brain energy consumption is used for the 
turn-over of Na,K-ATPase. Notably, the most common mutation observed in RDP patients, 
T613M, is located close to the nucleotide-binding domain. Complementary approaches were 
used here to investigate the molecular mechanisms of RDP and create a relevant cellular model 
of the disease. We performed molecular dynamics simulations of the wild-type or T613M mutant 
Na,K-ATPase alpha3 and predict that the T613M mutant is structurally unstable around the ATP 
binding site, which can affect forward cycling of the protein and ion transport. Live imaging 
experiments using the Na+-sensitive dye ANG2 were then performed to analyze intracellular Na+ 
(Nai) homeostasis in primary cultures of hippocampal neurons expressing fluorescently tagged 
wild-type or T613M mutant Na,K-ATPase alpha3. Expression of T613M leads to robust changes 
in both baseline Nai and rate of Nai recovery after challenges that specifically activate the Na,K-
ATPase or provoke and mimic intense neuronal activity. Finally, analysis of both resting 
membrane potential and spontaneous spiking activity during current clamp recordings supports 
the conclusion that T613M-expressing neurons that have a higher resting membrane potential are 
prone to respond to depolarization with higher frequency action potential firing. Thus, our study 
shows that the pathophysiology of RDP can involve altered nucleotide binding, increased 
intracellular Nai, decreased maximum rate of restoration of Nai leading to increased neuronal 
excitability which during severe stress that triggers RDP can result in neuronal malfunction. 
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Abstract: Frontotemporal lobar degeneration with TDP-43 inclusions (FTLD-TDP) is an 
important cause of dementia in individuals under age 65. Common variants in the minimally 
characterized TMEM106B gene were previously discovered by genome-wide association to 
confer genetic risk for FTLD-TDP (p=1x10-11, OR=1.6). In addition, evidence suggests that 
TMEM106B variants increase risk for developing FTLD-TDP by increasing TMEM106B 
expression levels. To further understand the role of TMEM106B in disease pathogenesis, we 
therefore investigated the cell biological effects of increased TMEM106B expression. Here, we 
report that increased TMEM106B expression results in a decrease in the average number of late 
endosomes/lysosomes per cell, loss of lysosomal acidification, and impaired lysosomal 
degradation. Taken together, these results indicate a decrease in the functional lysosomal pool, 
with cytotoxic consequences for cells with increased TMEM106B expression. In addition, 
lysosomal deficits are accompanied by the appearance of enlarged organelles (>2-3µm) 
demonstrating ultrastructural characteristics of late autophagic vacuoles 
(autolysosomes/amphisomes), with a concomitant increase in the number of autophagosomes 
and autolysosomes. We observed these effects in both immortalized cell lines and in primary 
neurons over-expressing TMEM106B. Furthermore, we show that the effects of increased 
TMEM106B expression can be abrogated by (1) point mutations to a lysosomal sorting motif in 
TMEM106B newly identified here, or (2) knockdown of C9orf72 protein. In sum, our results 
suggest that TMEM106B exerts its effects on FTLD-TDP disease risk through alterations of 
lysosomal and autophagic pathways and that TMEM106B and C9orf72 may interact in disease 
pathophysiology. 
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Abstract: Frontotemporal lobar degeneration (FTLD) is a heterogeneous group of disorders 
whose clinical manifestations include behavioral variant FTD, primary progressive aphasia, 
corticobasal degeneration and progressive supranuclear palsy. Neuropathologically, FTLD is 
associated with accumulations of tau, TDP-43 or FUS proteins. Further, brains of patients with 
FTLD exhibit pronounced atrophy in the frontal and anterior temporal lobes. The ability to 
understand the specific relationships between brain atrophy patterns (i.e., neuroimaging 
biomarker), protein inclusions (i.e., neuropathological markers), and clinical diagnoses would be 
important when we have the ability to treat and manage individual patient’s specific disease. As 
part of a series of studies aimed at understanding these relationships and disease mechanisms, we 
utilized a conditional transgenic mouse model of human TDP-43 (hTDP-43) overexpression. We 
performed a preliminary analysis of brain regional volumes using magnetic resonance imaging 
(MRI), focusing on the hippocampus and insular cortex due to their involvement in human 
FTLD (McKhann et al., 2001; Hatanpaa et al., 2004). Five inducible hTDP-43-overexpressing 
transgenic mice (Cannon et al., 2012) in which hTDP-43 expression was induced after weaning 
(21 days of age) and seven controls, all at 10 weeks of age, were anesthetized and imaged on a 
9.4T Bruker MRI small-animal scanner, using a respiratory gated 3D gradient echo sequence 
(FLASH) at an isotropic resolution of 120 um3. Three repetitions of this sequence were acquired 
and averaged. Bilateral hippocampus and insular cortex were manually segmented using DTI 
Studio software suite according to a stereotaxic atlas. Areas of single slices through the 
midsagittal plane were used as proxies for total brain volume. Statistical analyses were 
performed using SPSS software. No significant difference was seen in the midsagittal slice area 
between the control (63.9 ± 0.5 mm2) and the TDP-43 overexpressing mice (64.0 ± 0.7 mm2). 



The TDP-43 overexpressing mice showed significantly reduced hippocampal (controls: 18.0 ± 
0.2 mm3, TDP-43: 17.3 ± 0.3 mm3; p = 0.043), and insular cortex (controls: 5.54 ± 0.11 mm3, 
TDP-43: 4.82 ± 0.08 mm3; p = 0.001) volumes as compared to controls. Reliability was 
demonstrated through repeat segmentations (Cronbach’s alpha = 0.81 for hippocampal volume, 
and 0.94 for insular cortex slices). This study demonstrates that TDP-43 overexpression is 
associated with volume reductions in specific mouse cortical areas. The relationship between 
cortical volume loss and level of TDP-43 expression and density of inclusions requires future 
experimental attention. 
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Abstract: Multiple System Atrophy (MSA) is a rare aggressive neurodegenerative disorder with 
adult onset. It can be characterized by a mixture of autonomic failure, ataxia, and parkinsonism. 
The two main disease subtypes can be distinguished clinically as “MSA-P” (predominant 
parkinsonism) or “MSA-C” (dominant cerebellar features). Both are associated with significant 
decline in dopamine transporter levels during disease progression. The cardinal pathology of 
MSA is glial cytoplasmic inclusions enriched for alpha-synuclein protein. The cause of MSA is 
unknown but is likely due to the combination of heritable and environmental factors. To 
investigate the heritable risk factors associated with MSA we decided to study nuclear families 
with one affected individual. Due to the midlife onset of the disorder a significant number of 
cases are diagnosed when the affected individual’s parents are still living. Three nuclear families 
were analyzed by exome sequencing. By using a selective filtering and variant prioritization 
approach, we attempted to identify variants that met one or more of the following criteria: (1) 



family specific variants or ones present at a very low frequency in the population (ExAc MAF 
<0.05), (2) variants predicted to have a damaging effect on the protein (CADD >11), and (3) 
familial segregation consistent with a digenic heterozygous inheritance model. In two families, 
variants were found in LRRK2 and SLC6A3 (aka DAT, dopamine transporter) or LRRK2 and 
SLC6A2 (aka NET, norepinephrine transporter). Mutations in LRRK2 have previously been 
associated with Parkinson’s disease (PD) risk. Additionally, LRRK2 is known to regulate 
synaptogenesis and dopamine receptor activation. In the third family, we identified two variants 
in different voltage-gated calcium channel subunits, CAV1.3 and CAV2.1. CACNA1D, 
encoding CAV1.3, has been reported to be involved in neurodegenerative mechanisms 
associated with the development of PD. CACNA1A, encoding CAV2.1, was previously 
associated with spinocerebellar ataxia type 6, which shares several clinical manifestations with 
MSA-C. This study is the first report of a nuclear family analysis of MSA in a Caucasian cohort. 
While small, our findings suggest the presence of rare variants with significant heterogeneity as a 
possible mechanism of disease. Interestingly, although each family studied had a different 
combination of variants they coalesce on a common biological theme related to dopamine 
processing in the brain, a previously hypothesized disease mechanism. Future work is necessary 
to further generalize these findings but also to investigate the functional ramification of these 
newly identified variants. 
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Abstract: Spinocerebellar ataxia type 1 (SCA1) is an autosomal dominant inherited disorder 
characterized by degeneration of cerebellar Purkinje Cells (PC), spinocerebellar tracts, and 
selective brainstem neurons. The genetic cause of SCA1 consists in the expansion of a CAG 
trinucleotide repeat in the SCA1 gene that results in the atypical extension of a polyglutamine 
(polyQ) tract within the ataxin-1 protein and in the accumulation of ataxin-1 aggregates in 
nuclear neuronal processes. The length of the expansion is directly proportional to the severity of 
the disease. Main objective of our study was to investigate the mitochondrial oxidative 
metabolism in vivo in the cerebellum of transgenic SCA1 mice. Our experiments were performed 
on mice aged two and six months expressing the full length human SCA1 cDNA with 82 CAG 
repeats controlled by a specific PC protein-2 (Pcp2) promoter. These SCA1 transgenic mice 
develop clinical features in the early stages of life (around 5 weeks of age) presenting 
pathological cerebellar signs with concomitant progressive Purkinje neuron atrophy, but 
relatively little cell loss, at least at this age; this evidence suggests that the SCA1 phenotype is 
not the result of cell death per se, but a possible effect of cellular dysfunction that occurs before 
neuronal demise. In both heterozygous and homozygous two-months old mice we observed a 
mild loss of the PC population in the cerebellar cortex, and the loss became more evident in six-
months old mice, in which we also observed numerous PC in heterotopic positions within the 
molecular and, occasionally, the granular layer. Histochemical examination showed a 
progressive, age-related cytochrome-c-oxidase (COX) deficiency in the PC of both heterozygous 
and homozygous mice, the percentage of COX-deficiency being up to 30% in six-months old 
mice. Using a laser-microdissector we selectively isolated COX-competent/deficient PC and 
granular cells to search for mtDNA defects. We found no mtDNA mutations, but Real-Time 
PCR allowed us to detect mtDNA depletion in COX-deficient PC, COX-competent PC and GC 
being spared. We thus conclude that the selective oxidative metabolism defect observed in 
neuronal PC expressing mutant ataxin could represent one of the earliest pathogenetic steps of 
PC degeneration in SCA1 disease. 
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Abstract:  Ataxia telangiectasia (AT) is a progressive multisystem disorder caused by mutations 
in the AT-mutated (ATM) gene. AT is a neurodegenerative disease primarily characterized by 
cerebellar degeneration with loss of Purkinje cells in children leading to motor impairment. The 
disease progresses with other clinical manifestations including oculocutaneous telangiectasia, 
immune disorders, increased susceptibly to cancer and respiratory infections. Although genetic 
investigations and physiological models have established the linkage of ATM with AT onset, the 
mechanisms linking ATM to neurodegeneration remain undetermined, hindering therapeutic 
development. The current murine models carrying mutated ATM have shown high fidelity in 
mimicking the ancillary symptoms of AT. However, the hallmark neuropathological phenotypes 
of Purkinje cell loss have not been fully recreated to date, thus highlighting the need for a more 
suitable animal model. Utilizing gene targeting and somatic cell nuclear transfer strategies, we 



engineered an unprecedented porcine model of AT in order to bridges the gap between patients 
and mouse models and ultimately, unmask basic mechanisms underlying the neuropathology of 
the disease. The initial characterization of AT pigs revealed congenital cerebellar lesions 
including loss of Purkinje cells and altered cytoarchitecture. These findings suggest a fetal origin 
for AT lesions and could advocate for early therapies for AT patients. Similar to patients, AT 
pigs develops several motor deficit phenotypes. The measurable PC loss and motor deficits can 
be used as metrics to evaluate disease progression. The porcine model of AT is the first animal 
model that faithfully mimics the neurological human and may become a useful tool to enable 
pharmacological screening and to pinpoint regulatory mechanisms that are able to halt or reverse 
the neurological dysfunction and potentially, in the future, provide quantifiable endpoints for 
preclinical therapeutics in translational medicine 
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Abstract: Cervical spondylotic myelopathy (CSM) is the most common cause of adult spinal 
cord impairment in the world. It is caused by prolonged compression of the spinal cord from 
degenerative conditions, and is mainly characterized by hand impairment, gait instability, 
bladder dysfunction, pain and weakness. Although there is increasing evidence to support the 
role of surgical decompression for CSM in patients, neurological complications occur in at least 
5% of cases with surgical management. The primary objective of this study was to characterise 
the neurobehavioral and biochemical changes in a decompression model using C57B/L mice to 
replicate the surgical outcomes in the clinics, and to test potential therapies. Briefly, we induced 
a progressive cord compression at C5-6 by inserting a biomaterial strip under the laminae at 
these levels followed by a surgical decompression at 6 weeks after material implantation. 
Neurobehavioral recovery was periodically followed before and after surgical decompression. 
Immunohistochemistry, western blot and ELISA were used to characterise the decompressive 
environment. We use T1 weighted MRI to characterise the compression ratio before and after 
surgical decompression. Surgical decompression for CSM caused a local increase of pro-
inflammatory cytokines and chemokines (*<p0.05; **p<0.01) around the level of compression at 
24 hours after surgery, as well as a two-fold decrease in iba-1 expression over time. Capellini 
handling and wire hang test for forelimb function. Deterioration in hand dexterity was 
significantly decline at 3-4 days and 5 weeks after surgical decompression (*p<0.05). In addition 
grip/muscle strength, measure with wire hang tests was significantly improved at 2 weeks after 
surgery (*p<0.05). Pain response was significantly reduced in forelimbs after surgery, without 
significant changes in the hindlimbs. We also performed a detailed analysis of gait deficits. This 
study shows a transient increase in inflammation response after surgical decompression, 
followed by attenuation of neurobehavioral deficits after surgical decompression in mice. 
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Abstract: Protein ubiquitination and proteasomal degradation are integral determinants of cell 
survival under conditions of acute and chronic neural stress. Neurons have a complex 
relationship with damaged proteins. While short term proteasomal inhibition is often 
neuroprotective in the context of acute hypoxic stress, chronic proteasomal inhibition promotes 
protein aggregation and dysfunction. Understanding the complexities of protein triage is essential 
for developing well-tolerated therapies for conditions associated with protein oxidation, 
denaturation and abnormal trafficking. Oxidized or denatured proteins associate with the Heat 
Shock Protein 70 (HSP70) chaperone complex where C-Terminus of HSP70-Interacting Protein 
(CHIP) tags proteins for degradation. Previous studies suggest that driving expression and 
activity of E3 ligases such as Parkin and CHIP, each tagging a specific subset of client proteins 
with ubiquitin chains, may offer more discreet and longer lasting benefits than were observed 
with blunt proteasome inhibition. We have found that long term CHIP overexpression fails to 
protect neurons from acute stress and is, in fact, detrimental to survival. In response to oxygen 
and glucose deprivation (OGD), CHIP translocates to mitochondria and promotes calcium 
buffering suggesting it may have a role beyond standard polyubiquitination of clients. Indeed, 
CHIP deficient mice have shortened life-spans, high levels of protein and lipid oxidation, and 
profound motor impairments. As CHIP knockout mice are the only E3 ligase deficient animals 
that have overt behavioral and molecular dysfunction we hypothesize that CHIP is uniquely 
poised to impact cell stress signaling. We found that CHIP is acutely overexpressed in response 
to OGD, and hypothesize that it may play a neuroprotective role in the context of ischemic 
preconditioning (PC). PC is a phenomena where mild stress (15-min OGD) confers protection 
from subsequent stroke-like insults. Both CHIP and HSP70 expression peak 6-hrs after mild 
OGD and remain elevated for 24-hrs. While PC is non-toxic, proteins are damaged as evidenced 
by high levels of ubiquitin aggregation 24-hrs after stress. Using subcellular fractionation, we 
observe that the majority of CHIP is present in mitochondrial fractions at 6-hrs. In order to 
determine if the E3-ligase activity of mitochondrial CHIP promotes survival, mouse embryonic 
fibroblasts (MEFs) from CHIP KO animals were transfected with full-length CHIP or a truncated 
mutant lacking E3-ligase function. Ongoing experiments seek to determine the contribution of 
the E3 ligase domain to survival and mitochondrial relocalization in acute stress. 
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Abstract: Stroke is the second leading cause of death and the leading cause of disability 
worldwide with limited treatments. Ischemic stroke disrupts the blood-brain barrier (BBB) that 
increases vasogenic and cytotoxic brain edema. To investigate the mechanisms of the BBB 
disruption is important to develop effective treatments to control brain edema for human stroke. 
The BBB is primarily formed by brain vascular endothelial cells (BVECs) interconnected with 
well-developed tight junctions. It is documented that a large volume of mitochondria exists in 
BVECs. To investigate the role of mitochondria in maintenance of BBB integrity, we used a 
pharmacological strategy to manipulate mitochondrial respiration. We demonstrated that 
inhibition of mitochondrial Complex I with rotenone, uncoupling of electron flow from ATP 
production with FCCP, or inhibition of mitochondrial Complex V with oligomycin rapidly 
increased FITC-dextran 70 permeability in a transwell system of cultured BVEC monolayers in 
vitro. Immunocytochemical analysis revealed that the normally well-defined, linear cell-cell 
junctions in BVECs were disrupted when oxidative phosphorylation was inhibited by 
mitochondrial inhibitors. Using an epidural application model for CNS drug delivery in vivo, we 
found that inhibition of Complex I with rotenone significantly increased Evan’s blue 
extravasation in the mouse brain. Using transient middle cerebral artery occlusion model, 
rotenone caused significant BBB damage and exacerbated infarct volumes, and worsened 
neurological deficits in stroke. These data suggest that mitochondria are critical for the regulation 
of cerebrovascular permeability. They also suggest a potential new therapeutic strategy for 
ischemic stroke by regulating endothelial cell mitochondrial energy production. 
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Abstract: Stroke is the second leading cause of death world-wide and a major cause of serious 
long-term disability. Two comorbidities have been shown to accompany ischemic stroke: tissue 
acidosis and increase deposition of amyloid-β peptide (Aβ). We have previously shown that 
either of these comorbidities can enhance the dysregulation of intracellular calcium ([Ca2+]i) 
homeostasis caused by neuronal ischemia, which ultimately results in increased neuronal death. 
To date, the molecular mechanism(s) mediating Aβ-induced potentiation of ischemia remains 
unknown. Furthermore, the effects of Aβ on concurrent ischemia + acidosis have not been 
investigated. Fluorometric calcium imaging was used to determine if application of Aβ affects 
the [Ca2+]i overload produced by concurrent ischemia + acidosis in isolated cortical neurons. 
Incubation of neurons in 25 µM Aβ25-35 for 24 hr results in a 59 ± 9% increase in peak elevations 
in [Ca2+]i evoked by ischemia + acidosis. The kinetics of the [Ca2+]i overload produced by 
ischemia + acidosis following pre-incubation in Aβ suggest that the acid-sensing ion channels 1a 
(ASIC1a) is involved in the effects of the amyloid peptide. Whole-cell patch-clamp 
electrophysiology was used to determine if a change in ASIC1a activity is responsible for Aβ-
evoked potentiation of ischemia + acidosis induced [Ca2+]i overload in isolated cortical neurons. 
Following a 24 hr incubation in Aβ there was a 68 ± 17% increase in the inward currents 
(holding potential, -70 mV) produced by focal application of physiological saline solution at pH 
6.0. Given that activation of sigma-1 receptors can modulate both ischemia + acidosis- and Aβ-
evoked [Ca2+]i overload, experiments were carried out to see how sigma-1 receptor activation 
affects Aβ modulation of responses to ischemia + acidosis. Fluorometric [Ca2+]i imaging 
experiments showed that the sigma receptor agonist, afobazole (100 µM), abolished Aβ 



potentiation of ischemia + acidosis evoked [Ca2+]i overload. In conclusion, our data show a 
mechanism by which Aβ may enhance neuronal injury during ischemia, increased [Ca2+]i 
overload, and identify ASIC1a as the channel mediating this phenomenon. Finally, our data 
suggest that activation of sigma receptors may represent a therapeutic strategy for mitigating 
injury produced by Aβ and stroke. 
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Abstract: Ischemic postconditioning (IPostC) protects against brain injury induced by stroke, 
but the underlying protective mechanisms remain unknown. We hypothesize that IPostC reduces 
brain injury by inhibiting the infiltration of macrophages in the ischemic brain. Macrophages in 
the ischemic brain are composed of two subsets, microglia-derived macrophages (MiDMs) and 
monocyte-derived macrophages (MoDMs). Upon activation, both MiDMs and MoDMs are 
polarized into two functional subsets, pro-inflammatory M1 and anti-inflammatory M2 
macrophages. Thus, we investigated the potential different roles of MoDMs vs MiDMs, and their 
associated M1 and M2 functional subsets, in the protective effect of IPostC against ischemic 
brain injury. Stroke was induced by transient middle cerebral artery occlusion (MCAo) in 
C57/BL mice. We first confirmed that IPostC significantly reduced infarct sizes measured on day 
3 post-stroke, and that IPostC inhibited accumulation of MoDMs (CD45hiCD11b+), but not 
MiDMs (CD45intCD11b+) in the ischemic brain, as measured by FACS based on macrophage 
specific cell surface markers, CD45 and CD11b. LPS injection in non-stroke mice resulted in 
robust increases in pro-inflammatory monocytes (Ly6chiCD11b+) in the peripheral blood. In 
addition, LPS injection resulted in significant increases in brain infarction. Nevertheless, IPostC 
robustly inhibited brain infarction induced by LPS, and inhibited LPS-induced accumulation of 



MoDMs in the ischemic brain. The results of confocal immunostaining further suggest that 
IPostC reduced LPS-induced CD68 positive macrophages in the ischemic brain. We found that 
stroke resulted in increases in both M1 and M2 macrophages in the ischemic brain, and IPostC 
robustly inhibited M1 but not M2 macrophages in the ischemic brain with and without LPS 
treatment. Taken together, we conclude that IPostC attenuates brain injury by inhibiting 
infiltration of MoDMs and their M1 polarization. 
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mouse brain 
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Abstract: Objectives: Resveratrol preconditioning (RPC) mimics ischemic preconditioning and 
reduces ischemic injury when administered two days prior to cardiac arrest in rats as well as 
stroke in mice. This protection is postulated to occur at least in part through signaling pathways 
involving Sirt1. The goal of this study is to identify the conditions of RPC that most robustly 
induce neuroprotection from focal ischemia and further investigate the contribution of Sirt1 to 
this end. Methods: We tested four different RPC (10 mg/kg resveratrol i.p.) treatment paradigms 



against middle cerebral artery occlusion (MCAo). Functional outcome was assessed by 
neurological scoring and infarct volume was quantified via tetrazolium chloride staining 24 
hours post-stroke. Sirt1-chromatin binding was evaluated by ChIP-qPCR. Percoll gradient 
fractionation was used to obtain synaptic fractions for western blot analysis. BDNF 
concentration was measured using an ELISA. Inducible, neuron-specific Sirt1 knockout mice 
were generated by crossing SLICK-H CreERT2 and Sirt1flox/flox mice. Data are represented as 
mean ± SEM. Results: Strikingly, a single application of RPC 14 days prior to stroke afforded 
the most robust protection, reducing infarct volume by 33% (p<0.01, veh n=9, RPC n=10) and 
improving neurological score by 28% (p<0.05) compared to vehicle. 14 days following RPC, 
cortical Sirt1 protein levels were increased 1.5 fold of vehicle (p<0.01, n=10) and Sirt1 binding 
to both the BDNF and UCP2 promoters was significantly enhanced, 2.66-fold and 1.14-fold, 
respectively (BDNF p<0.01, UCP2 p<0.05, n=3). At the same time point, synaptic UCP2 protein 
decreased by 23% (student’s T-test, p<0.05, n=6) and cortical BDNF concentration increased 
27% of vehicle (p<0.05, n=7). To determine whether the Sirt1 signaling axis is key for this 
extended window of protection, we have generated inducible, neuron-specific Sirt1 knockout 
mice (Sirt1neu-/-). In these mice, the thy1 promoter drives inducible Cre expression (and YFP 
reporter) exclusively in neurons. Tamoxifen treatment induces deletion of exon 4 (catalytic 
domain) from the Sirt1 gene, resulting in production of a mutant, non-functional Sirt1 protein. 
Conclusions: RPC induces a novel extended window of chronic ischemic tolerance in the brain 
that lasts for at least 14 days. This tolerance is concordant with enhanced Sirt1 and two of its 
potential targets that are involved in modification of mitochondrial function and the synapse. 
Induction of adult Sirt1neu-/- mice results in loss of Sirt1 function specifically in neurons; these 
mice will be utilized to further test the role of Sirt1 in this extended window of protection. 
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Abstract: The vascular niche is critical for the maintenance of neural stem cells (NSCs) in the 
adult brain. However, little is known about the structure and function of the vascular niches. 
Vascular endothelial cells support and regulate NSC proliferation and differentiation. Endothelial 
Caveolin-1 (Cav-1) is a cholesterol binding protein that resides in cell membrane lipid rafts and 
is critical for endothelial cell function. Thus, we hypothesized that Cav-1 regulates NSC 
maintenance. Here we show that loss of Cav-1 in the adult brain results in compromised vascular 
networks, a reduction in neurogenic markers, and altered neurogenesis. Furthermore, loss of 
Cav-1 induces alterations in the protein distribution in the lipid raft. Importantly, we observe an 
age-linked decline in Cav-1 expression within neurogenic environments. Recent evidence 
suggests hypoxic conditions in the neurogenic vascular niche influence proliferation, 
differentiation and migration of NSCs. Interestingly, we observed that hypoxic conditions induce 
endothelial Cav-1 degradation. Taken together, our data suggests that endothelial Cav-1 may 
play an important role in the regulation and homeostasis of the neurogenic vascular niche and 
that reduction in Cav-1 may underlie the age-dependent decline in neurogenesis. 
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Abstract: Babies who develop perinatal hypoxic-ischaemic encephalopathy (HIE) after severe 
asphyxia during birth go on to suffer lifelong neurological impairment. Hypoxia-ischaemia (HI) 
results in an initial cellular energy depletion, followed by a recovery phase and a secondary 
energy failure characterised by delayed cell death. Therapeutic hypothermia is the only treatment 
option available; it improves outcome for around 1 in 7 infants. However, it does establish a 
proof-of-concept that post-injury treatment can be effective. Activation of caspase-2 (an initiator 
caspase) is implicated in inducing Bax-mediated mitochondrial outer membrane permeabilisation 
(MOMP), the predicted convergence point for mechanisms underlying the pathological damage 
in neonatal brain. Previously we found that in neonatal mice lacking caspase-2, there was 
reduced Bax-mediated mitochondrial permeabilisation, increased protection in HI and 
excitotoxic models of neuronal damage, and significantly, synergistic protection when combined 
with hypothermia. TRP601, a pharmacological caspase-2/3 inhibitor developed by collaborators, 
also reduced brain injury in both models. This study investigates the molecular underpinnings of 
caspase-2 activation and its downstream consequences. We find that after initiating HI in P9 
mouse pups and oxygen glucose deprivation (OGD) in primary neuronal cultures, caspase-2 
activity increases very rapidly, from as early as 8h post insult. Furthermore, preliminary 
proteomics analysis has identified novel caspase-2 interactants in which binding is induced after 
HI. We are currently investigating how these binding partners facilitate caspase-2 mediated 
mitochondrial permeabilisation. In addition we have generated a conditional (loxP) caspase-2 
mouse in order to overcome compensation effects from other caspases observed in the traditional 
KO animal; OGD-induced cell death was substantially reduced in primary neurons lacking 
caspase-2 expression. Future work centres on mitochondrial health in the presence and absence 
of caspase-2, the functional implications offered by the binding partners and development of a 
specific caspase-2 inhibitor. Thus, caspase-2 inhibition offers exciting potential for generating 
protective “mitotherapeutics” to target the devastating effects of neonatal HIE. 
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Abstract: Neurons can utilize powerful adaptive mechanisms to increase survival in response to 
a diverse set of insults including hypoxia. Ischemic preconditioning (PC) is a prime example of 
this phenomenon wherein neuronal cultures subject to non-toxic, oxygen and glucose deprivation 
(OGD), have a far greater likelihood of surviving a subsequent injury that would normally be 
lethal. We have shown that although no neurons die in response to the initial PC stimulus, far 
more protein oxidation and ubiquitination occurs during this priming stress than has been 
previously reported. Neurons rely heavily on upregulating expression of the Heat Shock Protein 
70 (HSP70) molecular chaperone complex as part of the PC response. We have recently reported 
congruent changes in the expression of HSP70 and the HSP70 co-chaperone and E3 ubiquitin 
ligase, C-terminus of HSP70 Interacting Protein (CHIP) in response to ischemia. However, once 
oxidized or denatured proteins dock with the chaperone complex it is unknown whether it is 
more advantageous to degrade or refold these substrates. Using a new group of small molecule 
modulators of the HSP70 complex, we found that both pro-folding molecules and pro-
degradation compounds are non-toxic and have minimal effect on the expression of chaperone 
complex proteins such as HSP70, HSP90, HSP40, HSC70, BAG1, HIP, and HOP at baseline and 
in response to PC. Additionally, we found that compounds that promote protein refolding offer 
significant advantages over those that promote degradation. Compounds that positively impact 
protein refolding augment neuronal survival an additional 20-30% over PC alone. We also 
observe that CHIP expression is further increased in the presence of pro-folding compounds, as 
are levels of mono- and poly-ubiquitinated proteins, while levels of free ubiquitin remain 
unchanged. These data suggest that in instances of ischemic stress, CHIP may function 



independent of its typical E3 ligase activity protecting neurons without depleting the free 
ubiquitin pool. Future experiments include analysis of pro-folding compounds in an in vivo 
model of ischemia as well as further exploration of the mechanisms through which HSP70 
modulators afford increased neuroprotection. 
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Abstract: Calcification on areas of neuronal degeneration is a common finding in several 
neuropathological disorders including ischemic injury, and calcium precipitation in neurons 
could be regarded as a part of compensatory mechanism to reduce further brain damage. 
Although central to the understanding of ischemic brain injury, the onset and spatiotemporal 
progression of calcification in the ischemic hippocampus have not been characterized in detail. 
The present study examined spatiotemporal profile of the calcification induced in the CA1 
hippocampal region, an area that undergoes delayed neuronal death after transient forebrain 
ischemia. No specific staining for alizarin red S was detected in the hippocampus of sham-
operated and ischemic rats by 7 days after reperfusion. At 14 days, however, amorphous to 
granule-like alizarin red staining was evident in the CA1 dendritic subfields such as the strata 
oriens and radiatum, but not in the pyramidal cell layer, and there was a further increase 



throughout the CA1 region at 28 days, although weaker in the pyramidal cell layer than its 
dendritic subfield. By the osmium/potassium-bichormate method and electron probe 
microanalysis, we found in the CA1 dendritic subfield that electron-dense precipitation was 
abundantly observed within the mitochondria in degenerating dendrites that were still contacted 
by uncalcifying neurites by 7 days after reperfusion. At 14 days, calcium deposits appeared to 
spread beyond mitochondria and extend over the whole neurite and these calcifying neurites 
were frequently aggregated and fused together. Most of these calcifying dendrites were 
surrounded by astrocytes showing dense bundles of intermediate filaments. In degenerated soma 
in the CA1 pyramidal cell layer, however, calcium deposition was noted within, but not beyond, 
mitochondria, although most of cell organelles disappeared and only amorphous substances 
remained. These calcification patterns were maintained by 28 days after reperfusion, but large 
folded, or multilobulated calcifying deposits of variable form and size were frequently observed 
throughout the CA1 hippocampus. Our data suggest that microcalcification occurring within 
mitochondria of degenerating dendrites may serve as a nidus for further calcium precipitation in 
the ischemic hippocampus. This research was supported by Basic Science Research Program 
through the National Research Foundation of Korea (NRF) funded by the Ministry of Science, 
ICT and future Planning (NRF-2014R1A2A1A11050246). 
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Abstract: Brief hypoxic exposure in early life may lead to persistent structural and functional 
changes in the brain. In this study, we investigated the effect of severe transient neonatal hypoxia 
or hypoxia/hypercapnia on adult cerebral capillary density and the angiogenic hypoxic response. 
Mice were exposed to either hypoxia (5% O2) or hypoxia/hypercapnia (5%O2 / 8% CO2) in a 



normobaric chamber for 2 hours at postnatal day 2 (P2), and then returned to normoxia; 
littermates were maintained normoxic in the same room and used as controls. At 3 months of 
age, for each P2-conditioned group, mice were assigned to hypoxic or normoxic groups. Hypoxic 
mice were exposed to hypoxia (8% O2 in N2) in a normobaric chamber for 3 weeks and the 
normoxic mice of each type were kept normoxic in the same location. Cerebral capillary density 
was identified by GLUT-1 immunohistochemistry staining and was quantified from the number 
of the positive counts per unit area (number/mm2). Results showed that the adult normoxic 
baseline capillary density was similar in the P2-normoxia and the P2-hypoxia/hypercapnia 
groups (425 ± 60, n = 12 and 439 ± 52, n = 6, respectively, mean ± SD), however, the P2-
hypoxia group had a significantly higher normoxic baseline capillary density (521 ± 83, n = 6) 
compared to that of the P2-normoxia group. Adult prolonged moderate hypoxic exposure 
resulted in increased cerebral capillary density (about 20%) in both P2-normoxia and P2-hypoxia 
groups (513 ± 58, n = 15 and 612 ± 70, n = 5, respectively), but not in the P2-
hypoxia/hypercapnia group (451 ± 52, n = 8). These data suggest that early postnatal hypoxic 
stress or hypoxic/hypercapnic stress play different roles in fetal programming of the adult 
cerebral vasculature as shown by altered baseline cerebral capillary density and response to 
prolonged hypoxic exposure. Transient severe hypoxic exposure at P2 induces angiogenesis in 
brain; on the other hand, transient exposure to hypoxia/hypercapnia seems to blunt the adult 
angiogenic response to further hypoxia. 
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Abstract: Hydrogen sulfide protects against the effects of ischemia-reperfusion injury in a 
variety of mammalian models. We have shown that in C. elegans the transcriptional response to 
H2S absolutely requires the hif-1 transcription factor. HIF-1 is a highly conserved, bHLH 
transcription factor that is well-known to coordinate the response to low oxygen (hypoxia) in 
metazoans. However, our data indicate that different genes are regulated by hif-1 in H2S and 
hypoxia. Whereas hif-1(ia04) mutant animals exposed to hypoxia survive and enter into a 
reproductive and developmental diapause, these mutants die within hours when exposed to low 
H2S. To understand molecular and genetic pathways that mediate the effects of hif-1 in H2S, we 
performed an unbiased forward genetic screen to identify suppressers of hif-1 lethality in H2S. 
We have recovered gain-of-function alleles in skn-1, the worm orthologue of mammalian Nrf, 
and alleles in wdr-23, a negative regulator of SKN-1. A subset of genes induced in H2S require 
both HIF-1 and SKN-1, further supporting the hypothesis of an interaction between these 
transcription factors. These results reveal a new interaction between conserved transcription 
factors that may have an important role in the protective effects of H2S in mammals, and 
provides unique insight into the mechanisms by which adaptation to hydrogen sulfide is 
integrated with the response to hypoxia at the cellular and organismal level. 

Disclosures:  D.L. Miller: None. J. Horsman: None. K. Manbeck: None. 

Nanosymposium 

649. Ischemia: Cellular Mechanisms 

Location: S404 

Time: Wednesday, October 21, 2015, 8:00 AM - 11:00 AM 

Presentation Number:  649.12 

Topic: C.08. Ischemia 

Support: CONACyT416882 

 Instituto Mexicano del Seguro Social 

Title: CD95/CD95L Identification in acute ischemic stroke patient’s serum 

Authors: *O. HUET1,2, S. RATKOVICH-GONZÁLEZ2, D. ARANA-VALADEZ2, S. 
LUQUÍN3, L. JAVE-SUÁREZ2;  
1Univ. De Guadalajara, Zapopan, Mexico; 2Inst. Mexicano del Seguro Social, Guadalajara, 
Mexico; 3Univ. de Guadalajara, Guadalajara, Mexico 



Abstract: Stroke is the second leading cause of death worldwide. Ischemic etiology accounts for 
~85% of all events. Evidence suggests that necrotic, but also apoptotic cell death contributes to 
the final volume of the infarct. Necrotic mechanisms happen rapidly and are therefore extremely 
difficult to treat or prevent. The focus of investigation is to elucidate apoptotic processes to find 
new therapeutic targets. Death receptor CD95 has been implicated in neuronal and glial 
apoptosis after ischemia. Its ligand (CD95L), can be found bounded to cell membrane (on cells 
or microvesicles) or cleaved by metalloproteases. Membrane bound ligand activate apoptosis 
while its shredded version has an antagonistic activity that promote migration, proliferation and 
inflammation. Objective: The aim of the present study was to measure whether CD95/CD95L 
level, varies between control subjects and acute ischemic stroke (AIS) patients. Methods: Serum 
samples from 58 human subjects (28 volunteers, 30 with AIS) were collected to measure 
CD95/CD95L by ELISA assay. Since the mentioned method it’s unable to discriminate between 
the pro-apoptotic from the non-apoptotic form of CD95L, we separately used a cell based assay 
consisting in the stimulation of a CD95 expressing cell line with control and patient’s serum and 
the subsequent measure of the apoptotic rate by flow cytometry. Results: The ELISA assay 
showed that control subjects had higher CD95L concentration but not higher concentrations of 
the receptor. Additionally, apoptosis induction measured by the cell based assay was 
significantly higher in the sera of the AIS group. Conclusions: It has been established that 
CD95/CD95L expression is induced in some neural and glial cells following cerebral ischemia 
and that blood brain barrier (BBB) is disrupted in the early phase, which is compatible with the 
rate of apoptosis founded between groups, but why we didn’t observe higher levels of CD95L 
molecule in AIS patients? We infer that both forms of the ligands are entering the brain through 
the permeable BBB and occupying the cell receptors that are over expressed in the site of the 
lesion causing inflammation and apoptosis, leading to stress and cell death, which leads to 
extended infarct volume. 
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Abstract: During the chronic phase of spinal cord injury (SCI), fibrotic scar tissue was formed 
as if it was a barrier for regeneration. We hypothesized that reactivation of resting microglia, 
which are the resident macrophage in spinal cord, might eliminate such a structural barrier to 
prevent functional recovery. First, we investigated whether p38 MAP kinase (p38) could be an 
activator of residential microglia obtained from mice spinal cord. The addition of dominant 
active type of recombinant p38 protein (DA) to the culture medium promoted the activation of 
cultured microglia; the increased expression of growth factors including Glial cell-line derived 
neurotrophic factor, the phagocytotic clearance of spinal cord debris, and rapid phosphorylation 
of membrane protein obtained from the cultured microglia. In addition, continuous infusion of 
DA protein into the mice spinal cord for 7 days increased the number of Iba1-positive microglia. 
These results suggested that DA protein is an activator for microglia in the spinal cord. To 
ascertain the effect of DA protein on the chronic phase of SCI, DA injection into spinal cord was 
started three months after the contusion injury, and DA was injected intrathecally once a week 
for 2.5 months. Immunohistochemical analysis with anti-collagen antibody showed a significant 
reduction of scar tissue formation by long-term DA injection. Furthermore, rota rod test and 
BMS score revealed that DA-injected mice showed the improvement in motor function 
compared to the mice injected with p38 protein which lost kinase activity. These results suggest 
that DA protein provides a reasonable approach for functional recovery from chronic SCI by 
activating endogenous microglia from outside cells. 
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Abstract: Traumatic SCI causes systemic and intraspinal B cell activation/proliferation, which 
leads to delayed myelin and axon damage that result in locomotor deficits. B cell-directed 
therapy represents a novel therapeutic intervention for SCI. However, no approved anti-B cell 
products are available for SCI indications. Flubendazole (FluBZ) has been widely used in the 
treatment of intestinal and neural parasites in human. Here, we show a novel neuroprotective 
effect of FluBZ on pathogenic and functional deficits through inhibition of B cell 
pathway/antibody response. Intraperitoneal (IP) injection with 10 mg/kg/day (n=10) of FluBZ to 
Sprague-Dawley rats for 2 weeks started at 3 hrs post-SCI (180 kdyn) at T10. This resulted in 
improved locomotor function (BBB scores) 7 weeks after contusion SCI and reduced pain 
behaviors 4 weeks after excitotoxic SCI compared to vehicle-treated controls (n=9). FluBZ IP 
treatment also improved total tissue sparing, white matter sparing, and gray matter sparing at 7 
weeks after contusive SCI. Mechanistic studies revealed that FluBZ reduced splenic population 
of CD45RA-positive B cells at 4 weeks post-injury and suppressed production of antibody IgG at 
lesion site 8 weeks post-injury. Moreover, we found that FluBZ inhibited phosphorylation of 
Bruton tyrosine kinase (pBTK) at lesion site 4 weeks post-injury. BTK has been shown to 
mediate pERK1/2 and inflammatory/autoimmune pathways and play a central role in B cell 
receptor signaling. FluBZ reduced pERK1/2 activation, cyclin B1 expression, and GFAP 
expression at lesion site 4 weeks post-injury. In conclusion, our results suggest that FluBZ 
targets the pathogenic B cell pathway and improves functional recovery after SCI. 
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Abstract: Autophagy is an intracellular catabolic mechanism for the degradation of cytoplasmic 
constituents in the autophagosomal-lysosomal pathway. This mechanism plays an important role 
in homeostasis and it is defective in certain diseases. However, whether enhanced autophagy will 
reveal a possible cause of cell death or whether it serves as part of the induction of an 
endogenous protective response are still controversial. The mammalian target of rapamycin 
(mTOR) is a serine/threonine kinase that plays a key role in the regulation of cell metabolism, 
cell proliferation, cell death and is involved in physiological processes. Moreover, mTOR is 
involved in the regulation/inhibition of autophagy. Spinal cord injury (SCI) is a serious and 
debilitating health problem that usually causes lifelong disability and leads to neurological 
dysfunction at and/or below the level of the injury. Previous studies have shown that autophagy 
is emerging as an important mediator of pathological responses associated to SCI and plays a key 
role in secondary injury causing progressive degeneration of the spinal cord. Thus, based on this 
evidence in the present study we used different selective inhibitors of mTOR activity to better 
investigate the functional role of autophagy in an in vivo model of SCI and to better determine 
whether the autophagic process is involved in spinal cord tissue damage. We treated animals 
with a new synthetic inhibitor Temsirolums and with a dual mTORC1 and mTORC2 inhibitor 
KU0063794 compared all with the well know inhibitor of mTOR the Rapamycin. Our results 
demonstrated that the administration of Rapamycin and Temsirolums significantly decreased the 
phosphorylation of the p70S6K and pAKT protein and control the expression levels of LC3 and 



Beclin 1 in the injured spinal cord but KU0063794 is able to modulate the autophagy process 
better than Rapamycin and Temsirolimus. Moreover, we investigated if the mTOR inhibitors 
could modulate the neuroinflammation associated to SCI and the results that we obtained clearly 
demonstrated that Rapamycin and Temsirolimus significantly decreased the expression of iNOS, 
COX2,GFAP and restored nNOS levels; but the administration of KU0063794 is able to blunt 
the neuroinflammation better than Rapamycin and Temsirolimus. In addition, neuronal loss and 
cell death in the injured spinal cord were significantly reduced in the KU0063794 treated mice. 
Thus, taken together our results indicate that the administration of KU0063794 produced a 
neuroprotective function at the lesion site following SCI, representing a novel therapeutic 
strategy after SCI. 
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Abstract: Spinal cord injury (SCI) initiates a cascade of events including ischemia, 
excitotoxicity and inflammation. Tissue injury exposes neoepitopes (Damage Associated 
Molecular Patterns,DAMPs) on the surface of injured cells that elicit an innate immune response 
following their recognition by natural IgM. We identified two IgM mAbs derived from 
unmanipulated mice that bind to post-ischemic cell membranes, and used them to investigate the 
role of natural IgM Abs in propagating SCI. These mAbs, B4 and C2, recognize annexin IV and 
a subset of phospholipids, respectively. Compared to wild type (wt) mice, Ab-deficient Rag1-/- 



mice exhibited less tissue injury and improved locomotor recovery after SCI. However, 
reconstitution of Rag1-/- mice with B4 or C2 mAb restored injury to that seen in wt animals. 
Further, IgM was deposited in the spinal cord of wt mice after SCI, and depletion of peritoneal B 
cells by hypotonic shock reduced IgM and complement (C) deposition and protected mice from 
injury. The hypotonic shock procedure depletes the majority of B1a B cells (source of natural 
IgM), but has minimal effect on other components of the immune system, indicating SCI is 
driven by the binding of specific natural Ab IgM clones. Based on these data, we investigated a 
strategy to target a C inhibitor to the injured spinal cord. We constructed an anti-annexin-IV 
single chain (B4scFv) and linked it to Crry, an inhibitor of C3 activation. This construct 
significantly reduced SCI and improved locomotor recovery. This construct both blocked the 
binding of pathogenic IgM and inhibited C. This study identifies pathophysiologically important 
epitopes expressed within the spinal cord after contusion injury, and describes a novel strategy 
for targeted C inhibition to reduce secondary injury after SCI. 
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Abstract: Following root avulsion, spinal nerves are physically disconnected from the spinal 
cord. Severe motoneuron death, scarring in the CNS-PNS transitional zone (TZ) and long 
distance for axon regrowth together could lead to inefficient regeneration and devastating motor 



dysfunction. Chondroitin sulfate proteoglycan (CSPG) presents a major barrio for axonal 
extending in the extracellular matrix of scar tissue and it exerts the inhibitory role via its 
neuronal receptors, including protein tyrosine phosphatase-σ (PTPσ). Previously, a small peptide 
mimetic of PTPσ wedge motif, namely Intracellular Sigma Peptide (ISP) was generated and its 
capabilities to target PTPσ and relieve CSPG inhibition were validated. In the present study, in 
order to promote axonal regeneration and achieve functional recovery, we systematically 
administrated ISP for 12 weeks into adult rats with ventral root avulsion (the 5th, 6th and 7th 
cervical roots) and immediate reimplantation (C6 only). We show that 1) ISP treatment enabled 
up to 80.7% of injured motoneurons to survive, compared with 61.2% of that in vehicle treated 
reimplanted rats (p<0.0001, Chi-square test). 2) By facilitating newly formed axons to navigate 
through the inhibitory CNS-PNS TZ, ISP intervention nearly doubled the number of axons 
elongating in the peripheral nerve trajectory (p<0.0001, chi-square test). In addition, these axons 
exhibited bigger axon sizes than those found in vehicle rats (p<0.05, student’s t test). 3) Muscles 
atrophy was rescued in ISP rats, reflected by their high similarity to intact ones in muscle fiber 
diameters and motor endplate morphology. By contrast, vehicle muscles displayed shrunk 
myocytes (p<0.01, z test) and fibrosis. Moreover, number of motor endplates was decreased 
(p<0.05, chi-square test) and they were more likely to fall into smaller area categories, with 
lower density of acetylcholine receptors, due to delayed or lack of reinnervation. 4) Importantly, 
motor functional recovery was remarkably enhanced, suggested by increased averaged score of 
Terzis grooming test (p<0.05 at 3- and 6-weeks post injury, Mann Whitney U test) and shortened 
recovery duration. Electromyography further confirmed that improved behavioral performance in 
ISP rats was associated with healthier motor units, with less spontaneous potentials recorded. 
Our results show that modulation of PTPσ is a potential therapeutic strategy for root avulsion 
injury. 
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Title: Riluzole attenuates the decompression induced ischemia reperfusion injury and enhances 
the beneficial impact of decompression in cervical spondylotic myelopathy 
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Abstract: INTRODUCTION: Surgical decompression is increasingly recommended as the 
treatment strategy for CSM and is associated with overall neurological improvement. While 
beneficial, little is known related to the physiological consequences of decompression in CSM. 
Here, we hypothesized for the first time that surgical decompression can cause initial harm to the 
spinal cord due to ischemia reperfusion injury (IRI) and that riluzole can prevent this surgical 
complication to improve overall functional recovery. METHODS: Here, a rat CSM model was 
used. Spinal cord blood flow (SCBF) was evaluated in vivo before and 6 hours after 
decompression using the Flow Alternative Inversion Recovery MRI technique. The levels of 
neuronal oxidative damage were also examined using immunohistochemistry. The potential 
protective effects of riluzole against the reperfusion induced oxidative damage were evaluated in 
vivo and in vitro. The long-term outcomes of combined treatment were also examined. ANOVAs 
were used for the statistics. RESULTS: FAIR MRI demonstrated a significant increased of SCBF 
24 hours after decompression which was associated with an initial neurobehavioral decline. 
Neurobehavioural analysis further revealed that riluzole administration prevented this immediate 
neurobehavioural decline. It was also found that surgical decompression induced neuronal 
oxidative damage demonstrating hallmarks of IRI. Immunohistochemical tissue analysis and 
mechanistic in vitro oxidative stress experiments suggested that riluzole was able to attenuate 
neuronal oxidative damage. Moreover, this work demonstrated that combinatorial strategy 
consisting of surgical decompression and riluzole markedly improves hand and gait function. 
Finally, combined strategy reduces axonal damage, cellular apoptosis and motoneuronal injury. 
CONCLUSIONS: Here we discover the development of a previously unrecognized complication 
associated with surgical decompression, the only current treatment for human CSM. This silent 
enemy may represent a putative mechanism that can account for post-decompression 
neurobehavioural decline in surgically treated CSM. Finally this work supports and informs the 
CSM protect clinical trial. 
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Abstract: Macrophages persist indefinitely at sites of spinal cord injury (SCI) and contribute to 
both pathological and reparative processes. While the alternatively activated phenotype (M2) is 
believed to promote cell protection, regeneration, and plasticity; pro-inflammatory (M1) 
macrophages persist after SCI and contribute to protracted cell and tissue loss. Thus, identifying 
non-invasive, clinically viable, pharmacological therapies for altering macrophage phenotype is 
an important challenge for the SCI field. Azithromycin (AZM), a common clinical antibiotic, 
increases M2 and decreases M1 activation in rodent models of lung infection, skin inflammation, 
and sepsis; in alveolar macrophages and human monocytes; and in humans with cystic fibrosis. 
We hypothesize that treatment with AZM can alter the macrophages in response to SCI and 
reduce progressive tissue pathology. In accordance with this hypothesis, we determined that mice 
(C57BL/6J, 3-month-old) receiving daily doses of AZM treatment via oral gavage exhibited 
significantly increased M2 and decreased M1 macrophage activation in response to moderate 
thoracic contusion SCI (75 Kdyne Infinite Horizons). In addition, AZM treatment led to 
improved tissue sparing and recovery of gross and fine locomotor function. Furthermore, AZM 
treatment altered macrophage phenotype in vitro and lowered the neurotoxic potential of pro-
inflammatory, M1 macrophages. Taken together, these data suggest that pharmacologically 
intervening with AZM can alter SCI macrophage polarization towards the alternatively activated 
phenotype that, in turn, may potentially limit secondary injury processes. Given that M1 
macrophage activation is a hallmark of many neurological pathologies and that AZM is non-
invasive and clinically viable, these data highlight a novel approach for treating SCI and other 
maladaptive neuroinflammatory conditions. 
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Abstract: Traumatic injury to the spinal cord activates B cells, which culminates in the synthesis 
of autoantibodies. The functional significance of this immune response is unclear. Antibodies 
produced after SCI caused pathology, in part by activating intraspinal complement and cells 
bearing Fc receptors. These data indicate that B cells, through the production of antibodies, 
affect pathology in SCI. There is increasing appreciation of the important role of B cells in spinal 
cord trauma and consequently, increasing interest in treating these disorders through B cell-
depletion therapy. The purpose of this study was to investigate the effects of anti-CD20 mAb B 
cell depletion therapy within the first 24 hours of SCI. In this study, the T6-T7 vertebrae in three 
groups of mice were injured by a 50-g clip-induced compression method, and the anti-murine 
CD20 IgG2a antibody (clone 18B12, 1 mg/kg) was intravenously administered starting 1 hour 
and 6 hours postinjury. Animals were sacrified at 24 hours. The anti-CD20 antibody treatment 
caused significant attenuation of leukocyte infiltration, reactive oxygen species-associated 
enzymes, and secondary tissue damage. Basso-Beattie-Bresnahan (BBB) scores were 
significantly higher in anti-CD20-treated mice than controls 10 days postinjury. Our data 
demonstrate an important role of B cells which could possibly lead to B cell-based strategies for 
the treatment of SCI. 
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Abstract: Traumatic spinal cord injury (SCI) leads to devastating neurological impairment. 
Currently, the only clinically effective intervention following traumatic spinal cord injury (SCI) 
is surgical decompression of the spinal cord by removal of impinging bone fragments within 24 
hours after injury. In contrast, following traumatic brain injury, intensive care protocols include 
meticulous pressure monitoring of contused brain tissue that has led to a significant reduction of 
mortality and morbidity. A recent clinical study suggests that intraspinal pressure is raised 
following traumatic spinal cord injury (Werndle et al. 2014). There is a lack of data regarding 
intraspinal pressure in rodent traumatic spinal cord injury models. We investigate intraspinal 
pressure after a moderate thoracic contusion SCI in rats. Intraspinal pressure was recorded using 
a Millar Mikro-Tip® catheter placed into the epicenter of the spinal cord parenchyma (tip 
diameter 250 µm). Our preliminary results suggest that compared to physiological pressure in the 
intact spine (1.8 ± mmHg), intraspinal pressures increase almost fivefold following SCI. Thus, 
30 minutes after injury intraspinal pressure was measured at 3.1 ± 0.9 mmHg, pressure increased 
steadily until it reached a maximum at approximately 12 hours (10.0 ± 1.5 mmHg), and then 
declined until the last measurement at 24 hours (6.1 ± 1.2 mmHg). Additionally, preliminary data 
suggest that the injury area with elevated tissue pressure extends along a rostrocaudal axis with 
time after injury. Thus, one hour following injury, increased pressure was detected in an 
approximately 5 mm long segment of the spinal cord while 24 hours after injury elevated 
pressures were recorded in an area spanning approximately 10 mm. Once pressure monitoring 
was completed, a durotomy was performed. This intervention decreased ISP by approximately 
30% and resulted in intraspinal pressures of 6.2 ± 0.4 mmHg. Results presented here suggest that 
rat contusion SCI model in combination with novel microcatheters allow measurement of 
intraspinal pressures after a contusion type SCI. Similarly to traumatic brain injuries, raised 
tissue pressure following spinal cord injury might effect spontaneous recovery. Moreover, 
elevated pressures may impact the efficacy of experimental therapeutic interventions that are 
currently evaluated in rodent contusion models of SCI.  
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Abstract: Assessing the severity of spinal cord injury in the acute clinical setting and predicting 
subsequent outcome are important but unmet challenges. Diffusion Tensor Imaging (DTI), a 
Magnetic Resonance Imaging (MRI) technique that noninvasively measures water diffusion in 
tissue as a probe of microstructure, has shown promise as a sensitive marker of injury severity. 
However, in-vivo DTI of the spinal cord is limited by significant technical barriers, requires 
imaging durations not often amenable to clinical care, and is complicated by multiple coexistent 
pathological features. Most prominently, the DTI-derived measures of Mean Diffusivity and 
Fractional Anisotropy are altered by the presence of acute axonal injury but are also confounded 
by edema. To overcome these limitations and improve in-vivo characterization of injury 
pathology, we developed an alternative diffusion weighted MRI method, DwFilt, which has 
greater specificity for axonal injury, the pathology most related to injury severity and functional 
outcome. This method is a new pulse sequence that combines a diffusion weighting filter to 
suppress edema with a conventional diffusion weighting sensitization to selectively probe 
diffusion properties predominantly in the intra-axonal space. Additionally, the diffusion filter 
also suppresses signal from non-spinal cord tissues, including cerebrospinal fluid and muscle, 
which enables rapid detection of signal from the spinal cord only. This technique was evaluated 
in a rat model of contusion spinal cord injury at the T10 vertebral segment for mild, moderate, 
severe, and sham injury severities. At the lesion epicenter, the DwFilt method provided a clear 
separation of the injury severities in approximately 5 minutes of acquisition time. Conversely, 
DTI at the lesion epicenter in the same animals required approximately 70 minutes for data 



acquisition but did not show a clear effect of injury severity, presumably due to the conflicting 
effects of edema. The DwFilt technique was also related to severity at locations distant from the 
injury site, including the proximal thoracic cord and the cervical cord, although the effects were 
less pronounced remote from the lesion, as expected. In summary, the DwFilt technique robustly 
separates injury severity, has better sensitivity than DTI analysis, and is performed with a 
considerable reduction in time requirements. These features, combined with being a completely 
noninvasive method, make the DwFilt technique particularly attractive for evaluation of spinal 
cord injury in both clinical and pre-clinical settings. 
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Abstract: Inflammatory responses post spinal cord injury (SCI) may be detrimental or 
beneficial. However, the dynamics of this inflammatory response are largely unknown. The aim 



of this study was to quantify and characterize immune cells in, and around, the injury site, as 
well as their relationship with locomotor functional recovery after contusive SCI. Mice had a 70 
kilo dyne force SCI induced using the Horizon impactor after laminectomy. Locomotor function 
was assessed, using the Basso Mouse Scale (BMS). At days 7, 14, 21, and 28 post injury, the 
entire spinal cord was removed and mononuclear cells associated with SCI were isolated. 
Various immune cell populations were characterized and quantified using multiparameter flow 
cytometry. Results were validated using both IHC and IF staining and correlated with 
histological assessment of injury parameters and injury course. Post SCI mice had complete 
paralysis, with functional recovery to score 3-4 over 28 days post injury (dpi). Smaller mice had 
significantly less recovery. Peripherally derived immune cells progressively increased over the 
course of recovery from SCI, most of which were T-cells. Both CD4+ and CD8+ T-cells 
increased by 4-5 fold at day 28 compared to day 7 dpi. The CD4+ T-cell population was 
predominantly INFγ+ (Th1), with FoxP3+ (T-regulatory) and IL17+ (Th17) cells being less 
frequent. Myeloid DCs (mDCs) were the predominant subtype of DCs present. They increased 
significantly from day 21 to 28 dpi. On the other hand, CD8α+ DCs were the least frequent DC 
subtypes and significantly decreased by about 3 fold at day 21 and then increased at 28 dpi. 
Plasmacytoid DC (pDC) frequency was unchanged from 7 dpi. There were also no significant 
changes in macrophages and B cells over 7-28 dpi, indicating early recruitment. 
Immunohistology revealed CD11c+ cells and CD3+ T-cells were predominantly confined to the 
injury core. While GFAP+ astrocytes surrounded the core. Iba-1+ microglia were dispersed 
throughout the entire spinal cord. White mater surrounding the injury core was substantially 
demyelinated and myelin was observed in injury core. Functional recovery was positively 
correlated with the total numbers of injury-associated macrophages and their percentage of 
CD45+ cells at 28 dpi. Improved recovery was also positively correlated with CD11c+ DCs’ 
percentage of CD45+ cells, mostly consisting of mDCs. On the other hand, pDC numbers were 
negatively correlated with functional recovery. The changes for T-cells and their subtypes were 
not significantly related to improvement. These data suggest a role for DCs and macrophages in 
the resolution of SCI and identify them as a potential therapeutic target. 
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Abstract: Giant axonal neuropathy (GAN) is a rare pediatric neurodegenerative disorder 
characterized by progressive sensory and motor neuropathy that presents as early as 2-3 years of 
age and with ultimate mortality during the second or third decade of life. GAN is caused by 
autosomal recessive loss-of-function mutations in the GAN gene that encodes for the gigaxonin 
protein. Gigaxonin plays a role in the organization/degradation of intermediate filaments (IFs), 
and GAN patients are pathologically characterized by large axonal swellings filled with 
disorganized aggregates of IFs. While GAN is primarily described as a progressive peripheral 
neuropathy, diffuse pathology from disorganized IFs is apparent throughout the nervous system 
and other organ systems. An NIH-sponsored Phase I study (NCT02362438) is underway to test 
the safety of intrathecal (IT) administration of scAAV9/JeT-GAN to treat the most severe 
aspects of GAN, namely the motor and sensory neuropathy. Gigaxonin gene transfer is the first 
proposed therapy for GAN, and to our knowledge this is the first IT delivery of a gene therapy 
vector in humans. Our group developed the approach and vector to be used in the Phase I clinical 
trial, which is a self-complementary AAV serotype 9 vector carrying a codon-optimized human 
GAN transgene whose expression is controlled by the minimal synthetic JeT promoter 
(scAAV9/JeT-GAN). Preclinical studies show that scAAV/JeT-GAN can restore the normal 
arrangement of IFs in patient fibroblasts within days in cell culture and by 3 weeks in GAN KO 
mice. The safety and biodistribution of scAAV9/JeT-GAN was investigated in mice, rats, and 
non-human primates (NHPs) that received a single IT overdose of scAAV9/JeT-GAN. No safety 
concerns were apparent from these animal studies at up to a 10-fold overdose, with the longest 
endpoint at 1 year post-injection. To further support the translation of this approach to human 
subjects, IT delivery of the scAAV9/JeT-GAN vector in GAN KO mice showed sustained levels 
of human gigaxonin expression in therapeutically-relevant areas for at least 48 weeks without 
evidence of toxicity. Furthermore, treated GAN KO mice have improved motor function and 
preservation of peripheral nerve ultrastructure. In all, the results of our preclinical studies attest 
to the safety of IT-delivered scAAV9/JeT-GAN and the potential to benefit treated patients. 
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Abstract: Parkinson’s disease (PD) is characterized by the loss of dopaminergic (DA) neurons 
in the substantia nigra (SN). Mitochondrial DNA (mtDNA) deletions accumulate with age to the 
greatest extent in SN in the brain, and are correlated with death, yet the pathomechanism by 
which mtDNA deletions trigger DA neurodegeneration remains unclear. Twinkle is a key 
helicase involved in mtDNA replication and critical for the maintenance of human mtDNA 
integrity. Twinkle mutations cause multiple mtDNA deletions and neurodegeneration in humans. 
Previously we constructed mice expressing mutant Twinkle in DA neurons, and found that 
mutant Twinkle increased mtDNA deletions and mild DA neurodegeneration. Since Parkin 
deletion may inactivated mitochondrial quality control, we crossed mutant Twinkle 
(Twinkledup/+ or Twinkledup/dup) mice with Parkin knockout (Parkin-/-) mice to create 
'TwinkPark' mice. TwinkPark mice had the highest mtDNA deletion levels, and displayed more 
behavior deficits (treadscan, beam level and rotarod test) compared to WT, Twinkle dup/+ and 
Parkin-/- mice at 13 and 19 months. Similarly, Twinkpark mice had the lowest SN dopamine 
levels, and tyrosine hydroxylase positive neurons at 13 and 19 months. Mitochondrial respiratory 
function and mitochondrial membrane potential are remarkably lower in midbrain of 
Twinkledup/+;parkin-/- mice at 3 months. These results demonstrate a new mouse model of the 
consequences of increased mtDNA deletions in dopaminergic neurons of the SN. This model 
could provide insights into the mechananism by which increased DA mtDNA deletions promote 
DA neurodegeneration. 
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Abstract: This study was performed to investigate the delivery of AAV vectors into the 
putamen, thalamus, or CSF of nonhuman primates (n=12). The vectors were delivered to the 
targeted brain regions by MRI guided convection enhanced diffusion. Intrathecal injections were 
performed at the lumbar region. Special attention was given to the analysis of directional axonal 
transport. Recombinant AAV is an excellent candidate for delivery of therapeutic molecules to 
the central nervous system to target neurodegenerative diseases. UniQure has succeeded in 
developing a proprietary platform manufacturing technology that allows safe, effective, cGMP-
compliant, economically feasible and commercially scalable manufacturing of AAV. UniQure’s 
novel approach is based on the use of a combination of recombinant baculoviruses and insect 
cells. Using our production platform, two AAV stocks encoding GDNF or GFP were generated. 
At eight weeks following infusion into the thalamus (approximately 200 µL/site), for instance, 
massive transduction of the thalamus, cortex, striatum and substantia nigra was observed 
indicating both anterograde and retrograde transduction. Following injection of a lower volume, 
into the putamen (51-127 µL/site), transduction only in the Putamen and the substantia nigra 
suggested pure anterograde transduction. At the site of injection, transduction was both glial and 
neuronal, whereas off site transduction was mainly neuronal. These data suggest a dose 
dependent anterograde or retrograde transduction mechanism. For CSF delivery, we injected 
various concentrations of AAV5 (1E+14, 1E+13 and 1E+12 vg/mL) into CSF via lumbar routes 
(5 mL/site) in naïve NHP and studied vector distribution and cellular transduction 8 weeks after 
CSF delivery. We found a dose-dependent increase in transduction with strong levels of cell 
transduction and distribution throughout cortex and along the spinal cord at the highest doses and 
no signal in the low-dose group. These results suggest a dose threshold when delivering into 
CSF, most likely due to a dilution of the viral particles. These data together show that production 
of AAV using the (scalable) baculovirus-based platform results in an effective vector that is able 
to mediate expression patterns that can be used to develop and tailor an AAV-mediated 
therapeutic strategy to treat neurodegenerative diseases. 
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Abstract: The particular structure and mechanisms by which tau oligomers exert their 
deleterious effects are an important focus of current research. The oligomeric forms of tau 
accumulate in AD brain and appear to be most closely associated with neuronal loss and memory 
impairment in mouse models of tauopathy. Importantly, extracellular tau oligomers have been 
shown to impair memory formation and inhibit long-term potentiation in hippocampal slices. 
Tau oligomers are also thought to transmit tau pathology from diseased to healthy neurons 
during disease progression. We have made the interesting observation that when tau forms 
oligomeric structures tau itself becomes an active protease (“tau protease”) truncating itself and 
cleaving other proteins. Here, we present work characterizing tau protease activity and assays for 
screening small molecule inhibitors. Recombinant human tau oligomers were purified and 
incubated to generate autoproteolytic fragments. N-terminal sequencing of isolated fragments 
was used to determine cut sites in tau. Peptides spanning a cut site were used as a substrate for 
assaying tau protease activity and for screening inhibitors in vitro. A range of protease inhibitors 
were used to classify tau protease. Antibodies specific for autoproteolytic tau fragments were 
developed. Truncated constructs and mutagenesis were used to localize the active-site region of 
tau. Cell assays are being developed to screen inhibitors of tau protease activity. A point 
mutation in tau blocks tau cleavage in a cell assay for tau protease. A platform for drug discovery 
targeting tau protease is being assembled to enable screening of focused libraries of small 
molecule protease inhibitors. 
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Abstract: Misfolded protein aggregates represent a continuum with overlapping features in 
neurodegenerative diseases but differences in protein components and affected brain regions. 
The molecular hallmark of synucleinopathies such as Parkinson’s Disease (PD), Dementia with 
Lewy Bodies (DLB) and Multiple System Atrophy (MSA) are mega-dalton α-synuclein-rich 
deposits suggestive of one molecular event causing distinct disease phenotypes. Glial α-
synuclein (αSYN) filamentous deposits are prominent in MSA while neuronal αSYN inclusions 



are found in PD and DLB. The discovery of αSYN assemblies with different structural 
characteristics or ‘strains’ has led to the hypothesis that strains could account for the different 
clinico-pathological traits within synucleinopathies. In this study we show that αSYN strain 
conformation and seeding propensity lead to distinct histopathological and behavioral 
phenotypes. We assess the properties of structurally well-defined αSYN assemblies (oligomers, 
ribbons and fibrils) after injection in rat brain. We prove that αSYN strains amplify in vivo. 
Fibrils appear as the major toxic species resulting in progressive motor impairment and cell 
death, while ribbons cause a distinct histopathological phenotype displaying PD and MSA traits. 
Additionally, we show that αSYN assemblies cross the blood-brain barrier and distribute to the 
central nervous system after intravenous injection. Our results demonstrate that distinct αSYN 
strains display differential seeding capacities inducing strain-specific pathology and neurotoxic 
phenotypes. 
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Abstract: Infantile Krabbe disease is a devastating genetic disorder, which causes progressive 
demyelination of the central and peripheral nervous system, neurosensory deficits, muscle 



atrophy, and early death. Krabbe disease is due to loss-of-function mutations in the gene 
encoding for the lysosomal enzyme Galactosylceramidase (GALC). This results in the toxic 
accumulation of one of its lipid substrates, galactosyl-sphingosine (or psychosine). Current 
therapy for patients afflicted with Krabbe is limited to Hematopoietic Stem Cell Transplantation 
(HSCT) from healthy donors, which has the ability to extend lifespan, but still results in many 
debilitating disabilities. In this study, we developed and optimized a gene therapy strategy using 
the adeno-associated virus serotype 9 (AAV9) vector to correct for the deficiency of GALC 
activity in combination with HSCT. Using the Twitcher mouse model of Krabbe disease, we 
show that AAV9 gene therapy restored GALC activity in CNS, PNS, and systemic organs, 
thereby significantly reducing the accumulation of psychosine. Immunohistology demonstrated 
transduction of central neurons and astrocytes. When combined with neonatal HSCT, AAV9 
gene therapy resulted in nearly complete correction of the clinical phenotype and extended 
lifespan significantly. Histopathological analysis showed the reversal of demyelination, neuro-
inflammation and gliosis, and neuropathy in treated mice. These results reveal the profound 
benefit AAV9 gene therapy could have on human Krabbe's patients when used in conjunction 
with current therapies. 
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Abstract: Stroke is the third leading cause of death in the United States and the leading cause of 
adult disability. Despite enormous research efforts including many clinical trials, very little is 
known about the mechanisms that govern stroke recovery. There is not yet an effective treatment 
for stroke, and effective therapy has remained elusive. Tissue plasminogen activator (tPA) 
remains the only FDA-approved treatment for acute ischemic stroke. Unfortunately, only 1-3% 
of stroke patients in the US receive this therapy because of the narrow time window and severe 



side effects for using tPA. The most deadly and damaging side effect of tPA is the risk of 
intracranial bleeding or hemorrhage. For that reason, the dose of tPA and its overall 
administration are under tight control, while the effect of thrombolysis may be compromised. 
Studies have been focused on improving efficacy of tPA for higher rate of reperfusion, and for 
enhancement of safety and less adverse bleeding episode. In the present study, we investigated 
the effect of zinc and iron on tPA-induced thrombolysis in vitro and in vivo, and proposed a 
method to improve thrombolysis. Results showed that Zn2+, Fe3+ and Fe2+ inhibited tPA-
induced thrombolysis, with Zn2+ and Fe2+ being the most potent. Ion chelation of EDTA 
significantly increased the efficacy of tPA-induced thrombolysis. Our study shows effective zinc 
and iron chelation facilitates tPA-induced thrombolysis and reduces the necessary dose of tPA 
treatment. The smaller dose of tPA when it was applied with the chelator achieved a higher rate 
of reperfusion. Taken together, our results suggest that the co-application of tPA and a chelator 
targeting zinc and iron improves the efficacy, potency, and safety of tPA in thrombolysis. 
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Abstract: 1 in 500 newborns suffer from genetic hearing loss. Over 100 loci have been linked to 
and hundreds more genes are likely to be responsible for genetic hearing loss when mutated. 
Approaches including AAV-mediated gene therapy, anti-sense oligos and shRNA have been 
developed as potential treatment. Due to the limitations of each method, new approach is needed 



for the treatment of different forms of genetic hearing loss. CRSIPR/Cas9-mediated genome 
editing has been increasingly explored as new type of potential treatment due to the permanent 
editing results. However most CRISPR/Cas9 has been performed in germline or in vitro by viral 
vectors or DNA, which raises long-term safety concerns. Further the in vivo efficiency has been 
generally low. We have recently demonstrated that Cas9 with guide RNAs can be effectively 
delivered into mammalian inner ear in vivo by cationic lipid formulation, resulting in efficient 
genome editing in the sensory hair cells. To develop potential treatment based on CRISPR/Cas9-
mediated genome editing for genetic hearing loss, we studied the delivery of Cas9 with gRNAs 
against mutant Pmca2, a plasma-membrane calcium pump, which is associated with human and 
mouse progressive deafness. Direct in vivo local injection of Cas9 protein with Pmca2 guide 
RNA targeting the mutation led to restoration of hearing in the Pmca2 Oblivion mutant mouse 
demonstrated by auditory brainstem response (ABR) and distortion product otoacoustic 
emissions (DPOAE). Long-term hearing restoration was achieved. Cas9:gRNA mediated 
genome editing recovers the function of outer hair cells, promotes hair cell survival and 
preserves neurites of auditory ganglion neurons. Thus transient in vivo inner ear delivery of Cas9 
and gRNA complex is sufficient to induce genome editing and restore hearing in a genetic deaf 
mouse model. Similar approach can be applied to treat other genetic hearing loss in the animal 
models with the implication in the treatment of human genetic hearing loss. 
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Abstract: Spinal muscular atrophy with respiratory distress type 1 (SMARD1) is an autosomal 
recessive motor neuron disease affecting children that is caused by mutations in the IGHMBP2 
gene (11q13) and lacks a cure. Recently, adeno-associated virus serotype 9 (AAV9)-mediated 
gene therapy rescued the phenotype of animal models of another lower motor neuron disorder, 
spinal muscular atrophy 5q, and a clinical trial with this strategy is ongoing. In this study, we 
report rescue of the disease phenotype in a SMARD1 mouse model following therapeutic 
delivery of an AAV9 construct encoding the wild-type IGHMBP2 via systemic injection to 
replace the defective gene. AAV9-IGHMBP2 administration restored protein levels and rescued 
motor function, neuromuscular physiology, and lifespan (450% increase), ameliorating 
pathological features in the CNS, muscles, and heart. To test this strategy in a human model, we 
transferred wild-type IGHMBP2 into human SMARD1 induced pluripotent stem cell-derived 
motor neurons; these cells exhibited increased survival and axonal length in long-term culture. 
Our data support the translational potential of AAV-mediated gene therapies for SMARD1, 
opening the door for AAV9-mediated therapy in human clinical trials. 
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Abstract: Mucopolysacccharidosis (MPS) IIIB is an inherited lysosomal storage disorder caused 
by the deficiency of a lysosomal enzyme, alpha-N-acetylglucosaminidase (NAGLU). The 
disease is characterized by mild somatic features but severe neurologic manifestations with high 



mortality, associated with storage of heparan sulfate. Intracerebroventricular enzyme 
replacement therapy (ERT) with IGF-II fusion protein has been shown to be a feasible treatment 
for Sanfilippo B in mice [1] to overcome two impediments to ERT: the absence of mannose 6-
phosphate (M6P) on recombinant human NAGLU (rhNAGLU) and the blood brain barrier. In 
this study, hNAGLU-IGF-II and hNAGLU cDNA were cloned into an adeno-associated virus 
(AAV) vector plasmid and the recombinant AAV serotype 5 (rAAV5) was generated by triple 
transfection. Recombinant AAV5 expressing either hNAGLU-IGF-II or hNAGLU targets the 
choroid plexus epithelium to express and secrete the missing enzyme into the cerebrospinal fluid 
(CSF) of MPS IIIB mice. 2.5x10E9 vector genomes (v.g.) of rAAV5 for either constructs or 
vehicle was administered to MPS IIIB mice at postnatal day 2 by injection into both lateral 
ventricles. Biochemical and histological analyses were performed on mouse brains 10 weeks 
after rAAV5/vehicle injection and compared with control (heterozygous) mice. NAGLU enzyme 
activity reached 3.68 and 0.13 times the control level in the brain section around the injection site 
of mice treated by rAAV5-hNAGLU and rAAV5-hNAGLU-IGF2, respectively. β-
Hexosaminidase activity, which is elevated in MPS IIIB, was reduced in the rAAV5-rhNAGLU 
treated mice to the carrier level throughout the brain except cerebellum/brain stem area. Tissue 
evaluations by immunohistochemistry showed hNAGLU-IGF-II or hNAGLU expression in the 
choroid plexus epithelium in lateral ventricles; Lamp1 expression was significantly reduced 
around the injection sites (hippocampus, frontal cortex) in the rAAV5-hNAGLU treated mice. 
Although no NAGLU enzyme activity was detected in liver samples, but β-hexosaminidase 
activity was reduced half way to the normal level. Our results suggest that the choroid plexus-
targeted viral gene therapy with rAAV5 NALGU may overcome the major obstacles for ERT 
with proper M6P modification as a permanent, efficient distribution of NAGLU throughout the 
brain. 1.Kan et al., (2014) Proc Natl Acad Sci U S A. 111(41):14870-5. 

Disclosures:  S. Kan: None. S.Q. Le: None. Q.D. Bui: None. P.I. Dickson: None. 

Nanosymposium 

651. Neurodegeneration Drug Discovery: Gene Therapy and others 

Location: S403 

Time: Wednesday, October 21, 2015, 8:00 AM - 11:15 AM 

Presentation Number:  651.11 

Topic: C.14. Gene Therapy 

Support: NS072446-01 

 NS081374-01 

Title: Behavioral outcome of X-ALD mouse after rAAV9-ABCD1 treatment 



Authors: *Y. GONG, D. MU, J. REN, C. MAGUIRE, F. EICHLER;  
MGH, Charlestown, MA 

Abstract: X-linked adrenoleukodystrophy(X-ALD) is a devastating neurological disorder caused 
by mutations in the ABCD1 gene that encodes a peroxisomal ATP-binding cassette (ABC) 
transporter. We previously reported successful transduction of central nervous system cells in 
vitro and in vivo using recombinant adeno-associated virus serotype 9 (rAAV9) vector for 
delivery of the human ABCD1 gene (ABCD1). Here we report first results of long term 
experiments to evaluate the therapeutic effect of AAV9-ABCD1 in a mouse model of X-ALD 
that develops motor and sensory symptoms around 18 months of age. rAAV9 encoding ABCD1 
(rAAV9-ABCD1) was delivered to Abcd1-/- mouse CNS by stereotactic intraventricular (ICV) 
injection at young (4 months) and old (12 months) age, while intravenous (IV) injection was 
tested at only old age (12 months). Mouse body weight was monitored every month, while 
mouse behavior including hind limb reflex extension (scoring system 0-4, paralysis to normal), 
mechanical sensitivity (von Frey testing) and motor function (rotarod testing and beam walking) 
were recorded starting from 15 months of age. No changes in body weight occurred regardless of 
delivery route or age injected, suggesting no obvious toxicity of the rAAV9-ABCD1 vector. ICV 
injection at both young and old age showed significant improvement upon mouse hind limb 
reflex extension after 15 months of age. Scores of hind limb reflex extension in untreated Abcd1-
/- mice dropped to 1.75 at 18 months of age (wild type mice: 3.5), whereas Abcd1-/- mice treated 
via ICV at an old age retained scores around 3.25 (p<0.05). ABCD1-/- mice treated via ICV at a 
young age had an average score of 3.5 at 15 months (compared to untreated Abcd1-/- mice: 2.4; 
p<0.05). IV injection at old age showed mild but not significant improvement. Motor function 
tested by beam walking show significant improvement by IV injection at old age. Mechanical 
sensitivity also improved after both ICV injection at young age and IV injection at old age but 
not ICV injection in old Abcd1-/- mice. We conclude that rAAV9-mediated ABCD1 gene 
transfer is safe and efficacious at improving behavior of a known X-ALD mouse model 
including mouse hind limb reflex extension and mechanical sensitivity. However timing and 
delivery route are crucial determinants of efficacy and need to be independently assessed. 
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a lethal, adult onset progressive 
neurodegenerative disorder, characterized by the combined degeneration of upper and lower 
motor neurons that reside in the spinal cord, brain stem and cortex. No effective ALS treatment 
is available at present. Retrograde viral delivery of Insulin-like Growth Factor 1 (IGF-1) from 
the muscle to spinal cord motor neurons, has been reported to prolong survival in transgenic 
mouse ALS model. In order to overcome the limitations of existing viral vectors for non-invasive 
CNS delivery, we have engineered HIV-1 vectors with tropism to spinal cord Motor Neurons 
(MNs) delivered via the Neuromuscular Junction (NMJ). We have described the generation of 
HIV-1 based coxsackievirus and adenovirus receptor (αCAR)-targeted vector, and shown that in 
vivo intramuscular (i.m.) delivery of αCAR-targeted vector in mouse leg muscles results in 
specific retrograde transduction of lumbar MNs. Utilizing the αCAR-targeted vector we 
investigated in vivo the neuroprotective effects of lentivirally expressed IGF-1 for inducing 
neuronal survival and ameliorating the neuropathology and behavioral phenotypes associated 
with the SOD1G93A mouse model of ALS. Human IGF-1 was cloned into HIV-1 based lentiviral 
vectors (LV) under the full CMV promoter and expression was assessed via Western Blot 
analysis. Utilizing cell factories, we produced high titer preparations of therapeutic αCAR IGF-1 
LVs. We also produced Vesicular Stomatitis Virus glycoprotein (VSV-G) pseudotyped LVs 
expressing IGF-1 to assess neuroprotection resulting from retrogradely transported muscle-
produced IGF-1. Single bilateral delivery of either αCAR-targeted or VSV-G pseudotyped LVs 
expressing IGF-1 into key muscle groups of both male and female SOD1G93A mice was 
performed pre disease onset at day 28. Motor performance, coordination and gait analysis were 
assessed weekly from day 65 onwards, for both IGF-1 treated and control groups. We observed 
substantial therapeutic efficacy in vivo with αCAR IGF-1 LV pretreatment with up to 23% 
extension of survival compared to VSV-G IGF-1 LV and non- treated controls. Efficacy was 
linked to improved motor performance, as αCAR IGF-1 treated animals retained muscle tone 
and motor function during their prolonged survival. Histological analysis of lumbar and thoracic 
spinal cord samples at end point revealed that intramuscular delivery of αCAR IGF-1 LV 
increases motor neuron survival compared to age-matched non-treated controls. These data 
support that αCAR IGF-1 LV is a good candidate for non- invasive neuroprotective gene therapy 
of ALS. 
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Abstract: The microtubule associated protein tau is being explored as a therapeutic target in 
multiple tauopathies, including Alzheimer’s disease. Misfolded forms of tau are thought to form 
the basis of neurotoxic oligomeric tau and be involved in the spread of tau inclusions. To target 
oligomeric tau, we designed and synthesized a series of low molecular weight compounds that 
inhibit tau aggregation and demonstrated therapeutic effects in a transgenic model of aggressive 
tauopathy. We have employed a set of rationally designed non-dye compounds of our proprietary 
MorphomerTM platform to interact with the β-sheet conformation present in misfolded 
oligomeric tau protein. The most potent compounds were selected based on a series of functional 
and cell-based assay results, as well as pharmacokinetic properties. Two compounds, C1 and C2, 
were selected for an in vivo efficacy study in Tg4510 mice, a model of aggressive tauopathy 
expressing human tau carrying the P301L mutation of frontotemporal dementia and 
parkinsonism linked to chromosome 17 (FTDP-17). Compounds C1 and C2 were selected using 
a multitude of in vitro assays to screen for effects on tau aggregation and cellular toxicity. Both 
compounds exhibited good potency in reducing the β-sheet content of synthetic human tau, as 
well as in reversing the toxicity of β-sheet rich tau multimeric structures. Compound C2 was 
significantly more potent than C1 in reducing the size of tau aggregates, in reducing the 



cytotoxicity of tau paired helical filaments (PHF) enriched from AD brains, and in reducing 
intracellular tau aggregation and phosphorylation in neuroblastoma cells overexpressing tau with 
the P301L mutation. When tested for efficacy in the Tg4510 tauopathy model, C1 treatment 
resulted in a dose-dependent improvement of memory. In the same behavioral test, C2 displayed 
an even better potency on spatial learning and memory performance. Histological evaluation 
showed cortical atrophy in vehicle-treated mice. Treatment with C1 resulted in a dose-dependent 
trend for reduced brain atrophy, whereas C2 treatment led to significantly less atrophy compared 
to control mice. Interestingly, C2-treated mice also had a significant reduction in misfolded tau 
and a trend for reduced tau aggregation. In conclusion, we have shown that compounds designed 
to target and prevent tau aggregation, and selected using specific assays in vitro, demonstrate 
therapeutic efficacy in an aggressive model of tauopathy. These results further establish the 
concept of prevention of tau propagation as a promising strategy for the development of 
therapeutic compounds targeting tauopathy indications. 
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Abstract: From human language to birdsong and the chirps of insects, acoustic communication 
is based on amplitude and frequency modulation of sound signals. Whereas frequency-
processing starts at the level of the hearing organs, temporal features of the sound amplitude like 
rhythms or pulse rates require processing by central auditory neurons. Besides several theoretical 
concepts, the brain circuits that detect temporal features of the signal are poorly understood. We 
show how five neurons in the brain of female field crickets form an auditory feature-detector 
circuit for the pulse pattern of the male calling song. Auditory responses to the calling song are 
forwarded towards the brain via a single ascending interneuron. A small circuit of identified 
local brain neurons recognizes the species-specific sound pulse pattern and exhibits properties 
fundamental to a feature detection circuit based on delay-line and coincidence-detection 
mechanism. A constant internal delay that matches the pulse period of the calling song is 
provided by a non-spiking brain neuron. Upon acoustic stimulation it receives a transient 
inhibition that triggers postinhibitory rebound depolarization. Direct and delayed excitatory 
responses converge in a coincidence detector neuron. The coincidence detector neuron responds 
best to the pulse pattern of the species-specific calling song when the rebound activation of the 
non-spiking neuron temporally coincides with the response of the ascending interneuron to the 
subsequent sound pulse. The output of the coincidence detector neuron is further processed by a 
feature detector neuron that receives an additional inhibitory input to suppress unselective 
responses and background activity. The sparse but highly pattern selective spike response of the 
feature detector neuron closely matches the pulse period tuning of the phonotactic behavior. The 
circuit provides the basis for auditory mate recognition in field crickets and reveals principal 
mechanisms of sensory processing underlying the perception of temporal patterns. 

Disclosures:  B. Hedwig: None. S. Schoeneich: None. K. Kostarakos: None. 

Nanosymposium 

652. Auditory System: Temporal, Frequency, and Spectral Processing 

Location: N226 

Time: Wednesday, October 21, 2015, 8:00 AM - 10:00 AM 

Presentation Number:  652.02 

Topic: D.02. Auditory System 

Title: Specific neuronal populations in the dorsal cochear nucleus that responds to sound can be 
controlled using optogenetic and chemogenetic proteins 



Authors: *T. B. MALFATTI, M. M. HILSCHER, R. N. LEAO, K. E. LEAO;  
Brain Inst. of the Federal Univ. of Rio G, Natal, Brazil 

Abstract: Tinnitus is the perception of a sound in the absence of a corresponding physical 
stimulus. It is not clear yet what are the mechanisms involved in tinnitus and how it starts and/or 
becomes chronic. Due to the relationship between tinnitus and somatosensory trauma/stimuli, the 
dorsal cochlear nucleus (DCN), a region known to integrate somatosensory and auditory 
pathways, has been identified as a potential key structure in the generation of phantom sound 
perception. Here, we target specific neuronal populations in the DCN to investigate how this 
region may contribute to the generation of tinnitus signals that spread to other auditory areas. We 
examined the expression of optogenetic proteins (Channelrhodopsin 2 - ChR2; and 
Archaerhodopsin3 - Arch3) and chemogenetic proteins (Designer Receptors Exclusively 
Activated by Designer Drugs - DREADDs; more specifically Gq-coupled human M3 DREADD 
- hM3Dq, and Gi-coupled human M4 DREADD - hM4Di), targeting neurons expressing 
Calmoduline Kinase II alpha (CaMKIIa) promoter in wild-type C57/Bl6 mice and neurons 
expressing nicotinic acetylcholine receptor subunit alpha-2 promoter (ChRNA2) in ChRNA2- 
Cre transgenic C57/Bl6 mice, using local virus injection, verified by fluorescence microscopy. 
Unit responses were differentiated based on their electrophysiological response to sound. We 
then investigated if firing of neurons expressing optogenetic or chemogenetic tools can be 
controlled in vivo and if the same neurons also fire action potentials in response to precisely 
timed sound stimulation. Both in vivo and in vitro data shows that neurons expressing ChR2 that 
responds to sound can respond to light stimulation with a stable and similar waveform. Also, 
preliminary in vivo data suggests that neurons expressing Arch3.0 that responds to sound 
decrease their firing rate using light stimulation. By applying these optogenetic and 
chemogenetic tools we aim to test tinnitus theories by producing an increased firing rate, trying 
to mimic tinnitus; or inhibiting increased spontaneous firing rate on animals with noise-induced 
or salycilate-induced tinnitus. 
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Abstract: High temporal acuity of auditory processing underlies perception of speech and other 
rapidly varying sounds. A common measure of auditory temporal acuity in humans is the 
threshold for detection of brief gaps in noise. Gap-detection deficits, observed in developmental 
disorders, are considered evidence for "sluggish" auditory processing. Here we show, in an 
animal model of developmental disorder, that deficits in auditory brain sensitivity to brief gaps in 
noise do not imply a general loss of central auditory temporal acuity. Extracellular recordings in 
three different subdivisions of the auditory thalamus in anaesthetised BXSB/MpJ-Yaa mice 
revealed a stimulus-specific, subdivision-specific deficit in thalamic sensitivity to brief gaps in 
noise in experimental animals relative to controls. Neural responses to brief gaps in noise were 
reduced, but responses to other rapidly changing stimuli unaffected, in lemniscal and non-
lemniscal (but not polysensory) subdivisions of the medial geniculate body. Through 
experiments and modelling, we demonstrate that the observed deficits in thalamic sensitivity to 
brief gaps in noise arise from reduced neural population activity following noise offsets, but not 
onsets. These results reveal dissociable sound-onset-sensitive and sound-offset-sensitive 
channels underlying auditory temporal processing, and suggest that developmental disorders 
specifically affect the sound-offset-sensitive channel. 
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Abstract: The ability to discriminate between tones of different frequencies is fundamentally 
important for everyday hearing. Primary auditory cortex (A1) regulates behaviors that rely on 
frequency discrimination (Aizenberg and Geffen, 2013), but the underlying neural mechanisms 
are poorly understood. Frequency tuning of cortical excitatory neurons is shaped by the balance 
of excitatory and inhibitory inputs. In the cortex, the two most common classes of inhibitory 
interneurons are parvalbumin-positive (PV) interneurons and somatostatin-positive (SOM) 
interneurons. PV and SOM interneurons differ morphologically and may therefore differentially 
affect tone-evoked responses of excitatory neurons. We found that photo-activation of 
parvalbumin-positive (PV) interneurons enhanced tone-evoked responses of excitatory neurons. 
By contrast, photo-activation of SOMs diminished tone-evoked responses in the excitatory 
neurons, by suppressing tone-evoked responses more than spontaneous activity. Furthermore, 
photo-activation of SOMs decreased the frequency tuning width of excitatory neurons. 
Combined, we find that different types of interneurons exert a differential effect on frequency 
responses of excitatory neurons. PVs and SOMs may therefore carry out functionally different 
roles in auditory processing. 
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Abstract: Many studies of cortex rely on assumptions of the underlying functional organization 
of the region being studied. However, our understanding of cortical organization has typically 
been established by methods which record activity at a single spatial scale, limiting our ability to 
generalize to what extent the functional organization observed by large scale methods is 
reflective of the spatial organization at the level of single neurons. To bridge this gap, we employ 
a Ca2+ imaging approach in transgenic mice expressing genetically encoded Ca2+ indicators to 
record activity at multiple scales of spatial resolution. Our multiscale approach establishes a 
‘global’ view at the millimeter scale by utilizing transcranial widefield imaging and provides 
reliable landmarks based on large scale functional organization for registration across animals. 
Next a ‘local’ view, via two-photon imaging, allows us to monitor activity in populations of 
individual neurons across several hundred microns of cortex. Specifically, we apply this 
technique to study the functional organization of auditory cortex in awake mice. At the global 
scale, we uncover a finely detailed tonotopic structure in both primary and secondary fields and 
regions of cortex responsive to frequency modulated (FM) sweeps but not to pure tones. Further, 
this functional organization is preserved at a local scale, with single neuron activity within a 100-
200 micron region matching the corresponding functional properties observed at the global scale. 
Together these results indicate that rich organizational features are present within small regions 
of mouse auditory cortex, which in turn may reflect the functional specialization of those regions 
for the processing of sound. 
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Abstract: Studies of neuronal plasticity have revealed that receptive fields undergo rapid 
changes in their characteristics during attentive behavior in order to capture salient stimulus 
modulations. Hence, dynamic analysis of receptive field plasticity from spike recordings 
provides valuable insights into the dynamics of the underlying neural system. Most of the 
existing estimation techniques (e.g., reverse correlation) provide static estimates of the receptive 
field. Moreover, they do not systematically capture the inherent sparsity manifested in the 
receptive field characteristics. We address these issues for the problem of estimating 
spectrotemporal receptive fields (STRF) from multi-unit recordings in the ferret primary auditory 
cortex (A1). We model the neuronal dynamics by a point process with a sparse time-varying 
kernel governed by a logistic-link conditional intensity. We estimate the kernel parameters using 
a novel sparse adaptive filtering algorithm based on recursive L1-regularized maximum 
likelihood estimation, where recursive estimation is efficiently carried out using a proximal 
algorithm. We evaluate the performance of our proposed algorithm on simulated as well as real 
multi-unit spike data recorded from ferret A1 during passive stimulus presentation and during 
performance of a click rate discrimination task. Our simulation studies reveal that the proposed 
adaptive filtering algorithm significantly outperforms existing filtering algorithms in terms of 
goodness-of-fit, mean square error and trackability. Furthermore, application of our algorithm to 
real data provides new insights into the time course of attention-driven STRF plasticity, with a 
thousand-fold increase in temporal resolution from minutes to centiseconds, while capturing the 
underlying sparsity in a robust fashion. 
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Abstract: Humans and other mammals are very sensitive to changes in the salience, task-
relevance, and composition of the acoustic dimensions of complex and ecologically important 
sounds. Listeners appear to be able to shift attention across multiple simultaneously-present 
acoustic dimensions to home in on the ones that are diagnostic in guiding behavior. In particular, 
psychoacoustic experiments have shown that both endogenously and exogenously cued attention 
to a particular frequency or spectral band can enhance detection of auditory targets and sharpen 
sensitivity to multiple features within the attended band. Electrophysiological work in non-
human animals has begun to uncover the mechanics of this process (Fritz et al., 2007; 2010) 
while a pair of fMRI studies in humans (da Costa et al., 2013; Paltoglou et al., 2009) have shown 
that attention to high or low frequency bands drives responses across auditory cortex in a way 
that is predicted by tonotopic mapping in the same participants. However, it is unclear how fine-
grained this mapping is, how it differs across auditory fields, how it relates to the underlying 
myeloarchitecture of auditory cortex, and how other cortical regions drive or modulate 'attention-
o-tonotopic' maps. In the current study, we use a novel fMRI paradigm to drive sustained 
attention to multiple frequency bands; in the same participants, we obtained quantitative MR data 
(to estimate cortical myelination) along with tonotopic mapping in order to localize auditory 
areas (Dick et al., 2012). Across participants, we found that multiple auditory fields showed 
'attention-o-tonotopic' mapping that was closely aligned with tonotopic maps (which can be quite 
differently organized across participants and even over hemispheres). We also characterized the 
relationship of attention-o-tonotopic fields to putative the cortical myeloarchitectonic maps, both 
in the auditory core as well as non-core fields, and found interesting and reliable (cross-scan) 
patterns of individual variation. These results have implications for understanding how human 
listeners direct attention to behaviorally-relevant auditory dimensions in listening to complex 
sounds like speech and music and provide groundwork for understanding how experience may 
modulate these maps. 

Disclosures:  F.K. Dick: None. M. Lehet: None. L.L. Holt: None. 

Nanosymposium 

652. Auditory System: Temporal, Frequency, and Spectral Processing 

Location: N226 

Time: Wednesday, October 21, 2015, 8:00 AM - 10:00 AM 

Presentation Number:  652.08 

Topic: D.02. Auditory System 



Support: Centre for Chronic Diseases and Disorders/Wellcome Trust 

Title: Effects of sensorineural hearing loss on cortical entrainment to auditory temporal 
envelopes 

Authors: *R. E. MILLMAN1, G. PRENDERGAST2, S. L. MATTYS3;  
1York Neuroimaging Centre, Univ. of York, York, United Kingdom; 2Sch. of Psychological Sci., 
Univ. of Manchester, Manchester, United Kingdom; 3Dept. of Psychology, Univ. of York, York, 
United Kingdom 

Abstract: Sensorineural hearing loss (SNHL) enhances the neural coding of the temporal 
envelope of sounds (e.g. Moore et al., 1996; Kale & Heinz, 2010). This enhanced temporal 
envelope coding is thought to have a detrimental effect on the ability of hearing-impaired 
listeners to understand speech in the presence of fluctuating background noise. Here we used 
magnetoencephalography (MEG) to test the hypothesis that cortical temporal envelope coding is 
enhanced in SNHL listeners who struggle more than normal-hearing (NH) listeners to understand 
speech in fluctuating backgrounds. Cortical entrainment to a 2-Hz square-wave-gated noise was 
measured in older listeners with either normal-hearing or a mild-to-moderate, symmetrical 
SNHL. NH listeners were selected on the basis of their ability to “listen in the dips” of a 
fluctuating background, i.e. a 2-Hz square-wave-gated noise masker relative to an unmodulated 
noise masker. Conversely SNHL listeners were selected if they were less able to benefit from 
“listening in the dips” of the square-wave-gated noise masker. Ordinary least squares linear 
modelling was applied to MEG beamformer-based analyses to inform about both the amplitude 
(model β) and fidelity (model r2) of temporal envelope coding in “good dip listeners” (NH) and 
“poor dip listeners” (SNHL). In accordance with the Asymmetric Sampling in Time model (e.g. 
Poeppel, 2003), entrainment to the temporal envelope of the square-wave-gated noise was 
lateralised to areas in right auditory cortex within both listener groups. Temporal envelope 
coding was enhanced in poor dip listeners (SNHL) listeners, when compared with good dip 
listeners (NH); however, this enhancement was more evident in right auditory cortex. Our results 
demonstrate a degree of functional lateralization in cortical temporal processing in the poorer dip 
listeners, which may have important translational implications for auditory prostheses. The poor 
dip listeners demonstrated a superior ability to entrain to the temporal structure of the square-
wave-gated noise, suggesting that poor dip listeners are able to accurately identify when the 
“dips” occur in fluctuating backgrounds: Their difficulties in understanding speech presented 
against noisy backgrounds may stem instead from an inability to use the information present in 
the “dips” of fluctuating background noise. References Kale, S. & Heinz, M.G. (2010). Journal 
of the Association for Research in Otolaryngology, 11: 657-673 Moore, B.C.J., Wojtczak, M & 
Vickers, D.A. (1996).Journal of the Acoustical Society of America. 100: 481-489. Poeppel, D. 
(2003). Speech Communication 41: 245-255. 
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Abstract: Many mossy fiber pathways to the neurons of the deep cerebellar nucleus interpositus 
anterior (AIN) originate from the spinal motor circuitry. For cutaneously activated spinal 
neurons, the receptive field is a tag indicating the specific motor function the spinal neuron has. 
Similarly, the climbing fiber receptive field of the AIN neuron reflects the specific motor output 
function of the neuron. To explore the relationship between the motor information the AIN 
neuron receives and the output it issues, we made in vivo patch clamp recordings of cell 
responses in the AIN to tactile skin stimulation of the forelimb. The excitatory responses were 
organized according to a general principle, where the excitatory mossy fiber responses became 
stronger the closer the skin site was located to its climbing fiber receptive field. The findings 
represent a novel functional principle of cerebellar connectivity, with crucial importance for our 
understanding of the function of the cerebellum in movement coordination. 
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Abstract: The activity of neurons in the caudal part of the cerebellum’s medial, or fastigial, 
nucleus strongly influences the horizontal component of saccades. The timing of saccade-related 
bursts of action potentials depends on saccade direction. For example, a few milliseconds (ms) 
before a rightward saccade, neurons in the left caudal fastigial nucleus (CFN) fire a burst of 
action potentials. A little later, a few ms after the saccade has started, neurons in the right CFN 
fire a burst of action potentials. The early bursts in the left CFN help accelerate the rightward 
saccade by inhibiting antagonist muscles. The late bursts in the right CFN decelerate the saccade 
by inhibiting agonist muscles so that they do not continue to rotate the eye near the end of the 
saccade. The late decelerating bursts probably originate in the cerebellum. No brain structure 
outside the cerebellum fires bursts after saccade onset except structures that receive CFN input. 
We proposed a mechanism that the cerebellum could use to generate these late bursts. Saccade-
related signals from the superior colliculus and frontal eye field enter the cerebellum on the side 
contralateral to saccade direction and elicit the early burst in CFN neurons. The signals then 
enter the cerebellar cortex in the oculomotor vermis (OMV) and travel across the midline in 
parallel fibers. These fibers synapse onto Purkinje cells that project to the CFN ipsilateral to 
saccade direction and elicit a burst there. This burst occurs later because of the travel time of the 
signal in the parallel fibers. We tested this proposal in three rhesus monkeys trained to make 
saccades by making a parasagittal cut through the OMV near the midline in an aseptic surgery. 
This cut interrupted crossing OMV parallel fibers. If our proposal is correct, then the 
deceleration of both leftward and right ward saccades would be impaired without damaging 
acceleration. Our cuts were 0.4, 1.0 and 1.4 mm left of the midline. They impaired leftward 
saccades much more than rightward saccades. We concluded that our proposal was wrong. 
Signals in parallel fibers are not critical to normal saccades. We propose that a parasagittal 
region of Purkinje cells damaged by our cut is critical. This region is within 1 mm of the midline. 
The cut at 1.4 mm had little effect on saccades. This finding may improve surgery to remove 
tumors in the IVth ventricle under the cerebellum. To remove these tumors surgeons often cut 
down the middle of the OMV which damages eye movements. If they cut lateral to the narrow 
saccade-related area revealed in our animals then they might spare eye movements. 
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Abstract: Synapses can alter their strength in response to specific patterns of input. The local 
rules governing this process at each synapse within a neural circuit define the algorithm the 
circuit uses to learn, yet our understanding of these rules is still primitive. We investigated these 
local rules in the context of behavioral function, by studying a tractable form of motor learning, 
and integrating analyses at the behavioral, circuit and cellular levels. It is widely assumed that 
the rules for plasticity are uniform across a given, anatomically defined synapse type, 
particularly in brain structures like the cerebellum, which has a remarkably uniform 
cytoarchitecture. In striking contrast, our results demonstrate that in different regions of the 
cerebellum, the same types of synapses are governed by different rules for plasticity - and these 
rules are tuned to the behavior that each region supports. In the cerebellum, behavioral 
performance errors are signaled by climbing fibers, which are known to trigger plasticity at 
parallel fiber to Purkinje cell synapses. In vivo electrophysiological recordings during learning 
revealed that individual climbing fiber spikes induced changes in the responses of cerebellar 
Purkinje cells that were precisely timed to compensate for the feedback delay in the error signals 
carried by climbing fibers. In vitro, a climbing fiber delay precisely matched to that observed 
during learning in vivo was effective at inducing plasticity. In addition, plasticity at parallel fiber 



synapses in different parts of the cerebellum was tuned to different time intervals, which could 
reflect a tuning of the plasticity mechanisms for the behavior supported by that specific 
microcircuit. 
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Abstract: The improvement of motor behavior, based on experience, is a form of learning that is 
critically dependent on the cerebellum. A well-studied example of cerebellar motor learning is 
short-term saccadic adaptation (STSA). In STSA, information on saccadic amplitude errors is 
used to improve the amplitude of future saccades. The information optimizing saccade metrics is 
conveyed by oculomotor vermis (OMV) Purkinje cells simple spikes (PC-SS) because they are 
the critical input to the premotor circuits for saccades. We have previously shown that individual 
OMV PC-SS of monkeys undergoing STSA show highly idiosyncratic changes of their discharge 
during STSA whereas a PC-SS population signal, based on the collective activity of larger 
groups of PC exhibits changes that closely parallel changes of saccade kinematics (Catz et al., 
PNAS, 2008). STSA transfers to new saccade directions by an amount that decreases with 
distance from the adapted direction (Noto et al., J Neurophysiology, 1999). Here we asked if the 
properties of the transfer can be led back to adaption-related changes in PC-SS discharge that 
show the same direction dependence. In order to address this question we tested two monkeys on 
a typical inward adaptation task in three continuous blocks in which the target stepped back 
during the saccade with decreasing probabilities (1, 0.8 and 0.6 respectively). In the 
complementary trials in blocks 2 and 3 the target was presented at the same primary eccentricity, 
yet without the later inward step, and in new directions, drawn at random from a pool of 7 
vertical target locations at varying distance from the adaptation direction. The monkeys exhibited 
clear inward adaptation. The transfer of adaptation to the new directions reflected the adaptation 
of the horizontal component of the saccades made in the oblique adaptation direction. As the 



contribution of the horizontal component decreased with angular distance from the adaptation 
direction, so decreased the adaptation transfer. This result is fully compatible with a model 
assuming a transfer of Cartesian components. Single PC-SS showed the well-known, 
individually very different PC-SS discharge changes for the adaptation direction. Changes were 
also observed in the transfer directions, when compared to the responses of saccades in these 
directions before adaptation. We are currently examining if these changes could explain the 
adaptation transfer observed. Acknowledgement: Supported by DFG FOR 1847-A3 
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Abstract: The associative and neural properties of conditioned and unconditioned stimuli (CS, 
US) have been widely studied using simple forms of cerebellar-dependent motor learning, such 
as classical eyeblink conditioning. Such studies have reported CS- and US-evoked changes in 
cerebellar activity. This is consistent with computational accounts that explain cerebellar 
memory formation in terms of the decreasing efficacy between cerebellar cortical neurons and 
their inputs. In contrast, instrumental learning often requires the use of cognitive operations, and 
engages the prefrontal cortex. It involves learning the contingencies between CSs, actions and 
outcomes, such that CSs can be used to select actions to obtain desired outcomes. Cerebellar 
circuits have recently been implicated in instrumental processing, but their specific roles are not 
clear. Here, we used functional MRI to record CS- and outcome-evoked activity in the human 
cerebellum as subjects learned arbitrary associations between CSs, oculomotor actions and 
outcomes through trial-and-error. We were able to isolate CS- and outcome-specific activity in 
separate studies without contamination from other trial elements (controls: (i) non-arbitrary 
stimuli with no associative properties, which directly specified the same responses; (ii) arbitrary 
stimuli which were followed by incorrectly executed responses), and test hypotheses about parts 



of the cerebellar cortex (lobule HVIIa) that communicate with the prefrontal cortex. We found 
activity time-locked to CSs and outcomes in lobule HVIIa. CSs that were arbitrarily paired with 
correctly selected actions evoked activity in a set of areas within lobule HVIIa. CS-related 
activity amplitude decreased from trial-to-trial as learning progressed. We observed similar 
decreases in the nucleus accumbens, which has a well-established role in instrumental learning. 
Separately, we periodically altered CS-action mappings so that new mappings would replace 
previously acquired response rules. Our statistical model predicted decreasing outcome-related 
activity with each successive correctly selected response, but reverted to high, pre-learning levels 
on presentation of new mappings. We report such activity in parts of lobule HVIIa. Our findings 
show that cerebellar responses to instrumental CSs and outcomes can be specific to those that 
acquire associative properties, and change as a function of instrumental learning. They are 
consistent with the view that the cerebellar mechanisms which support information processing in 
simple forms of motor learning may be similar to those that support instrumental forms of 
learning. 
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Abstract: INTRODUCTION This study sought to investigate two-electrode montages for anodal 
transcranial direct current stimulation (atDCS) over ipsilateral cerebellar hemisphere during 
visuomotor learning of myoelectric visual pursuit task (VMT) using electromyogram (EMG) 
from gastrocnemius (GAS) muscle. The atDCS montages were selected based on computational 
modeling to target electric field strength at the anterior lobe (AL) or posterior lobe (PL) or 



AL+PL of the cerebellum. METHODS A. Computational modeling Two-electrode montages 
were selected from prior works using a software pipeline, shown in Figure 1a, that was partly 
based on SCIRun. Here, we used the Intensity Contour tool of the FreeSurfer to extract the 
cerebellum. B. Cerebellar atDCS This study on 15 healthy volunteers was conducted to 
investigate the effects of 15min of atDCS (current density=0.526A/m2; electrode size 25 cm2) of 
ipsilateral AL, PL, AL+PL on response time (RT) and root mean square error (RMSE) during 
isometric contraction of the dominant GAS for VMT, i.e., ‘ballistic EMG control’ (see Figure 
1b,c,d). RESULTS AND DISCUSSION AL atDCS (Grimaldi and Manto montage) resulted in a 
statistically significant (p<0.05) decrease in RT post-intervention than baseline when compared 
to PL atDCS (Pope and Miall montage) and AL+PL atDCS (Galea et al. montage). However, 
only AL+PL atDCS resulted in a statistically significant (p<0.05) decrease in RMSE post-
intervention than baseline. Here, optimizing the direction of the electric field relative to the 
cerebellar peduncles may also be relevant. REFERENCES 1. Ferrucci, R., Cortese, F. & Priori, 
A. Cerebellum Lond. Engl. 14, 27-30 (2015). 2. Dutta, A., Paulus, W. & Nitsche, M. A. J. 
Neuroengineering Rehabil. 11, 13 (2014). 3. Dannhauer, M., Brooks, D., Tucker, D. & 
MacLeod, R. Conf. Proc. Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. IEEE Eng. Med. Biol. 
Soc. Conf. 2012, (2012). 4. Grimaldi, G. & Manto, M. Ann. Biomed. Eng. 41, 2437-2447 
(2013). 5. Pope, P. A. & Miall, R. C. Brain Stimulat. 5, 84-94 (2012). 6. Galea, J. M., Jayaram, 
G., Ajagbe, L. & Celnik, P. J. Neurosci. 29, 9115-9122 (2009). 
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Abstract: Motor skill learning implies synergistic activations of different brain structures that 
change over time. Such co-activations include the cerebellum, the hippocampus, and the basal 
ganglia during the initial phases of learning, while the nodes within the basal ganglia take over 
during the retention phase (Doyon & Benali, 2005). However, little is known about the 
interaction between the cerebellum and the basal ganglia within the initial (fast) learning phase 
of a new motor skill. We have demonstrated recently that repetitive magnetic stimulation of the 
associative cerebellar cortex can modulate (either boost or suppress) the associative plasticity of 
the motor cortex (Popa et al., 2013). It is conceivable that such stimulation can similarly 
influence other connected structures and processes that are dependent on associative cortical 
plasticity. Here we assessed whether cerebellar stimulation can modulate motor learning-related 
plasticity underlying skill performance and also the neural activity in the supporting networks. 
We used functional 3T MRI to track the BOLD activity correlated with the single-session 
acquisition of an explicit five element sequence of left hand finger movements, in 5 groups of 
healthy right-handed volunteers (total: 119). One control group was free from any external 
interference (N=52). In the four others, the cortex of the right or left cerebellar hemisphere was 
either inhibited or facilitated with continuous or intermittent theta-burst stimulation targeting 
posterior parts of cerebellar hemispheres (cTBSright N=18; iTBSright N=19; cTBSleft N=15; 
iTBSleft N=15) Subjects in all groups acquired the explicit motor sequence following a three-
phase pattern within a single training session: an early-phase of rapid learning, followed by a 
mid-phase of slower learning, and a late-phase of quasi-asymptotic performance. With respect to 
controls, the learning pattern remained unchanged following left cerebellar stimulation, but was 
either accelerated in the early-phase of learning by the right cerebellar inhibition or slowed down 
in the late-phase by the right cerebellar excitation. In the control group, the performance-
correlated BOLD activity shifted progressively from the hippocampus in early-phase to the 
bilateral striatum in late-phase, while in the cTBSright group, enhanced bilateral striatal activity 
was triggered already from the end of the early-phase. We conclude that artificial modulation of 
the cerebellar hub output can significantly alter the dynamics of the connected networks (like the 



basal ganglia – cortical circuits), which subsequently translates in bidirectional modulation of 
motor skill learning. 
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Abstract: Background: The cerebellum is important for coordinating movement. Recent studies 
suggest that the cerebellum is also involved in coordinating a variety of cognitive functions, such 
as working memory (WM). Spinocerebellar ataxia (SCA) is a hereditary disorder that leads to 
progressive degeneration of the cerebellum. If the cerebellum is involved in the coordination of 
motor and cognitive functions, performing both simultaneously should lead to impairments in 
one or both domains. In SCA patients, impairments in one or both domains could become even 
more severe. It is unclear, however, how motor and cognitive functions interact when competing 
for cerebellar resources, especially in SCA patients who have limited cerebellar functionality. 
For example, when both functions are performed simultaneously, is motor function prioritized 
over cognition (or vice-versa)? In this pilot study, we compared motor and cognitive functions 
performed separately and together in 9 SCA patients recruited from the Johns Hopkins Ataxia 
Center and 10 age-equated controls. Methods: Subjects were tested on a novel paradigm that 
consisted of three tasks: (1) Motor: subjects drew figure 8s continuously for 5 seconds (8 trials); 
(2) Cognitive: subjects heard a letter sequence (increasing each trial from 3 to 8 letters), and 
repeated the letter sequence 5 seconds later; and (3) Cognitive-Motor Dual Task: subjects heard a 
letter sequence (increasing from 3 to 8 letters), then drew figure 8s, and then repeated the letter 
sequence aloud 5 seconds later. Results: In controls and SCA patients, drawing speed increased 
across trials. However, drawing speed was slower for SCA patients, with a smaller rate of 
increase across trials than for controls. In controls only, drawing speed continued to increase 



when combined with shorter letter sequences but then began to slow down when combined with 
longer letter sequences. By contrast, in SCA patients, motor learning stopped altogether when 
combined with any letter sequence length. For both groups, accuracy of letter recall declined as a 
function of sequence length. Accuracy declined markedly when combined with drawing. 
Conclusions: These preliminary results suggest that, normally, when motor and cognitive 
functions are performed simultaneously, motor function is prioritized over cognition. Only under 
high cognitive demands does motor function also become affected. However, for SCA patients, 
cognitive function and motor function impact each other directly, leading to low performance in 
both domains. This suggests that, whenever possible, SCA patients should perform motor and 
cognitive tasks independently to achieve optimal performance. 
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Abstract: Neuroplasticity is involved in post-stroke restorative neurorehabilitation and can be 
facilitated with transcranial direct current stimulation (tDCS) intervention. However, lack of 
agreement in methods using tDCS intervention limits its clinical translation for stroke 
rehabilitation. Cerebellar tDCS processes of acquisition during adaptive motor learning may 
promote post-stroke motor recovery. To further perform neurophysiological testing in cerebellar 
regions using tDCS, we tested diffusion tensor imaging (DTI) for determining cerebellar 
structural reserve. The goal was to correlate motor impairment with the microstructural integrity 



of cerebellar peduncles (CP) by using DTI method, to further use it as a marker of structural 
reserve. MATERIALS AND METHODS: 29 patients (21 males; age range 27-67 years) with 
ischemic anterior stroke (19 with left stroke; mean lesion volume =100cm3±63) were scanned at 
1 month and 6 months (± 1 week) post stroke. 29 healthy controls (17 males; age range 19-67 
years) were enrolled in this study. The MRI protocol performed using a 3-T Philips magnet 
included anatomic T1 images (1 mm3) and diffusion-weighted EPI sequence (70 slices 60 
directions; b-value 1000 s/mm2; voxels 1.67x1.67x2 mm). DTI outcome measurements, 
fractional anisotropy (FA), for the superior (SCP), middle (MCP), inferior CP (ICP) and cortical 
spinal tract (CST) were estimated using the Diffusionnist toolkit. The Fugl-Meyer motor score 
was used for assessing motor functions. RESULTS: Compared to the controls, patients had a 
significantly lower FA in bilateral SCP, MCP ICP and CST. There was a significant positive 
correlation between the Fugl Meyer motor scores at 1 and 6 months and FA in ipsilateral SCP, 
MCP and ICP in the patients group. In addition, significant correlation of FA value was found 
between the CST and the cerebellar pathways. CONCLUSIONS: These findings suggest that 
microstructure impairment of cerebellar peduncles may contribute to the motor dysfunction 
related to stroke at all times and serve as a marker of cerebellar reserve for assessing tDCS in 
stroke patients. Moreover, the correlations we found between CST and cerebellar pathways 
confirm the disconnection between the motor cortex and the cerebellum in stroke patients. 

Disclosures:  A. Jaillard: None. C. Huber: None. L. Lamalle: None. M.G. Hommel: None. F. 
Renard: None. 

Nanosymposium 

653. Cerebellum: Learning and Cognition 

Location: S402 

Time: Wednesday, October 21, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  653.10 

Topic: D.14. Cerebellum: Central Physiology 

Support: NIH/NCATS KL2 TR000102 to PET 

Title: Cerebellar contributions to language: A combined TDCS-FMRI study 

Authors: *C. J. STOODLEY1, A. M. D'MELLO1, D. SHOOK1, W. HAYWARD2, P. E. 
TURKELTAUB2,3;  
1Psychology, American Univ., Washington, DC; 2Neurol., Georgetown Univ. Med. Ctr., 
Washington, DC; 3Res. Div., MedStar Rehabil. Hosp., Washington, DC 



Abstract: The right posterolateral cerebellum is structurally and functionally connected to 
language regions of the cerebral cortex. Clinical, neuroimaging, and neuromodulation studies 
suggest that the cerebellum is involved in many aspects of language, but the specific mechanisms 
underlying the cerebellar contributions to language remain unknown. It has been proposed that 
the cerebellum is important in the acquisition and training of internal models that enable 
prediction. Consistent with this, both damage to and neuromodulation of the right posterolateral 
cerebellum impair performance on language prediction tasks. Our aim was to examine the effects 
of cerebellar transcranial direct current stimulation (tDCS) on neural activation patterns and 
predictive language processing. We hypothesized that right cerebellar tDCS would modulate 
neural activation patterns throughout the language network, specifically affecting performance 
and activation patterns during predictive trials. We combined 20min of 1.5 mA anodal or sham 
tDCS over the right posterolateral cerebellum with functional MRI in healthy adults (n=12; 
µ=26.5 years). Functional images were acquired pre- and post-tDCS while participants viewed a 
series of four words and decided which possible fifth word best completed the sentence. In some 
sentences the final word was highly predictable based on the preceding context, while other 
sentences were non-predictive. Anodal tDCS, relative to sham, decreased activation in right 
cerebellar Crus I/II. TDCS modulated cortical activation throughout the reading/language 
network, including left occipito-temporal gyrus and supramarginal gyrus. These preliminary 
results are consistent with the proposed role of the right posterolateral cerebellum in optimizing 
performance during predictive language processing, and suggest that right cerebellar tDCS 
modulates supratentorial language networks. 
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Abstract: It has been proposed that the cerebellum serves to generate predictions about the 
sensory consequences of future movements. Complete, or over reliance on sensory feedback is 
thought to result in unstable movements. Patients with cerebellar ataxia are known for their 
deficits in visually guided movement and their movements are known to improve in the absence 
of visual feedback. Thus it is suggested that patients with damage to the cerebellum are less able 
to make accurate predictions about the sensory consequences of movements and have to rely on 
reafferent information which ultimately leads to unstable movements. Here we report a series of 
behavioural tasks identifying a clear role for the cerebellum in feedback processing during vocal 
behaviour and a theta burst experiment confirming this in healthy controls. The present study 
aimed to investigate the nature of auditory feedback processing in patients with cerebellar 
degeneration by measuring various aspects of vocal behaviour. Two sets of patients were tested 
on a battery of vocal assessments designed to probe different aspects of vocalisation: we 
investigated ability to produce spontaneous voicing, pitch tracking of a moving pitch target and 
pitch perturbation. We investigated the hypothesis that reducing auditory feedback during 
vocalisation would improve vocal stability, showing that under auditory masking conditions, 
variability in vocal pitch is significantly reduced in patients with cerebellar damage. In order to 
investigate this idea further, a third experiment was carried out where we investigated how 
patients responded to perturbations in pitch production whereby auditory feedback is pitch 
shifted during vocalisation. As predicted, patients with cerebellar damage displayed significantly 
altered responses to the pitch shift compared to healthy age matched controls indicating an 
alteration in the way reafferent information is utilised. Finally continuous theta burst stimulation 
to cerebellar cortex in healthy controls confirmed a role for cerebellar processing in 
compensation for an imposed shift in auditory feedback. Together, these experiments provide 
compelling evidence in favour of the idea of the cerebellum as a prediction system, the 
dysfunction of which leads to over reliance on sensory feedback and hence unstable auditorily 
guided vocal movements. These data will be discussed in relation to the function of the 
cerebellum in the neural control of vocal behaviour and current models of speech production. 
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Abstract: Body language reading is essential for social cognition and interaction. Healthy 
individuals readily recognize emotions conveyed by body motion, yet the underlying brain 
circuitry remains largely unknown. Here, we conducted a functional MRI (3T Trio, Siemens 
Medical Solutions, Erlangen, Germany) in 17 healthy adults during recognition of different 
emotional expression in dynamic displays of knocking on a door. Data pre-processing and 
analysis were conducted with Statistical Parametric Mapping (SPM12, Wellcome Institute of 
Cognitive Neuroscience, London, UK, http://www.fil.ion.ucl.ac.uk/spm). Positive knocking 
elicited higher activations in the right basal ganglia and superior temporal sulcus (STS), as 
compared to neutral displays. The left inferior insula, anterior and medial cingulate cortex were 
more activated by negative emotion. Neutral contrasted to emotional body language engaged left 
cerebellar lobule IX and right amygdala. In a nutshell, the outcome indicates a distributed 
cerebro-cerebellar network for visual processing of emotional body language. Midline cerebellar 
structures and the amygdala may interact in signalling a lack of emotional expression. This is in 
line with recent data on cerebellar involvement in visual processing of body motion, and may 
open a window for future research on the role of cerebellum in neuropsychiatric disorders such 
as schizophrenia and autistic spectrum disorders. 
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Abstract: Background: Neuroimaging and brain lesion studies suggest that the cerebellum is 
incorporated into neural substrates for social cognition, including tests of emotion attribution 
(EA). We recently confirmed this notion and showed that EA is impaired in patients with 
cerebellar pathology (Hoche et al., 2014). Social cognitive deficits are viewed as part of the 
spectrum of affective impairments in patients with the cerebellar cognitive affective syndrome 
(CCAS), characterized by deficits in executive function, linguistic processing, visual spatial 
cognition, and affect regulation (Schmahmann and Sherman, 1998). The EA task may require 
cognitive processing dependent on CCAS domains, such as visual-spatial reasoning as well as 
executive functions, attention, working memory or language skills (Byom and Mutlu, 2013). 
Further, it has been suggested that social cognitive performance per se is ameliorated by co-
operationalization of cognitive networks in addition to recruitment of a social cognitive core 
circuitry (Haxby et al., 2000). We hypothesized that cerebrocerebellar cognitive networks that 
are disrupted in cerebellar pathology leading to the CCAS also contribute to loss of function on 
EA tasks in patients with cerebellar disease. Methods: We performed standard 
neuropsychological tests and the Reading the Mind in the Eyes test (RMET) (Baron-Cohen, 
2001) in patients with cerebellar pathology (n=57) and healthy controls (n=57), and implemented 
least absolute shrinkage and selection operator (LASSO) regression to evaluate effects of 
cognitive performance on accuracy of decoding facial expressions. Cognitive domains that 
contributed to performance on the RMET were selected by LASSO, which identifies efficient 
sets of variants influencing the outcome measure (RMET). Results: Impairments in cerebellar 
patients were found on EA skills as well as on CCAS domains (p<.000 respectively). LASSO 
revealed that performance on a variety of tests evaluating domains of the CCAS (executive 
function, visual spatial reasoning, and language) were included in a predictive model of EA in 
controls (parsimonious model; r2=1.000) but not in the cerebellar cohort (r2=0.731, F=8.685, 
p<0.001). Discussion: Social cognition as measured by EA is impaired in cerebellar patients. 
LASSO regression in healthy controls shows that EA is dependent on the cognitive domains that 
are core features of the CCAS in cerebellar lesioned patients. We conclude that cerebellar 
pathology disrupts cerebellar interconnections with cerebral associative and paralimbic regions, 



resulting in the CCAS and impairing co-operationalization of cognitive domains necessary for 
EA. 

Disclosures:  F. Hoche: None. X. Guell: None. J.C. Sherman: None. M.G. Vangel: 
None. J.D. Schmahmann: None. 

Nanosymposium 

653. Cerebellum: Learning and Cognition 

Location: S402 

Time: Wednesday, October 21, 2015, 8:00 AM - 11:30 AM 

Presentation Number:  653.14 

Topic: D.14. Cerebellum: Central Physiology 

Support: Sidney R. Baer Jr. Foundation 

 NCATS NIH 8KL2TR000168-05 

Title: Cerebellar transcranial magnetic stimulation to impact network connectivity in 
schizophrenia 

Authors: *M. A. HALKO1, I. GONSALVEZ1, A. STERN2, J. SCHMAHMANN3, A. 
PASCUAL-LEONE1;  
1Neurol., 2Psychiatry, Beth Israel Deaconess Med. Ctr., Boston, MA; 3Massachusetts Gen. Hosp. 
/ Harvard Med. Sch., Boston, MA 

Abstract: Growing evidence suggests that symptoms of neurological and psychiatric illness may 
arise from deficient neural network function. Resting state functional connectivity has emerged 
as a tool to identify deficient neural network function within disease populations. The cerebellum 
is incorporated into neural systems subserving sensorimotor, cognitive and limbic domains, and 
cerebellar lesions produces deficits in intellect and emotion. We hypothesized that cerebellar 
connections with cerebral cortex may provide access for cortical network modulation. We 
delivered intermittent theta-burst transcranial magnetic stimulation (TMS) to the cerebellar 
vermis and assessed network functional connectivity using three 6-minute resting state fMRI 
runs. Healthy participants (n=9) participated in single session studies comparing functional 
connectivity before TMS to a second fMRI session immediately following TMS. In 
schizophrenia patients (n=16) in a double-blind, randomized trial of TMS efficacy, stimulation 
was delivered twice a day for 5 days. Resting state functional connectivity was assessed at 
baseline and 1 week following the last TMS session. In healthy participants, stimulation resulted 
in increased functional connectivity within the dorsal attention network. Similar patterns of 



increased connectivity within the dorsal attention network in the intraparietal sulcus were found 
in patients who received real stimulation. No changes in functional connectivity were observed 
in a control network analysis within the default network, or in patients receiving sham 
stimulation. Baseline PANSS ratings on the negative and general scales correlated with baseline 
functional connectivity (r=0.46 and r=0.41, respectively). These baseline ratings were not 
correlated with functional connectivity within the default network (r=-0.08 and -0.12). These 
results suggest that functional connectivity may be shaped by TMS, and that this change can last 
multiple days following repeated stimulations. Our findings suggest that therapeutic 
interventions may be guided towards functional connectivity endpoints to establish treatment 
efficacy, which may then correspond to clinical improvement. Cerebral cortical network 
modulation appears to be possible via cerebellar stimulation. 
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Abstract: Restricted, repetitive behaviors are continuous and invariant behaviors such as motor 
stereotypies, insistence on sameness, rituals, and compulsions and are common phenotypic traits 
of many psychiatric, neurological, and neurodevelopmental disorders. Despite the high incidence 



of these disruptions of adaptive behavior, the neurobiological basis is relatively unknown and 
pharmacological targets for treatment have not been adequately studied. Previous work using the 
Peromyscus maniculatus mouse model identified hypoactivation of the subthalamic nucleus in 
mice with high rates of repetitive behavior. Furthermore, drug cocktails designed to selectively 
increase the function of the indirect basal ganglia pathway (circuitry that includes the 
subthalamic nucleus) significantly reduce repetitive behavior in mouse models. We have 
extended this line of research to the C58 inbred mouse model, which also exhibits high rates of 
repetitive behavior. Gene expression analyses using commercially available PCR arrays 
(SABiosciences) identified significant alterations in receptor subunit and transporter genes that 
mediate the excitatory/inhibitory balance in the subthalamic nucleus of C58 mice, compared to 
the closely related C57Bl/6 mice, which do not exhibit high rates of repetitive behavior. These 
genes include GABA receptor subunits, the GABA transporter, and mGluR3, which regulates 
glutamate release in the substantia nigra pars reticulata. We are now expanding on these analyses 
using RNA-seq to catalog all gene expression differences in the globus pallidus and subthalamic 
nucleus between C58 and C57Bl/6 mice. In addition, we found significantly lower dendritic 
spine density in the globus pallidus and subthalamic nucleus neurons in C58 mice relative to 
C57Bl/6 mice. This is consistent with our finding that neuronal activation, as measured by 
cytochrome oxidase histochemistry, is also reduced in the subthalamic nucleus of C58 mice. No 
differences in globus pallidus neuronal activation were found, though this may be a limitation of 
the histochemistry technique in this highly striated brain region. Taken together, these data 
suggest repetitive behavior is a function of hypoactivation of the subthalamic nucleus, which is 
mediated by enhanced inhibitory tone provided by the globus pallidus. This is consistent with the 
role of the indirect basal ganglia pathway, of which both the globus pallidus and subthalamic 
nucleus are exclusively involved, to suppress motor behavior. 
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Abstract: Dynamic changes in cortico-basal ganglia circuit function underlie action learning. 
How changes in discrete, connectivity-specified circuits manifest in vivo during such learning 
remains a fundamental question in neuroscience. Using in vivo fiber photometry, we assessed 
real-time activity and plasticity of distinct cortical inputs to the striatum during motor skill 
learning. Emx1Cre mice expressing Cre recombinase in excitatory cortical neurons were injected 
with adeno-associated viruses encoding a Cre-dependent form of the calcium indicator, 
GCaMP6s, into the motor cortex (M1) or medial prefrontal cortex (mPFC). An optical fiber was 
implanted into the dorsolateral striatum of M1-injected mice to target sensorimotor corticostriatal 
inputs, and the medial striatum of mPFC-injected mice to target associative corticostriatal inputs. 
Activity-dependent fluorescent calcium dynamics were assessed in presynaptic elements of these 
inputs as a proxy for projection activity as mice were trained on the accelerating rotarod. 
Sensorimotor inputs were engaged by performance on the rotarod, and their activity scaled 
flexibly with rotarod velocity. Velocity-correlated activity persisted across training, despite a 
progressive decrease in overall engagement of this pathway. Associative projection activity was 
also engaged in a velocity-correlated manner during early rotarod performance, but was 
markedly reduced with extended training. Our work describes a novel approach to observe real-
time activity dynamics in discrete corticostriatal inputs, and reveals projection-specific plasticity 
that likely underlies motor skill learning. 
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Abstract: Whereas “cognitive-type” cortical circuits (such as the prefrontal cortex) have been 
much emphasized, their interactions with the corresponding subcortical structures have been less 
studied. To make progress, we developed a physiologically-based network of spiking neurons 
endowed with feedback mechanisms at three levels: local cortical microcircuit, thalamocortical 
loop and cortico-basal ganglia (BG)-thalamocortical system. We tested our circuit model for 
executive control in a stop-signal task in which a subject is required to suppress a planned action 
upon the occurrence of an unexpected stop signal. A stop signal enters the BG through the 
subthalamic nucleus (STN) and is transmitted along two routes that impact the output of the BG. 
The fast route is from the STN directly to the output nucleus of the BG, the substantia nigra pars 
reticulata (SNr) or internal segment of the globus pallidus (GPi), which quickly increases the 
SNr/GPi inhibitory output to the thalamus. The slower route is from the STN to the external 
segment of globus pallidus (GPe); the model is capable of accounting for the experimental 
observations from a stop-signal task, provided that the GPe sends feedback inhibition to striatum 
(a newly reported pathway), through which the stop signal could interrupt ramping activity in the 
striatum. We found that decreasing the weight of the direct pathway enhances the inhibitory 
function, reflected by an enhanced probability of action cancellation and a reduced stop signal 
reaction time (SSRT), an important measure for the effectiveness of inhibitory control. We 
further applied the same model to a perceptual decision making process in a random-dots motion 
direction discrimination task, where the only difference in implementation of these two tasks is 
the specific form of external input. The model turns out to be capable of not only this choice 
task, but also a combined perceptual decision and stop-signal task. The SSRT is insensitive to the 
task difficulty in the perceptual decision making process, indicating a functional independence of 
the two processes in our model, consistent with the finding from a recent monkey experiment. 
Importantly, for our model to perform properly, attractor dynamics underlying the required 
computations, as well as persistent activity in working memory, must not originate solely from 
local recurrent connections within the cortex; instead it should reply on either the thalamocortical 
or cortico-BG-thalamocortical closed loop. Therefore, our model supports a distributed 
mechanism for persistent activity, and provides a unified framework for investigating inhibitory 
control, decision-making and working memory. 
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Abstract: For voluntary actions such as singing or pitching a baseball it is critical that we can 
learn to modify the underlying movements (e.g. the pitch of a note or velocity of the arm) to 
improve the outcomes of the action. The basal ganglia are an evolutionarily conserved 
subcortical circuit, composed of two opponent pathways, direct and indirect, that promote 
actions that elicit positive outcomes or oppose actions that do not, respectively. This circuitry 
plays an indispensible role in selecting actions based upon their expected outcomes; however, it 
is unknown whether basal ganglia circuits are also sufficient to control the specification of 
movement parameters such as velocity through reinforcement. Furthermore, the mechanism by 
which action selection is shaped (change in gain, recruitment of neurons from specific 
populations, etc) is not known. We used cell-type specific stimulation delivered in closed-loop 
during movement to demonstrate that activity in either pathway is sufficient to produce 
sustained, opposing changes in specific movement kinetics without generalized changes in action 
selection or motivation. During stimulation sessions, mice increased or decreased the probability 
of rapid velocity movements in order to trigger more direct pathway stimulation or less indirect 
pathway stimulation, independent of the direction of the kinetic modulation. These behavioral 
changes accumulated over tens of trials, persisted after the cessation of stimulation, and were 
abolished in the presence of dopamine antagonists. We then elucidated the changes in the 
population dynamics of striatal direct pathway, indirect pathway, and substantia nigra cell 
activity using multichannel electrode arrays and paired recordings between areas. Our results 
demonstrate and characterize how the direct and indirect pathway is each sufficient to selectively 
reinforce parameters of movements that underlie reward-seeking actions through coordinated 
changes in activity, demonstrating an unprecedented combination of specificity and flexibility in 
the control of volition by the basal ganglia. 
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Abstract: Sustained attention is a brain function of focusing limited cognitive resources on the 
most significant ongoing task to deal with the complicated internal and external environment. 
Sustained attention could be steadily elicited when the upcoming target stimulus is uncertain. 
With this principle, we developed a training system which could be used to train both sustained 
visual and olfactory attention in rats. Existing evidence has shown that anterior cingulate cortex 
(ACC) is one of the critical brain regions for the sustained attention. Therefore, we first tested 
the potential causal relationship between ACC and attention by damaging the ACC in the well-
trained rats. The results showed that lesion of partial ACC could lead to retrievable function loss 
of sustained attention in both visual and olfactory attention, suggesting that ACC is most likely 
related to executive function which is sustained attention but not memory function in the present 
task. Then we investigated the neuronal activities in ACC during sustained attention using 
extracellular recording method. The results showed that the activity intervals of some neurons 
were coincident with the time window of sustained attention, suggesting that these neurons might 
be the critical neurons that maintained the function of sustained attention. Then we verified this 
hypothesis by controlling most of the potential interferences including the target modality, 
animal behavioral pattern, and external sensory inputs. Besides, we found that the trial-to-trial 
variability of population activities in ACC was the most reduced during sustained attention in 
both visual and olfactory task. Further analyses in local field potential (LFP) showed that gamma 
band was related to sustained attention, suggesting that brain state was stabilized by focusing 
cognitive resources. In summary, the present study first reported the substitutive executive 
function of partial ACC, first clarified the critical role of ACC neurons in sustained attention by 
strict control studies, and first reported that sustained attention could reduce trial-to-trial 
variability in population activity despite modality. These novel findings are theoretically 
important because the sustained attention is at the center of all types of attention, as well as 
practically significant because they could be used to guide us to cure the disorders in attention 



system such as attention-deficit/hyperactivity disorder (ADHD) and guide us to design new 
generation of artificial intelligence. 
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Abstract: To maximize their chances of survival, animals need to make optimal decisions 
regulating complex interactions with their environment. Most of these decisions involve 
multiple, or even a continuum, of possible alternatives, and depend on contextual factors of the 
environment in which the animal finds itself. Unfortunately, existing theoretical models of 
decision-making fail to simultaneously address the three aspects of the decision-making process 
outlined above. Optimal multi-alternative decision making models have been considered before, 
but they fail to address context, whereas models which built in context dependence ignore 
optimality and are generally limited to binary choice tasks. Here we present a biologically 
plausible neural model that performs context dependent, multi-alternative decision making 
optimally. Momentary sensory evidence is coded by linear probabilistic population codes which 
allow for a whole continuum of perceptual values to be encoded simultaneously. Likelihood 
evidence is then accumulated in time by a continuous attractor network whose dynamical state 
can be adjusted according to the relevant context. We derive theoretical relationships between 
the sensory input kernels encoding the statistics of the input populations and the geometric 
quantities that characterize the attractor dynamics. We show how these should be adjusted in 
such a way that evidence is accumulated optimally. Our model for evidence accumulation 
reduces to a multidimensional drift diffusion model. As opposed to other works, this is not 
postulated abstractly but comes directly from the dynamics of the neural model. Drift and 
uncertainty can be unambiguously related to intrinsic properties of the network and the firing 
statistics of the populations. 
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Abstract: The centromedian (CM) and parafascicular (PF) nuclei are posterior cell groups of 
intralaminar thalamus which receive inputs from the basal ganglia, cerebral cortex and brain 
stem and project mainly to the striatum and partly to frontal cortical areas. Little is known how 
the CM and PF are involved in cognitive and motor functions although suggestions were made to 
participate in stimulus-driven attention and action selection, in contrast to well-studied cortico-
basal ganglia loop structures which are suggested to participate in representation of value of 
actions and response bias as differential reinforcement of high- and low-value actions before 
action initiation. To understand underlying mechanisms of CM/PF thalamus and its projection to 
the striatum, we recorded neurons in the CM nucleus of two macaque monkeys performing 
instructed choice tasks under response bias (biased task) and sensory guidance (cued task). In the 
biased task, long-latency facilitation (LLF, n=29) neurons responded to large-reward GO with 
shorter latency than that after small-reward GO, suggesting motivational salience representation. 



Non-sensory facilitation (NSF, n=68) neurons generated pre-GO activity reflecting response 
bias. After switching from the biased to cued task, the GO responses of LLF and short-latency 
facilitation (SLF, n=5) neurons stopped immediately, and the CUE responses of SLF neurons 
declined over a few trials, suggesting a surprise signal. Reversal of action-outcome combination 
induced SLF neuron responses in the first few trials, while LLF and NSF neurons slowly 
developed motivational and response bias signals, respectively. LLF neurons were 
electrophysiologically identified to project to the putamen. These results suggest roles of the CM 
nucleus of thalamus and its projection to the striatum in cognitive and behavioral biases. 
Supported by grants by 23120010, 26290009, 15K14320, 20700293 and 24700425. 

Disclosures:  M. Kimura: None. K. Yamanaka: None. T. Minamimoto: None. Y. Hori: 
None. Y. Ueda: None. 

Nanosymposium 

654. Basal Ganglia and Basal Forebrain: Behavioral Control 

Location: S401 

Time: Wednesday, October 21, 2015, 8:00 AM - 11:00 AM 

Presentation Number:  654.08 

Topic: F.02. Animal Cognition and Behavior 

Support: CIHR Postdoctoral Fellowship 

Title: Microendoscopic imaging of cell-type specific neuronal activity in the basal forebrain of 
awake behaving mice 

Authors: *T. C. HARRISON, L. PINTO, Y. DAN;  
Mol. and Cell Biol., Univ. of California Berkeley, Berkeley, CA 

Abstract: The basal forebrain contains the somata of corticopetal cholinergic neurons and is 
involved in the regulation of brain states, including transitions between sleep and wake. Recent 
work has demonstrated that direct activation of basal forebrain cholinergic neurons can modulate 
cortical activity and enhances behavioral performance on sensory discrimination tasks1. The 
natural pattern of activity of basal forebrain neurons during behavior is incompletely 
characterized, particularly with respect to neuronal identity. The basal forebrain comprises a 
mixture of cell types, including glutamatergic, GABAergic and cholinergic neurons, all of which 
extend projections to cortex2. To examine the activity of these cell types in awake mice, we 
performed microendoscopic calcium imaging in the basal forebrain using a miniature integrated 
fluorescence microscope. Imaging was conducted both in freely moving mice exhibiting 
spontaneous natural behavior in their home cages and in head-fixed mice performing a go/no-go 



auditory discrimination task. Glutamatergic, cholinergic, and gabaergic neurons all displayed 
responses to sensory and motor events occurring on a timescale of seconds. These observations 
suggest that the functional roles of the basal forebrain are not limited to relatively slow changes 
in arousal such as between sleep and wake, but may also include the modulation of widespread 
brain regions on a rapid, behaviorally-relevant timescale. References: 1.Pinto, L. et al. Fast 
modulation of visual perception by basal forebrain cholinergic neurons. Nat. Neurosci. 16, 1857-
1863 (2013). 2.Zaborszky, L. et al. Neurons in the Basal Forebrain Project to the Cortex in a 
Complex Topographic Organization that Reflects Corticocortical Connectivity Patterns: An 
Experimental Study Based on Retrograde Tracing and 3D Reconstruction. Cereb. Cortex N. Y. N 
1991 (2013) 
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Abstract: Understanding the reinforcing aspects of gaming behaviour is essential in determining 
what may contribute to gambling disorder. Casino games such as multiple-line slot machines use 
a variety of reward outcomes to incentivize play. One such outcome, when the return to player is 
less than that of the wager placed, or a loss disguised as a win (LDW), is thought to invigorate 
play. Indeed, LDWs have been found to produce similar physiological responses (i.e. skin 
conductance responses) as true wins, are less likely to be recognized as losses, and are thought to 
be more rewarding than losses despite negative net outcome. Animal models capable of 
capturing the impact of LDWs on probabilistic decision-making would be useful in improving 
our understanding of the phenomenological and neurobiological basis of the LDW effect. Using 
24 male Long-Evans rats, we piloted a novel rat operant task to model LDWs and investigate 



their impact on decision-making. Rats were trained during 15-minute sessions that took place in 
standard 5-hole operant boxes with two retractable levers. During the first 5 sessions of training, 
animals were presented with forced-choice trials with one lever extended at a time, each lever 
associated with a different reward contingency. After initiating a trial, the animal was presented 
with either the "safe" lever, resulting in 100% chance of winning two sugar pellets, or the "risky" 
lever, resulting in 50% chance of winning four sugar pellets. Following forced-choice sessions, 
animals were presented with the safe and risky levers simultaneously and were allowed to freely 
choose between the two levers. Upon the demonstration of stable choice (10 sessions), LDWs 
were then presented to subjects on risky lever choices as a three sugar pellet “win” for 30% of 
true win trials and were then increased to 40% of true win trials. Each probability contingency 
was maintained for 10 sessions. Results indicated that most animals shifted choice towards the 
safe option as the probability of LDWs increased. However, a subgroup of animals (n=6) were 
insensitive to the LDWs, resulting in continued choice of the risky option. This subgroup may 
represent a vulnerable population that is insensitive to loss, making them more likely to choose 
risky options despite the lowered return to player. With this novel task, we will be able to 
investigate the neurobiological bases of these individual differences and may be able to further 
determine how LDWs affect the propensity to gamble. 
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Abstract: The ability to rapidly switch behaviors when cues in the external environment signal a 
change in outcomes is critical to survival. While these cued switches in behavior are routine for 
the majority of people, various psychopathologies including major depression, generalized 
anxiety disorder, drug addiction, and obsessive compulsive disorder result in an impairment in 
this form of behavioral flexibility. Recently, research examining reward predictive cues has 
identified the lateral habenula (LHb) as a locus for anti-reward signals projecting to both the 
dopamine and serotonin systems. These systems in turn are known to influence behavioral 
flexibility in many areas throughout the brain. However, a number of recent results have 
suggested that the LHb may be involved in reward processing beyond an anti-reward signal, e.g. 
subjective choice preferences. This raises the possibility that the LHb is also involved when cues 
may be used proactively to switch behaviors. To test this possibility, male Long-Evans rats were 
trained to flexibly switch between two egocentric choices on a t shaped maze based on auditory 
cues (high or low pitched tones). These cues were switched every 3-6 trials requiring rats to 
maintain a high level of behavioral flexibility while also allowing the establishment of an 
ongoing choice pattern. Once animals established proficiency on the task, they were implanted 
with guide cannula aimed at the LHb for subsequent injection with the GABA agonists, baclofen 
and muscimol (50ng/0.2µL). Once criterion was again reached, animals were injected 2 times 
each with either baclofen and muscimol or saline vehicle in alternating order. Results indicate 
that inactivation of the LHb results in a profound deficit in the ability of rats to perform the cued 
switching task. Specifically, animals’ performance fell from 75% accuracy to chance levels 
representing an increase in multiple error types. Ongoing experiments are currently aiming to 
address whether this deficit is due to memory impairments or due to the difficultly of repeatedly 
switching within a single session. Overall, these findings support the hypothesis that the LHb is 
involved in cognitive flexibility tasks beyond a role in negative reward prediction error signaling. 
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Abstract: Animals are often required to adequately respond to novel stimuli on the basis of their 
previous sensory experiences. To investigate the neural mechanism underlying this sensory-
guided decision making, we conducted multiunit recordings from the rats performing a two-
alternative choice task. The rats were trained to make a LEFT or a RIGHT choice in response to 
two auditory cues, and then their behavior was tested for these familiar cues and other novel 
cues. Their choice probabilities generally varied in a graded manner such that the probability of 
choosing an option changed gradually according to frequency differences between familiar and 
novel cues (gradual behavior). However, we also observed large variability in choice behavior 
across rats: choice probabilities for novel cues were near the chance level in some rats (flat 
behavior). We elucidated the mechanism underlying such decision behavior and the possible 
origin of individual behavioral differences by constructing a model and comparing its behavior 
with experimental data. Our model is viewed as a reservoir network and learns to associate two 
familiar cues with two alternative choices through reinforcement learning with eligibility trace. 
Our model successfully replicated both type of experimentally observed behavior: the gradual 
and flat behaviors. We revealed that which type is provided is dependent on trial-by-trial 
overlaps between the familiar trajectories and novel-cue-evoked trajectories in models as well as 
rats. We, further, found that if input neurons are highly sensitive to external stimuli, that is, if the 
width of their frequency tuning curves is broad, the model network likely shows gradual choice 
behavior through trial-by-trial overlaps. In contrast, the model with more sensitive input neurons 
(with broader tuning curves) tends to generate near-random choice behavior. We compared 
choice behavior between the models and the rats by introducing quantitative measures and found 
that the behavioral tendency of our model is consistent with that of the rats. These results may 
suggest that some individual differences in decision-making behavior emerge from neural 
population dynamics rather than differences in higher-level behavioral strategies. 
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Abstract: Previous work has suggested that cholinergic projections from the nucleus basalis 
magnocellularis (NBM) to the neocortex contribute to attention. In particular, acetylcholine 
(ACh) input the sensory cortices plays a role in attentional enhancement of target detection via 
bottom-up modulation (Sarter et al., 2005). However, less is known of cholinergic influence on 
top-down attentional modulation. In particular, it is not known how NBM cholinergic 
modulation of higher attentional centres, such as prefrontal (PFC) and posterior parietal cortices 
(PPC), affects stimulus detection. In the present study, we examined how cholinergic 
deafferentation of the PFC and the PPC affects both the behaviour and local field potential (LFP) 
activity associated with detection of visual and olfactory targets. We trained 19 male Long-Evans 
rats on both visual and olfactory versions of the 5-choiceserial reaction time task (5-CSRTT), a 
paradigm that involves the detection of target stimuli presented after a brief delay period. 
Following the training, the rats underwent either a selective cholinergic lesion of the NBM 
reducing frontoparietal cortical ACh input (N=10), or a sham lesion surgery (N=9). Then, rats 
were implanted with cortical electrodes into the prelimbic PFC and the PPC and tested on the 5-
CSRTT. Histological analyses confirmed both the neurochemical and neuroanatomical 
specificity of the lesions and the accuracy of electrode placement. Post-surgery, ACh-NBM-
lesioned rats performed comparably to sham-lesioned rats under baseline conditions (target 
duration, TD=1sec), but had less correct responses and more omissions under conditions of 
increased attentional demand (TD=0.5sec and TD=0.25sec). This pattern of deficit was observed 
on both the visual and olfactory version of the task. In sham-lesioned rats, behavioural 
performance on both versions of the task was associated with increased LFP coherence in the 
beta range between the PFC and the PPC, and with increased beta power measured from the 
PPC. These changes were observed immediately prior to the target's appearance (within 1 sec) 
and may reflect a top-down, anticipatory attentional process. Importantly, these task-associated 
changes in brain activity were attenuated in the ACh-NBM-lesioned group. These results suggest 



that the PFC and PPC are involved in top-down control of target detection by modulation of 
anticipatory attention and that this function of frontoparietal cortices is ACh-dependent. 
Additionally, these frontoparietal neural processes are modality independent, suggesting an 
existence of an amodal mechanism for top-down control of target detection. 
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Abstract: Maternal brain-reactive antibodies have been associated with increased risk for 
Autism Spectrum Disorders (ASD) in the offspring. This is due to the fact that maternal brain-
reactive antibodies can affect the fetal brain before the development of a competent blood brain 
barrier that prevents exposure to antibody. Several studies have indicated that mothers with an 
ASD child have significantly higher levels of anti-brain antibodies in the serum compared to 
mothers of typically developed children and women of child bearing age. Previous studies have 
used polyclonal serum to study maternal antigenic specificities, and their postnatal effects. We 
developed a method to generate monoclonal brain-reactive antibodies to study the antigenic 
specificities of brain-reactive antibodies and to determine which contribute to ASD pathogenesis. 
We show in a mouse model that exposure in-utero to a monoclonal brain-reactive antibody 
isolated from a mother of an ASD child induces neurodevelopmental effects in the offspring that 
can be observed already during the embryonic stage. We identified brain-reactive B cells in 



blood of women with brain-reactive IgG and a child with ASD and generated monoclonal (Mab) 
brain-reactive antibodies by single cell cloning and expression. One Mab, C6 was found to target 
Caspr2, a protein that is part of the voltage gated potassium channel complex and is encoded by a 
known autism associated gene. When this Mab was administrated to pregnant mice at E13, male 
but not female mice showed thinning of the cortical plate and fewer mitotic cells at E15 
compared to embryos of mice injected with a non brain-reactive Mab. Two week old mice 
showed reduced dendrite complexity in the CA1 region of the hippocampus which continued 
into the adulthood. Adult mice also showed reduced GABAergic neurons in the same region. In 
parallel, in adulthood, male mice exposed to C6 showed increased stereotypic behavior, reduced 
sociability and inflexibility in a learning paradigm. This work demonstrates that anti-brain 
antibodies cloned from a mother of an ASD child lead to in -vivo to structural and behavior 
alterations. Identifying pathogenic brain-reactive Mabs may translate into future protection 
studies. 
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Abstract: The inflammatory reflex regulates innate and adaptive immunity. Activation of its 
efferent arm (the cholinergic anti-inflammatory pathway [CAP]) by vagus nerve stimulation 
(VNS) reduces systemic inflammation and ameliorates disease in many animal models 
(Andersson, Annu Rev Immunol 2012; 30:313). Our understanding of the nerve fiber type 
mediating the CAP, and optimal stimulus characteristics for CAP activation was incomplete. 
Additionally, whether this pathway was operant in humans was not known. Here, we 
characterize the fibers involved in the CAP activation through dose titration and evoked potential 
studies in rats and canines. We then show that VNS activates the CAP and improves clinical 
manifestations in rheumatoid arthritis (RA) patients. Rats and canines underwent VNS or sham 



surgery, and TNF levels were measured in lipopolysaccharide (LPS)-exposed blood before and 
after cervical VNS. In select animals, evoked potentials were measured distally on the cervical 
(canine) or subdiaphragmatic (rat) vagus. Patients with active RA (N=18) were enrolled in a 
study where after a baseline visit and implantation with a cervical VNS system, output current 
was escalated based on tolerability to a maximum of 2.0 mA, and 1-4 min of daily stimulation 
(10 Hz, 0.25 ms pulse width) was delivered through day 42. Stimulation was then withdrawn for 
14 days, reinitiated and maintained through day 84. TNF levels were measured in LPS-exposed 
blood samples at baseline and throughout the study. In rat and canine, the threshold stimulus for 
inhibition of cytokine production was ~0.25mA, with minimal additional reduction at higher 
intensities. Potentials evoked in this range had conduction velocities typical of larger myelinated 
fibers, suggesting they mediate this anti-inflammatory effect. In humans, the mean output current 
delivery achieved at day 42 was 1.43 mA (SD 0.38) and was associated with a significant 
reduction in TNF levels in LPS-exposed blood at days 42 and 84 compared to pre-implant 
baseline. TNF reduction correlated with the RA disease activity score (DAS28). Both DAS and 
TNF improved significantly during the period of active VNS, worsened during treatment 
withdrawal, and then improved again once VNS was reinitiated. Together these data provide 
evidence that VNS mediates CAP activation through larger myelinated fibers in rats and canines. 
A similar population of neurons likely mediate the effect in humans but more work is needed to 
determine this definitively. Further studies will determine the pathway activation threshold in 
humans and may demonstrate VNS efficacy in larger controlled studies in RA and other chronic 
inflammatory diseases. 
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Abstract: Introduction: The vagus nerve (VN) has an anti-inflammatory effect through the 
cholinergic anti-inflammatory pathway by inhibiting the release of pro-inflammatory cytokines, 
such as TNFα, by peripheral macrophages and the spleen. We have previously shown that VN 
stimulation (VNS) improves an experimental model of Crohn’s disease (CD) in rats. We have 
also shown that patients with CD have a blunted VN activity, as recorded by heart rate variability 
(HRV). In a translational approach, we are running a pilot study (Clinical Trials.gov 
NCT01569503) of VNS in patients with active CD. The main goal was to evaluate the safety and 
efficacy of VNS as well as its efficacy at the clinical, biological and endoscopic level. Methods: 
Six patients with active CD were included and equipped with a VNS device (Cyberonics Inc.). 
Stimulation parameters were 10 Hz, 500 µs, 0.5-1.5 mA, 30 s ON, 5 min OFF. Three main types 
of markers were measured during a one-year follow-up: clinical (Crohn’s disease activity index, 
CDAI), biological (C-reactive protein, CRP, and fecal calprotectin, FC), autonomic (heart rate 
variability, HRV), and endoscopic (ileo-colonoscopy). Currently, the study is still running and 
only the six first month of follow-up are presented herein. Results: Four patients had an 
improvement of their: 1) clinical state, marked by a decrease in CDAI, 2) parasympathetic tone 
(HRV), which returned to a homeostatic level, 3) biological state, with a decrease in CRP and 
FC, 4) endoscopic appearance with a mucosal improvement/healing. VNS was well tolerated. 
Conclusions: these results show, for the first time, that VNS is safe and well tolerated in patients 
with active CD. Moreover, long-term VNS induces an effective improvement over the six first 
months and further next results will show us if this improvement is maintained over the one year 
of follow-up. VNS, devoid of problem of compliance, could be of interest as a non-drug 
alternative treatment to classical pharmacological therapies. 
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Abstract: The vagus nerve plays an essential role in communicating physiological, metabolic, 
and hemodynamic status of the animal to the central nervous system. The sensory vagus also 
senses the immunological status and transmits the information to the brain stem to initiate the 
reflex control of inflammation. Here, we have mapped changes in vagus nerve activity in 
response to changes in peripheral immunological status in adult Balb/c mice. Animals displayed 
consistent low baseline vagus nerve activity (7.6±1.6Hz). In contrast, intraperitoneal 
administration of the proinflammatory cytokine, Tumor Necrosis Factor (TNF) induced changes 
in vagus nerve within 3 minutes. Physiologically high levels of TNF (50 µg/mouse) induced 
significant increases in vagus activity (35.9±5.2Hz), whereas lower levels of TNF showed a dose 
dependent response. The specificity of TNF-specific responses was confirmed by administration 
of trypsin-digested TNF, which failed to induce any vagus activity. Next, we confirmed that 
TNF-induced signals are mediated in a TNF-receptor specific manner. TNF receptor knock out 
animals developed significant increases in vagus activity in response to IL1, but not TNF 
administration. These results indicate that the vagus nerve senses changes in the peripheral 
inflammatory status in mediator-specific, receptor-restricted, and a dose dependent manner. This 
defines a mechanism of inflammation sensing by the brain. 
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Abstract: Bioelectronic medicine, the use of neuromodulating devices to modulate therapeutic 
molecular mechanisms, is a promising opportunity for improved treatment of inflammatory 
disease. For example, in the inflammatory reflex, signals in the cholinergic vagus nerve suppress 
cytokine release by activation of the alpha7 nicotinic acetylcholine receptor subunit (a7nAChR) 
on macrophages in spleen. We previously noted that a single 250 µs pulse of electrical vagus 
nerve stimulation significantly reduces systemic TNF release in endotoxemia for at least 24 
hours, and a minute-long daily stimulation significantly reduces progression of experimental 
arthritis. However, the kinetics and mechanism for this prolonged effect have been unknown. 
Here, we report that a brief vagus nerve stimulation reduced TNF release significantly in 
experimental endotoxemia for ≥24 h, but this effect was absent in a7nAChR deficient mice. The 
corresponding signal transduction mechanism in macrophages was blocked by pharmacological 
blocking of adenylyl cyclase, suppression of adenylyl cyclase 6 or cfos expression by siRNA or 
cellular overexpression of a phosphorylation defective cAMP response element binding protein 
(CREB). These observations indicate that electrical stimulation of the vagus nerve result in a 
prolonged change in macrophage activation behavior, and that the a7nAChR-mediated signal in 
macrophages is mediated by a cAMP-dependent signaling pathway. This mechanism of neural 
control of immunity has important implications for the development of novel strategies to treat 
inflammatory diseases using bioelectronic medicine. 
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Abstract: Intracerebroventricular (ICV) injection of streptozotocin (STZ) in rodents has been 
widely used as a non-transgenic (Tg) model for cognitive impairment. Moreover, the ICV-STZ 
model has been studied for its potential to reproduce major hallmarks of Alzheimer’s disease 
(AD), such as tau phosphorylation, neuroinflammation and cognitive dysfunction in mice and 
rats. We treated 6-mo-old C57BL/6 mice (101 males, 45 females) with ICV-STZ (3mg per kg) 
and studied immune, histochemical and behavioral changes compared to control mice injected 
with saline (SAL). We found no differences in survival (mortality: SAL, 1 out of 82; STZ, 1 out 
of 64), and no gross neurological abnormalities in ICV-STZ mice when compared to SAL 
controls. As previously shown, ICV-STZ induced robust astrogliosis within days of injection, 
particularly in hippocampal and cortical regions. However, in contrast to previous reports, we did 
not observe increases in tau phosphorylation within the brain following ICV-STZ (n = 30, up to 
6 mo post-injection), a result that was further confirmed in human tau Tg mice (n = 8). In vitro 
studies showed that incubation of microglia with STZ led to the induction of MAP kinase and 
antiviral immune pathways (TBK-IRF3 cascade). Behavioral assessment of ICV-STZ mice (n = 
15), 3 mo post-injection, revealed clear impairments in reference memory and working memory 
when tested in the clockmaze task. We conclude that our results challenge the notion of ICV-
STZ injection as a reliable AD model. Nevertheless, ICV-STZ offers a platform to study the 
interplay of immune activation and cognitive dysfunction. 
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Abstract: Brain muscarinic acetylcholine receptor (mAChR) signalling plays an important role 
in the neural control of peripheral cytokine release and inflammation via vagus nerve-based 
circuitry (Nat Rev Endocrinol, 2012, 8:743). This signalling can be activated by pharmacological 
treatments including M1 mAChR agonists and centrally-acting acetylcholinesterase inhibitors, 
including galantamine. However, the specific role of the M1 mAChR and brain cholinergic 
pathways in controlling peripheral cytokine responses is poorly understood. To provide insight 
we first administered benzyl quinolone carboxylic acid (BQCA) - a centrally-acting, highly 
selective positive allosteric modulator of the M1 mAChR to endotoxemic mice. Peripheral (i.p.) 
administration of BQCA significantly suppressed serum TNF (75%, P<0.005) and improved 
survival in endotoxemic mice. These effects were abolished in M1 mAChR knockout (KO) mice, 
indicating that the M1 mAChR is required for the regulation of the systemic TNF response. 
Administration of BQCA to mice exposed to cecal ligation and puncture-induced sepsis 
significantly increased survival (85.7% BQCA vs 50% vehicle controls, P<0.05). This protection 
exerted by BQCA was abolished in M1 mAChR KO mice. To assess the role of basal forebrain 
cholinergic pathways to brain regions, including the cortex and hippocampus where the M1 



mAChR is predominantly located, we utilized cre-lox technology in mice and ablated the 
vesicular acetylcholine transporter - an important determinant of acetylcholine release in the 
basal forebrain cholinergic neurons. Administration of endotoxin to these selective KO mice 
resulted in higher serum TNF levels (2.9-fold, P<0.05) and lower serum IL-10 levels (57%, 
P<0.05), as compared to control mice. The suppression of serum TNF by peripheral (i.p.) 
administration of galantamine was abrogated in the KO endotoxemic mice. Furthermore, 
electrical stimulation of the medial septum, an important component of the basal forebrain 
cholinergic system significantly suppressed serum TNF (79%, P<0.01) and other pro-
inflammatory cytokine levels as compared to sham stimulation during murine endotoxemia. 
Together these results indicate a previously unrecognized anti-inflammatory function of basal 
forebrain cholinergic signalling through M1 mAChRs. Together, they also suggest new 
therapeutic approaches, including device-generated brain neuromodulation in treating peripheral 
inflammation. This study was funded in part by NIH/NIGMS. 
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Abstract: Graph theoretic analyses of spontaneous activity (fMRI, no cognitive task 
administered) suggest the brain’s modular and integrative functional architecture--tightly 
interconnected brain regions form functionally autonomous modules; “provincial hubs” have 
many connections within a module and “connector hubs” integrate across the modules via 
diverse connections. We previously developed an ontology of cognitive functions (“cognitive 
components”), which are represented by their engagement in each task in the BrainMap database 



and their probability of activity across the brain. Follow up analysis demonstrated a high spatial 
correlation between the component’s spatial maps and graph theoretic modules, suggesting that 
each module executes a discrete cognitive function. Further, while many brain areas have a high 
probability of activation by only one component, some have high probabilities for many 
components. These “flexible” regions show high spatial correlation with connector hubs, but not 
provincial hubs. Crucially, we found that flexible areas and connector hubs exhibit increased 
activity in BrainMap tasks that engage more cognitive functions, as they must integrate 
information across more cognitive functions. Conversely, activity at areas dedicated to discrete 
cognitive functions (non-flexible areas, provincial hubs) is not effected by how many other 
cognitive functions are engaged, suggesting that cognitive functions operate autonomously. In 
this study, we analyzed 1500 individual’s (Harvard GSP) spontaneous activity. We used the 
components’ spatial maps to estimate the probability that each component was engaged at every 
time point of a 12 minute fMRI scan. We found that all components became engaged during 
spontaneous activity, and there was variability in which and how many components were 
engaged at each time point. This dynamic engagement and disengagement of cognitive functions 
allowed for an analysis in individual subjects of integration at flexible areas and any interactions 
between cognitive functions while cognitive functions dynamically engage and disengage. In line 
with our previous analyses, we found that activity at individuals' flexible areas is proportional to 
the number of cognitive functions engaged at each time point, suggesting that flexible areas 
constantly change their activity as integration demands change. Moreover, even on short time 
scales during individuals' spontaneous activity, the additional engagement of a cognitive function 
does not effect the activity of other engaged cognitive functions, which further supports the 
autonomous operation of cognitive functions. 
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Title: Structural topology lends stability to a dynamic functional landscape 
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Abstract: A growing number of resting-state fMRI studies have reported how functional 
connectivity (FC) varies significantly across timescales. Interestingly, a particular subset of 
connections, those between corresponding regions in opposite hemispheres (i.e., homotopic 
connections) are exceptionally stable over time despite the presence of dynamic FC across both 
intrahemispheric and other interhemispheric (i.e., heterotopic) connections. Conversely, regions 
that are topologically positioned to serve flexible and integrative roles across different functional 
subnetworks (i.e., hubs) are highly variable over time. The underlying structural connectivity is 
thought to constrain the range of interactions between different regions and may shape ongoing 
information processing. We explored the extent to which the brain’s structural network 
influences 1) long-range interhemispheric coordination, and 2) rich club hub interactions by 
comparing FC obtained using BOLD-fMRI to structural connectivity derived from axonal tract 
tracing studies. First, homotopic FC was most stable across time and conditions and this stability 
was facilitated by direct anatomical projections. Importantly, temporal stability varied with the 
change in conductive properties of callosal axons along the anterior-posterior axis. These data 
suggest a notable role for the corpus callosum in maintaining stable functional communication 
between hemispheres. Second, FC within the structurally-defined rich club core exhibited the 
greatest stability over time, inconsistent with previous findings. We reconcile these 
inconsistencies by first replicating previous findings of high functional variability with high 
functional embedding. However, by taking into account the range of interactions within which 
each region could operate, we found that this normalized variability decreased with increasing 
functional embeddedness. These data suggest that, although hubs are flexible in function, they 
explore only a limited range of all possible configurations afforded by the available synaptic and 
polysynaptic pathways. Together, these findings suggest a notable role for structural topology in 
maintaining stable functional communication and they further elucidate how large-scale dynamic 
functional coordination exists within a fixed structural architecture. 
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Abstract: Traditional static descriptions of network coupling have provided foundational 
discoveries, characterizing core aspects of brain function. However, recent work has 
demonstrated dynamic fluctuations in network coupling. Relations linking brain and behavior 
will benefit from the characterization of dynamically unfolding network configurations. Here we 
explore the dynamic organization of large-scale cortical networks in healthy young adults using 
resting-state functional connectivity MRI (fcMRI; n=2,007). We used an established cortical 
functional parcellation method that decomposes the brain into 17 distinct networks (Yeo et al., 
2011). Dynamic functional connectivity was then computed through sliding window analyses. K-
means clustering was used to characterize discrete functional connectivity states (Liu et al., 
2013; Allen et al., 2014). The stability and spatial properties of the resulting dynamic network 
solutions were explored in relation to varying sliding window sizes, standard quality control 
metrics, and sample size. Reliability was assessed in a subset of test-retest participants (n=87). 
The network architecture of these states and associated implications for cognition and behavior 
will be discussed, as well as technical artifacts that may provide the illusion of network changes 
(e.g., non-neuronal physiological variation, head motion). 
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Abstract: The topological organization of the wiring of the human brain cortex plays an 
important role in shaping the functional dynamics of large-scale neural activity. Due to their 
central embedding in the network, high degree hub regions and their connections (an ensemble 
often referred to as the ‘rich club’) have been hypothesized to facilitate intermodular neural 
communication and global integration of information by means of synchronization. Here, we 
examined the role of neural hubs and their wiring in theoretical brain dynamics. The Kuramoto 
model was used to simulate the interaction and synchronization between cortical brain areas by 
modeling brain regions as phase oscillators that are coupled according to the healthy connectome 
encompassing all macroscale white matter pathways interconnecting cortical areas. An average 
connectome map was reconstructed on the basis of T1- and diffusion weighted images of 40 
healthy subjects. In order to distinguish between intra- and intermodular synchrony patterns, 
brain regions were assigned a functional module based on empirically determined resting-state 
functional MRI data. Our simulations show distinct synchronization patterns for hub regions, 
with synchrony among hub regions higher than any module's intramodular synchrony (p < 10-4), 
suggesting that hub regions lead the functional modules in the process of synchronization. 
Furthermore, computing the region-wise impact on oscillatory behavior of the modules, hub 
regions were observed to gain the most influence (p < 0.04) in the onset of global synchrony. 
Directly targeting the hub regions by suppressing the coupling among hub regions resulted in an 
elevated modular state (p < 0.003) indicating that hub-to-hub connections are critical in 
intermodular synchronization. Targeting the hub regions again, now leaving the coupling intact 
but perturbing their intrinsic oscillatory behavior, prevented functional modules from 
synchronizing. Taken together, our results converge on anatomical hubs having a leading role in 
intermodular synchronization and integration in the human brain. 
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Abstract: The human cerebral cortex can be represented as a complex network of cortical 
regions that interact with one another over time and space. Here we uncover the community 
structure of functional brain networks across multiple scales and track the formation, evolution, 
and dissolution of communities across the human lifespan. We find that the community structure 
of the cerebral cortex exhibits scale-specific changes as a function of age. Communities detected 
at coarse scales become progressively more segregated with age, while the segregation of 
communities detected at finer scales decreases. The composition of communities also exhibits 
scale-specific age-dependent changes. At coarse scales, regions associated with executive 
control, default mode, attention, and visual networks change their community assignments early 
in life. At fine scales the most changes involve regions associated with the default mode network 
in younger brains moving into new communities in older brains. We show that, with age, regions 



in the default mode network, specifically the retrosplenial cortex, maintain an increasing 
proportion of functional connections to their own community across scales, while regions 
associated with the somatomotor and saliency/ventral attention networks distribute their links 
more evenly across communities. 
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Abstract: Past studies suggest that similar large-scale brain networks are present in humans 
during rest and various task states. However, reliable task-rest differences are present for subsets 
of network connections. Here, we examine which properties drive connection differences 
between rest and task. Specifically, we examined whether differences occur primarily at (a) 
regions that are activated by a given task, or (b) regions that interconnect different networks 
(connector hubs), as suggested by models of communication in complex systems. We examine 
this question by measuring fMRI functional connectivity (FC) in 29 healthy adult subjects during 
rest and during 3 tasks with widely varying demands: a semantic task, a mental rotation task, and 
a coherence task. FC was measured as correlations among 264 cortical and subcortical regions of 
interest. A mixed-block/event-related finite impulse response model was used to estimate evoked 
activations in each task. Importantly, these modeled activations were removed from the task time 



series in order to avoid biasing subsequent task FC measurements. The connector hub status of 
regions was estimated with the participation coefficient metric (PC; a measure of the distribution 
of connections across networks). As in past work, we found that FC was largely similar between 
task and rest states. However, small-magnitude differences were present both within- and 
between- networks, and were consistent across subjects and tasks, despite differing task 
demands. Critically, both highly activated and high PC regions modified their FC (especially 
between-networks) more than regions that showed low activation or PC. Across tasks, highly 
activated connector hub regions were consistently localized to known control systems. Despite 
their common properties, hierarchical clustering found that subsets of these regions demonstrated 
distinct patterns of change in FC. Specifically, we identified 3 clusters: (1) a dorsal attention 
cluster, (2) a cinguloopercular/salience cluster, and (3) an anterior insula and dorsolateral 
prefrontal cortex cluster. These clusters showed increased FC both to other control networks and 
to relevant processing regions, and decreased FC to the default mode network. This evidence 
suggests that both the function of a region and its network role determine whether FC will 
change in a task context, suggesting mechanisms by which relevant control and processing 
networks may interact. This research may shed light on how networks flexibly reorganize in the 
service of high-level goals. 
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Abstract: Human experience is complex and multidimensional, and there are many different 
domains of functioning and well-being in which a person can experience impairment or distress. 
These problems often co-occur, forming symptom clusters which have traditionally been 
characterized using binary diagnoses. Efforts to understand the biological basis of 
psychopathology have shown some success, but are limited by the application of these hard 
categories to continuous phenomena. Here, we used a fully data-driven exploratory analysis to 
identify brain regions associated with continuous variation in symptom severity across multiple 
domains of social, emotional, and behavioral functioning. We then used a novel probabilistic 
reverse inference analysis to estimate their involvement in different cognitive processes. From a 
large community sample, we analyzed data from 261 subjects ages 18-59. Subjects completed a 
10 minute “resting” fMRI scan and the Adult Self Report (ASR; Achenbach and Rescorla, 2003), 
a standardized clinical assessment of behavioral, emotional, and social problems which. From 
raw ASR item scores, we calculated scores for 10 empirically derived syndrome scales, each of 
which characterizes the severity of a particular set of frequently co-occurring symptoms. For 
each of the ASR syndrome scales, we used Multivariate Distance Matrix Regression (MDMR; 
Shehzad et al. 2014) to identify brain areas whose whole-brain functional connectivity differed 
as a function of symptom severity. Significant connectivity differences were observed for 7 of 
the 10 ASR syndrome scales, and these differences occurred in a diverse set of cortical, 
subcortical, and cerebellar regions. Following work by Yeo and colleagues (Yeo et al., in press), 
we estimated for each of the MDMR syndrome scale maps the probability of engagement by 12 
“cognitive components” derived from Bayesian modeling of task information and activation foci 
from the BrainMap meta-analysis database. Despite their distinctive symptomatology and spatial 
distribution of MDMR results, all syndrome scales showed high probability of engagement by 
cognitive components associated with theory of mind, emotional processing, and declarative 
memory. These exploratory results suggest that despite differences in the specific brain areas 
identified through exploratory analysis, distinct patterns of behavioral dysfunction may be due to 
impairment in a common set of cognitive mechanisms, though follow-up studies are needed to 
confirm this result. This underscores the importance of considering cognition as it relates to 
activity and connectivity across the entire brain. 
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Abstract: In a seminal 2006 article, Russ Poldrack outlined the limitations of reverse inference - 
the practice of inferring a cognitive function to be engaged based on observing an activated brain 
region previously evoked by tasks thought to probe that cognitive function. This inference is 
deductively valid only if the brain region is involved in only that cognitive function, and the task 
(contrast) engaged only that cognitive function. However, behavioral tasks engage common and 
distinct cognitive functions, which are in turn supported by multiple, possibly overlapping, brain 
regions (Walton and Paul, 1901; Mesulam 1990; Poldrack 2006). We recently instantiated a 
mathematical model that encoded this intuitive notion, allowing us to estimate a nested cognitive 
ontology based on the BrainMap database (Yeo et al., in press). The ontology consists of a 
collection of cognitive components, the probability that a task would recruit a component and the 
probability a component would activate a voxel. Here we consider how our mathematical 
framework and resulting ontology provide conceptual and computational advances over the 
original reverse inference framework, some of which are motivated by prescient arguments in the 



original paper (Poldrack 2006). First, we argue that the original Bayesian framework (Poldrack 
2006; Poldrack et al., 2011; Yarkoni et al., 2011) can produce inflated estimates of reverse 
inference probabilities due to each cognitive function being considered independently. Instead, 
we advocate a simple variation of Bayes’ rule that considers all cognitive functions 
simultaneously. Second, complex behavior arises from interacting brain networks (Poldrack et 
al., 2006; Mesulam 1990). Therefore the original Bayesian framework might suffer lower 
sensitivity and specificity from considering each voxel/region independently (Poldrack 2006; 
Yarkoni et al., 2011). In contrast, our mathematical framework (Yeo et al., in press) explicitly 
models how interactions between cognitive functions give rise to brain activation. Therefore 
performing reverse inference for single voxels, single networks or even the entire brain is 
mathematically identical within our framework. Finally, we argue that the primary goal of 
cognitive neuroscience should be how the brain functions rather than where cognitive functions 
are localized. Indeed, given our mathematical model of how cognitive functions interact to give 
rise to observable data (e.g., brain activation), reverse inference is relatively straightforward. 
Conversely, reverse inference is (mathematically) ill-posed without a model of how cognitive 
functions interact to give rise to brain activation. 
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Abstract: ADHD is theorized to result from dysfunctional connectivity patterns within and 
between brain networks. Extant literature focuses mainly on task-related connectivity of specific 
networks or pairs of brain regions, or on whole-brain connectivity during a resting state. This 
study’s goal was to expand existing research by probing large-scale dynamics of functional 
network organization during response control and working memory (WM), two core cognitive 
deficits in ADHD. Whole-brain network reconfiguration was compared in children with ADHD 
and typically developing (TD) children. During an fMRI scan, participants were administered 
two Go/No-Go (GNG) tasks assessing response control: simple GNG (sGNG), which probed 
well-ingrained stimulus-response associations (Go stimuli were green; No-Go stimuli were red), 
and WM GNG (wmGNG), which varied stimulus-response associations so as to require WM to 
guide response selection. We applied graph theoretical tools to functional connectivity data to 
determine how network organization flexibly reconfigured across tasks. We quantified 
modularity (how much the brain separates into distinct networks, or modules); mutual 
information (the similarity of modular composition across two graphs); and participation 
coefficient (how integrated a brain region, or node, is with networks other than its own). As 
expected, across groups behavioral performance was worse during the more demanding wmGNG 
than sGNG. During sGNG, modularity was lower in children with ADHD than in TD children. 
During wmGNG, modularity was not different across groups. Previous work has shown that 
modularity decreases during cognitive control to allow for greater communication across 
networks. Thus, successful performance during sGNG may have required greater effort in 
children with ADHD, as reflected in increased global coordination. In support of that hypothesis, 
children with ADHD with lower mutual information, or more changes in network organization, 
between sGNG and wmGNG (similar to TD children) performed better on both tasks. Last, we 
found that the participation coefficient of key default mode network (DMN) nodes was higher in 
children with ADHD than in TD children during both tasks. This increased DMN inter-network 
communication is thought to contribute to attention lapses that may underlie poor response 
control in ADHD. These findings suggest that dysfunctional network dynamics during cognitive 
control, especially regarding network integration, may contribute to cognitive control 
impairments observed in ADHD. Future analyses will probe differences in network organization 
during successful and failed response control in ADHD. 
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Abstract: While the hippocampal memory system has been relatively conserved across 
mammals, the cerebral cortex underwent radical changes. A central question in brain evolution is 
how the cortical development affected the nature of cortical inputs to the conserved hippocampus 
in primates relative to lower mammals. To address this question, we used high-resolution 
intrinsic functional connectivity MRI (fcMRI) in awake head-fixed mice as well as tract-tracing 
available from the Allen brain mouse connectivity atlas, examining cortico-hippocampal 
connectivity in the mouse brain as compared to human and non-human primates. Seed-based 
analysis showed that primary sensory areas of different modalities (auditory, somatosensory and 
visual) map to specific sub-regions of the parahippocampal region including the perirhinal and 
postrhinal cortices, revealing close agreement to anatomical connectivity. Further examination of 
the connectivity between the rhinal cortices and hippocampal subfields confirmed the known 
differential connectivity along the hippocampal longitudinal axis with the perirhinal and 
postrhinal cortices preferentially targeting the ventral and dorsal aspects, respectively. Finally, 
analysis of the connectivity of primary sensory areas with the hippocampus revealed functional 
coupling of the hippocampus to primary sensory regions expressed as a spatially localized 
topographic organization with limited overlap between sensory modalities. Taking into account 
the extensive representation of sensory networks relative to association networks in the mouse 
cortex, and the correlation patterns between primary sensory cortices and the hippocampal 
formation observed in the mouse but not in human and non-human primates, we propose that the 
cortico-hippocampal network in rodents represents a single hierarchy. The rodent hippocampus 
operates on inputs that are closely associated to the physical features of the external stimulus, 
rather than abstract information that emerges after several stages of processing. This qualitative 
difference indicates that in the primate brain non-canonical hierarchies emerged between 
canonical sensory hierarchies and the hippocampal memory system. Namely, cortical expansion 
and the emergence of new association areas in primates resulted in the fractionation, as observed 



with fcMRI, of the primary and secondary sensory areas and the hippocampal memory system in 
the primate brain. 
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Abstract: We compared neural activity in the CA1 region of the hippocampus during repeated 
acquisition and performance of response sequences. In this procedure, rats nose-poked response 
keys for food pellets. In one component (‘performance’), the sequence was the same each 
session. In the other component (‘acquisition’), the correct sequence changed each day. We 
concentrated on analyzing peri-response activity (+/- 0.8 sec preceding and following the poke), 
our hypothesis being that such activity would be different during initial acquisition than during 
execution of a well-known sequence. Because the responses were always the same (poking a 
key), differences in CA1 activity associated with acquisition versus performance components 
could potentially provide signatures of learning. Our initial results indicate most of the CA1 sites 
were modulated by the task, and for several sites, activity immediately preceding the response 
was clearly modulated by response key (left, center, right), or sequence order (e.g. 1st, 2nd, 8th). 
The most significant change that we associate with learning was that CA1 activity immediately 
preceding the initial correct responses in acquisition were highly variable relative to activity 
preceding responses later in acquisition or in performance. During the 1st ~60-90 correct 
responses in acquisition, activity shifted to conform to a response profile specific to that key. 
This profile basically matched in amplitude, direction (peak or trough) and timing (of peak or 



trough). Once the sequence was acquired, the activity profile was indistinguishable from that 
which we observed in the performance blocks. We interpret this change in activity during 
acquisition from high variability to conformity to be associated with learning. We know the 
changes are unlikely related to kinematics because all key presses are basically the same, yet 
pressing at one key was preceded by an activity peak, whereas at that same CA1 site, pressing a 
different key was preceded by an activity trough. Our results are consistent with the idea that this 
hippocampal activity is encoding information regarding the sequencing of behavior; i.e., which 
key is pressed, and when. We are currently quantifying the predictive value of signals observed 
in initial acquisition in specifying error, key and order; and the degree to which correlations 
across sites can enhance prediction. (Supported by NIH: R01 DA037255 and F30-AA020381). 

Disclosures:  T.G. Weyand: None. M. Ketchum: None. P. Winsauer: None. 

Nanosymposium 

657. Learning and Memory: Hippocampal Circuits 

Location: N227 

Time: Wednesday, October 21, 2015, 8:00 AM - 10:45 AM 

Presentation Number:  657.03 

Topic: F.02. Animal Cognition and Behavior 

Title: Mapping time onto space: spatial and temporal interactions among hippocampal place 
cells 

Authors: *J. L. KUBIE1, E. PASTALKOVA2;  
1Cell Biol., SUNY Downstate Med. Ctr., Brooklyn, NY; 2Janelia Res. Campus, HHMI, Ashburn, 
VA 

Abstract: Information processing between neurons is based on timing; as a result neuronal 
representations are based on time codes. It is not surprising that when temporal analysis is 
performed on hippocampal place cells, pairs with overlapping firing fields have correlated firing 
while pairs of with disjoint fields are anti-correlated. This has been shown on select cell pairs in 
several studies and is illustrated in the figure. We asked whether an analysis on a large dataset of 
place cells would yield clues about the time-to-space transform. An initial analysis was 
performed on a set of 33 single-field CA1 place cells recorded for one hour while the rat 
traversed an open field. Cross correlations between all place cell pairs (528) yielded interesting 
patterns. “Co-firing ratio” is the value at bin 0 divided by mean firing rate. This ratio sorts the 
data in useful ways. Values greater than 1.0 are above expectation. The median ratio for all pairs 
is low, 0.50. Only 24% have ratios above 1.0. Few pairs (3%) have ratios above 5.0. Temporal 
cross correlations match well with spatial patterns. Field overlap is number of pixels common to 



the two fields divided by total field pixels. Cell pairs whose fields that do not overlap have ratios 
below 0.5. Pairs with fields that overlap at an edge have ratios about 1. Cell pairs whose field 
centroids are within the bounds of the second field have ratios of 5.0 or higher. There are rare 
exceptions to these patterns. The correlation between co-firing ratio and field overlap is 0.74. 
Correlation between co-firing ratio and distance between field centers is -0.48. These values are 
reliable for bins as narrow as 25 msecs, the estimated time range synaptic plasticity, suggesting 
mechanisms for stabilizing a hippocampal map. Future work will explore other features of the 
time-to-space transform. These include changes with remapping, using time-slice firing vectors 
to estimate location, and creating 2d maps from spike-time data. In brief, large-scale analysis of 
neuronal timing relationships holds promise for insights into the time-to-space transform in the 
hippocampus. 
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Abstract: The circuit function and network activity of hippocampal formation is known to be 
significantly regulated by long-range inputs from the medial septum and the diagonal band of 
Broca complex (MS). Due to previous technical limitations, there is a lack of detailed 
understanding of cell type specific MS innervation of hippocampal formation. In this study, we 
used new advances in virology and genetic technology to map specific MS projections to 
hippocampal subregions. We examine the presence of diverse MS neuron types (excitatory vs. 
inhibitory) which may differentially innervate distinct hippocampal subregions. Cre-selective, 
preferentially anterograde adenoassociated virus (AAV) and herpes simplex virus (HSV, H129 
strain) was applied in the MS of specific Cre mouse lines (ChAT-cre, GAD-cre and VGluT2-cre) 
to target cholinergic, GABAergic and glutamatergic projections. GFP-expressing, AAV-
mediated axonal labeling from MS generally overlapped with tdTomato-expressing postsynaptic 
neuronal labeling by H129 in hippocampal regions, which supports the complementary and 
confirmatory nature of these two different viral tracing. Consistent with previous studies, 
septohippocampal cholinergic axons ramified extensively across hippocampal laminae, and there 
was heavy excitatory neuronal labeling by H129 in CA3 and the dentate gyrus. In comparison, 
GABAergic and glutamatergic septohippocampal projections were much less intense, with viral 
labeling mostly concentrated in the hippocampal oriens layer. While there was no clear 
difference of MS cholinergic innervation for the dorsal and ventral hippocampus, GABAergic 
and glutamatergic innervations were preferential in ventral hippocampus. All the three specific 
septohippocampal projections innervated deep layers of entorhinal cortex to a relatively weak 
degree. Together, this preliminary investigation indicates that AAV and H129 can be effectively 
used for mapping cell type specific septohippocampal circuit organization. Our ongoing study 
will provide new and important information on cell-type specific septohippocampal network 
interaction and will further our understanding of septal modulation of excitatory and inhibitory 
hippocampal neuronal function. 
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Abstract: Hippocampal circuit connections are generally believed to transfer information 
unidirectionally, such that the neurons in CA1 project to the subiculum which in turn projects to 
medial entorhinal cortex. However, our new viral mapping study has established non-canonical, 
backward subicular projections to hippocampal CA1, indicating that the subiculum does not act 
simply as a unidirectional relay for hippocampal output (Sun et al., 2014). This is supported by 
recent physiological studies showing that subicular network oscillations flow backward to 
actively modulate spike timing and local network activity in CA1 (Jackson et al., 2014, Craig 
and McBain, 2015). To further understand the Sub → CA1 pathway, we aim to investigate 
whether this projection shows a topographic relationship as seen in the CA1→ Sub projection, 
and examine whether CA1-projecting subicular neurons are a unique neuronal group that has 
distinct circuit connections. Subicular cells retrogradely labeled from the rabies tracing targeting 
excitatory pyramidal neurons in proximal versus distal CA1 in vivo were examined. We found 
that distal CA1 received much stronger subicular connections than proximal CA1 as determined 
by the measurement of the relative abundance of connected populations. The connection indices 
increased from 0.17 ± 0.06 to 1.15 ± 0.29 (N = 3) with targeting locations shifting from proximal 
to distal CA1. This indicates the subicular backward projections can have stronger influence on 
distal CA1 function. To target CA1-projecting subicular neurons for rabies tracing, we used 
canine adenovirus 2 (CAV2)-mediated retrograde Cre expression in these subicular neurons. The 
CAV2-Cre was injected into hippocampal CA1 to label the subicular neurons of interest. Cre-
dependent rabies tracing was then applied to map their local and global circuit connections. We 
found that the CA1-projecting subicular neurons received strong inputs from hippocampal CA1. 
They were innervated by CA1 excitatory pyramidal neurons, and a considerable number of 
inhibitory interneurons. The subicular neurons also received some inputs from the neocortex 
such as visual cortex and auditory cortex, but little input from the entorhinal cortex and the 
medial septum. Thus, these non-canonical subicular neurons receive both excitatory and 
inhibitory inputs from CA1, and in turn they provide feedback regulation of CA1 activity. Our 
circuit mapping research supports a bidirectional functional interaction between the subiculum 
and intrahippocampal networks. 
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Abstract: The dentate gyrus is crucial for distinguishing similar memories and events. Such 
cognitive discrimination is thought to rely on pattern separation, a computation that amplifies 
differences between similar situations. In foraging rats, dentate granule cell (DGC) place fields 
globally remap following small changes in environment shape; as such, low measures of firing 
rate map correlations have been taken as evidence of pattern separation. However, no direct 
evidence exists that this pattern separation underlies cognitive discrimination as demonstrated by 
subjects’ awareness of the environmental changes. To learn whether pattern separation is 
necessary for cognitive discrimination, we recorded DGCs from mice under different conditions. 
First, neural pattern separation was assessed by making small changes to a familiar environment 
in a foraging task. Remapping of neuronal place fields occurred less when mice foraged in 
identical environments than in 'similar' environments in which visual cues were rotated. To 
assess whether this remapping underlies cognitive discrimination behavior we simultaneously 
assayed the neural and behavioral expressions of pattern separation. Cognitive discrimination 
was evaluated in an active place avoidance (APA) task in which mice learned to avoid a shock 
zone on a rotating arena. After two 30-min learning trials the shock zone location moved 180° 
for the conflict trial and mice quickly showed cognitive discrimination of the two shock 
locations. Most place fields did not remap; place field map correlations across APA trials were 
similar to correlations in identical environments, and significantly higher than correlations across 
foraging trials in cue rotated or physically distinct environments. Nonetheless, other measures of 
pattern separation were associated with cognitive discrimination. Rate remapping was significant 
between the prelearning and learning sessions. DGC firing rates increased during the first shock 
trial, returned to the prelearning rates in subsequent training trials, and decreased to below 
prelearning levels when the shock was subsequently turned off. Furthermore the overall 
similarity of 10 sec ensemble activity vectors was significantly higher within the prelearning trial 
than between the prelearning trial and conflict trial, when cognitive discrimination was explicit. 
These data suggest that DGC remapping does not underlie cognitive discrimination. Rather, rate 
remapping and changes in the temporal organization of ensemble activity better correlate with 



the simultaneously observed ability to correctly distinguish between relevant situational changes 
in the same environment. 
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Abstract: Peptide action in the brain propagates social living by influencing complex social 
behaviors. Vasopressin (Avp) is a neuropeptide that regulates a wide range of social behaviors 
from pair bonding to aggression. Two subtypes of Avp receptors are expressed in the brain 
(Avpr1a and Avpr1b); however, we are only beginning to learn about the role of Avpr1b in 
regulating social behavior. Previously, we noted Avpr1b is prominently expressed in the CA2 
region of the hippocampus, afferent fibers from AVP-expressing neurons in the paraventricular 
nucleus of the hypothalamus (PVN) innervate this region, and unconditional deletion of the 
Avpr1b gene impairs social memory. Thus, it is reasonable to postulate that the AvpPVN➜CA2 
pathway may be involved in processing social memory. To test this, we virally targeted 
expression of the light-sensitive receptor channelrhodopsin-2 to Cre recombinase-expressing 
AVP neurons in the PVN of transgenic mice and assessed social memory in these mice. Social 
memory in mice is defined as a decrease in spontaneous investigation behaviors observed in a 
mouse reexposed to a conspecific, and memory from a brief encounter (5 minutes) does not 
extend beyond 1 h in mice. Thus, we exposed our transgenic mice to a conspecific over two 5-
minute trials, optically stimulating only the AVP fibers within the CA2, and measured the 
amount of investigation behavior. Excitation of the AvpPVN➜CA2 pathway dramatically prolonged 
social memory in mice from 30 minutes to at least 7 days. In addition, we observed a marked 
increase in neuronal activity in the PVN and CA2, as measured by enhanced immediate-early 
gene expression. No changes were observed in sociability or object memory. Interestingly, social 



memory was only improved when the AvpPVN➜CA2 pathway was optically stimulated during 
memory acquisition, not retrieval. Memory enhancement was lost by pharmacological 
antagonism of Avpr1b in the CA2 during the optical stimulation, confirming receptor-specific 
function of this pathway. Together, our data demonstrate that the strength or salience of social 
memories is enhanced by selectively targeting the excitation of the AvpPVN➜CA2 pathway. The 
hippocampus is essential for encoding declarative memory; however, the CA2 region, which is 
selectively enriched with Avpr1b expression, has largely been ignored since it was first described 
over 80 years ago. Our work provides new knowledge about how the CA2 is integrated into a 
circuit regulating such memories. 
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Abstract: It is widely accepted that the network of the hippocampal place cells provides a 
substrate of the “cognitive map” of the environment, although the mechanisms producing this 
map remain vague. Our approach to modeling hippocampal network’s function is based on the 
hypothesis that spatial representations produced by place cell ensembles are fundamentally 
topological, i.e., more similar to a subway map than to a topographical city map, and hence are 
amenable to analysis by topological methods. Using Homology Theory based analyses, we have 
previously demonstrated that the information provided by the place cell spiking activity is 
sufficient to encode the topological features of the space in a biologically plausible timeframe. 



However, in reality, the spike trains are not “analyzed” but processed through a complex network 
of unreliable and transient synaptic connections. Using the topological model of the hippocampal 
network, we studied how dynamic connections between cells influence the speed and reliability 
of spatial learning and found that despite transient connectivity, the place cell network may 
produce a stable representation of the topology of the environment. We also demonstrate that 
failures in synapses that detect coincident neuronal activity lead to spatial learning deficiencies 
similar to those observed in rodent models of neurodegenerative diseases. Moreover, we show 
that these learning deficiencies may be mitigated by increasing the number of active cells and/or 
by increasing their firing rate, suggesting the existence of a compensatory mechanism inherent to 
the cognitive map. 
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Abstract: The human hippocampal formation is a crucial brain structure for memory and 
cognitive function that is connected to other subcortical and cortical brain regions. Recent 
neuroimaging studies have found differences along the hippocampus longitudinal axis in terms 
of function, structure and connectivity, stressing the importance of improving the precision of the 
available segmentation methods that are typically used to divide it into anterior and posterior 
parts. In this regard, current segmentation conventions present two main sources of variability 
related to how separating planes along the longitudinal axis are chosen and how the in-scanner 



head position is corrected and equated across subjects. These issues are typically addressed by 
manually aligning the brain for roll, pitch, and yaw rotations along the inter-hemispheric fissure, 
AC-PC line and orbits. Here, we propose an automated method based on estimating the 
hippocampal longitudinal axis with principal component analysis (PCA), as well as a variation 
curving this axis according to a Bezier curve, with the aim of following the shape of real human 
hippocampus more accurately. The estimated direction in either case is used to define the 
orientation of the separating planes, which removes the variability associated with the manual 
alignment of the in-scanner brain position. The output obtained with the PCA-based alignment 
was compared with the segmentations given by manual alignments provided by two trained and 
independent judges on a sample of 100 young adults. The results reveal that the automatized 
procedure minimizes the inconsistencies generated by the accumulation of manual operations, 
thus ensuring the reproducibility of the results between different sites. The automatic method 
also provides higher statistical power than the manual alignments when detecting well-known 
effects, such as the anterior hippocampus interhemispheric asymmetry (see figure). Matlab 
implementation source code of this automated method will be made publicly available for the 
research community. 
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Abstract: Although the role of CCR5 in immunity and in HIV infection has been studied widely, 
its role in neuronal plasticity, learning and memory is not understood. In a reverse genetic screen, 
we found that a Ccr5 null mutation results in hippocampus-dependent memory enhancements. 
Molecular and cellular studies indicated that the memory enhancement is caused by increases in 
MAPK/CREB signaling and enhanced long-term potentiation. Ccr5 knockdown in the 
hippocampus of adult mice also led to enhancements in hippocampal memory, thus confirming a 
role for this receptor in adult plasticity and memory. These results suggest that besides its role as 
a co-receptor for HIV, CCR5 is a powerful suppressor for learning and memory, and that CCR5 
over-activation may contribute to HIV-associated cognitive deficits. Consistent with this 
hypothesis, transgenic overexpression of CCR5 in neurons in the brain resulted in deficits in 
learning and memory. Accordingly, a single injection of an HIV coat peptide known to bind and 
activate CCR5 caused acute memory deficits, which were prevented by a Ccr5 knockout. 
Overall, our results demonstrate that CCR5 plays an important role in plasticity and memory. 
Since decreasing CCR5 function leads to robust increases in plasticity and memory, CCR5 may 
provide a novel target for cognitive enhancement, and brain permeable CCR5 antagonists could 
be useful to treat HIV-associated cognitive deficits. 
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Abstract: How neurons transform synaptic input into feature selective firing is a fundamental 
and yet unanswered question in neuroscience. Addressing this question experimentally is 
challenging given that neurons can receive tens of thousands of inputs each possibly with its own 
tuning. CA1 pyramidal cells receive external spatial information from EC3 grid cells onto their 
distal dendrites and internal information from CA3 place cells onto their apical and basal 
dendrites. These two pathways can be integrated nonlinearly when they are activated 
coincidently through the generation of a dendritic plateau potential. These plateau potentials 
have been shown to induce plasticity and therefore may play a role in place field formation. To 
investigate this possibility we recorded CA1 pyramidal neuron membrane potential (Vm) and 
local field potential (LFP) in mice running on a linear treadmill. Novel place fields were formed 
in silent cells either following the spontaneous appearance of a large and long lasting plateau 
potential or with current injections that produced plateau potentials at a single location on the 
track. Novel place fields had similar peak firing rates and subthreshold ramp amplitudes to non-
induced place fields. Place fields could be induced at any location along the belt, indicating that 
these cells received proportional levels of position specific input. A Vm fluctuation analysis 
reveals the mechanism to be an increase in amplitude of position specific synaptic inputs. 
Finally, we also observed that the level of Vm depolarization and AP output produced during 
ripple activity was significantly increased following place field induction. These data 
demonstrate that a common mechanism, plateau potential induced plasticity, is sufficient to drive 
feature specific firing in CA1 pyramidal cells during both distinct hippocampal network states. 
Given that plateau potentials require coincident activation of EC3 and CA3, these data suggest 
that feature selectivity in CA1 may follow nonstandard learning rules that are able to generate 
context-dependent network representations. 
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Title: Stress-induced abnormality of dendritic spine dynamics in mouse cerebral cortex 
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Abstract: It is widely accepted that significant experiences can rapidly cause long-lasting 
alterations of anatomical, physiological, and behavioral properties in the brain. Traumatically 
stressful experiences can have a profound and enduring influence on emotional and cognitive 
brain functioning, acting primarily through the dysregulation of synapses, which are the 
communication sites between neurons. Much is known about the deleterious effects of stress on 
the affective systems mediated through subcortical structures, but much less has been explored in 
cortical regions, which are the seats for sensation, perception, learning, memory, cognition, and 
consciousness. To address this question, we investigated how stress can alter synaptic structures 
in the cerebral cortex following acute, intermediate, and chronic stress. Using in vivo two-photon 
transcranial microscopy, we longitudinally followed the dynamics of postsynaptic dendritic 
spines of apical dendrites in layer V pyramidal cortical neurons. We found that stress induced 
significant changes of spine dynamics, and these changed dynamics of synaptic structures are 
strongly associated with specific functional and behavioral abnormalities. Comprehending how 
stress affects synaptic functions in the brain provides a foundation to the general understanding 
of how negative experiences may affect higher-order cognitive processes through the 
dysfunction of synaptic structures. 
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Abstract: Long-term potentiation (LTP) and long-term depression (LTD) change synaptic 
transmission in an activity-dependent manner. On the level of entire pathways, averaging over 
many synapses, both LTP and LTD seem to be stable over days. It is less clear, however, how 



plasticity affects individual synapses over time. We showed previously that LTD preferably 
leads to elimination of low release probability synapses, suggesting that weight adjustments 
affect the lifetime of synapses. Thus, reversible changes in the functional connectivity of 
neuronal networks induced by classical long-term plasticity (LTP/LTD) could be made 
permanent through synapse elimination and stabilization. During normal experience, synapses 
may be exposed to multiple plasticity-inducing events both increasing and decreasing synaptic 
weights. Thus, the persistence of synapses may depend directly on the precise sequence of 
potentiation and depression. We do not know, however, how potentiation and depression interact 
at individual synapses to regulate their persistence. We used hippocampal slice cultures to 
combine optogenetic stimulation of identified Schaffer collateral synapses with two-photon 
imaging of the genetically encoded calcium indicator GCaMP6s. All-optical induction of LTD 
and LTP allowed us to measure the strength of individual synapses and to follow their fate after 
depression or potentiation over 7 days. We found that LTP induction, using a presynaptic theta-
frequency stimulation protocol, resulted in potentiation of postsynaptic calcium responses. 
Interestingly, successful potentiation was dependent on dendritic calcium spikes during the 
induction protocol. Synaptic stimulation after LTP induction often triggered dendritic calcium 
spikes invading neighboring, previously non-responding spines. Although concomitant spine 
volume increase was not sustained for > 24 h, spine survival was enhanced during the week 
following LTP induction. Thus, analogous to LTD, functional adjustments induced by LTP are 
stored in the network by stabilization of synapses. Interestingly, LTP induction 24 h after LTD 
induction completely reversed the reduction in synaptic lifetime, indicating that LTD did not 
trigger irreversible degradation of synapses. Our results indicate that individual synapses keep 
track of multiple potentiation and depression events distributed over many hours and that their 
probability of survival is adjusted accordingly. 
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Abstract: The efficacy by which an upstream neuron evokes downstream responses via a 
particular synapse can be considered the ‘weight’ or 'strength' of that synaptic connection; with 
synaptic strengths being directly related to the postsynaptic levels of AMPA-type glutamate 
receptors (AMPARs). Memory formation is thought to involve dynamic changes to these 
otherwise stable synaptic weights. Indeed the ability of synaptic weights to remain stable over 
long time-periods and undergo evoked change is considered a fundamental feature of the brain’s 
information storage schema, and is currently the most compelling description of the neural 
analogs that underlie learning and memory. While synaptic regulation of AMPARs is considered 
fundamental to brain information storage, several basic questions remain unresolved; these 
include (a) how temporary signals induce metastable changes to synaptic strengths, and (b) how 
synaptic weights are maintained over long durations. This project explores these unknowns using 
MCMC modeling; a multiplex stochastic model was developed to simulate AMPAR trafficking 
in-and-around synapses. Primary model components included: (1) receptors that diffuse along a 
3D dendritic surface, (2) a dynamic actin filament network, and (3) multivalent 
synaptic/scaffold-associated proteins (SAPs) that could interact with surface receptors, actin 
filaments, and other SAPs. This model unifies experimental data on structural and molecular 
dynamics, and simulates these processes in 3D space. 
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Abstract: Maintaining a constant excitation/inhibition (E/I) ratio is thought to be critical for 
neural circuits function, however, it is not clear how excitatory and inhibitory neurons maintain 
E/I when challenged with changes in input activity, especially over development, when the 
neuronal circuit is actively making adjustment in synaptic connections to accommodate the 
environment. To tackle this question, we used in vivo time lapse structural and functional 
imaging to examine how excitatory and inhibitory neurons in the optic tectum of Xenopus laevis 



tadpoles respond to different visual experience. We found that excitatory and inhibitory neurons 
display distinctive features in experience-dependent plasticity. Particularly, in response to short 
term visual enhancement (STVE), excitatory tectal neurons undergo typical Hebbian type 
plasticity, shown as significant growth of the dendritic arbor and increased visually-evoked 
calcium response. In contrast, the inhibitory neuron population displayed a bi-modal response to 
changes of the input activity. About half of the inhibitory neurons demonstrated changes similar 
as the excitatory neurons and the other half changed in the opposite direction, in which they 
decreased dendritic arbor growth and visually-evoked calcium responses with STVE. In addition, 
individual inhibitory neurons showed a tight inverse correlation of their plastic changes in 
response to opposing visual experience (dark vs STVE). To test if the E/I balance was 
maintained in the neural circuit, we recorded the visually evoked excitatory and inhibitory 
synaptic currents from tectal neurons and found no significant difference between the E/I ratios 
in control animals and animals subjected to STVE. These results provided experimental evidence 
of how excitatory and inhibitory neurons adjust to changes in sensory input and at the same time 
maintain circuit stability. What is especially intriguing is that the net increase in inhibitory 
synaptic inputs that occurred to maintain the E/I ratio was not the result of a homogenously 
increased response of the inhibitory neuronal population. These results suggest that different 
subpopulations of inhibitory neurons play diverse roles in experience-dependent plasticity and in 
stabilizing neuronal circuits in the face of a changing environment. Our study also draws 
attention to the unique and critical information provided by time-lapse imaging of individual 
neurons. With population sampling, the specific but distinct structural and functional plastic 
changes that occurred in individual inhibitory neurons would be completely lost. 
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Abstract: Over 90% of excitable synapses terminate on dendritic spines, which can change 
shape dynamically in response to synaptic input. This structural plasticity is thought to play a key 
role in learning and memory.  Although spines display a continuum of shapes, in many studies 
they are classified as stubby (type-I), mushroom (type-II), or thin (type-III), where these 
anatomical categories are thought to be associated with the strength and maturity of the synapse 
(Harris and Jensen 1992). Recent imaging studies show that spines occur in localized groups, or 
clusters, and that spines cluster more often than would be expected if spine distribution were 
random, suggesting that clustering is driven by a biological process (Yadav et. al. 2012).  Here, 
we formulate a model of a passive dendrite with excitable, activity-dependent spines using a 
continuum approach (Baer and Rinzel 1991, Verzi et al. 2005). In the model, isopotential spine 
heads are electrically connected to the dendritic shaft via a spine stem resistance that is 
dependent on the diameter, length, and intracellular resistance of the spine neck.  This 
computational study models three dynamic populations of activity-dependent spine types, 
corresponding to the anatomical categories of stubby, mushroom, and thin spines. In this 
simplified "stage-population" model, spine types are characterized by the spine stem resistance, 
and transitions between spine types are driven by calcium levels that depend on local electrical 
activity. Consistent with empirical studies, new spines are created and old spines are pruned in 
response to local activity and synaptic input (Trachtenberg et. al. 2002). We use the model to 
examine the dynamics of spine cluster formation and how spine clustering affects the 
propagation of activity along the dendrite. These computational studies show that cluster 
formation strongly depends on the pattern of synaptic inputs and is shaped by spine transition 
dynamics. Like earlier modeling studies, simulations confirm that spine clustering provides for 
signal propagation that is more biologically efficient. 
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Abstract: Neuronal circuits in the brain are constantly modified by external sensory experience. 
Detailed investigation of synaptic plasticity in vitro have yielded exquisite molecular 
mechanisms which are believed to underlie learning and memory in the brain. In addition, new in 
vivo imaging techniques have enabled high resolution exploration at the functional level of 
neuronal circuits, as well as structural and functional dynamics of single synapses. However, it is 
still unknown what molecular mechanisms the brain utilizes to encode experience-dependent 
plasticity. In order to address this question, we have established an imaging based approach to 
enable in-vivo 2-photon FLIM (Fluorescence lifetime imaging) measurements of fluorescently 
tagged protein activity in the mouse cerebral cortex. Currently, we are targeting molecular 
dynamics at different spatial and temporal scales. At the level of single cells, we have established 
and characterized a FLIM sensor for CREB, a well-known transcription factor which plays a 
vital role in long term memory and synaptic plasticity. At the level of single synapses, we are 
imaging the activity of CaMKII, a critical regulator of synaptic plasticity, in single dendritic 
spines during presentation of sensory stimulation. This approach may help to uncover the 
molecular mechanisms underlying experience dependent plasticity in the living brain. 
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Abstract: The inositol hexakisphosphate kinases (IP6Ks) are the principal enzymes that generate 
inositol pyrophosphates. There are three IP6Ks (IP6K1, 2, 3). Functions of IP6K1 and IP6K2 
have been substantially delineated, but little is known of IP6K3’s role in normal physiology, 
especially in the brain. To elucidate functions of IP6K3, we generated mice with targeted 
deletion of IP6K3. We demonstrate that IP6K3 is highly concentrated in the brain in cerebellar 



Purkinje cells. We find IP6K3 physiologically binds to adducin and spectrin, cytoskeletal 
proteins whose interactions are perturbed in IP6K3 null mutants. Consequently, IP6K3 knockout 
cerebella manifest abnormalities in Purkinje cell structure and reduced synapses. Accordingly, 
function with the mutant mice displaying deficits in motor learning and coordination. Thus, 
IP6K3 is a major determinant of cytoskeletal disposition and function of the cerebellar Purkinje 
cells. 
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Abstract: Post-endosomal recycling exocytosis, a process whereby cells return molecules from 
endosomes to the plasma membrane, is crucial for cellular signaling, motility, and growth, and in 
neurons, for synaptic transmission and plasticity. Glutamate receptors (GluAs) mediate fast 
excitatory neurotransmission. Their content in spines underlies synapse strength and is 
coordinated with spine morphology. Spine morphology and GluA content in spines are essential 
for synaptic function and cognition, and are altered in neurological disorders including 
Alzheimer's disease (AD). To investigate the roles of post-endosomal recycling exocytosis in 
spines, we performed quantitative structured illumination microscopy (SIM), a super resolution 
imaging method that allows the simultaneous imaging of multiple fluorophores relative to 
cellular architecture, combined with immuno-electron microscopy and molecular manipulations, 
in dissociated primary cortical neurons. These methods allowed us to investigate the relationship 



between the architecture and molecular determinants of recycling exocytosis in dendritic spines. 
We focused on recently identified risk factors for late-onset AD, hypothesized to play a role in 
membrane traffic. Our results reveal key roles for one of these risk molecules in synaptic post-
endosomal recycling exocytosis of GluA1 and in spine morphology that could be important for 
synaptic plasticity in AD. 
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Abstract: Dysfunctional BDNF-trkB signaling is suspected to be implicated in depressive 
behaviour while the mechanistic relationship remains to be elucidated. For a comparison of 
impaired trkB signaling with depression-like phenotypes we developed lentiviral vectors for the 
knockdown of trkB in vivo. To this end, miRNA sequences targeting trkB were validated in vitro 
by qRT-PCR. Effective sequences were integrated into a lentiviral vector expressing miRNA 
under the control of a CAMKII promoter. Additionally, EGFP was expressed under the control 
of the synapsin promoter to allow for the identification of injection sites in vivo. mitrkB vectors 
were stereotactically injected into the dentate gyrus of adult rats. Immuno-histochemical analysis 
of gephyrin cluster densities, a marker for GABAergic postsynapses, revealed that trkB 
knockdown reduced GABAergic input on proximal dendritic and somatic compartments of 
granule cells while distal dendritic or axo-axonic synapses were spared. No impact on the density 
of excitatory postsynaptic marker PSD95 was observed. For comparison, rats were subjected to 
uncontrolled stress provoking consistent depression-like behavior. Immuno-histological analysis 
of these animals showed that GABAergic input of axo-axonic and distal dendritic synapses of 



dentate gyrus granule cells were significantly reduced while proximal dendritic and somatic 
synapses remained unaffected. It is of note that Gabapentin application rescued the reduction of 
GABAergic synapses located at the distal dendrites. This finding is accompanied by a reduced 
freezing response of animals exposed to uncontrolled stress. Therefore, no evidence for a 
common mechanism of trkB signaling and depression-like behavior is shown by these 
experiments. 
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Title: Cell-autonomous regulation of dendritic spine density by PirB 
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Abstract: Experience-driven changes in synaptic strength and number are thought to be 
structural correlates of learning and memory in cerebral cortex. Paired Immunoglobulin-like 
Receptor B (PirB) has been shown to regulate experience-driven ocular dominance (OD) 
plasticity in visual cortex in excitatory cortical neurons (Bochner et al., 2014). PirB is also 
required for restricting dendritic spine density on layer 5 pyramidal neurons of mouse visual 
cortex, both during the critical period of OD plasticity and in adulthood (Djurisic et al., 2013). 
However, it is not known whether PirB is required on the pre- and/or postsynaptic side to exert 



its function, nor is it known whether PirB initiates cell-autonomous signals that result in pruning 
of dendritic spines. To address these questions, We excised PirB from a small subset of layer 2/3 
pyramidal neurons, so that only a very few neurons lacking PirB develop in a sea of WT 
neurons. Consequently, neurons lacking PirB receive the vast majority of input from WT 
neurons, permitting assessment of the contribution of PirB to spine density. Excision was 
accomplished by in utero electroporation of a GFP- and Cre-carrying vector into PirB flox/flox 
mouse embryos at E15.5; WT and germline PirB-/- embryos were used as controls. Spine density 
was assessed at P30. In PirB-/-, both apical and basolateral dendritic spine densities are elevated 
in GFP-labeled layer 2/3 cells by about 50% relative to WT. This finding is congruent with a 
previously measured increase in mEPSC frequency of layer 2/3 pyramidal neurons from PirB-/- 
brain slices (Djurisic et al., 2013). Sparse deletion of PirB in layer 2/3 cells in PirB flox/flox 
mice recapitulates the result seen in PirB-/-: apical and basolateral dendritic spine density of 
labeled cells was also elevated by about 50% over WT. Thus, deletion of PirB in only a small 
subset of layer 2/3 neurons is sufficient to change spine density. Together, results suggest that 
PirB regulates synaptic pruning in pyramidal cells in multiple layers of visual cortex, and that, 
specifically in layer 2/3 of the visual cortex, PirB regulates spine density in the neurons in which 
it is expressed; in other words, cell-autonomously. 
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Abstract: Traumatic brain injury (TBI) has a high prevalence in our society and often leads to 
morbidity and mortality. TBI also occurs frequently in a military setting where exposure to blast 
waves is common. Abnormal gene expression involved with oxidative stress, inflammation and 



neuronal apoptosis has been well documented following blast induced neurotrauma (BINT). 
Altered epigenetic transcriptional regulation through DNA methylation has been implicated in 
the pathology of the injury as well. Imbalance between DNA methylation and DNA 
demethylation may lead to altered methylation patterns and subsequent changes in gene 
transcription. DNA methyltransferase enzymes (DNMT1, DNMT3a, and DNMT3b) are 
responsible for DNA methylation; the addition of methyl groups to DNA. Whereas the combined 
function of ten-eleven translocation enzymes (TET1, TET2, and TET3) and thymine-DNA 
glycosylase (TDG) facilitate the process of DNA demethylation; the removal of methyl groups 
from DNA. We used an established rodent model of BINT to assess changes in DNA 
methylation and demethylation enzymes following injury. Three different blast overpressures 
were investigated (10, 17 and 23 psi). Gene expression changes were investigated in the 
prefrontal cortex and hippocampus two weeks following injury. We observed overpressure 
dependent and regional dependent changes in expression of DNMT1, DNMT3b, TET2, TET3, 
and TDG. The hippocampus was more vulnerable to enzyme expression changes than the 
prefrontal cortex. The hippocampus showed increases in enzymes facilitating both DNA 
methylation and demethylation. The prefrontal cortex showed increases in TET2 and a decrease 
in DNMT3b following the 23 psi exposure. The enzyme expression changes of the hippocampus 
correlated with altered global DNA methylation levels. A significant negative correlation was 
found between global DNA methylation in the hippocampus and the magnitude of blast 
overpressure exposure (p=0.0056). Our results indicate altered mRNA expression of enzymes 
important to DNA methylation and demethylation processes in the BINT pathology. Through 
transcriptional regulation, an altered DNA methylation equilibrium drive some of the 
characteristic outcomes associated with the injury pathology including inflammation, oxidative 
stress and apoptosis. Chronic changes in the DNA methylation regulatory mechanisms in the 
hippocampus and prefrontal cortex may be important to the clinical manifestations including 
memory impairments. As such, these enzymes may be important targets to future therapeutic 
intervention strategies. 
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Title: cPLA2 mediated lysosomal damage leads to autophagy impairment after TBI 
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Abstract: Dysregulation of autophagy, a lysosome dependent major cellular degradative 
process, has been implicated in several neurodegenerative diseases. Recently we have 
demonstrated impairment of autophagy after controlled cortical impact (CCI) induced traumatic 
brain injury (TBI) in mice. We observed block of autophagosome degradation mainly within 
neuron at early time point after TBI. Our data also indicated that defect in autophagy flux may be 
a contributing factor in neuronal cell death following TBI. In the current study we investigated 
the underlying mechanisms causing the early impairment of autophagy after brain injury. Our 
data show that inhibition of autophagy flux is associated with lysosomal dysfunction, as 
evidenced by lower protein levels and enzymatic activity of the lysosomal enzyme, cathepsin D 
(CTSD) in injured cortex at day 1 after TBI. Interestingly, unlike the typical punctate structures 
observed in the sham mice, CTSD immunostaining in the injured cortex appeared diffused near 
the injury site. Furthermore we observed lower CTSD enzyme activity in the lysosomal fraction 
prepared from injured cortex as compared to that of sham animals. This suggests that lysosomal 
membrane damage following injury may have caused leakage of the lysosomal contents into the 
cytosol leading to lysosomal impairment and thus inhibiting autophagosome degradation. This 
could be at least in part mediated through the activation of cytosolic phospholipase A2 (cPLA2). 
Levels and phosphorylation of cPLA2 were elevated within neurons with accumulated 
autophagosomes following brain injury. Furthermore we observed partial co-localization of 
cPLA2 with lysosomes in the injured cortex indicating involvement of cPLA2 in lysosomal 
damage. In vitro activation of cPLA2 by ceramide-1-phosphate (C1P) in human neuroglioma H4 
cells led to block of autophagosome degradation as compared to controls. This was mainly due to 
the lysosomal membrane damage caused by cPLA2 activation as evidenced by loss of 
lysotracker fluorescence in cells treated with C1P. Taken together these data indicate that cPLA2 
mediated lysosomal membrane damage may be a contributing factor to autophagosome 
accumulation in the cortex after TBI. Blocking lysosomal damage by inhibiting cPLA2 activity 
early after TBI may restore autophagosome clearance and could provide an effective therapeutic 
strategy in restricting neuronal loss following TBI. 
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Abstract: Clinical symptoms associated with mild concussion often resolve over time. However, 
recurring concussions can result in cumulative damage and increased risk for chronic 
neurological deficits. To date, no clinical prognosticators for concussion have been identified as 
objective endpoints that underlie the injury-associated neuropathologies. As such, the current 
study was designed to evaluate the cumulative effects of concussions on metabolic dysregulation 
in a rat model of projectile concussive injury (PCI) in order to identify biochemical signatures 
specific for concussive injury mechanisms. Adult male Sprague-Dawley rats received PCI for 1, 
2 or 3 times with intervals set at 6 hours between concussions for the repeated PCI groups. Each 
concussed group was matched with respective sham controls (anesthesia only). Ipsilateral 
cerebral cortices were collected at 2 hours post-injury for each group (n=6-7/group). Mass 
spectrometry-based global metabolomics was performed to determine biochemical signatures, 
followed by statistical and pathways analysis to interpret the data. The results show significant 
alterations of biochemicals at 12.4%, 20.4% and 19.2% out of all biochemicals detected 
following 1×PCI, 2×PCI and 3×PCI (p<0.05 vs. sham) respectively, suggesting an increased risk 
of disrupted metabolic homeostasis associated with repeated concussion versus a single 
concussion. More specifically, repeated concussion, especially 3×PCI, resulted in increased level 
of glycogen degradation markers indicating disrupted glycolysis, as well as upregulated arginine 
metabolism for tissue remodeling and repair. Additionally, 3×PCI was accompanied by evidence 
of enhanced oxidative stress compared to 2×PCI, suggesting that higher incidence of concussion 
may be associated with an increased risk for redox imbalance. Most notably, markers of tissue 
injury and recovery were altered as indicated by the changes in polyamine levels, among which 
the putrescine level, in particular, was positively correlated with the number of concussions (i.e. 
higher numbers of concussion resulted in higher putrescine level; R2=0.6). Overall, these 
findings demonstrate a differential metabolomic profile sensitive to the number of concussion as 
evidenced by the incremental increases in levels of biochemical alterations. Further analysis will 
focus on the specificity of selected biochemical signatures that warrant analysis for their 
potential as concussion biomarkers. 
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Title: Mild and repetitive traumatic brain injuries and pathogenic proteins 
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Abstract: Recent data suggests that mild head injuries can cause significant proteinopathies 
resulting in a progressive decline of cognition and memory where patients display dementia 
similar to that of Alzheimer’s patients. We do not fully understand the molecular underpinnings 
and protein processing that occurs following a single traumatic brain injury moreover the 
neuropathology that occurs following multiple traumatic events. Brain trauma is a multifactorial 
disease and more insight into the changes that occur following a head injuries and is necessary to 
develop effective treatments for Veterans. A closed head model of traumatic brain injury is used 
to induce a mild injury. Mice are exposed to either one or five injuries with successive injuries 
occurring 24 hours apart. Cortex and hippocampus were collected at 30 and 60 days following 
the final injury and protein expression was analyzed by western blot. To date we have found 12 
days following a single injury we observe an increase in both phosphorylated Tau and TDP-43 
expression compared to sham controls. Similarly, following 5x injuries we observe an increase in 
phosphorylated Tau and TDP-43 increased 60 days post injury in injured vs. sham controls. Sholl 
analysis of the granule cells of the dentate gyrus indicated greater dendritic branching after 
repetitive injury. Pathogenic proteins are increased following both a single mild closed head 
injury as well as multiple injuries. Further characterization of both the short and long term time 



course of pathogenic protein expression following single and multiple head injuries is still 
necessary. 
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Abstract: The AIS is the site of action potential (AP) initiation and a crucial regulator of neural 
activity. Homeostatic fine-tuning of AIS structure has been associated with neuronal information 
processing. In sensory circuits, altered presynaptic input induces AIS plasticity that modifies 
neuronal excitability. Ankyrin-G (ankG) is the structural protein regulating neuron excitability 
via clustering voltage-gated sodium channels (NaV). In pyramidal neurons (PN), NaV1.6 density 
at the distal AIS sets the threshold for AP initiation. Recently, in mTBI-mice we demonstrated 
substantial electrophysiological changes in non-axotomized/structurally intact neocortical PN, 
consistent with AIS-specific alterations, and mTBI related circuit disruption. Since altered neural 
activity modifies AIS architecture and neuronal excitability, the current study sought to 
determine if mTBI induces AIS structural plasticity within a specific, well-defined subset of 
intact neocortical PN. Thy1-YFP mice exposed to either sham injury or mTBI were perfused 2-
days postinjury. Antibodies to ankG and NaV1.6 were used to fluorescently label the AIS. 
Confocal microscopy was employed to identify YFP+ intact PN in Layer 5 (L5) of S1 barrel 
field, whose axons were continuous from the soma of origin to the subcortical white matter 
(SCWM). Immunofluorescent profiles of ankG were then superimposed on YFP+ axonal traces 
to determine the proximal (start) and distal (end) positions of ankG, from which overall AIS 
length was computed. We found that while mTBI had no effect on ankG start position, the end 



position and length were decreased significantly. AIS shortening from the distal end 
corresponded to the peak NaV1.6 immunofluorescent signal, consistent with the site of AP 
initiation. This change in AIS structure most likely explains some of the electrophysiological 
abnormalities seen within intact PN after mTBI. Because AIS position and length vary even 
within a neuronal subtype, we also probed for L5 PN subsets by measuring distance from 
SCWM, somatic area, and apical dendrite width. We found that PN distance from SCWM was a 
covariate of ankG end position and length, suggesting L5 sublayer differences, but did not 
interact with group affects. We also observed a trend toward smaller somatic area concomitant 
with a significant decrease of apical dendrite width. These morphological metrics may reflect the 
presence of L5 PN subsets that are vulnerable to mTBI-induced changes. Since spatial and 
morphological features of PN correlate to subsets that project to different brain regions, these 
results also indicate specific neuronal substrates of mTBI-induced circuit disruption. 
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Abstract: Traumatic brain injury has a prevalence of approximately 0.5% per year worldwide 
and there is a 30 fold higher rate among deployed service personnel. Mild injuries are the most 



common yet they do result in significant deficits in brain function and cognitive performance. 
We have identified transcription factor pathways involved in inflammatory responses that impact 
on neuronal damage. Most of our previous work focused on a closed head impact injury model. 
With an explosive blast injury of model system, mice exposed to a sharp pressure wave from a 
TNT detonation suffer memory deficits. The injury is accomplished by a calibrated explosion in 
a controlled field environment and distance from the blast serves to titrate the degree of injury. 
The advantages of the explosion model are that it most accurately reproduces the battlefield 
environment and the microsecond pressure wave. The blast injury resulted in dysregulation of 
regulators of plasticity and transcription factor pathways, e.g., Inhibitor of DNA binding 2, Id2. 
Protein and mRNA levels for the transcription factor, Nrf2 were measured after mild TBI 
exposures at different distances and times from the blast and we found that the injury exposure 
itself induced an upregulation in Nrf2 levels. This indicated that Nrf2 may be able to partially 
respond to this form of TBI insult. Post-injury treatment tested mice receiving tert-
butylhydroquinone, an activator of the transcription factor Nrf2. We have also surveyed several 
protein changes that could affect neuronal health, focused on the hippocampus as a sensitive 
region in this brain injury model. In summary, the examination of altered expression levels in 
regulatory pathways should help advance the identification of therapeutic targets that will benefit 
Veterans and other individuals suffering TBI. 
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Abstract: The GABAA modulator propofol induces neuronal cell death in healthy immature 
brains by unbalancing neurotrophin homeostasis via p75 neurotrophin receptor (p75NTR) 
signaling1. In adulthood, p75NTR expression becomes depressed, and propofol loses its 
neurotoxic effect. However, acute brain lesions like traumatic brain injury (TBI) reactivate 
developmental-like programs and increase p75NTR expression2, probably to foster reparative 
processes which in turn could render the brain sensitive to propofol-mediated neurotoxicity. The 
present study investigated the influence of single-bolus propofol application at the peak of the 
p75NTR expression, 24 hours after experimental TBI (controlled cortical impact; CCI) in adult 
C57/BL6 mice. Propofol sedation at 24 hours after CCI increased the lesion volume by 30% 
(Nissl staining), enhanced calpain-induced αII-spectrin cleavage (Western blotting), and 
increased cell death in peri-lesional tissue (TUNEL staining). 30-Day post injury, motor function 
determined by CatWalk® gait analysis was significantly impaired in propofol-sedated animals 
compared to the control group. Propofol enhanced the ProBDNF/BDNF ratio (quantified by 
Western blotting), which might aggravate p75NTR-mediated cell death. Propofol toxicity was 
abolished by pharmacological inhibition of the cell death domain of the p75NTR pathway, and in 
mice lacking exon III of the p75NTR extracellular domain (NGFR-/-). The present study provides 
first evidence that propofol sedation after TBI may have a deleterious impact and implicates a 
role for the ProBDNF-p75NTR pathway therein. This observation is important as sedation by 
propofol is frequently used in patients with acute brain pathologies to facilitate surgical and 
interventional procedures. 1. Lu LX, 2006, Apoptosis 2. Shulga A, 2013, Neuroscience 
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Abstract: Dysfunction in the dopaminergic (DAergic) system is common following traumatic 
brain injury (TBI), which may underlie many aspects of cognitive and behavioral impairments 
following TBI. Although the DAergic system has widespread projections throughout the cortex 
and basal ganglia to modulate diverse functions throughout the brain, little is known about the 
regiosepcificity of DAergic dysfunction following brain injury. Using fast-scan cyclic 
voltammetry (FSCV), our group has previously demonstrated that there are impairments in 
electrically stimulated DA response amplitudes in the dorsomedial striatum 2 weeks following 
the controlled cortical impact (CCI) model of moderate TBI in young-adult male Sprague 
Dawley rats. Moreover, CCI rats exhibit a differential pharmacological response to the DA 
transporter inhibitor methylphenidate. In this study, we used FSCV to examine the effects of CCI 
on electrically stimulated DA responses in the dorsolateral striatum (DL-STR) and nucleus 
accumbens (NAc), which are two regions that differ in functional connectivity and 
neurochemistry, including sensitivity to D2 DA receptor antagonists like raclopride (RAC). By 
performing simultaneous recordings in both regions, a majority of naïve animals exhibited 
responses in both regions with only 1/9 rats exhibiting non-responses in the DL-STR. In contrast, 
7/8 CCI rats exhibited non-responses in the DL-STR, indicative of severe dysfunction of DA 
neurotransmission in the DL-STR after injury. Using our recently developed quantitative 
theoretical framework to disentangle release and reuptake dynamics from FSCV stimulated DA 
responses, we demonstrated that there was a 47.5±7% decrease in the amount of stimulated DA 
released by 60Hz,5s stimulation in the NAc of CCI rats (p<0.05). Moreover, Vmax, which 
reflects that maximal reuptake capacity tended to be lower in CCI rats as well (18.2±9% lower 
than naïve rats, p=0.118). This work suggests that there are widespread striatal impairments of 
DA neurotransmission after CCI, while certain regions like the DL-STR appear to be more 
susceptible to injury-induced deficits. Notably, this work has important relevance to the 
associations between TBI and Parkinson’s disease, for which the DL-STR is known to be 
particularly susceptible to degeneration. 
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Abstract: Despite dramatic increases in the prevalence of mild traumatic brain injury (TBI) in 
recent years, the underlying neurobiological mechanisms remain poorly understood. To examine 
the extent and time course of fine-scale structural and functional changes in cortical networks, 
we perform high-resolution chronic in vivo imaging and ex vivo whole-cell electrophysiology in 
a rodent blast model of TBI. Imaging of dendritic spines on layer V pyramidal cells in the visual 
cortex reveals a transient phase of elevated turnover lasting approximately 2-4 days after injury. 
In contrast, both spine density and the underlying dendritic arbor remain stable, indicating that 
mild TBI induces reorganization of the existing cortical network rather than large-scale changes 
in dendritic anatomy or number of excitatory synapses. Furthermore, whole-cell recordings from 
this same cell type show a higher frequency of excitatory synaptic events 2 days after injury, 
pointing to changes in release properties of excitatory synapses while inhibitory synapses are 
unaltered. Thus, cortical networks undergo both functional as well as structural alterations after 
TBI, in agreement with the increased excitation observed both clinically and in studies using 
non-blast models of TBI. Together, the combination of chronic imaging and whole-cell recording 
allows us to investigate neurobiological changes, such as synaptic reorganization, over different 
phases of injury and recovery, the first critical step in understanding and developing treatment 
strategies. 
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Abstract: Traumatic brain injury (TBI) is a leading cause of chronic disability; it afflicts people 
of all ages with over 1.7 million traumatic brain injuries occurring per year. A successful 
treatment for TBI has not yet been determined. Calpain over-activation is a major contributor to 
cell dysfunction and neurodegeneration in secondary injury following TBI. Therefore, calpain 
inhibition is a viable therapeutic strategy to halt neurodegeneration and preserve neurological 
function post-TBI. The aim of this study seeks to evaluate ALA-1.0, a blood-brain barrier 
permeable calpain-inhibitor, as a potential TBI therapeutic. ALA-1.0 is a novel calpain-inhibitor 
composed of the inhibitor end of the calpain protease inhibitor, leupeptin (leucyl-argininal), 
linked to the FDA-approved anti-epileptic drug, pregabalin, as a carrier molecule. This 
formulation allows the entire compound to cross the blood-brain barrier and target the site of 
neural injury after peripheral administration. We hypothesize that the administration of ALA-1.0 
after injury can halt detrimental calpain over-activation and reduce consequent neurological and 
functional deficits post-TBI. A single 80 mg/kg of ALA-1.0 was administered i.p. immediately 
following severe injury induced by the controlled cortical impact (CCI) rodent model of TBI (2.0 
mm depth, 4.0 m/s). Control rats were subjected to the same severe CCI injury, but received only 
saline vehicle i.p. immediately following injury. At 48 hours after injury, rats were euthanized 
and tissue from the injury site was collected. In comparison to control rats, rats given ALA-1.0 
immediately following severe TBI displayed a significant reduction in the number of 
degenerating cortical neurons, as shown by Fluoro-Jade B staining (p<0.05). Western blot 
analysis showed a decrease in the amount of calpain-cleaved αII-spectrin breakdown products in 
injured rats given ALA-1.0 (p<0.05). Microglia and astrocyte activation were analyzed via 
immunohistochemistry for ionized calcium-binding adapter molecule 1 (Iba-1) and glial 
fibrillary acidic protein (GFAP), respectively. The results of these studies suggest that a single 
dose of ALA-1.0 administered peripherally after CCI injury is able to reach the site of injury and 
prevent TBI-induced neurodegeneration through the inhibition of calpain. Future studies will 
clarify the role of ALA-1.0’s pregabalin carrier molecule and will determine the efficacy of 
ALA-1.0 administration at later, clinically relevant time-points post-injury through the 
evaluation of histological, biochemical, and behavioral outcome measures. 
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Abstract: Infants suffer traumatic brain injury (TBI) from multiple types of impact including 
falls, collisions and abusive head trauma. To guide the diagnosis and management of infant TBI, 
we developed a rat model to mimic impact injury in infants 2-3 months old, and investigated 
acute and chronic serum and imaging biomarkers. On postnatal day 12 (P12) rats underwent 
anesthesia, left craniotomy, and controlled-cortical impact (CCI). Sham animals underwent 
anesthesia and incision only. Half of CCI rats were randomized to receive erythropoietin (EPO, 
3000U/kg/dose, 6 doses ip over 8 days) or saline (veh). Brain and serum were evaluated with 
multi-array electrochemiluminescence detection, diffusion tensor (DTI) and susceptibility 
weighted imaging (SWI) ex vivo. Mortality was 5% for CCI and zero for sham. Most CCI rats 
experienced loss of consciousness and brief seizures. At 3 days post-injury (dpi), serum tumor 
necrosis factor-α was elevated in CCI rats compared to shams (n=4-6, p<0.01). DTI and SWI 
scans at 20dpi revealed hemorrhage and a significant reduction white matter fractional 
anisotropy in CCI animals compared to sham (0.39±0.01 vs. 0.17±0.01, n=3, p<0.001). 
Additionally, CCI-veh white matter showed increased axial (4.9±0.5 x10-4 vs.9.8±1.2 x10-4 
mm2/s) and radial diffusivity (2.5±0.3 x10-4 vs. 8.8±0.2 x10-4 mm2/s), indicative of poor axon 
and myelin integrity, respectively. Abnormalities were less prominent in CCI-EPO white matter. 
These pilot results demonstrate the feasibility of mimicking impact TBI in young infants using a 
preclinical rat model. Serum and DTI biomarkers are sensitive to detection of injury and may 
inform dosing regimens for emerging interventions. 
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Abstract: Traumatic brain injury (TBI) carries serious neurological consequences stemming 
from both the initial trauma and from the secondary damage that occurs hours and days to years 
after the injury. Apoliporotein E (apoE) is recognized for its importance in the transport and 
metabolism of lipoproteins and cholesterol, and is a known risk factor for outcome after TBI. 
Environmental factors influencing outcome after TBI, in particular mild TBI (mTBI) are poorly 
understood at this time. Given the high incidence of TBI in the US military and athletes we were 
interested in the influence that may be conferred by the “Western Diet” and whether animals 
raised on such a diet (high fat, high carbohydrate) might be predisposed to worse outcome after 
mTBI. We further hypothesized that the influence of APOE genotype might be more pronounced 
in mice on the Western diet as compared to normal mouse chow. We explored the effects of 
different diets administered to young APOE3 or APOE4 TR mice from weaning: control diet 
(19% Protein; 47% Carbohydrate; 6% Fat) or Western diet (17% Protein; 49% Carbohydrate; 
21% Fat) both from Harlan Laboratories. Mice were aged 10-12 weeks at the time of injury and 
we investigated the effects of our previously published mTBI administered as a closed head 
injury on the midline, using the myNeuroLab controller at a strike velocity of 5m/s, strike depth 
of 1.0mm, and dwell time of 200ms. Two repetitive injury paradigms were explored: one with 5 
mTBI administered with a 48hr inter-injury interval, the other with 2 mTBI/week for three 
months. At euthanasia mouse brains and plasma were harvested for neuropathological and 



biochemical analyses. Immunohistochemical analyses of mouse brains is ongoing, using 
inflammatory markers, vascular markers and markers for tau and amyloid pathology. Previous 
work in our laboratories with both of these r-mTBI models has revealed a prominent 
neuroinflammatory response to the injury, and the new data will be compared against existing 
data in wild type and hTau mice on control diet to determine the influence of APOE genotype 
and Western diet. 
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Abstract: Introduction: Anesthesia is used to facilitate surgical and radiological procedures in 
millions of children every year, but has repeatedly been shown to cause extensive apoptotic cell 
death in developing and more recently mature animals. Studies examining the clinical 
consequences of this anesthetic induced neurotoxicity in rodents have given conflicting results 
with regard to any short term or long lasting learning and behavioral differences. Genetic drift is 
a known phenomenon occurring in different animal laboratories housing inbred strains of 
laboratory mice. In order to examine the possible influence of this genetic drift within the 
C57BL/6 strain on the difference in clinical outcomes reported in the literature, we exposed 
C57BL/6 postnatal day (PND) 7 mouse pups procured from Charles River (CR) and Jackson (J) 
Laboratories to the same anesthetic regimen. Methods: On PND 7, 60 CR and 39 J were exposed 
to 1.5% isoflurane anesthesia in 30% oxygen for 6 hours. The anesthetic and control chambers 
were kept partially submerged in a 44 degree C water bath to maintain normothermia and 
continuous chamber concentrations of isoflurane, oxygen and carbon dioxide were measured. 
Results: Using t-test analyses, there was a statistical difference between the increased mortality 



observed for J C57BL/6 versus CR C57BL/6 (38% vs. 26%). There was no statistical difference 
between body weights at time of exposure between the two groups. Discussion: Retrospective 
human studies looking at the possible consequences of anesthetic exposure and long term 
learning and behavior outcomes in children have given inconclusive results and are unable to 
separate surgical and anesthesia related outcomes. Numerous previous studies in animals have 
repeatedly demonstrated that exposure to anesthesia causes apoptotic neuronal cell death but 
have shown conflicting results about what clinical effects this damage may or may not cause. 
The difference in mortality observed between the same C57BL/6 inbred strains from two 
different laboratories is possibly due to genetic drift over the years. This finding is important in 
that it provides a possible explanation for the striking differences in mortality from the same 
anesthetic exposure in this study as well as different learning and behavior deficits from similar 
anesthetic exposures from different labs using the ‘same’ strain of rodent. Further studies 
utilizing the known genetic differences between C57BL/6 strains could aid in developing an 
increased understanding of the mechanism of anesthetic induced neurotoxicity as well as better 
define the genetic subset of the population that may be susceptible to this phenomenon. 
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Abstract: Early postnatal anesthesia causes long-lasting learning and memory impairment in 
rodents (1), however, the underlying mechanisms remain largely unknown. We tested a 
hypothesis that clinically relevant concentrations of the volatile anesthetic sevoflurane alters 
morphology and synaptic activity in developing mouse hippocampal neurons. Mouse fetal day 
16 hippocampal neurons were cultured in Neurobasal medium for 7 days in vitro (DIV) prior to a 
single (4 hour) exposure to 3% sevoflurane in 95% air/5% CO2 or control condition (95% air/5% 
CO2). Neurons were either immediately fixed in 4% paraformaldehyde or maintained for 14 
additional days prior to staining for filamentous (F)-actin using Alexa Fluor555-Phalloidin, or 
actin-binding drebrin. Proximal and distal dendritic segments were randomly selected for 
analysis. Sevoflurane caused acute significant enlargement in a subset of dendritic spines which 
persisted in DIV14 sevoflurane- treated vs. control neurons (0.83 µm vs 0.61 µm, P = 0.0001, n= 
52). At DIV21, sevoflurane-treated neurons still demonstrated a higher proportion of unusually 
large spines (> 8 µm diameter) (18% vs 10%; P = 0.053) compared to control neurons. The spine 
head enlargement (DIV 14) was associated with significantly (P = 0.047) increased filamentous 
F-actin concentration. It was mimicked by exposure in control neurons to Y27632 (10 uM), a 
selective Rho kinase inhibitor. Active RhoA - GTP immunoreactivity was absent in spine heads 
in sevoflurane compared to control DIV14 neurons consistent with the known (RhoA) 
translocation defect (from cytosol to apical membrane) induced by sevoflurane (2). Taken 
together, these novel findings suggest that sevoflurane induces a translocation-dependent defect 
in local RhoA/Rho kinase signaling activity in the spine head F-actin pool leading to persistent 
head enlargement. More study is needed to determine the functional consequences (if any) of 
spine enlargement on learning and memory. 1. PLoS One 9(8):e105340; 2014. 2. Anesthesiology 
99(3):646-51; 2003. 
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Abstract: OBJECTIVE: Rodent studies show that volatile anesthetic, isoflurane (ISO) causes 
damage to the developing neurons. Since the importance of this finding in humans remains 
unclear we set to examine the effects of ISO on cultured primary human neurons vis-à-vis 
cultured rat primary neurons. We focus on the neuronal viability and the complexity of the 
branching of neuronal processes since the formation of neuronal circuitries during early stages of 
brain development relies on proper development of dendritic trees. METHODS: Human fetal 
brain tissue, (17-21 g.w.) was obtained from the Human Fetal Tissue Repository at the Albert 
Einstein College of Medicine after legal abortion and with proper consent. Rat hippocampal cells 
were co-cultured with astroglia. Both human and rat neurons were exposed to 1.5% ISO on day 
in vitro 3 for 6 hours using tightly closed gas chamber in a 37oC humidified atmosphere 
containing 21% oxygen. The sham controls were exposed to 21% oxygen under the same 
conditions. For the studies of neuronal viability we used LDH assay. For the morphological 
analysis the neurons were stained with MAP2 (neuronal marker), DAPI (nucleus marker) and 
GFAP (astroglia marker) at 0h, 24h, 48h and 7 days post-ISO anesthesia. We quantified the 
complexity of process branching in each neuron by analyzing the primary, secondary and tertiary 
branches. RESULTS: Six hours of ISO exposure impairs human neuronal viability shown as a 
50% decrease in cell lysate LDH 24 h post-exposure when compared to sham controls. In 
addition, human neurons tend to release LDH into the culture medium after exposure to ISO 
suggested by a significant (about 40%; p<0.001) increase in LDH compared to sham controls. 
Morphological analysis shows that ISO-treated neurons exhibit a trend towards lesser complexity 
of branching compared to sham controls. Specifically, primary, secondary and, in particular 
tertiary branching of human neuronal processes is decreased at 24 and 48h with seeming 
recovery noted at 7 days suggesting that ISO might impair the fine tuning of neuronal branching. 
Interestingly, morphological development of rat neurons was affected at 24 h post-exposure with 
seeming recovery thereafter (at 48 h and 7 days). Interestingly, the tertiary branching of rat 
neuronal processes was not as severely impaired as the human ones. CONCLUSION: ISO 
impairs human neuronal viability in vitro and delays proper process development in human and 
rat neurons. Fine branching of human neurons compared to rats’ is more vulnerable to an early 



exposure to ISO. We propose that lesser complexity of branching could be the morphological 
correlate of previously reported impairment of synaptic communication. 
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Abstract: Objectives: Although numerous studies have focused on the morphological fate of 
neurons dying acutely by general anesthesia (GA)-induced developmental apoptosis, the long 
lasting effects of an early exposure to GA on the synaptic transmission of surviving neurons 
remain unclear. Thus, we set out to study 1) Whether an early exposure to GA causes functional 



impairment of surviving synapses by disrupting synaptic transmission and/or short-term 
plasticity 2) Whether exposure to GA impairs the fine regulation of the dynamic spatial 
organization and trafficking of synaptic vesicles in developing pre-synaptic terminals. Methods: 
We exposed post-natal day 7 (PND7) rat pups, at the peak of their brain development, to a 
clinically relevant anesthetic combination of midazolam, nitrous oxide and isoflurane. In the rat 
subiculum, an area of the hippocampal complex that is crucial for learning and short-term 
memory, we performed 1) Whole cell patch clamp recordings of evoked excitatory postsynaptic 
currents (eEPSCs) and paired-pulse depression from PND8 to PND15 and 2) Detailed 
ultrastructural analysis of the synaptic vesicle architecture of pre-synaptic terminals at PND12. 
Results: I. Early GA impairs excitatory synaptic transmission and short term plasticity in the 
developing subiculum. GA-treated rats show a trend towards smaller amplitudes of EPSCs in 
response to increasing stimulus strengths compared to sham control animals and a significant 
decrease in paired-pulse ratio (p˂0.05). II. Early GA disrupts the trafficking of synaptic vesicles 
in pre-synaptic terminals of the developing subiculum. In addition to a significant decrease in the 
density of pre-synaptic vesicles (p˂0.05), we observe a reduction of docked vesicles (p˂0.01), as 
well as a reduction of vesicles located within 100 nm from the active zone (p˂0.05), in animals 
five days after an initial exposure to GA. We also find that the synaptic vesicles of animals 
exposed to GA are located more distally with respect to the plasma membrane than those of 
sham-control animals (p˂0.05), and that the distance between pre-synaptic vesicles is increased 
in GA-exposed animals compared to sham-controls (p˂0.01). Conclusions: We conclude that 
GA-induced long lasting effects on the synaptic transmission of surviving neurons are marked by 
significant morphological disturbances of the spatial organization and trafficking of synaptic 
vesicles, as well as impairment of excitatory synaptic transmission and short-term plasticity. This 
may contribute to the learning and memory deficits that occur after exposure of the immature 
brain to anesthesia. 
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Abstract: Anesthesia delivered early in life has been shown to have long-term effects on 
cognition and memory in rodents and has been correlated with increased risk of learning 
disabilities in humans. One study in rhesus monkeys that received a 24-hour ketamine anesthetic 
on postnatal days 5 or 6 found that these monkeys had less motivation to work for food later in 
development (Paule et al., Neurotoxicol Teratol 2011), potentially confounding other results 
within the study that were dependent on food reward. In our long-term study of cognitive and 
socioemotional development in rhesus monkeys exposed to sevoflurane as infants, we sought to 
determine motivation to work for food at approximately 30 months of age, in advance of testing 
these monkeys on cognitive tasks in which food rewards are delivered. The present study was a 
randomized controlled trial conducted across two cohorts each of 10 rhesus monkeys randomized 
to an experimental group of 10 monkeys (5 male, 5 female) that were anesthetized with 
sevoflurane three times for four hours each on postnatal day 6-10 and again 14 and 28 days later, 
and a control group of 10 (5 male, 5 female) that were briefly separated from their mothers at 
matching time points. At approximately 30 months of age, the first cohort of monkeys was 
trained to use a touchscreen apparatus and touch objects (alphanumeric characters) presented on 
the screen with a fixed ratio of one accurate response required per food reward given. Their 
motivation to work for a food reward was subsequently assessed using a progressive ratio task in 
which the required number of accurate responses required for a reward doubled every eight 
rewards given, beginning with one response required. The session was completed when no 
response was given for two minutes. Preliminary results for the first cohort of five sevoflurane-
treated monkeys and five control monkeys demonstrated no group differences in motivation to 
work for a food reward on any measure. Thus, sevoflurane anesthesia early in life does not 
appear to have a long-term effect on motivation to work for food reward in rhesus monkeys. 
Subsequent cognitive tests with these monkeys may be interpreted with less concern for 
motivational confounds. Moreover, deficits in primary motivation do not appear to be a 
consistent part of the phenotype of long-term neurocognitive impairments after early-life 
anesthesia. 
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Abstract: Children who received more than one general anesthetic before the age of 4 are at a 
greater risk of learning disability directly related to the number of anesthetic exposures. We 
recently reported that infant rhesus macaques show similar vulnerability to multiple sevoflurane 
exposures during the first month of life. Specifically, we have shown changes in socioemotional 
behavior and stress hormone regulation (see Raper et al., this session) as well as evidence of a 
mild memory impairment evident during the first year of life (Alvarado et al., Soc. Neurosci. 
846.19.2014). The present report assessed the permanence and magnitude of that early cognitive 
impairment in the now juvenile monkeys at 2 years of age. Subjects were two cohorts of infants 
(n=20, 10 males) who received either 3, 4-hour exposures to 2.5% sevoflurane at 1, 3, and 5 
weeks of age (Anesthesia Group), or a brief maternal separation at the same ages (Control 
Group). The infants were returned to their dams following each procedure and were reared in 
large social groups at the Yerkes National Primate Research Center. Beginning at six months of 
age, and over their first 24 months of life, they were tested on the visual paired comparison task 
(VPC) using color images of everyday objects and delays of 10, 30, 60 & 120 s. We previously 
reported that at 6 and 12 months, subjects in the Anesthesia group performed at chance at the 120 
s delay. Preliminary results from all subjects show similar results, namely a trend towards chance 
performance for the Anesthesia group at the 60 and 120 s delays. These findings suggest a 
persistent impairment in medial temporal lobe-dependent memory following multiple postnatal 
exposures to anesthesia, lasting at least to an age (2 years) in monkeys equivalent to the 
beginning of formal schooling in children (6 years). 
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Abstract: Postoperative cognitive dysfunction (POCD) is an established clinical syndrome. 
Neuroinflammation is an important pathological process for POCD. However, the molecular 
mechanism for the transmission of surgery-induced inflammation in the peripheral tissues to the 
brain is not clear. Matrix metallopeptidase 9 (MMP9) is a collagenase that can affect blood-brain 
barrier. Our previous study suggests that surgery may activate MMP9. We hypothesize that 
MMP9 plays a critical role in allowing the transmission of inflammation in peripheral tissues to 
the brain. To test this hypothesis, 8 week old C57 male mice were subjected to carotid artery 
exposure under isoflurane anesthesia. This surgery induced neuroinflammation and impairment 
of learning and memory. The permeation of blood-brain barrier was increased. These effects did 
not appear in the mice with MMP9 knockout. These results suggest that MMP9 plays a critical 
role in allowing transmission of inflammation in the peripheral tissues to the brain and the 
development of POCD. 
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Abstract: Objective: Early postnatal exposure to general anesthesia (GA) causes impairment of 
an early brain development. Numerous studies have shown an association between neuronal 
impairments caused by GA exposure during critical stages of synaptogenesis and long-term 
cognitive impairments later in life. Of particular interest for this study is an older finding which 
suggests that in utero exposure of rodents to GA causes cognitive impairments in the first- as 
well as the second-generation offspring never exposed to GA. This begs the possibility that 
transient exposure to GA during critical stages of synaptogenesis causes epigenetic changes in 
chromatin that could be damaging to transcription of target genes crucial for proper synapse 
formation and ultimately for cognitive development. We focus on the effects of GA on histone 
acetylase (HAT) activity of cAMP-responsive element binding protein (CREB) Binding Protein 
(CBP) and the histone (H) 3 acetylation status in the promoters of target genes, BDNF and c-fos 
known to regulate the development of neuronal morphology and function. Methods: Our in vivo 
method used 7 day-old rat pups exposed to our routine protocol containing sedative dose of 
midazolam (9 mg/kg, sc) followed by a combined nitrous oxide (70-vol%) and isoflurane (0.75-
vol%) anesthesia for 6 hours. Our in vitro method used cultured hippocampal neurons and 
organotypic hippocampal slice culture that were exposed to midazolam, isoflurane and nitrous 
oxide for 24 hours. Results: GA causes epigenetic modulations manifested as H3 
hypoacetylation and the fragmentation of CBP with the impairment of its HAT activity. 
Importantly, in addition to global H3 hypoacetylation, GA promotes the hypoacetylated status of 
H3 in CREB binding sites of the promoter regions of two target genes of interest, c-fos and 
BDNF as shown with individual loci-specific ChIP assays. H3 hypoacetylation results in more 
condensed chromatin structure leading to downregulated transcription of the important target 



genes, BDNF and c-fos. Reversal of histone hypoacetylation with global histone deacetylase 
(HDAC) inhibitor, sodium butyrate, reversed GA-induced morphological and functional 
impairments of neuronal development and synaptic communication. Conclusions: We suggest 
that the long-term impairments of neuronal development and synaptic communication we and 
others have been reporting for over a decade could be caused by GA-induced post-translational 
modification of H3 acetylation status. It is highly likely that histone hypoacetylation is not the 
only one that could explain a myriad of changes in neuronal development and communication 
that occur post-GA exposure. 
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Abstract: General anesthesia is commonly used for surgical operations in infants and young 
children. Recent studies have indicated that repeated and prolonged anesthetic exposure, during 
the period of extensive synaptogenesis, leads to neuronal and behavioral deficits later in life. It is 
therefore important to develop strategies to mitigate the neurotoxic effects of anesthesia on brain 
development. By performing in vivo two-photon calcium imaging, we have found that ketamine 
anesthesia causes a prolonged and significant reduction in neuronal activity of layer 5 pyramidal 
neurons in the mouse motor cortex. Administration of an ampakine drug, CX546, during the 
period of post-anesthesia recovery restores neuronal activity and prevents neonatal anesthesia-
induced long-term motor learning deficits. Additionally, we found mice repeatedly exposed to 
ketamine display multiple defects in the motor cortex, including decreased synaptic expression 
of NMDA and AMPA receptor subunits, reduced running-evoked neuronal activity and 
decreased dendritic spine remodeling associated with motor learning. Administration of CX546 



after ketamine anesthesia ameliorated these synaptic structural and functional deficits. Together, 
our results indicate that pharmacologically enhancing neuronal activity during the post-
anesthesia recovery period could be an important strategy for reducing the adverse effects of 
childhood anesthesia. 
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Abstract: Anesthetic isoflurane has been reported to promote Alzheimer’s disease 
neuropathogenesis by inducing apoptosis, which may then lead to the accumulation of β-amyloid 
in vitro and in vivo 1-4. However, the mechanism by which isoflurane induces apoptosis remains 
largely to be determined. Therefore, we extended the isoflurane studies to Caenorhabditis 
elegans (C. elegans), an established model to study apoptosis and toxicity. Specifically, we 
determined whether isoflurane could induce apoptosis via the interaction with Cyclophilin D 
(CypD), adenine nucleotide translocase (ANT) and Voltage-dependent anion channel (VDAC), 
the components of mitochondrial permeability transition pore (mPTP) 5, in the C. elegans. 7% 
Isoflurane (100% EC50) for 2 or 4 hours was delivered to the wild type C. elegans with 
pretreatment of control condition, mPTP inhibitor cyclosporine A, or RNA interference of CypD, 
ANT or VDAC, as well as in the C. elegans with the ced-9 (n1950) mutation. We found that 
isoflurane induced apoptosis and decreased survival rate, lifespan, egg laying, body movement, 
and body size in the C. elegans with treatment time dependent manner. Moreover, co-
immunoprecipitation technology showed that the treatment with isoflurane for 4, but not 2, hours 
separated the binding of CypD, ANT and VDAC to each other. These isoflurane-induced 



changes were inhibited by the treatment of cyclosporine A and RNA interference of CypD, ANT 
or VDAC, as well as ced-9 (n1950) mutation. These data suggested that isoflurane could induce 
apoptosis via opening mPTP by separating the components of mPTP. The isoflurane-induced 
apoptosis might cause toxic effects in C. elegans, leading to reduction in survival rate. The on-
going studies include the investigation of the mechanism by which isoflurane interacts with 
CypD, ANT or VDAC in the C. elegans. References 1.Eckenhoff RG, Johansson JS, Wei H, et 
al. Inhaled anesthetic enhancement of amyloid-beta oligomerization and cytotoxicity. 
Anesthesiology. 2004;101(3):703-709. 2.Xie Z, Dong Y, Maeda U, et al. The inhalation 
anesthetic isoflurane induces a vicious cycle of apoptosis and amyloid beta-protein 
accumulation. J Neurosci. 2007;27(6):1247-1254. 3.Xie Z, Culley DJ, Dong Y, et al. The 
common inhalation anesthetic isoflurane induces caspase activation and increases amyloid beta-
protein level in vivo. Ann Neurol. 2008;64(6):618-627. 4.Zhang Y, Xu Z, Wang H, et al. 
Anesthetics isoflurane and desflurane differently affect mitochondrial function, learning, and 
memory. Ann Neurol. 2012;71(5):687-698. 5.Fulda S, Galluzzi L, Kroemer G. Targeting 
mitochondria for cancer therapy. Nat Rev Drug Discov. 2010;9(6):447-464. 
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Abstract: Our previous studies have demonstrated that inhalational anesthetics may cause cell 
death via over activation of the InsP3R calcium channel on the membrane of the endoplasmic 
reticulum (ER). We investigated effect of propofol on cell survival through activation of type 1 
InsP3R (InsP3R-1), and its association with regulation on autophagy. Chicken B lymphocytes 
with all three InsP3R isoforms knocked out (DT40-TKO) or TKO expressed with rat recombined 
InsP3R-1 were treated with propofol at various concentrations for 24 hrs in the presence or 
absence of regulators on intracellular Ca2+ homeostasis and autophagy. MTT reduction assay 
was measured to determine cell viability. Western blot was used to determine the expression of 
LC3-II, a biomarker reflecting the autophagy activity. Two-way ANOVA was used to analyze the 
data. Propofol dose-dependently reduced cell viability in both type of cells with R1 cells slightly 
more vulnerable to propofol toxicity at high concentrations. BAPTA-AM, an inhibitor of 
cytosolic Ca2+ ([Ca2+]c) elevation, dose-dependently decreased cell viability in R1 but not in 
TKO cells, suggesting a baseline level of [Ca2+]c supported by activation of InsP3R-1 is required 
to maintain cell survival, which may be altered in TKO cells. BAPTA-AM dose-dependently 
potentiated propofol-induced cell death in both types of cells, but more remarkably in TKO than 
in R1 cells, suggesting elevation of [Ca2+]c via InsP3R-1 activation play important role in 
propofol induced cell damage. The autophagy stimulator rapamycin dose- and time-dependently 
decreased cell viability in both cells, but more remarkably in R1 cells. Autophagy inhibitor 3-
MA significantly potentiated propofol induced toxicity in TKO but not R1 cells. Propofol dose-
dependently increased autophagy biomarker LC3-II more in R1 than in TKO cells, which was 
augmented by impairment of autophagy flux with bafilomycin, suggesting that propofol 
treatment for short time (2.5 hours) induced the activation of autophagy. Overall, these results 
suggest that autophagy activity play an important role in propofol induced cytotoxicity, which 
may be associated with activation of InsP3R-1. 
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Abstract: Between 50-80% of children exhibit immediate negative behavior changes after 
exposure to general anesthetics (GA), and nearly 16% of children exhibit increased anxiety for 
up to 6 months after GA exposure (Stipic et al, 2014, Eur J Anaesthesiol). Evidence from animal 
studies suggest that early life exposure to GA causes neurotoxic damage to the developing brain 
and impairs cognition in adulthood (Jevtovic-Todorovic et al, 2003, J Neurosci; Satomoto et al, 
2009, Anesthesiol). Although neurotoxic damage is widespread, medial temporal lobe structures, 
such as the amygdala and hippocampus, are particularly sensitive to GA exposure. We have 
previously shown that rhesus monkeys exposed to 4-hours of sevoflurane (Sevo) anesthesia at 
postnatal day 6-10 and repeated 14 and 28 days later, exhibit increased anxiety-like behaviors on 
the Human Intruder (HI) paradigm at 6 months of age. The current study shows that although 
Sevo exposed monkeys exhibit increased anxiety, they have a lower cortisol response to the HI 
paradigm as compared to controls. Interestingly, multiple Sevo exposures only impacted cortisol 
stress reactivity and did not impact the basal cortisol rhythm. These data are similar to findings 
of a blunted cortisol reactivity, but increased anxiety, in patients with hippocampal damage 
(Buchanan et al, 2009, Horm Beh). Thus, the current data suggest that multiple Sevo exposures 
may have directly impacted hippocampal development, resulting in altered emotional and 
hormonal responses to an acute stressor. 
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Abstract: OBJECTIVES General anesthesia (GA) is toxic to the developing brain of several 
mammalian species. Although the impairment of social interaction has been described, many 
behavioral consequences of an early exposure to anesthesia remain unclear. Thus, we sat out to 
explore the behavioral consequences of an early exposure to GA, specifically with regard to its 
impact on animals’ interaction with the environment. METHODS Rat pups were randomly 
assigned to two treatment groups at post-natal day 7 (the peak of brain development). The GA 
group received a well-established neurotoxic anesthesia protocol (Midazolam 9mg/kg i.p. + 6 hr 
of Isoflurane 0.75%, Nitrous Oxide 70% and Oxygen 30%). The Sham control group was 
exposed to a mock treatment (vehicle i.p. + 6 hr of room air + separation from the mother). 
Animals were subjected to the Open Field, Elevated Plus Maze and Social Novelty tests at 5 and 
9 weeks, 4 and 11 weeks and 12 weeks of age, respectively. Test sessions were recorded and 
analyzed using Anymaze software. RESULTS Open Field Test. GA-exposed animals did not 
show any difference in the total distance travelled during the Open Field Test vs control rats, 
indicating no impairment in motor function. In the Open Field Test at 9 weeks of age, GA-
exposed female animals unlike males, showed a significant increase in the time spent in the 
middle area of the arena (p<0.05), as well as a significantly decreased latency to first enter into 
that area (p<0.05), compared to age-matched controls, suggesting increased impulsivity in 
females. Elevated Plus Maze Test. GA-exposed female animals but not males exhibited a 
decrease in the time spent in the open arms of the Elevated Plus Maze when tested at 11 weeks 
of age compared to controls (p<0.05), suggesting an increased level of anxiety. Social Novelty 
Test. During the first part of the experiment (unknown animal vs empty cage), GA-exposed 
female but not male rats exhibited an increased number of crossings between the three chambers 
of the apparatus compared to same sex controls (p<0.05), suggesting hyperactive behavior. 
During the second part (known animal vs novel animal), female but not male GA rats showed a 
significantly increased number of explorations of the novel-animal (p<0.05), suggesting novelty 



seeking behavior. The Social Novelty Index also confirmed a trend towards an increased 
exploration of the novel-animal by both female and male rats exposed to GA. CONCLUSIONS 
A single exposure to GA during critical stages of brain development induces sex-and age-
dependent changes in rats behavior relative to their interaction with the environment, indicating 
increased impulsivity, novelty seeking and hyperactivity with anxiety. 
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Cocaine addiction and depression are comorbid disorders. While it is well recognized that 5-
Hydroxytryptamine (5-HT; serotonin) plays a central role in depression, our understanding of its 
role in addiction is notably lacking. The 5-HT system in the brain is carefully controlled by a 
combined process of regulating 5-HT neuron firing through 5-HT autoreceptors, 
neurotransmitter release, enzymatic degradation, and reuptake by transporters. The present study 
tests the hypothesis that activation of 5-HT1A autoreceptors, which would lessen 5-HT neuron 
firing, contributes to cocaine seeking behaviors. Using 5-HT neuron-specific reduction of 5-



HT1A autoreceptor gene expression in mice, we demonstrate that 5-HT1A autoreceptors are 
necessary for cocaine conditioned place preference. Additionally, using designer receptors 
exclusively activated by designer drugs (DREADDs) technology, we found that stimulation of 
the serotonergic dorsal raphe nucleus (DRN) afferents to the nucleus accumbens (NAc) abolishes 
cocaine reward and promotes anti-depressive-like behaviors. Lastly, using a rat model of 
compulsive-like cocaine self-administration, we found that inhibition of dorsal raphe 5-HT1A 
autoreceptors attenuates cocaine self-administration in rats with 6 hour extended access, but not 
1 hour access to the drug. Therefore, our findings suggest an important role for 5-HT1A 
autoreceptors, and thus DRN→NAc 5-HT neuronal activity, in the etiology and vulnerability to 
cocaine reward and addiction. Moreover, our findings support a strategy for antagonizing 5-HT1A 
autoreceptors for treating cocaine addiction. 
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Abstract: Cocaine conditioned place preference (CPP) has been used extensively to demonstrate 
the rewarding properties of cocaine and as a preclinical assay to evaluate the potential 
therapeutic effects of various drugs or interventions. However, the actual neural mechanisms 
underlying CPP have never been established conclusively. Based on silicon probe recordings and 
optogenetic manipulation of synaptic plasticity in awake behaving mice, our results suggest that 
a key substrate of CPP is the selective strengthening of specific synapses between the 
hippocampus, which encodes spatial location, and the nucleus accumbens, a brain region 
implicated in reward processing. Results from this study are likely to yield insight not only into 
CPP itself, but also into the more general role of selective corticostriatal plasticity in cocaine 
addiction. 
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Abstract: MHC class I (MHCI), an important immune protein, is expressed in the brain that has 
long been designated as an immune privilege region. This protein plays an important role in the 
modulation of synaptic plasticity such as elimination of long-term depression and enhanced long-
term potentiation, resulting in the enhanced synaptic connections. Dysfunction of MHCI leads to 
exaggerated synaptic connections in various brain regions, resulting in abnormal brain functions. 
However, the contribution of MHCI to brain reward functions remains unknown. By employing 
our novel drug self-administration system, we found that MHCI is important for the regulation of 
synaptic transmission in dopamine neurons and its deficiency underlies robust cocaine-seeking 



behavior. In wild-type mice, cocaine intakes lead to persistent reduction of MHCI expression 
specifically in dopamine neurons. This reduction is accompanied with enhancement of its 
synaptic inputs, as represented by AMPA/NMDA receptors ratio as well as the expression of 
dopamine-related genes, both of which are major pathogenesis of robust cocaine-seeking 
behavior. MHCI deficiency further potentiated these increases, resulting in exaggerated cocaine-
seeking behavior. In the analysis of the mechanism behind this potentiation, MHCI deficiency 
amplified cocaine-induced increase of AMPA receptor-associated functions such as mEPSC 
amplitude and spine head diameter. In addition, deficiency of MHCI cocaine-independently 
enhanced NMDA-induced current, mEPSC frequency and spine density, which are associated 
with NMDA receptor function. In contrast to knockout mice, cocaine-seeking behavior was 
suppressed by over-expressing a gene of MHCI through recombinant AAV-2 specifically in 
dopamine neurons of wild-type mice. These results suggest that MHCI regulates synaptic 
transmission in dopamine neurons and its deficiency underlies robust cocaine-seeking behavior. 
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Abstract: Introduction: Anterior cingulate cortex (ACC) has been proposed to play a role in 
performance monitoring and guiding decisions about which actions are worth making (Shenhav 
et al., 2013). Neural activity in ACC differentiates between high and low reward sizes (Jung et 
al., 1998), and rats with ACC lesions consistently select actions that require less effort and result 
in smaller reward (Walton et al., 2002). Economic demand analysis in behavioral economics 



offers a sensitive measure of how demand (motivation) for cocaine reward is affected by changes 
in ‘price’ (effort). Here, we assessed whether demand for cocaine reward is affected by 
manipulation of ACC activity. We also carried out single unit recordings in ACC during the 
behavioral economics paradigm to examine whether changes in cocaine ‘price’ are associated 
with changes in neural activity in this region. Methods: Rats were prepared with ACC-directed 
bilateral cannula or received bilateral ACC injections of the AAV-hSyn-HA-hM4D(Gi)-IRES-
mCitrine inhibitory DREADD. Rats were trained to self-administer cocaine on the within-session 
behavioral economics demand curve paradigm (Bentzley et al., 2013). Once stable demand was 
achieved, rats received either intra-ACC infusions of baclofen/muscimol (B/M; 
125µg/0.5µl/side), systemic injections of clozapine-N-oxide (CNO) or vehicle, and were again 
assessed for cocaine economic demand. A second group of rats were implanted bilaterally with 
recording wires in ACC and underwent training as above. Single unit recordings were conducted 
during behavioral economics demand analyses. Results: Inactivation of ACC by microinjections 
of B/M or systemic CNO treatment significantly reduced economic demand for cocaine 
(increased demand elasticity) as well as decreased the maximal effort animals were willing to 
expend to defend desired brain cocaine concentrations (Pmax). In contrast, ACC inactivation had 
no effect on free cocaine consumption or the desired brain level of cocaine (Qo). A subset of 
ACC cells showed increased phasic responses when higher effort was required to obtain cocaine 
reward. Further, ACC tonic activity declined rapidly following Pmax. Conclusions: Inactivation 
of ACC increased demand elasticity (reduced motivation) for cocaine reward but had no effect 
on free cocaine consumption (self-administration under low effort conditions). Neural activity of 
ACC appears to reflect changes in cocaine ‘price’, consistent with the view that this structure 
plays a role in performance and reward monitoring. Ongoing studies utilizing DREADDs are 
characterizing the pathways through which ACC regulates motivational responding for cocaine. 
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Abstract: Repeated exposure to psychostimulant drugs produces dysfunction in corticostriatal 
circuits thought to underlie addiction. Alterations in glutamatergic signaling within the nucleus 
accumbens (NAc) may be particularly important in the development of addiction and also 
accompany psychomotor sensitization and self-administration behaviors. One predominant 
source of glutamate within the NAc arises from the prefrontal cortex (PFC). While the PFC has 
been implicated in the regulation of addiction, lesion studies have yielded conflicting results 
regarding its role. Incongruous findings may be due to PFC neurons projecting to several other 
brain regions that also regulate addiction behaviors as well as lack of temporal control of the 
manipulations, thus making it difficult to define the precise role of PFC afferents to NAc in 
addiction-related behaviors. In order to address these issues, we utilized a combinatorial 
chemogenetic approach to selectively modulate the activity of defined sets of glutamatergic 
afferents during the development of amphetamine sensitization. Rats received bilateral injections 
of a retrogradely transported canine adenovirus expressing cre-recombinase (cre) into NAc and 
an adeno-associated virus expressing cre-dependent, Gi/o-coupled hM4Di-DREADD (Designer 
Receptors Exclusively Activated by Designer Drugs) into PFC. Because hM4Di expression is 
restricted to PFC neurons projecting to NAc, we can selectively examine the role of Gi/o-
signaling cascades in these neurons in the development of addiction behavior. We found that this 
manipulation attenuated the development of amphetamine sensitization and enhanced 
conditioned responses to the drug-taking environment following 2 weeks of abstinence. These 
results suggest that a dampening of cortical control over striatal circuitry may underlie the 
development of drug-induced behavioral plasticity and regulate responses to cues related to drug-
taking. Follow-up studies will address the role of PFC neurons in cue-induced reinstatement 
following cocaine self-administration. In addition, because projection neurons originating in the 
thalamus provide the second largest source of glutamate into the NAc and their role in addiction-
related behavior is unclear, we are currently examining the effect of increasing Gi/o-signaling 
cascades in thalamic afferents to NAc during psychomotor sensitization and cue-induced 
reinstatement of drug-seeking. 
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Abstract: Disrupting cue-induced memories may reduce the risk of relapse and can be 
accomplished either by preventing reconsolidation of a reactivated memory or by extinction of 
the memory. Although extinction and reconsolidation involve similar neurobiological processes, 
there may be components of the two pathways that diverge, allowing the development of a single 
medication that simultaneously enhances extinction and inhibits reconsolidation. This treatment 
strategy would prevent unintentional strengthening of the drug-associated memory by 
reconsolidation, which is a common limitation to many previously tested medications. Using a 
discovery-based phosphoproteomics approach, we have previously identified a small number of 
candidate proteins in the BLA, including a phosphorylation site (serine 331) on calcium-
calmodulin dependent kinase II alpha (CaMKIIα), that are differentially regulated by 
reconsolidation vs. extinction of a cue-evoked memory associated with self-administered 
cocaine. In the current studies, we have created site-specific phospho-deficient (S331A) and 
phospho-mimetic (S331E) CaMKIIα mutants and show that phosphorylation at this site regulates 
kinase activity. Furthermore, in rodents trained to self-administer cocaine, we reactivated the 
drug-cue memory via brief presentation of cues or extinguished the memory via multiple 
presentations of cues. We then infused KN-93 directly into the BLA to immediately inhibit 
CaMKII following the memory manipulations and show that CaMKII inhibition in the BLA 
enhances the extinction and inhibits the reconsolidation of cocaine-cue memories. Ongoing 
studies will seek to determine the structural effect of intra-BLA CaMKII inhibition by examining 
the time course of dendritic spine changes during cocaine-cue memory manipulations. 
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Abstract: Background: Cue-induced methamphetamine craving increases after prolonged forced 
(experimenter-imposed) abstinence from the drug (incubation of methamphetamine craving). 
Here, we determined whether this incubation phenomenon would occur under conditions that 
promote voluntary (self-imposed) abstinence. We also determined the effect of the novel 
mGluR2 positive allosteric modulator, AZD8529, on incubation of methamphetamine craving 
after forced or voluntary abstinence. Methods: We trained rats to self-administer palatable food 
(6 sessions) and then to self-administer methamphetamine under two conditions: 12 sessions (9-
hr/day) or 50 sessions (3-hr/day). We then assessed cue-induced methamphetamine seeking in 
extinctions test after 1 or 21 abstinence days. Between tests, the rats underwent either forced 
abstinence (no access to the food- or drug-paired levers) or voluntary abstinence for 19 days 
(achieved via a discrete choice procedure between methamphetamine and palatable food; 20 
trials per day). We also determined the effect of subcutaneous injections of AZD8529 (20 and 40 
mg/kg) on cue-induced methamphetamine seeking 1 or 21 days after forced or voluntary 
abstinence. Results: Under both training and abstinence conditions, cue-induced 
methamphetamine seeking in the extinction tests was higher after 21 abstinence days than after 1 
day (incubation of methamphetamine craving). AZD8529 decreased cue-induced 
methamphetamine seeking on day 21 but not day 1 of forced or voluntary abstinence. 
Conclusions: We introduce a novel animal model to study incubation of drug craving and cue-
induced drug seeking after prolonged voluntary abstinence, mimicking the human condition of 
relapse after successful contingency management treatment. Our data suggest that PAMs of 
mGluR2 should be considered for relapse prevention. 
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Abstract: 3, 4- methylenedioxypyrovalerone (MDPV) is an illicit synthetic cathinone that is 
widely abused in the United States and elsewhere. MDPV induces euphorogenesis and is readily 
self-administered in rodent models of substance abuse. Additionally, MDPV has been shown to 
reduce brain reward thresholds in intracranially self-stimulating animals. Together, these 
findings corroborate the extensive literature with other abused psychostimulants such as cocaine 
and amphetamine in demonstrating potent alterations in reward processing and, consequently, 
addiction liability. Accordingly, the abuse potential of MDPV has been attributed in part to its 
ability to inhibit the uptake of dopamine and norepinephrine. The present study was designed to 
further characterize the abuse liability of MDPV by assessing its effects on affective processing 
and reinstatement behaviors. Adult male Sprague-Dawley rats were trained to self-administer 
MDPV (0.056 mg/kg/inf) under a fixed-ratio 1 schedule of reinforcement in 2-hr daily sessions 
for 14 days. Active lever presses elicited a 2-sec infusion paired with a 2-sec stimulus tone + 
light complex conditioned stimulus (CS+). Following training, animals underwent daily context 
extinction trials until operant responding dropped to <25% of the mean of the final two days of 
self-administration sessions. Following extinction, animals were given reinstatement probe trials 
consisting first of CS+-only priming and then of combined CS+/drug priming. In addition to 
operant responses, ultrasonic vocalizations (USVs) were recorded and analyzed to assess 
changes in affective state during acquisition, extinction and reinstatement phases of MDPV self-
administration. Results from the present study confirm that MDPV is robustly self-administered 
and also show that MDPV-seeking can be reinstated by both CS+ and CS+/drug priming. 
Further, acquisition of MDPV self-administration is associated with a relative predominance of 



50-kHz positive affective USVs. This study adds to a growing body of evidence characterizing 
the abuse liability of MDPV and demonstrates reinstatement and affective processing changes in 
MDPV self-administering rats. 
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Abstract:  Exposure to drugs of abuse alters the epigenetic landscape of the brain’s reward 
regions. We investigated how a combination of chromatin modifications (as previously measured 
by ChIP-sequencing) affects genes that are relevant for cocaine responses. Autism-candidate 2 
(Auts2), a gene linked to human evolution and autism, is among the genes with the largest 
number of cocaine-induced chromatin modifications in the mouse nucleus accumbens (NAc). 
We observed by FACS sorting that Auts2 mRNA expression is increased specifically in the NAc 
within D2-type medium spiny neurons of cocaine-injected mice. Auts2 mRNA is also up-
regulated postmortem in the NAc of human cocaine addicts. Additionally, by using chromatin 
conformation capture (3 and 4C) approaches, we obtained evidence that the Auts2 gene forms a 
cocaine-inducible DNA-loop which enables Auts2 to bind to and potentially regulate the 
expression of distal genes. We are currently characterizing the character and function of these 
genes after cocaine exposure. Our results may help to identify how a given gene can mediate a 
drug-induced phenotype at the mRNA as well as DNA level. 
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Abstract: Induction of focal central retinal lesions in both eyes leads to cortical map 
reorganization in the primary visual cortex of adult animals. Following the instant deactivation of 
the cortical lesion projection zone (LPZ), visual activity can be restored during the months 
following the lesion. The restoration of cortical activity depends on the distance from the LPZ, 
with far peripheral area 17, after an initial mild but significant activity reduction, achieving again 
normal signals by 3 months post-lesion (Hu et al., 2009). In accordance, injury to the central 
retina leads to the well-described acuity deficits, while the behavioral outcome for motion 
perception has not yet been examined. Here we verified the motion perception performance upon 
induction of binocular circular lesions (diameter ≈ 10 deg) centered over the area centralis in cats 
behaviorally naive prior to lesioning. In all motion tasks the S+ was composed of a circular 
random dot pattern consisting of dots moving coherently on a black background, or else in more 
difficult tasks composed of random dots, S- differed only in the motion domain (direction of 
movement or velocity). A previously described set of five global motion tasks was used, which 
progressively introduce perceptual difficulty (Zapasnik and Burnat, 2013). Overall, naive 
lesioned cats outperformed normal animals in all tested motion tasks. In particular, they were 
significantly faster in learning the easiest, global motion detection task as compared to normal 
not lesioned animals. Naive lesioned cats were also more sensitive to higher velocities of the 
stimuli and in tasks based on velocity discrimination. These behavioral findings corroborate with 
our preliminary data on molecular activity levels measured by means of real-time PCR for the 
immediate early gene zif268 in cat motion area PMLS, which exhibited an activity peak at 3 



months post-lesion in naive lesioned animals. Thus, central retinal lesions may enhance the 
peripheral retina to better recruit the parts of the visual system devoted to fast analysis of motion 
stimuli. 
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Abstract: Motion perception is not isolated from object categorization and scene understanding. 
For example, although no direct motion signal is contained in still pictures, based on object 
recognition and knowledge about how things move, a sense of motion can be implied from a 
picture of running athlete or an object dropping off a shelf. Such implied motion is sufficient to 
activate the middle temporal cortex (Kourtzi & Kanwisher, 2000; Senior et al., 2000), where 
neurons are prototypically tuned to motion direction and speed. Moreover, animacy appears to be 
a major attribute that the visual system uses to represent object categories in the inferior temporal 
cortex (e.g., Chao, Haxby & Martin, 1999). These studies suggest a relationship between the 
dorsal "where" pathway and the ventral "what" pathway. However, to understand this 
relationship, this present study examines how implied motion and object category information 
are encoded, either similarly or differentially along the two visual pathways. FMRI was used to 
measure the neural activity corresponding to different animate and inanimate categories of still 
pictures (humans, animals, objects, and natural scenes) with different levels of perceived 
speediness (e.g., a sleeping baby, a walking man, and a running athlete). In both pathways, 
activity induced by pictures of humans and animals was only weakly modulated by the perceived 
speediness, as rated by human observers. In contrast, activity in these areas correlated with the 
rated levels of speediness for pictures of inanimate objects and scenes. Moreover, multivariate 
pattern analysis of activity in both pathways revealed significant effects of stimulus category but 



not perceived speediness, although the effect of stimulus category decreased as the perceived 
speediness of implied motion increased. These results reveal a common organizing principle of 
object categorization corresponding to animacy in the dorsal pathway as well as in the ventral 
pathway, challenging the notion that information of object and scene categorization is only 
represented in the ventral pathway. Although averaged BOLD activity, rather than the activation 
patterns, was found to be correlated with the perceived speediness in implied motion, still 
pictures of fast moving inanimate objects/scenes evoked activation patterns that are difficult to 
differentiate from humans/animals, suggesting an important functional role of motion related 
information in encoding object categories. Together, these results provide insights to understand 
how motion and objects are represented conjunctively along the two visual pathways. 
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Abstract: Cortical area MT is a critical stage in the pathway underlying the perception of visual 
motion. Not only is MT known for the emergence of sensitivity to pattern motion, which is based 
on the integration of V1 inputs that represent motion of local oriented components, but recent 
studies have revealed that many MT neurons also respond well to 3D motion, or motion-in-depth 
(MID; Czuba et al., 2014; Sanada and DeAngelis, 2014). There are primarily two binocular cues 
for MID, interocular velocity differences (IOVD) and changing disparity (CD), but how these 
cues are combined to generate MID perception is unknown. While many models of MT have 
been proposed to explain how pattern motion sensitivity arises, these models are not binocular, 
and thus cannot address the origin of MID sensitivity. We have built binocular MT models that 
incorporate motion selectivity and binocular integration, including a binocular disparity 
computation. The models are image-computable to allow testing with diverse experimental 



protocols, and have spiking output so that the relevant data analyses can be performed. We first 
built binocular MT models that were either component- or pattern-direction selective (CDS or 
PDS) in a framework without a disparity computation and found that the characteristic reduction 
in pattern sensitivity with dichoptic presentation of plaids can be explained by including 
monocular motion-opponent suppression in the circuit. The models predict that there must be 
motion-opponent suppression prior to binocular integration, with stronger opponency in PDS 
cells. Testing these models with the MID protocol of Czuba et al. exposed differences in the 
ability of CDS and PDS models to fit responses of the frontoparallel and 3D motion-tuned MT 
cells, predicting a link between pattern motion and MID sensitivity. We found that a motion-only 
model could also produce responses to the motion and disparity cue-isolating stimuli of Sanada 
and DeAngelis that are consistent with their results, with model units producing MID sensitivity 
from IOVD motion cues. We next included disparity computation at the stage of binocular 
integration. In models where motion and disparity tuning in MT are inherited jointly from V1 
inputs, we found that direction tuning in CDS and PDS cells for motion may vary with disparity, 
with preferred direction reversing at non-preferred disparities. The binocular models have 
generated testable predictions concerning the ordering of motion and disparity computations that 
are necessary to satisfy constraints from diverse stimulus protocols, resulting in a more complete 
framework for building and testing MT circuits. 
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Abstract: Introduction The perception of stereoscopic 3D motion is based in two binocular cues: 
changes in binocular disparity over time (CD) and inter-ocular velocity differences (IOVD). 
Since these cues co-occur naturally, there is considerable debate regarding the extent to which 
observers rely on each cue. In 81 observers we tested sensitivity to either cue in isolation. This 



allowed us to investigate sensitivity to these cues across the normal population and determine the 
degree of independence of CD and IOVD sensitivities. We also compared sensitivity to isolated 
versus combined-cue stimuli to investigate if and how observers combine the CD and IOVD cues 
under natural conditions. Methods In all conditions, participants fixated the center of a display, 
while we presented two dot arrays (above/below fixation), which moved in opposite directions in 
depth on each trial. The combined-cue stimulus consisted of dots matched for contrast and 
position in both eyes; the CD-cue stimulus randomly repositioned the dots on each screen 
refresh; the IOVD-cue stimulus used anti-correlated dots in the two eyes. Participants indicated 
which panel of dots appeared to move towards them. We estimated sensitivity by computing d′. 
Results Our results show considerable variation in sensitivity to the CD and IOVD cues across 
observers. Moreover, the sensitivity to these cues is largely independent. We further found that 
when the CD and IOVD cues are presented together, observers perform better than would be 
predicted based on their sensitivity to either cue alone. A model that assumed that the cues are 
processed independently and are optimally combined according to their reliability provided a 
good fit to the data. Discussion We assessed the extent to which the perception of stereoscopic 
3D motion in depth is driven by binocular disparity and interocular velocity cues. Our results 
indicate that the perception of stereoscopic 3D motion relies on two relatively independent 
mechanisms. Observers can vary considerably in sensitivity to each cue, and ultimately combine 
the two cues in a statistically optimal fashion. While the neural basis for such variability in the 
normal population is currently unknown, these results help clarify the sometimes inconsistent 
findings across previous studies and laboratories. Those results may have been due to natural 
variability in the population, and the small sample sizes typical of intensive psychophysics. 

Disclosures:  B. Allen: None. A.M. Haun: None. T. Hanley: None. C.S. Green: None. B. 
Rokers: None. 

Nanosymposium 

746. Visual Motion 

Location: S102 

Time: Wednesday, October 21, 2015, 1:00 PM - 4:15 PM 

Presentation Number:  746.05 

Topic: D.04. Vision 

Title: The neural correlates of 3D motion perception 

Authors: *J. M. FULVIO1, B. ROKERS2;  
2Psychology, 1Univ. of Wisconsin - Madison, Madison, WI 



Abstract: Introduction Recent work has established that in addition to processing 2D motion, 
neurons in area MT and its human analogue hMT+ occupy a central role in the signaling of 
specific 3D motion directions (Rokers et al., 2009, Czuba et al., 2014, Sanada & DeAngelis, 
2014). It is currently unclear however, to what extent activity in hMT+ reflects either the 
presented or the reported direction of 3D motion. We used a motion adaptation paradigm similar 
to Rokers et al. (2009) to disentangle contributions of presented and reported 3D motion to the 
BOLD fMRI response. Methods Observers adapted to an array of dots continuously approaching 
or receding at 100% coherence for 90s. Then on each 7.5s trial they viewed the dots moving in 
the same adaptor direction for 4s, followed by a 1s probe in which the dots moved in the ‘same’ 
or ‘opposite’ direction as the adapter at 25% coherence. Observers judged the motion direction 
of the probe on each trial. We extracted the BOLD response to the probe stimuli in regions of 
interest (ROIs) including extrastriate area hMT+. We compared the average response between 
trials in which the probe moved in the opposite or same direction as the adaptor. Separately, in 
trials where the probe moved in the same direction as the adaptor, we compared the BOLD 
response based on the motion direction reported by the observer. Results Behavioral results: On 
~66% of trials observers reported 3D motion consistent with the presented direction (and on 
~44% of trials reports were inconsistent). Imaging results: In area hMT+, and to a lesser extent in 
earlier visual areas, activation was attenuated when the probe moved in the same direction as the 
adaptor compared to when the probe moved in the opposite direction. Importantly however, 
when considering only probe trials that moved in the same direction as the adapter, attenuation 
seemed to predominantly occur in those trials in which the observer reported that the probe 
moved in the same direction as the adaptor. Discussion These results indicate that the BOLD 
response in hMT+ and to some extent earlier visual areas depends in part on the perceived 
direction of 3D motion, rather than the presented direction. These results mirror the role of 
hMT+ in 2D motion perception (Kamitani & Tong, 2006; Serences & Boynton, 2007), with the 
exception that reported 3D motion direction seems to affect activity in earlier visual areas. These 
results therefore refine the role of hMT+ in motion perception and suggest that the resolution of 
ambiguity in 3D motion signals begins in early stages of visual processing. 
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Abstract: Motion transparency refers to the perception of overlapping motion vectors in the 
same spatial region. The perceived angular separation (AS) between two component directions 
of transparently moving stimuli appears wider than the veridical AS when the veridical AS is ≤ 
90° (Marshak & Sekuler 1979, Science 205:1399-1401). The neural mechanism underlying 
perceptual direction repulsion remains unclear. We investigated whether direction repulsion may 
result from how multiple motion directions are encoded in the direction tuning curves of neurons 
in extrastriate area MT of macaque. Visual stimuli were two overlapping random-dot patches 
moving in two directions separated by 60°. We recorded from ~200 neurons in area MT of two 
monkeys as they performed a fixation task. We varied the vector-averaged (VA) direction of the 
bi-directional stimuli to characterize the tuning curve. At the AS of 60°, the average of MT 
responses elicited by individual component directions typically contained a single response peak, 
located when the VA direction was at the neuron's preferred direction (PD). However, we found 
~20% of the neurons showed two response-peaks in the tuning curves. The response peaks were 
reached when one component direction was near the PD. For this group of neurons, the mean AS 
between the two response peaks was 68° (std = 16°), significantly greater than the veridical AS 
of 60°. We also found that the separation between the two response peaks developed over time. 
The initial response tuning only contained a single peak, reached when the VA direction was at 
the PD. The two response-peaks emerged after 30-40 ms following the response onset. It took 
another 40-50 ms for the two peaks to separate farthest to ~80° and then the separation reduced 
to and remained at ~70°. To determine whether the whole tuning curve also supports direction 
repulsion, we fitted the tuning curve elicited by the bi-directional stimuli as a linear weighted 
summation of the neuronal responses elicited by the two unidirectional components, plus a 
multiplicative interaction term of the component responses. As a free parameter θ of the model, 
we allowed the AS between the two component response tuning curves elicited by unidirectional 
stimuli to vary from 0 to 180°. We found that, when θ was on average 71° (std = 22°), 
significantly greater than 60°, the model provided the best fit of the bi-directional responses. In 
conclusion, we found that the response tuning curves of a subpopulation of MT neurons are 
dynamically shaped and encode bi-directional stimuli in a way as if the component directions 



were separated more than the actual AS. These results reveal a plausible neural basis for 
perceptual direction repulsion. 
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Abstract: In a rapidly changing world, the statistics of sensory stimuli can fluctuate across a 
wide range. Theoretically, in order to maximize the information sensory neurons can transmit, 
they should rescale their sensitivity dynamically, allocating their limited response bandwidth to 
the current range of inputs. Such adaptive coding has been observed in a variety of systems, but 
the theory that adaptation optimizes behavior has not been tested. Here we show that adaptive 
rescaling maximizes information about visual motion in cortical MT neurons and in pursuit eye 
movements guided by that cortical activity. We use time-varying motion signals that transition 
between different levels of variance as stimuli for extracellular recording of isolated, extrastriate 
cortical area MT neurons and as targets for pursuit tracking in monkeys. We find that adaptation 
drives a rapid (<100ms) recovery of motion information after steps in variance because the 
neurons and behavior rescale their sensitivity to motion fluctuations. At the cortical level we 
show that MT neurons adapt to a response gain that maximizes information about motion. At the 
level of behavior, we find that pursuit adapts to a gain that maximizes the mutual information 
between eye and target movements and that, very nearly, minimizes tracking errors. Thus 



efficient sensory coding is not simply an ideal standard but rather a compact description of real 
sensory computation that manifests in improved behavioral performance. 
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Abstract: The ability to estimate the speed of a moving object irrespective of its size, shape or 
texture is a crucial function of the visual system. However, in the middle temporal area (MT) - 
an area considered central to the analysis of motion signals in the primate visual cortex, neurons 
that show unambiguous tuning to motion speed appear to be rare. Instead, it has been reported 
that the vast majority of MT neurons are tuned to the temporal frequency of the stimulus. It 
follows that the speeds for eliciting maximal responses are dependent on the spatial frequency of 
the stimulus. Using single-unit electrophysiological recordings in anesthetized marmosets, we 
show that the ability for MT neurons to encode speed has been underestimated. Responses of MT 
neurons were compared in two situations: one in which sinusoidal patterns moved across the 
receptive field in predictable trajectories (moving grating), versus the traditional stimulus, in 
which sinusoidal patterns, stationed over the receptive field, modulates their spatial phases in 
time (drifting gratings). We found that approximately half the neurons showed spatial-frequency-
invariant speed tuning when tested with moving gratings, but not drifting gratings. The 
ecologically more realistic motion signal, therefore, can reduce the ambiguity in the coding of 
motion speed. This context dependency was not evident in the primary visual area, suggesting 



that speed-tuning emerges from computations performed in MT. These results support the notion 
that neuronal activity in MT provides accurate coding of speed in natural situations, and that 
nonlinear operations enable the history and context of visual stimuli to alter how motion 
information is processed in the brain. 
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Abstract: The visual system is known to be segregated into two main processing streams: the 
dorsal “where”/”how”/”action” stream associated with aspects related to attention, spatial 
navigation, and preparation for action, and the ventral “what”/”perception” stream associated 
with aspects leading to form and shape perception such as edges, textures, surfaces, and colors. 
Visual motion perception, which is multifaceted and diverse in the real world is involved in 
almost all our visual functions (e.g. visuo-vestibular body balancing, attentional capture, space 
perception, movements and action perception, facial expression and social interactions 
perception, and even reading and shape perception). But despite its multifaceted nature, visual 
motion processing and perception have been consistently considered to be under the purview of 
the dorsal stream. However, our studies and others show that some types of visual motion 
perception critically depend on the integrity of regions outside the dorsal stream. Furthermore, 
some dorsal functions are preserved when very basic aspects of motion perception are 
significantly impaired. And in addition, different types of motion perception have been shown to 
dissociate, indicating that they rely on segregated neuronal mechanisms. Combining these and a 
manifold of additional findings in primates and in humans into account, I now propose that 
visual motion is processed by a third visual motion stream that is distinct from the dorsal stream. 
Visual motion information feeds rapidly into MT/V5 via parallel subcortical and cortical routes 
to bypass the dorsal/ventral slower information flow, and from MSTl and MSTd reaches a 
multiplicity of brain areas. Critically, while the motion stream is critical for all visual motion 



perception, it is insufficient on its own, and the transfer of information to these additional brain 
areas is crucial to allow the different motion perception tasks. 
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Abstract: How does the visual system differentiate self-generated motion from motion in the 
world? We can discern world motion from identical retinal image displacements due to eye 
movements, but the brain mechanisms underlying this ability are unknown. Here we exploit the 
frequent production of microsaccades during attempted ocular fixation in the primate, to 
compare area V1 responses to self-generated motion (real microsaccades) versus motion in the 
world (stimulus motions mimicking microsaccades). Real and simulated microsaccades were 
randomly interleaved in the same viewing condition, thereby producing equivalent oculomotor 



and behavioral engagement. Here we show that real microsaccades generate biphasic neural 
responses, consisting of quick spike rate increases followed by slower and smaller decreases that 
drop below baseline. Simulated microsaccades generate solely excitatory responses. These 
results indicate that V1 neurons can respond differently to internally and externally generated 
motion, and expand V1’s potential role in information processing and visual stability during eye 
movements. 
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Abstract: Flying birds use diverse sensory information to guide their flight, and the available 
evidence suggests that visual information plays a prominent role in flight control. Although there 
is considerable information available about the neural circuitry for sensing and processing visual 
motion in birds, there is a major gap in our understanding of how motion perception is used 
during flight. Numerous studies with bees and flies indicate that insects use image pattern 
velocity, the ratio of temporal to spatial frequency, to guide forward flight, including velocity, 
distance estimation, and centering in confined corridors. A recent study with budgerigars 
suggests that birds also use pattern velocity to guide forward flight. We tested this hypothesis 
further by working with hummingbirds in a virtual reality flight tunnel. Because hummingbirds 
will frequently fly between a perch and feeder located on opposite sides of the tunnel, we were 
able to obtain a large data set of flight trajectories with diverse visual stimulus patterns. We 
confirmed the main results of the budgerigar study, namely that hummingbirds will also increase 
speed when both sides of the tunnel have horizontal stripes (zero pattern velocity) as opposed to 
vertical stripes (high pattern velocity), and that hummingbirds will fly closer to horizontal stripes 



when these are paired with vertical stripes. However, we show that large horizontal stripes 
inhibit these effects, and furthermore, that direct manipulation of pattern velocity along the 
tunnel axis does not affect forward flight speed or trajectory as proposed. Moving stripe patterns 
up and down has a strong effect on birds’ altitude during forward flight, suggesting that pattern 
velocity can influence flying birds, just not in the manner we hypothesized based on insect 
studies. Moreover, these results indicate that forward flight control in birds relies on visual cues 
other than pattern velocity. 
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Abstract: Visual guidance is a key feature of avian flight that has been relatively unexplored. It 
was recently demonstrated that hovering hummingbirds stabilize their position by minimizing 
perceived motion in their visual field. A flying bird perceives large-field visual motion, or global 
optic flow, when it is moving through its environment and this strong visual signal is processed 
in the avian accessory optic system (AOS). One of the two major midbrain nuclei in this pathway 
is the pretectal nucleus lentiformis mesencephali (LM), which is hypertrophied in hovering 
hummingbirds, and to a lesser extent in transiently hovering bird species. In recent years, tract 
tracing and behavioral studies have further implicated the AOS in gaze stabilization and flight 



control. However, many of the studies examining motion processing in the avian visual system 
have been carried out in pigeons, where LM cells are classed into two categories: ‘fast’ cells 
(prefer speeds > 6°/s) and ‘slow’ cells (prefer speeds < 6°/s). We hypothesized that the 
hypertrophied LM of hummingbirds contains a higher proportion of slow cells, which would 
explain the strong response to slow moving visual stimuli that has been demonstrated 
behaviorally. Furthermore, we expected hummingbird LM cells to have narrower speed-tuning 
curves, possibly allowing for finely tuned motor control during both hovering and high-speed 
flight. Using standard electrophysiological techniques and computer-generated stimuli (a single 
plane of random dots), we characterized the response properties of these motion-sensitive cells in 
the LM of Anna’s hummingbirds (Calypte anna) and zebra finches (Taeniopygia guttata), which 
are small birds that do not hover and do not have a hypertrophied LM. As for pigeons, we found 
that LM cells in both species have large receptive fields and are directionally selective, as 
demonstrated by increased firing in response to motion in their preferred direction and 
suppression of spontaneous firing in their anti-preferred direction. In this study, we examine the 
distribution of direction preferences within the LM, as well as the distribution of ‘slow’ versus 
‘fast’ cells in zebra finches and hummingbirds. In zebra finches, we saw cells with both broad 
and narrow speed-tuning curves, as well as a preference for moderately slower speeds than 
reported for pigeon LM cells. Surprisingly, in hummingbirds, we found a number of LM cells 
that prefer very high speeds and are narrowly tuned. The role of these neurons in hummingbird 
flight is currently unknown. 
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Abstract: Detection of motion is an important component in our daily life, and plays a key role 
in the recognition of the dynamic aspects of the environment. Perception of the direction and 
speed of an object allows us to understand and to promptly react to sudden events. The core 
region involved in detecting and processing motion in the visual scene is the middle temporal 
cortex MT/V5. Although MT/V5 has been extensively investigated in monkeys in terms of its 
retinotopic properties and selectivity for direction of the moving stimuli it is still unclear how it 
encodes the speed of motion. Non-human primate studies have shown that the majority of MT 
neurons are separably tuned for spatial and temporal frequencies, implying that their response to 
speed, given by the ratio of spatial and temporal frequency of visual stimuli, is dependent on one 
of these stimulus properties. However, some neurons encode the stimulus speed, with a tuning 
profile selective to particular combinations of spatiotemporal frequency. Here, we characterize 
the neuronal response to stimuli moving at different spatial and temporal frequencies in human 
MT+ using intracranial electrocorticography (ECoG). We ask whether the response preferences 
of the underlying neural populations depend on stimulus speed, or on independent spatial and 
temporal frequency components. Four subjects underwent implantation of ECoG grids for 
epilepsy monitoring (128 channel recording system, 512 Hz sampling rate). Visual stimuli 
consisted of three high-contrast black-and-white dartboards with spatial frequencies of 0.2, 0.33 
and 1 deg/cycle expanding for 1s from the fixation point at three temporal frequencies (1, 3 and 5 
Hz, randomly interleaved), alternating with stationary periods between 3 and 4.5s. For electrodes 
located in the proximity of hMT+ we extracted high frequency broadband (HFB: 65-95 Hz) 
responses for all combinations of spatial and temporal frequencies and we fitted them to two 
variant 2D Gaussian functions allowing optimal tuning for speed or for separable spatial and 
temporal frequency properties. Our results show that HFB responses were characterized by the 
spatiotemporal frequency properties of the dartboard presented. Thus the underlying hMT+ 
neuronal populations exhibited separable selectivity for spatial and temporal frequencies rather 
than speed tuning. Moreover, HFB responses exhibited the largest responses at a particular 
spatial frequency (0.33 deg/cycle), suggesting that the hMT+ neuronal populations we examined 
may be described as spatial frequency filters for motion detection. Tuning for speed may still 
occur in a subset of neurons, but was not encountered with our coverage of cortex. 
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Abstract: The primate superior colliculus (SC) participates in the control of spatial attention. 
Neuronal activity in the SC is modulated by spatial cueing, and damping SC activity with 
chemical inactivation impairs performance in attention tasks. Can a reduction of SC neural 
activity account for the behavioral deficits resulting from inactivation? To test this, we developed 
a model relating single unit electrophysiology data to the behavioral effects of SC inactivation. 
Data were collected from a monkey performing an attention task using color stimuli. The animal 
was required to report color changes at a cued location by releasing a joystick and to ignore 
changes at an opposing foil location by maintaining his hold; in each trial, either cued or foil 
stimulus might change, not both. The monkey maintained central fixation for the duration of the 
trial. As we previously reported, SC neurons exhibited robust increases in activity immediately 
after the near-threshold stimulus changes, and the magnitude of these increases were greater if 
the monkey responded to the change. The goal of the model was to test whether this change-
related activity could account for the animal’s performance both before and during SC 
inactivation. The model was designed to predict behavioral responses for individual cued or foil 
changes based on the single-unit activity recorded in the SC during performance of the task. The 
model had three main components: (1) change-evoked responses from units in each colliculus 
were pooled, (2) pooled responses from the two colliculi were normalized, and (3) normalized 
activity was compared to a fixed threshold to predict whether or not a response to the change 
would occur. The effect of chemical inactivation was simulated by multiplicative scaling of 
single-unit activity in one colliculus prior to pooling. We found that this simple normalization 
model could replicate the observed hit and false alarm rates in the absence of SC inactivation. 
Moreover, by scaling activity in a simulated pool of ~75 neurons by 80%, we could reproduce 
the distinctive effects of SC inactivation: a large reduction in correct responses to cued changes 
inside the inactivation area, and a similarly large increase in erroneous responses to foil changes 
outside. These results illustrate how the dramatic effects on attention performance caused by SC 
inactivation in our task can be explained by simply combining a normalized read-out stage with a 
modest unilateral reduction in SC neuronal activity. 
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Abstract: The complete circuit linking the Superior Colliculus (SC) to the control of covert 
attention remains unknown; one possibility is a pathway through the basal ganglia. Last year, we 
showed that neurons in the caudate nucleus, a major input structure of the basal ganglia, exhibit 
correlates of attention - their activity is related to factors such as cue location and response 
choice. Here, we present results from a complementary analysis on response choice activity and 
demonstrate that caudate neurons do not simply report sensory or motor events but instead 
establish a link between sensory signals and action selection. A rhesus macaque started the 
motion-change detection task by fixating a central spot and pressing down a joystick. After 250 
ms of fixation, a spatial cue was flashed for 200 ms at a peripheral location (~12 deg eccentric), 
indicating the spatial location he should monitor. Next, two motion patches were presented. In 
some trials, the cued motion patch changed direction slightly, and the animal had to release the 
joystick within 1000 ms to get rewarded. In other trials, the motion change occurred at the non-
cued location, and the animal was rewarded for not releasing the joystick. The animal performed 
the task well, achieving hit and false alarm rates of 62% and 5% respectively. We focused our 
analysis on 60 phasically active neurons (PANs) recorded in the head and body of the caudate 
nucleus that showed a phasic response after the motion change. We computed how well caudate 
PANs 1) discriminated the location of the cued change and 2) predicted whether or not the 
monkey would release the joystick. First, based on ROC analysis comparing activity when the 
cued stimulus was ipsilateral versus contralateral, 56% of caudate PANs showed significant 
preference for stimulus location, showing that caudate PANs encoded stimulus location even 
within the phasic activity related to the response choice. Second, comparing activity when the 
animal correctly released the joystick (hits) versus when he mistakenly failed to release (misses), 
70% of caudate PANs showed significant choice probability predicting whether or not the 
monkey would release the joystick. Notably, many caudate PANs (42%) showed significant 
effects for both stimulus location and response choice. Together, these results illustrate how 
caudate nucleus may contribute to the performance of visual attention tasks: by linking sensory 



selectivity to particular motor actions, caudate activity could be used to select the action 
appropriate for the sensory context. Signals from the SC related to spatial priority could bias the 
outcome of this selection in favor of particular sensorimotor contingencies. 
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Abstract: We recently showed that inactivation of the superior colliculus (SC) leads to attention 
deficits in a behavioral task despite normal attention-related signal modulation in the visual 
cortex (Zenon & Krauzlis, 2012). This finding suggests that SC inactivation might affect brain 
regions downstream to visual cortex, leading to the observed spatial attention deficits. To 
identify these potential brain regions, we employed fMRI with and without SC inactivation in a 
monkey trained to perform a spatial attention task in a vertical scanner. The stimulus sequence 
on a single imaging run (~480s) consisted of three different blocks: Baseline (B), Foveal 
Attention (FA) and Peripheral Attention (PA) blocks. B blocks (~10s long) were interleaved 
between FA and PA blocks, each 20s long. In B block trials, the relevant stimulus was a central 
fixation point that dimmed at randomized times. FA block trials were similar to B block trials but 
added a peripheral motion-change stimulus as an irrelevant distracter. In PA block trials, the 
fixation point did not dim and the peripheral motion-change was the relevant stimulus. The task 
of the monkey was to maintain central fixation and to report the relevant stimulus change 
(fixation dimming in B & FA blocks, peripheral motion change in PA blocks) by releasing a 
lever to get a juice reward. A total of 56 runs from 4 control sessions and 44 runs from 4 
inactivation sessions were included. Eye movements were recorded during each imaging run. For 
our preliminary analysis, we defined several cortical and sub-cortical anatomical ROIs on high-
resolution anatomical images using stereotaxic atlas coordinates (Saleem & Logothetis, 2007). In 



each ROI, voxels with significant differences between PA and B blocks (t-scores > 2) were 
included for analysis of attention modulation, in which we calculated % change in BOLD for PA 
versus the FA blocks. Based on this difference, we assigned an attention modulation index to 
each voxel (AMIs). Following SC inactivation, the monkey’s behavioral performance was 
significantly impaired for stimulus changes in the contralateral hemifield. However, during the 
same trials, the AMIs for many attention-related cortical areas (V1, MT/MST, LIP and FEF) 
remained normal. At the same time, AMIs for several sub-cortical areas (pulvinar, caudate and 
putamen) showed a dramatic reduction in attentional modulation on the side of the injection. 
These results confirm and extend our previous findings that activity in visual cortex is unaffected 
by SC inactivation, and suggest instead that the basis of the observed behavioral changes lies in 
an interaction between the SC, pulvinar, and striatum. 
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Abstract: Attention enhances task performance and affects various signatures of neuronal 
activity. It increases firing rates of neurons representing attended locations, features or objects. It 
additionally reduces firing rate variance, noise correlations of neurons and affects coherence 
between neuronal groups. Attentional signals have been studied in many different areas, but we 
currently have little understanding how attention affects neurons in different cortical layers, how 
it affects the flow of information between layers, and how it affects interactions between 
different areas in different layers. To address these questions we trained two male rhesus 



macaque monkeys to perform a covert visuospatial attention task where the location to attend to 
was cued by a central stimulus. Cue onset occurred after stimulus onset, which allowed 
dissociation of bottom up (sensory stimulation) and top down (spatial attention) signals entering 
the cortical areas and layers. Recordings were taken simultaneously from V1 and V4 whilst the 
animal performed this task. Multichannel laminar electrodes (16 contact, 150um intercontact 
distance) were positioned to record from infragranular, granular and supragranular layers within 
single cortical microcolumns. We simultaneously recorded in area V1 and V4 in 31 sessions in 
monkey 1 and in 11 sessions in monkey 2. Simultaneous recordings were done when V1 and V4 
channels had overlapping receptive fields. We used the current source density profile to align our 
recording contacts relative to the granular input layer. Connectivity between and within areas 
was measured through field, spike-field and spike-spike coherence. We report how interareal and 
interlaminar connectivity between these two cortical areas is modulated by visual attention at the 
spiking and the LFP/CSD signal level. Supported by the Wellcome Trust 
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Abstract: Images in which one object is more salient than its surroundings lead to a ‘pop-out’ 
effect where subjects show very efficient behavioral responses to the salient object. This pop-out 
effect is present for displays in which: 1) a single object is on a blank background, and 2) a 
single object is highly distinct from other surrounding objects. Thus it is generally assumed that 
this pop-out effect arise from the same neural computations for both of these types of displays, 
and it is thought that this effect is mediated by “bottom-up” attentional mechanisms. To directly 
examine whether these two types of displays are indeed processed the same way, we recorded 
neural activity in LIP and PFC which are two brain regions implicated in attentional processing. 
Using population decoding methods, in a population of 280 LIP and PFC neurons recorded from 
two monkeys we observed that when a single isolated object is displayed, information about the 
object’s location appeared ~10 ms earlier in LIP than in PFC, which is consistent with a feed-
forward account for processing isolated objects. However, when a salient object is presented 
among multiple distractor objects, information about the location of the salient object was 
delayed by 60-90 ms in both brain regions, and information now first appeared in PFC. Despite 
the differences in the latency of information between the two display types, the latency of 
population firing rate activity was similar for both types of displays. Additionally, we see that 
pattern of neural activity is very similar for both types of displays (and across different color 
transformations of the stimuli) indicating that information about the object’s location is being 
coded in the same way regardless of display type. These results indicate that there is ‘top-down‘ 
neural component for processing pop-out displays, and that firing rate latencies can be quite 
distinct from the latency of when information first appear in a brain region. 

 

Figure showing that firing rate latencies and information latencies can be different in PFC 
(similar results were obtained from LIP). 
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Abstract: The seemingly effortless detection of salient stimuli is a key capacity of the primate 
visual system. It is widely believed that areas within the frontoparietal network contribute 
significantly to the computation of visual salience. For example, representations of salience have 
been demonstrated for neurons within the lateral intraparietal area of the parietal cortex and the 
frontal eye field (FEF) within prefrontal cortex. However, clear causal links between those 
representations and the emergence of salience are lacking. In this study, we investigate the effect 
of reversible inactivation of parietal cortex on the processing of salience by FEF neurons. We 
implanted two stainless steel cryoloops within the intraparietal sulcus of a macaque monkey. 
Chilled methanol was pumped through the loops to induce localized hypothermia in the 
surrounding cortical tissue, thus silencing nearby neuronal activity. Simultaneously, we recorded 
from FEF neurons using linear, multi-electrode arrays and measured the visual responses to 
single stimuli, homogenous stimulus arrays, and “pop-out” arrays (i.e., a single, unique stimulus 
among homogenous flankers). Confirming the effectiveness of the cooling, we observed strong 
behavioral biases consistent with deficits in human patients with parietal brain damage and 
deficits observed in previous lesion and inactivation studies in monkeys. Specifically, eye 
movements were biased away from the contralateral hemifield. We observed this bias during a 
free-viewing task and during a two-target, free-choice saccade task in which the monkey is 
selecting one out of two targets presented in opposite hemifields with varying onset 
asynchronies. For the free-viewing task we observed a shift of the median number of fixations by 
up to 6 dva into the ipsilateral hemifield and an increase in the duration of fixations within the 
same of up to 43 % as compared to control trials. In the free-choice task, we observed that 
following inactivation, the onset of the contralateral target needed to lead the ipsilateral target by 
up to 180 ms more than during control trials in order to be selected with equal probability by the 
monkey. In addition to these behavioral effects, we observed clear modulations of visual 
responses of FEF neurons in our preliminary recordings. Following inactivation, responses to 
visual stimuli were reduced compared to control trials. However, in addition to the reduction in 
visual responses, the selectivity to pop-out arrays was also reduced; that is, the reduction in pop-



out responses was more profound than responses to other stimuli. These results suggest a 
dependence of visual salience signals in the FEF on parietal cortex. 
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Abstract: Attention improves perception by affecting different aspects of the neuronal code. It 
enhances firing rates, it reduces firing rate variability and noise correlations of neurons, and it 
alters the strength of oscillatory activity. In striate cortex, attention induced rate enhancement 
requires cholinergic mechanisms (1), while attention induced variance and noise correlation 
reduction are supported by (glutamatergic) NMDA receptor availability (2). Here we investigate 
how acetylcholine affects attentional signals in the frontal eye-field (FEF) in narrow and broad 
spiking cells. Two male macaque monkeys were trained in a covert top-down attention task, 
where a central color cue indicated on a trail by trial basis where to attend to. The animals had to 
detect a change of the cued stimulus and ignore changes in un-cued stimuli. They responded by 
releasing a touch bar to obtain a fluid reward. Attention to the neuron’s receptive/movement field 
significantly increased firing rates (p<0.05). These effects were significantly larger in narrow 
than in broad spiking cells (p<0.05). Application of muscarinic and nicotinic antagonists 
significantly reduced neuronal activity (irrespective of the attention condition) in both cells types 
(p<0.05). The effect of muscarinic blockade on firing rate reduction was significantly larger in 
narrow spiking cells than in broad spiking cells (p<0.05). Attentional rate modulation in narrow 
spiking cells significantly depended on the availability on muscarinic and nicotinic receptors, 
while it only depended on the availability of muscarinic receptors in broad spiking cells. 
Attention significantly reduced gain variability (rate variance) in both cell types (p<0.05), while 
muscarinic and nicotinic blockade increased rate variability (p<0.05). Thus, acetylcholine affects 



attentional control in FEF through muscarinic and nicotinic receptors (albeit differently in broad 
vs. narrow spiking cells) and it also aids reduction of rate variability in both cell types. Supported 
by the Wellcome Trust. 1.Herrero JL, et al. (2008) Acetylcholine contributes through muscarinic 
receptors to attentional modulation in V1. Nature 454(7208):1110-1114. 2.Herrero JL, 
Gieselmann MA, Sanayei M, & Thiele A (2013) Attention-induced variance and noise 
correlation reduction in macaque V1 is mediated by NMDA receptors. Neuron 78(4):729-739. 
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Abstract: The neuromodulators acetylcholine, dopamine, and norepinephrine have each been 
implicated in aspects of attentional function. In particular, the cholinergic system is thought to 
mediate attention effects by shifting cortex towards feedforward processing, enhancing bottom-
up inputs and suppressing lateral interactions. Dopamine and noradrenaline have been proposed 
to influence prefrontal cortical mechanisms of attention, perhaps by altering the relative gain of 
target and distractor responses. However, it remains unclear how these neuromodulators 
specifically influence visual spatial interactions in attention tasks. Here, we examine this 



question using systemic pharmacological enhancement in two double-blind, placebo-controlled 
crossover human behavioral studies. In each study, participants were asked to maintain attention 
on a flashing low-contrast target that was centered between two high-contrast distractors, and 
they performed a contrast decrement task at the target location. Importantly, on separate trials, 
distractors were presented at one of four different distances from the target, allowing the spatial 
extent of target-distractor interactions to be determined. In one study, 28 participants were 
administered the cholinesterase inhibitor donepezil on one experimental day and placebo on the 
other. Donepezil improved overall target detection, and modeling of the spatial profile of drug 
effects with a difference of Gaussians suggested that donepezil reduced the spatial extent of 
excitatory interactions. This result is consistent with previous neurophysiological evidence that 
acetylcholine decreases receptive field size and spread of fMRI responses in early visual cortex. 
In a second study, a new group of 23 participants were administered a dopamine D2 receptor 
agonist (bromocriptine), a noradrenergic alpha-2a receptor agonist (guanfacine), or placebo on 
three separate experimental days. Bromocriptine tended to decrease performance for distractors 
at intermediate distances and to improve performance at shorter and farther distances. 
Guanfacine, instead, showed a trend towards decreased baseline performance at all distances. 
Modeling indicated that neither drug systematically altered the spatial extent of excitatory or 
inhibitory interactions. These results demonstrate that cholinergic enhancement improves target 
processing among distractors and are consistent with previous neurophysiological data showing a 
narrowed spatial profile of activation. This cholinergic effect contrasted substantially with the 
impairments in performance observed following dopaminergic and noradrenergic enhancement. 
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Abstract: Advances in brain-machine interfaces (BMIs) have demonstrated the potential of 
these systems to serve as important communication avenues. We recently demonstrated the 
highest performing BMIs for communication in clinical trial participants (Nuyujukian*, 
Pandarinath*, et al., SfN 2014 & Pandarinath*, Nuyujukian*, et al., SfN 2014). As is the case 
with most BMIs to date, this system was comprised of custom software packages and the 
interface was not user-updatable. The next step in the design of practical BMIs for 
communication would be to create a system that is broadly usable, similar to how computer 
peripherals can interface to a variety of computers through common interfaces (e.g., USB). 
Additionally, wireless transmission of control signals would simplify the interface, facilitating 
portability and ease of use. We addressed both of these issues by developing a general purpose 
BMI interface for communication which outputs signals using the Bluetooth (mouse) standard. 
In this fashion, the wireless BMI could pair with many types of standard computing hardware, 
ranging from computers to tablets. We tested this general purpose interface with participant T6 
of the BrainGate2 pilot clinical trial. T6 is a 52 year old woman diagnosed with ALS who was 
implanted with a multielectrode array in motor cortex. After training a two-dimensional cursor 
and click decoder as reported last year, she used the wireless BMI to control an unmodified 
Android tablet. We conducted an experimental session with this system and she navigated the 
Android operating system interface, browsed the web, searched for and played online videos, 
searched for and played music, and composed three emails to researchers. This proof-of-concept 
demonstration illustrates one potential use for communication BMIs that uses wireless signal 
transmission to control off-the-shelf consumer hardware. 
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Abstract: Several recent studies have revealed new insights relating motor cortical population 
activity to motor behavior using dimensionality reduction techniques (e.g. Afshar et al. 2011, 
Churchland et al. 2012, Kaufman et al. 2014, Sadtler et al. 2014). While these techniques often 
uncover structure in the population activity that is not apparent from single neuron responses, 



most involve smoothing neural activity in time, and often require averaging over multiple trials. 
Such treatments can obscure important features (e.g. fine temporal structure and trial-to-trial 
variability). We present an alternative approach to dimensionality reduction, called Latent Factor 
Analysis of Dynamical Systems (LFADS), that uses recurrent neural networks (RNNs; e.g. 
Sussillo & Abbott, 2009) to characterize dynamic structure in neural population activity. In this 
approach, an RNN is trained to reproduce time varying, simultaneously recorded, single trial 
spiking activity. To constrain the RNN to find a dimensionality-reduced representation of the 
spiking activity, its output is forced through a low dimensional layer of hidden units (10-20 dim). 
Activity in this layer serves as the basis for the predicted firing rates. In summary, LFADS 
produces a dynamic, low-dimensional estimate of the population activity that is consistent with 
recorded spiking data. We applied LFADS to intracortical recordings from human primary motor 
cortex during movements, recorded from participant T7 in the BrainGate2 clinical trial 
(ClinicalTrials.gov ID: NCT00912041). We show that the network's output captures fine 
temporal features of the recorded spike trains and reproduces known dynamic features of motor 
cortical activity on multiple timescales. For example, motor cortex exhibits beta band oscillations 
(e.g. 15-40 Hz) in local field potentials (LFP), and phase-synchronized spiking activity, often 
occurring in the pre-movement period and stopping before movement onset (e.g. Donoghue et 
al., 1998). Although LFADS is trained to model only the spiking activity, the estimated 
population state successfully predicts single-trial recorded LFP activity during the pre-movement 
period. Furthermore, it also shows the presence of slower oscillations (1-2 Hz), consistent with 
structure demonstrated using trial-averaged analyses (Churchland et al., 2012). These results 
show that LFADS reveals dynamic features of population activity on single trials. This 
knowledge may lead to a better understanding of trial-to-trial variability, which is central to 
motor control and higher-performance Brain-Machine Interfaces (Kao et al., SfN 2013). 
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Abstract: Brain machine interfaces (BMIs) aim to provide greater independence for people with 
paralysis (e.g., communicating via cortical control of a computer cursor). Currently, a BMI user 
must correct on-screen keyboard typing errors, by subsequently selecting the “delete” key. Error 
detection based on neural activity alone could be used to automatically delete incorrect selections 
by decoding the user’s recognition of the error. To pursue this idea we asked (1) if motor cortical 
activity correlates with task outcome and, if so, (2) can we decode outcome on single-trials to 
increase BMI performance? We trained a rhesus macaque (J) to control a BMI cursor and 
acquire a color-tagged target in an 8×8 keyboard-like target grid. The monkey selected the 
correct target by holding the cursor over it for 250 ms. He received feedback of the task outcome 
(via auditory tone and a liquid reward on successful trials) 600 ms after target selection. We 
delayed this feedback in order to separate neural signals reflecting the monkey’s recognition of 
the task outcome from neural signals related to explicit task feedback. To address (1) above, we 
decoded the task outcome using a support vector machine to classify neural activity’s principal 
components (PCs). Across four days (10,500 trials), his success rate was 80 ± 0.01% (mean ± 
SEM). When error detection was not used (“ED-off”), the monkey had to undo incorrect 
selections by selecting the “delete” target. When error detection was used (“ED-on”), detected 
errors were “auto-deleted.” Thus, when incorrectly selected targets were detected as errors based 
on neural activity, the same target would be re-prompted (as opposed to the “delete” key), 
thereby circumventing manual deletion. We alternated ED-off and ED-on trial blocks. During 
ED-on blocks, we detected 93 ± 0.5% of incorrect selections with 3 ± 0.4% false detection, 
thereby addressing (2) above. Error detection increased the correct target selection rate by 16 ± 
0.01%, approaching the ceiling imposed by initial selection success rate. In order to better 
understand the sources of neural activity that enabled us to distinguish between correct and 
incorrect selections, we examine the two leading PCs of the difference between the outcome-
averaged selection-aligned neural activity. These two PCs capture 75% of the neural variance, 



with weights concentrated in PMd. The subspace of the two PCs reveals dynamical differences 
between the two conditions in different phases of the task: movement to target, target-holding 
and waiting for reward. These results show that a signal correlated with task outcomes is present 
in motor cortex and can be used to increase the performance of BMIs. 
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Abstract: Intracortical brain-machine interfaces (BMIs) convert spiking activity from neurons in 
motor cortex into control signals to guide prosthetic devices (e.g., a computer cursor or robotic 
arm). However, over time, the number of recorded spiking signals will decrease due to electrode 
array and biological failure (e.g., Barrese et al., JNE 2013). This decline reduces the performance 
(speed and accuracy) of the BMI to the point where a clinical intervention, such as replacing the 
electrode array, may be necessary. We asked if an algorithmic intervention, performed entirely in 
software, can rescue BMI performance and thereby postpone potential clinical intervention? To 



address this question, we sought to include historical data, recorded from an earlier point in the 
array lifetime when more neurons were observed, as additional prior information to augment the 
BMI decoder. We term this concept “neural hysteresis,” because historical neural observations 
(memory) are used to improve the current decoder. We implemented this idea by using a decoder 
that models the dynamical properties of neural population responses in motor cortex (the neural 
dynamical filter or NDF, Kao et al., SFN 2013). We posit that if the neural dynamics accurately 
reflect properties of motor cortex, then having a better estimate of these dynamics should result 
in a better decoder. To obtain a “best estimate” of these dynamics, we used a historical training 
set (when more neurons were available) to learn a neural dynamical model. This neural 
dynamical model constituted our “memory” from a prior state. We performed an offline 
experiment where we simulated array failure by artificially removing neural channels. Beginning 
with 192 channels (all channels available), we proceeded to drop channels (in increments of 10), 
re-building the NDF with the remaining channels. Therefore, for the NDF, the neural dynamical 
model was inferred from only the remaining channels available. We observed a substantial 
decrease in performance as channels were lost. To test our approach to “neural hysteresis,” we 
built a hysteresis-NDF (HNDF) that incorporated the neural dynamical model learned from a 
historical training set. Thus, the difference between the HNDF and the NDF is that the HNDF 
incorporates a better neural dynamical model, learned from many more neurons. We found that 
when 82 or fewer channels remained, the HNDF significantly outperformed the NDF in offline 
performance (p < 0.01, paired t-test). These results suggest that neural dynamics capture 
important features of the neural population responses in motor cortex, and that knowledge of 
these dynamics may rescue BMI performance as array signal quality degrades. 
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Abstract: The field of brain-machine interfaces (BMI) has developed dramatically over the past 
two decades with recent demonstration of control of up to 10 degrees of freedom by a human 
tetraplegic subject. During this time, much effort has rightfully been directed toward improving 
the decoding algorithms that drive the movement of a prosthetic effector. For example, several 
studies have examined adapting a BMI’s decoding algorithm to the estimated neural strategy of 
the user at different timescales. However, in many of these studies, the inherent difficulty of the 
BMI task throughout the learning trajectory remained unchanged or was altered in an ad-hoc 
fashion, potentially hindering the learning trajectory and impairing the experience of the BMI 
user. In this study, we chose to focus on improving the learning trajectory and experience of the 
BMI user by designing and implementing a framework that tailors the difficulty of a given BMI 
task to the skill and learning trajectory of the user. Recent work from our lab has outlined a 
framework for systematically adjusting the difficulty of a BMI task. Included in this framework 
are methods for defining the difficulty of a parameterized task, modeling and estimating the real-
time skill of a BMI user, and adjusting the difficulty of the task to maintain subject motivation 
while still providing sufficient error feedback to promote further skill acquisition. To date, we 
have employed this algorithm in two non-human primates performing a progression of BMI 
tasks with 1 to 4 controllable degrees of freedom using intracortical neural signals. Here, we will 
present evidence that this system generalizes well across subjects and tasks, demonstrating both 
intra- and inter-session task adaptation and skill acquisition by the subject. In addition to 
examining the learning trajectories observed using such a system, we also examine the neural 
correlates of motor learning that accompany this BMI skill acquisition. Overall, our results 
suggest practical training principles for both BMI and rehabilitation purposes as well as insights 
into the neural processes that may occur during natural motor skill development. 
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Abstract: Primary somatosensory cortex (S1) is known to receive input from peripheral 
afferents and respond based on the location and modality of the peripheral stimulus. S1 also 
contains corticospinal neurons and can show changes in activity during real or attempted 
movements in the absence of somatosensory feedback. We use neural activity recorded from 
intracortical microelectrodes during a brain computer interface (BCI) paradigm to study how S1 
activity is modulated during prosthetic limb movements controlled using neural activity decoded 
from primary motor cortex (M1). This gives us the unique opportunity to study S1 during control 
of a device while the subject receives no task-relevant cutaneous feedback. An 88-electrode 
intracortical microelectrode array was placed in M1 and a 32-electrode intracortical 
microelectrode array was placed in area 1 of S1 in a non-human primate (NHP). The M1 array 
was placed in the upper arm representation of M1 and the S1 array was placed in the hand and 
finger representation of area 1. Placement of the S1 arrays was verified by receptive field 
mappings. The subject was trained on a series of reach to grasp and carry tasks using his native 
upper limb. Kinematics of the subject’s movements and manipulation of the object were 
recorded with motion capture and a triple axis accelerometer mounted on the object. In a second 
experiment, the subject used a BCI that used decoded neural activity recorded from the array in 
M1 to control a robotic limb to perform the same reaching and grasping tasks. When the subject 
used his native limb, we found sharp peaks of neural activity in S1 shortly after object contact 
and object release, consistent with the expected behavior of somatosensory cortical neurons. In 
the BCI paradigm, when the subject used the robotic limb, spiking activity of some S1 neurons 
continued to modulate in a similar fashion. Activity peaks in the BCI case showed modulation of 
S1 in the absence of peripheral cutaneous input. Based on the modulation of S1 during the BCI 
task, we found that area 1 of S1 responds during the control of a robotic hand interacting with an 
object. This modulation of S1 could suggest a mirror-neuron like phenomenon in S1. It is also 
possible that the S1 activity reflects a portion of the motor command, or an efference copy of the 
motor command in M1 representing attempted grasp. 
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Abstract: Recent studies have shown that brain-machine interfaces (BMIs) offer great potential 
for restoring upper limb function, however a number of factors may limit the capacity of the 
control signal acquired from the brain. In particular, grasping and manipulating objects requires 
very accurate control of the arm and hand. This accuracy can be accomplished by blending brain-
derived intended movement signal with vision-guided autonomous robot control. We describe a 
shared control framework where the goal is inferred from the BMI-decoded velocity commands 
and the vision information of an RGB-D camera. By rating the confidence of each control signal, 
the framework smoothly blends them together. The autonomous robot control assists in 
positioning the hand at a suitable grasp position, in preventing the subject from knocking over 
the object, in opening and closing the hand, and it ensures a compliance appropriate for the 
inferred task. Two human subjects with tetraplegia used an intracortical BMI to control a robotic 
arm to complete object transport tasks both with and without shared control. The computer 
vision system identified objects in the workspace in real time and defined stable grasp positions. 
Once the user approached the object with the robotic arm, the system guided the movements to 
ensure a stable grasp. Computer assistance was also used to maintain a grasp during transport. 
Care was taken to adjust the amount of shared control to provide an optimal balance between 
BMI control and computer assistance. The two subjects combined to complete an object transfer 
task successfully 65% of the time with shared control, and 13% of the time without (p < 0.001, 
Fisher’s Test). During the shared control trials, arm speed was lower while it moved near the 
objects, but trial completion times did not increase. When asked to rank the difficulty of using 
the arm on a 10 point scale (1 - extremely easy to 10 – extremely difficult) the subjects reported 
an average difficulty of 4.2 with shared control vs. 7.9 without shared control (both subjects: p < 



0.02, Wilcoxon signed-rank test). One participant attempted a task that required the selection of 
one of two objects. He achieved a success rate of 92% with shared control demonstrating the 
potential to allow the user to maintain autonomy while using shared control. Integration of BMI 
control with computer vision-based assistance led to improved performance on object transfer 
tasks while maintaining the user’s autonomy. Providing assistance without removing 
generalizability will make BMI systems more attractive to potential users. 
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Abstract: A brain-computer interface (BCI) allows to analyze brain activity in order to control 
an avatar or rehabilitation training device. Important for a successful outcome of the 
rehabilitation procedure is that the mental activity is paired with the avatar movements or 
rehabilitation device movements. The study was performed with two patients who had a stroke 4 
years earlier (P1, female, 40 years old) or 2 month earlier (P2, female, 61 years old). P1 suffered 
a complete paralysis of her left hand, but had normal right hand movements. The hand 
movement performance of P2 was measured with a 9 hole PEG test and showed that the right 
arm needed about twice as much time to complete the test. Both patients performed the motor 
imagery (MI) session by imagining left or right hand movements according to an instruction on a 
computer screen. Then the BCI system analyzed the EEG data and controlled the avatar hand 
movement on the computer screen and simultaneously controlled an functional electrical 
stimulator (FES) that stimulated the corresponding hand. Therefore the patient could see the 
virtual hand movement and his real hand was simultaneously also moving. After 10 training 
sessions of 30 min each with P1 and 21 training sessions with P2 the success of the procedure 



could already be shown. P2 was able to move the paralyzed hand herself without the BCI and 
FES and P2 could perform the 9-hole PEG test with similar speed for both hands. This shows 
that the training is successful and more patients are undergoing currently further tests. 
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Abstract: To date, commercially available myoelectric prosthetics are not capable of measuring 
sufficiently unique signals needed for individual and articulate digit control, and do not provide 
naturalistic sensory feedback. We are developing an improved interface for a prosthetic hand that 
will use highly selective intraneural and intramuscular recordings from the residual limb for the 
control signals and that will provide sensory feedback via microstimulation of residual peripheral 
nerves. Previously, we demonstrated 1-Degree-of-Freedom (DoF) closed-loop control of a 
virtual prosthetic hand (VPH) using an electromyographic (EMG) control signal recorded from 
one Utah Slanted Electrode Array (USEA), and sensory feedback provided by microstimulation 
through another USEA, both implanted into the residual arm nerves of a human, transradial 
amputee [1]. Here we present results from a recent study in which we used neural signals from 
USEAs implanted into the peripheral arm nerves of a human amputee to control up to 5 or more 
DoFs of a VPH in real-time. In this IRB-approved study, 2 USEAs were implanted in the 
residual ulnar and median arm nerves (one per nerve) of a human, transradial amputee for 5 
weeks. Experiments involved a training phase, in which USEA data were collected to train a 
decode algorithm, and a testing phase, in which the subject attempted to control the VPH to 
touch or follow targets in virtual space. A Kalman filter was used to decode the position of the 
VPH from the neural firing rates in real time. The subject successfully completed a 5-DoF target 
touching task (20/21 successful trials, flexion of digits 1-4 in addition to wrist flexion/extension). 
This level of control exceeds that achieved in previous investigations using peripheral nerve 
interfaces. Additionally, this subject could intuitively combine individual DoF movements into 
novel grasp movements (e.g., forefinger-thumb “pinch”) without further training. During an 
informal free-form session, this subject demonstrated 10-12 DoF control. However, this session 
did not allow a quantified determination of the error rate. In microstimulation experiments, the 
subject reported up to 131 localized proprioceptive and cutaneous percepts spanning the fingers, 
palm, and posterior of the hand. Results from these studies support the use of USEAs signals to 
provide unique and intuitive control signals for a prosthetic hand. In upcoming studies, we will 
combine EMG and simultaneous stimulation and recording from USEAs using the Grapevine 
system (Ripple, Salt Lake City, UT) into a hybrid, bi-directional control system. [1] Clark, G.A., 
et al. 2014 36th Annual International Conference of the IEEE EMBC, 1977-80 
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Abstract: Brain-machine interfaces have made great strides towards restoring the ability to reach 
to objects and perform simple grasping movements. Users have simultaneously controlled many 
degrees of freedom afforded by prosthetic devices using only their cortical signals. However, 
dexterous control over individual finger movements has remained elusive. This has left 
paralyzed BMI users incapable of performing tasks requiring the fine level of finger 
manipulation often taken for granted by able bodied persons. Here we show online neural control 
over the individual fingers of the Johns Hopkins University Applied Physics Lab (JHU/APL) 
Modular Prosthetic Limb (MPL). This was accomplished by using the high gamma responses 
extracted from high-density electrocorticography (ECoG) in a human subject moving his 
corresponding native fingers. The classification finger movements from the high gamma signal 
was performed through hierarchical linear discriminant analysis with a Markovian prior on a 
gating classifier. The subject was able to use this system to fully flex only the desired finger in 
57% of trials (chance 20%). The pinky and ring fingers were often confused for one another, and 
the success rate would have improved to 76% (chance 25%) had those fingers been treated as 
one. The gating classifier was able to correctly distinguish between movement and rest with an 
accuracy of 89% (chance 50%). Peak online classification accuracy of individual fingers reached 
80.5% (chance 20%), and 93.7% with ring and pinky fingers coupled. This shows the ability of 
high-density ECoG to control a high degree of freedom brain machine interface in order to 
actuate individual finger movements. This was accomplished through the use of the native 
cortical representation of finger movements, without the need for any unintuitive operant 
conditioning. 
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Abstract: Decoding brain activity could lead to a powerful and independent Brain-Computer-
Interface (BCI) allowing for intuitive control of devices like robots. Electrocorticography 
(ECoG) allows extracting robust features and easy introduction of an idle state. Common spatial 
patterns (CSP) provide a powerful tool for feature optimization and dimensionality reduction, 
especially for multi-channel ECoG recordings. This work focuses on an ECoG motor imagery 
BCI that allows triggering from an idle state, and therefore facilitates tele-operation of an HRP-2 
humanoid robot (Kawada Industries, Japan) (see Figure 1). The experiment contained six runs 
separated into three phases, (i) training (R0), (ii) online classification with a feedback bar (R1 
and R2) and (iii) online classification with robotic feedback (R3, R4 and R5). Each run consisted 
of 20 active trials to lift a can and 20 idle trials. One subject, who had a 60 channel high-density 
subdural grid implanted over the right motor cortex, participated in the study. Data were sampled 
with 1200 Hz and band pass filtered at 0.5-500 Hz. After each run the best two feature-enhancing 
and -suppressing CSPs were determined for the frequency band of 8-32 Hz and a linear classifier 
was computed based on the band power values of a 1.0 s signal buffer. In the last run the subject 
reached 95.4 % mean online accuracy over 40 trials (see Figure 2). To our knowledge, this is the 
first online experiment with a motor imagery BCI using CSPs from ECoG signals. 
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Abstract: Individuals with amputation cannot feel their prosthetic limbs. Despite advances in 
technology, artificial hands are still insensate tools that must be carefully watched at all times to 
perform even simple tasks. A principal reason older cable-actuated prosthetic split-hook grippers 
and body-powered elbows still see widespread use is because the joint movements can be 
intuitively felt through the cable system. The loss of meaningful proprioceptive feedback is a 
critical drawback preventing intuitive use of advanced prosthetic limbs. Kinesthesia, the sense of 
limb movement, is fundamentally important to restoring the sense of natural prosthetic 
movement. The kinesthetic illusion, a joint-specific illusionary perception of movement 
generated by vibrating limb tendons at 70 to 115 Hz, is a perceptual phenomenon with 
applicability as the missing element for effective bidirectionally integrated prosthetic limbs. By 
examining prosthetic feedback within a new perceptual cognitive framework we show that it is 
possible to engineer perception of specific illusionary active hand movements with functionally 
relevant grip conformations for human amputees. Targeted reinnervation was used to reassign 
the sensory-neural structure of the remaining proximal post-amputation musculature. Vibrational 
input was used to activate the kinesthetic movement illusion in rewired muscles to systematically 
generate complex cognitive percepts of dynamic hand grips in the absence of the actual wrist and 
hand. Six human amputee study participants with a bidirectional neural-machine-interface 
independently reported many similar complex synergistic movement percepts that appeared to be 
representative of basic coordinated actions required for dexterous manipulation. Movement 
sensations were independent of whether the overlying skin was natively innervated or 
reinnervated with the restored sensory hand map of the study subjects; suggesting activity of the 
reinnervated muscle sensory receptors alone is sufficient for the perception of active hand 
movements. Frequency-displacement curves with respect to magnitude of illusionary strength 
indicated the strongest responses to illusionary input at measured frequencies between 70 and 90 
Hz; which falls within the 70-115 Hz band of the kinesthetic illusion reported for able bodied. 
These illusionary perceptual sensations were mapped directly to the movement of commercially-
available dexterous robotic hands to provide real-time simultaneous volitional motor control and 



active kinesthetic perceptual sensory feedback for prosthetic limbs through a bidirectional 
neural-machine-interface. 
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Abstract: Brain-Computer Interfaces (BCIs) typically propose typing strategies to restore 
communication for paralyzed and aphasic people. A more natural way would be to directly 
control an artificial speech synthesizer. Such approach requires a synthesizer that can be 
controlled in real time to produce intelligible speech. In a recent work, we used an existing 
corpus of French articulatory-acoustic data to build an articulatory speech synthesizer based on 
Deep Neural Networks that mapped movement trajectories of the jaw, tongue, and lips recorded 
by electromagnetic articulography (EMA) to speech signals, and showed that this mapping 
approach ensured robust speech synthesis. Here, we first developed a new model providing more 
intelligible speech synthesis. For this purpose, we recorded from a reference speaker a new 
articulator-acoustic corpus made of 712 French sentences of variable lengths (4531 words in 
total) using nine 3D EMA sensors located on the tongue, lips, jaw, and velum. A DNN model 
was built that allowed transforming this EMA data into clearly intelligible speech in real time. In 
a second step, we tested to which extent this synthesizer could be controlled in real time to 
produce continuous speech. Four different subjects participated in the study. For each subject, 
EMA trajectories of 6 sensors located on the tongue, lips and jaw were recorded. A calibration 
model was built on 50 short sentences of the corpus to map this EMA data to the EMA data of 
the reference speaker. Then new incoming EMA data was converted in real time with this model 
and then streamed to the speech synthesizer. The auditory feedback was given in real-time to the 
subject who was silently articulating to produce artificial speech. All subjects were able to 



control the synthesizer in real-time. The intelligibility of vowels and vowel-consonant-vowel 
sequences was assessed. Interestingly, spontaneous conversations with the experimenters were 
possible with several subjects. This real time speech synthesis approach could further be used in 
BCI paradigms for direct speech production from cortical signals. 
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Abstract: Dysregulation of central noradrenergic system, one of the core features in PTSD, may 
mediate heightened stress sensitivity, hyperarousal and re-experiencing symptoms. The locus 
coeruleus (LC), origin of majority of noradrenergic neurons in the brain, mediates a variety 
behaviors such as arousal, memory acquisition, attention, vigilance, and responses to stress. Here 
we examined molecular changes in LC triggered by single prolonged stress (SPS) PTSD model, 
and their response to early intervention with intranasal NPY infusion, at the time in which the 
PTSD-related symptoms are manifested, with specific attention to changes which might mediate 
heightened stress sensitivitiy. Male SD young adult rats were exposed to SPS stressors and 
immediately afterwards given intranasal infusion of vehicle or 150 µg NPY and left undisturbed. 
Seven days later, at time when behavioral symptoms are manifested, TH protein, but not mRNA, 
was elevated compared to unstressed controls only in LC of vehicle-infused rats. Although 90% 
of TH positive cells also expressed GR, its levels were unaltered. In LC, mRNA levels for CRH 
receptor 1 (CRHR1) mRNA were elevated by SPS in subset of animals and Y2 mRNA reduced, 
while CRH expression was higher in the central nucleus of amygdala (CeA) compared to 
unstressed controls. These changes were not present in animals given intranasal NPY. The LC of 
SPS animals were found to have enhanced sensitivity to mild trauma related (forced swim) or 



unrelated (EPM) stressors. Testing for anxiety on EPM of SPS treated, but not previously 
unstressed, animals triggered more than 5-fold increase in TH, DBH and NPY mRNAs. Wide 
variations in response of TH and DBH mRNA levels in LC of SPS treated animals to the mild 
stress of EPM suggested differences in susceptibility or resilience. The results show that SPS 
triggers long term noradrenergic activation with increased expression of NE biosynthetic 
enzymes and heightened sensitivity to mild stressor. This may be mediated by enhanced CRH 
input from CeA and elevated CRHR1 gene expression and reduced Y2R presynaptic inhibition 
in LC. Results demonstrate therapeutic potential for early intervention with intranasal NPY for 
traumatic elicited noradrenergic impairments. 
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Abstract: Neuropeptide Y (NPY) has been identified as a neurochemical mediator of stress 
resilience. NPY is abundant within the central nucleus of the amygdala (CeA), a brain region 
directly involved in integrating stress responses and eliciting emotional reactivity to 
environmental cues. The CeA sends afferents of the pro-stress peptide corticotropin-releasing 
factor (CRF) to the locus coeruleus (LC)-norepinephrine (NE) system in a circuit that is 
proposed to mechanistically link limbic and arousal centers during stress. Overlap of the NPY 
and CRF systems in the CeA bears significance, as NPY is hypothesized to promote stress 
resilience by functionally opposing the excitatory effects of CRF. However, the anatomical 
organization of the NPY system as it relates to the CRF system in the CeA, which may influence 
LC-NE mediated functions, remains unstudied. We hypothesize that NPY promotes stress 
resilience by impacting on the function of the LC-NE system, potentially through direct 



neuroanatomical interactions with amygdalar CRF circuitry. To investigate cellular sites for 
interactions between the NPY and CRF systems, coronal sections through the CeA were 
processed for immunocytochemical detection of NPY or NPY receptors (Y1R or Y2R) and CRF 
in tissues obtained from male rats. Examination of the CeA using immunofluorescence 
microscopy demonstrated co-localization of Y1R and Y2R subtypes with CRF-expressing cell 
bodies. High-resolution immunoelectron microscopy using gold-silver labeling for Y1R and 
Y2R and immunoperoxidase labeling for CRF confirmed that CRF-immunoreactive dendrites 
express Y1R and Y2R. Further examination for NPY and CRF peptidergic interactions by 
electron microscopy indicated that NPY was frequently co-localized within dendrites and soma 
expressing CRF in the CeA. These findings provide indirect evidence for the modulation of the 
LC-NE system through potential interactions of amygdalar NPY and CRF systems. Delineating 
interactions between neurochemical mediators of stress resilience and components of the LC-NE 
system is critical to our continued understanding of the cellular mechanisms underlying effective 
coping to stress. 
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Abstract: An integrated stress response is triggered when animals face a state of threatened 
homeostasis. Corticotropin-releasing-hormone (CRH) released from the paraventricular nucleus 
(PVN) of the hypothalamus lies at the apex of the hypothalamo-pituitary-adrenocortical (HPA) 
axis, which initiates a hormonal cascade to regulate diverse aspects of stress physiology and 
behavior. To achieve an optimally tuned adaptive response, it is critical that the magnitude of the 
endocrine stress response matches the severity of the threat. However, how the activity of CRH 
neurons relates to the level of acute stress in vivo is currently not known. We characterized for 



the first time activity of CRH cells in intact animals using two-photon calcium imaging in larval 
zebrafish with transgenic label of CRH cells while simultaneously applying stressful input of 
different intensity. Perturbations of the environment such as salinity change and pH fluctuation 
increase whole body cortisol, and lead to behavioral stress reactions in larval zebrafish. In 
response to these stressors, our results reveal that CRH neurons alter their activity at both the 
individual and the population level. Under unstimulated conditions, CRH cells are either active 
or inactive, while stress exposure can lead to clear increase in activity in some CRH neurons. 
Such stressor-induced activity changes in the frequency and amplitude of Ca2+-transients of 
individual CRH neurons co-vary with stressor intensity. Strikingly, stressor exposure also 
induces broadening of the responsive pool of CRH cells through recruitment of previously 
inactive CRH neurons in an intensity-dependent manner. pH drop leads to greater HPA axis 
activation than salinity change, reflected in a greater number of responsive CRH cells, higher 
whole body cortisol levels and more pronounced avoidance behavior. Stressor-induced activity 
among CRH neurons is highly synchronized suggesting the existence of a tight coordination 
mechanism at the population level. Thus, our results provide first in vivo assessment of the acute 
stress response of CRH cells and reveal how different acute stress levels are encoded by CRH 
neurons. 
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Abstract: In the absence of tasks requiring immediate attention or an external focus, animals, 
including humans, shift to behaviors that are self-referential and inwardly focused. How the 
brain regulates the shifts between these distinct behavioral states is not known. In order to 
investigate this, we used short exposure to stress which triggers outward, goal-directed behavior 



and reliably followed by inward, repetitive and stereotyped behaviors. One of the best-studied 
inward behavior in rodents is self-grooming and is widely observed in response to stressful 
stimuli in natural and experimental settings. Classical electrical stimulation studies implicated 
the paraventricular nucleus of the hypothalamus (PVN) as a locus for intensive self-grooming 
behavior. The PVN houses corticotropin releasing hormone (CRH) synthesizing neurons that are 
endocrine command cells and activated during stress raising the possibility that PVN CRH 
neurons play a role in the stress induced shift between outward and inward behavior. To address 
this we used an approach that combines optogenetics, electrophysiology, anatomical tracing and 
behavior. After confirming that exposure to an acute external challenge is followed by a context-
dependent switch to inward behavior, we utilized a transgenic CRH-Cre mouse line combined 
with optogenetical tools. First, inhibition of PVN CRH neurons by Archaerhodopsin revealed 
that persistent activity of CRH neurons following footshock is necessary for stress induced shift 
to inward behavior. Next, we found that channelrhodopsin 2 mediated optical stimulation of 
PVN CRH neurons launches robust and extensive self-grooming. In addition we found evidence 
that the activation of CRH neurons controls the balance between outward and inward behaviors 
with higher activation rates favouring inward behaviors at the expense of outward exploratory 
behaviors. We next conducted a series of experiments to elucidate the neural pathway(s) 
responsible for the shift to inward behavior. First, we identified CRH fibers in the lateral 
hypothalamus (LH) arising from the PVN and showed that selective optical activation of PVN 
CRH fibers in the LH is sufficient to trigger grooming response. Next, we used in vitro whole 
cell patch clamp recordings from LH neurons and demonstrated that CRH neurons in the PVN 
send direct excitatory projection to the LH. To further explore the links between context, 
external/internal behavior and CRH neuron activation, we performed the optical stimulation of 
CRH neurons in contexts of different threat levels and found that that the shift to inward 
behavior following activation of CRH neurons is sensitive to the requirement of outward focus. 
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Abstract: Stress-related psychiatric disorders, such as post-traumatic stress disorder (PTSD) and 
depression, are serious mental illnesses that occur twice as frequently in women compared to 
men. Despite this disparity, we do not fully understand the biological basis of these sex 
differences. Human studies have revealed differences in levels of the neuropeptides orexins in 
anxious and depressed patients compared to controls. Additionally, previous work from our lab 
has revealed that orexins contribute to the stress response and anxiety-like behavior in rats. In the 
studies described here, we explored sex differences in orexin expression, the stress response, and 
cognitive function in order to better define the role of these neuropeptides in stress-related 
phenotypes. Our data indicate that female rats exhibit higher orexin mRNA, neural activation, 
and concentrations in the cerebrospinal fluid compared to male rats under basal conditions. In 
stressed individuals, an important adaptation is the ability to habituate with repeated exposure to 
the same stress, a process that is impaired in disorders such as PTSD. We observed that, 
compared to males, females do not habituate as fully to five days of repeated restraint as assessed 
by: 1) sustained plasma levels of corticosterone and adrenocorticotropin hormone (ACTH) 2) 
persistent activation in the paraventricular nucleus (PVN) of the hypothalamus, and 3) continued 
struggle behavior displayed by females while in the restrainer on day 5. We then asked whether 
differential activation of orexin neurons in females compared to males could underlie the lack of 
habituation in female rats. Data indicate that stimulating orexin neurons (via DREADDS) during 
acute restraint increased plasma ACTH and corticosterone levels in male rats to the levels of 
control females. We next tested cognitive flexibility after repeated restraint stress using an 
Attentional Set Shifting (AST) paradigm, since stress related pathologies cause cognitive 
impairments. In the Side Reversal Task, stress increased the number of trials to criterion and 
errors in females, whereas stress improved male performance. cFOS expression in the 
orbitofrontal cortex (OFC), known to mediate Side Reversal, revealed less activation in females 
after stress, but more activation in males after stress, consistent with behavioral performance on 
the task. Future experiments will determine if orexins are important for the sex differences 
observed in this cognitive flexibility task. As orexins regulate stress responses, cognitive 
function, autonomic responses, and emotional memory, targeting orexins may impact a range of 
psychiatric symptoms in a sex-specific manner. 
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Abstract: Orexin antagonists are used as alternatives to GABA modulators for the 
pharmacological treatment of insomnia. Beyond their contribution to arousal, orexins are known 
to play a role in the regulation of the stress response. However, the specific contribution of the 
orexin 1 and orexin 2 receptors is unclear. To examine the role of the orexin 2 receptor in the 
stress response, we administered MK-1064 (a selective orexin 2 receptor antagonist) prior to 5 
days of daily 30min restraint with and without stimulating orexin neurons via DREADDs 
(Designer Receptors Exclusively Activated by Designer Drugs). Male Sprague-Dawley rats were 
injected bilaterally with orexin DREADDs virus into the lateral hypothalamus 4 weeks prior to 
the start of the experiment for maximal virus expression. Animals were administered vehicle, 
10mg/kg MK-1064, or 30mg/kg MK-1064 orally, followed by vehicle or Clozapine N-Oxide 
(CNO) intraperitoneally to activate the DREADDs 90 minutes prior to the start of restraint. In 
rats without DREADDs-induced activation of orexins, rats displayed habituation of both ACTH 
and struggle behavior from day 1 to day 5 of restraint, as expected. Both doses of MK-1064 
reduced only day 1 ACTH levels compared with vehicle treated rats but did not have an 
additional effect on day 5. These data suggest that the orexin 2 receptor contributes to the HPA 
response to acute stress. In the rats in which orexins were stimulated by CNO, the 30mg/kg dose 
decreased ACTH levels on day 5 beyond the habituated ACTH levels. These data suggest that 
when the majority of orexin neurons are stimulated throughout 5 days of restraint, orexins acting 
via the orexin 2 receptor limit the magnitude of habituation. Blocking orexin 1 receptors is 
unlikely to produce a further enhancement of habituation. Lastly, rats given CNO lost more body 
weight during the 5 days of restraint than vehicles, and MK-1064 prevented this body weight 
loss, indicating that the orexin 2 receptor might contribute to broader effects of repeated stress. 
Collectively, these results provide insight into the role of both the orexin 1 and orexin 2 receptors 
in regulating the response to acute and to repeated stress. 
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Abstract: Human neuropathologies like epilepsy, Alzheimer’s disease, and schizophrenia have 
both cognitive (e.g. long-term memory) defects as well as disrupted sleep patterns. Consolidation 
of contextual fear memory (CFM) in mice is dependent on sleep, although the network-level 
mechanisms are unknown. In C57Bl/6 mice, during CFM consolidation there are increases in 
CA1 neuronal firing and in hippocampal theta (4-12 Hz) oscillations during post-training rapid 
eye movement (REM) sleep. We tested the role parvalbumin-expressing (PV+) interneurons play 
in state-specific patterns of hippocampal activity (e.g. REM theta), and whether this coordination 
facilitates memory consolidation. Pharmacogenetic tools in combination with chronic in vivo 
recording were used to characterize neuronal and network activity changes during CFM 
consolidation. Adeno-associated virus (AAV) was used to express the inhibitory designer 
receptor hM4Di in a CRE-dependent manner in hippocampal CA1 in Pvalb-CRE mice. 
Following single-trial contextual fear conditioning (CFC), PV+ cells were silenced via systemic 
administration of an hM4Di-selective agonist, CNO; control mice were treated with vehicle. 



CFM consolidation was measured 24 hours later. CA1 recordings were carried out during a 24h 
baseline period, and for 24h following CFC. Functional connectivity was assessed over time in 
CA1 based on spike timing relationships among recorded neurons. Stability of connectivity was 
assessed by comparing connectivity maps across successive 1-min recording intervals throughout 
baseline and post-CFC periods. Silencing of PV+ FS-interneurons led to impaired CFM 
consolidation (assessed by quantification of context-specific freezing behavior) in hM4Di-
expressing mice. While CNO treatment caused no significant changes in sleep architecture, 
inhibiting PV+ interneurons in CA1 attenuates post-CFC theta activity increases associated with 
learning in control mice. Functional connectivity within CA1 also becomes unstable following 
PV+ interneuron silencing. Taken together, these data suggest that activity among CA1 PV+ 
interneurons is required for establishing network dynamics that underlie sleep-dependent CFM 
consolidation. 
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Abstract: The hypothalamic-pituitary-adrenal (HPA) axis is a major branch of the 
neuroendocrine system that regulates the stress response; dysregulations of this axis can lead to a 
number of common pathologies including depression. Luman (CREB3) is a transcription factor 
involved in the unfolded protein response. Recent evidence suggests that Luman plays a role in 



glucocorticoid receptor (GR) regulation. In order to elucidate the biological function of Luman 
we characterized a Luman knockout (KO) mouse line. These mice displayed a severe maternal 
defect. We assessed the level of stress in our Luman KO mice through a variety of behavior tests, 
in all of which they exhibited stress resilience. Luman was found to be highly expressed in 
neuroendocrine tissues including the hypothalamus, hippocampus, pituitary and adrenal glands. 
The hormone profiles of these Luman KO mice have chronically low corticosterone, testosterone 
and prolactin levels, while they displayed an exaggerated response to the dexamethasone 
suppression test. In addition, GR signaling is altered in the Luman KO mice, and the activity and 
expression of GR is increased at both the cellular and tissue level. The mutant mice also showed 
defects in glucocorticoid production/secretion in adrenal gland, neurogenesis in dentate gyrus 
and dendritic morphology of hippocampal neurons. Previously we have found that the knockout 
mice of the Luman-recruitment factor (LRF, or CREBRF) also have dysregulation of 
glucocorticoid activity accompanied by similar but less severe phenotype. We therefore propose 
that Luman is a key regulator of the glucocorticoid signaling in the hypothalamus-pituitary-
adrenal (HPA) axis and is important for the function of adrenal gland and hippocampus; and 
Luman may be involved in stress-related pathologies such as depression and anxiety disorders. 
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Abstract: Sex differences heavily influence many neurobehavioral responses to stress. While 
estradiol is known to influence this sex difference, neurochemical systems which regulate stress 
have been largely unexplored in this context. In this regard, the endocannabinoid (eCB) system is 



interesting as there are known sex differences in the expression of cannabinoid receptors 
throughout the brain and it has been well established that the eCB system, especially in 
corticolimbic brain structures (such as the amygdala, hippocampus, hypothalamus and prefrontal 
cortex) is involved in activation and termination of the stress response. While cannabinoid 
receptor expression has been reported to differ between males and females following chronic 
stress, to date there is no evidence of whether dynamic eCB changes in response to stress differ 
between males and females. In order to investigate this, we measured the endocannabinoid 
system ligands (anandamide (AEA) and 2-arachidonylglycerol (2-AG)) in corticolimbic brain 
regions following acute exposure to a relatively mild and commonly used psychological stress 
(restraint) or a more robust, mixed physical/psychological stressor (forced swim). Consistent 
with previous reports, we found that AEA levels within the amygdala, prefrontal cortex and 
hypothalamus were reduced in males following exposure to both restraint and forced swim stress 
and that hippocampal AEA levels were reduced only following forced swim stress. In response 
to forced swim stress, females exhibited a relatively similar pattern to males with reductions of 
AEA within the hippocampus, prefrontal cortex and amygdala, but had no changes within the 
hypothalamus. Interestingly, in response to restraint stress, females showed a consistent decrease 
in prefrontal cortical AEA content, but exhibited a differential response than males by exhibiting 
no changes in AEA within the hypothalamus and a surprising increase in amygdala AEA levels. 
With respect to 2-AG, however, females and males largely exhibited similar responses both 
showing increases 2-AG in the amygdala in response to forced swim, but not restraint. Restraint 
stress increased 2-AG content in the hypothalamus of both males and females, but forced swim 
had no effect. Neither stressor had any effect on 2-AG levels in the hippocampus of either males 
or females. Finally, forced swim stress increased 2-AG content in the prefrontal cortex of males, 
but not females. Collectively, these data highlight that dynamic eCB responses to stress are 
influenced by both sex and stressor intensity. Ongoing work is seeking to determine the 
relationship of these differences to reproductive hormone status. 
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Abstract: Objective: Prenatal stress (PS) exposure has been linked to neurodevelopmental 
phenotypes and psychiatric disorders, including anxiety, autism, schizophrenia and attention 
hyperactivity deficit disorder (ADHD). PS has also been shown to result in multiple behavioral 
phenotypes in mice, including increased anxiety-like behavior. Additionally, PS has been linked 
to changes in microglia. The mechanisms responsible for these outcomes are not clear. Maternal 
immune activation (MIA) has also been shown to cause increased anxiety-like behavior and 
altered microglia in offspring. The actions of the proinflammatory cytokine interleukin 6 (IL-6) 
may be a common mechanism underlying the effects of both PS and MIA pathways. Method: To 
determine if IL-6 plays a key role in the conference of PS effects from mother onto offspring, 
restraint stressed CD1 female mice were concurrently injected with anti-IL6 antibody or saline 
for the last week of pregnancy. As controls, non-stressed pregnant dams were injected with anti-
IL6 antibody or saline. Male offspring brain tissue was collected at embryonic day 14 (E14) and 
analyzed for microglia number and morphology using stereological counting. Other male 
offspring were tested in adulthood for anxiety-like behavior via the elevated plus maze (EPM). 
Results: Maternal IL-6 blockade was found to rescue the effects of PS on microglia morphology, 
such that no increase in phagocytosing forms of microglia were found in PS offspring brains 
when anti-IL-6 antibody was administered concurrently. Saline-injected PS animals did not see 
this return to control levels of phagocytosing microglia. In contrast to this, prenatally stressed 
adult male offspring showed elevated anxiety, as indicated by more restricted exploration of the 
open arm of the EPM regardless of whether their mothers were injected with saline or anti-IL6 
antibody. Conclusions: These findings suggest that there are multiple mechanisms for the effects 
of prenatal stress on male offspring. Cytokines such as IL-6 may play a large role in initial 
impacts on embryonic microglia changes while other mechanisms may be responsible for 
anxiety-like behavior in adult offspring. 
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Abstract: Repeated social defeat (RSD) is a model of social stress that promotes microglia 
activation, myeloid cell trafficking, and prolonged anxiety-like behavior. Pharmacological agents 
that target cells of both the peripheral and central immune system may be beneficial in the 
treatment of stress-related disorders, especially stressors that promote a pro-inflammatory 
response. Several lines of evidence indicate that the induction of the cannabinoid system dose-
dependently attenuates behavioural effects of stress. While cannabinoids have several effects 
within the central nervous system, they can have potent anti-inflammatory effects on innate 
immune cells including monocytes, macrophages and microglia. Therefore, the purpose of this 
study was to determine the degree to which treatment with a cannabinoid agonist during RSD 
attenuated neuroinflammation and trafficking of myeloid cells to the brain. To address this 
objective, C57BL/6 mice were injected i.p. with a non-selective cannabinoid agonist, 
WIN55,212-2, 30 minutes prior to each of the six exposures to social defeat. Samples were 
collected 14 h after the last exposure to social defeat. Here we show that RSD-induced 
myelopoiesis and the release of inflammatory monocytes (CD11b+/Ly6Chi) into circulation 
were decreased by systemic cannabinoid activation. Moreover, the administration of the 
cannabinoid agonist also limited RSD-induced splenomegaly with reduced accumulation of 
granulocytes in the spleen. Furthermore, RSD-induced trafficking of inflammatory monocytes to 
the brain was blocked by the cannabinoid agonist. These reduced immune effects of the 
cannabinoid agonist were associated with a reversal of RSD-induced anxiety. Collectively, these 
results indicate that intervention with a cannabinoid agonist during repeated social defeat 
attenuated the activation of immune system and reduced the corresponding enhancement of 
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Abstract: GLP-1 expressing neurons in the caudal nucleus of the solitary tract and medullary 
reticular formation are sensitive to metabolic state, and participate in behavioral and 
physiological responses to stress. Previously-published research findings indicate that caloric 
restriction attenuates behavioral responses to acute stress in adult rats, and also blunts stress-
induced release of adrenocorticotropic hormone. We reported that overnight food deprivation 
attenuates anxiety-like behavior assessed in the elevated plus maze, and blunts stress-induced 
recruitment of hindbrain GLP-1 neurons and their hypothalamic and limbic forebrain targets. 
Our new results indicate that overnight fasting also reduces acoustic startle amplitude (a non-
exploratory-based measure of anxiety), and markedly attenuates light-enhanced startle (LES). 
Further, the ability of anxiogenic LES testing to activate cFos expression by hindbrain GLP-1 
neurons and their hypothalamic/limbic forebrain targets is significantly reduced in overnight 
fasted rats compared to ad lib-fed controls. Similar to the effects of fasting, baseline startle and 
LES was reduced in ad lib-fed rats after i.c.v. infusion of GLP-1 receptor antagonist (Exendin-9; 
100 µg), which also significantly suppressed the ability of LES testing to activate neural cFos 
expression within stress-related hindbrain and limbic forebrain regions of interest. Collectively, 
our novel findings implicate central GLP-1 signaling pathways in driving behavioral and 



physiological responses to acute stress, and further suggest that short-term fasting attenuates 
these stress responses, at least in part, by suppressing central GLP-1 signaling. 
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Abstract: Introduction: The medial amydaloid nucleus (MeA) modulates several physiological 
and behavioral processes, including autonomic and endocrine changes during aversive situations. 
The restraint stress (RS) causes significant increase in neuronal activity of the MeA when 
compared to other amygdaloid nuclei. In addition, lesions in MeA reduced the RS-activated 
neurons in PVN. The opioid system participates of the mediating neuroendocrine responses, 
including those associated with aversive situations. Furthermore, it was showing the presence of 
peptides and opioid receptors in amygdala, suggesting the existence of a functional opioid 
neurotransmission on that structure. Based on the facts mentioned above, the hypothesis of this 
study is that the MeA opioid neurotransmission is involved in the modulation of hormonal 
responses evoked by RS. Methods: Male Wistar rats (240-280g) were used. Guide cannulae were 
implanted bilaterally in the MeA for drug or vehicle (artificial cerebrospinal fluid, aCSF, 100nL) 
microinjection. 10 minutes before microinjection of drugs or vehicle into the MeA, rats were 
subjected to RS. For collect of samples to corticosterone assays, rats were decapitated at time 0, 
20 or 60min of restraint stress and the blood were collected in EDTA tubes (1mg/mL of blood). 



Plasma samples were used to measured the corticosterone level by enzyme immunoassay. 
Results: The MeA pretreatment with 0.03nmol of nor-BNI (κ-opioid antagonist - (F1,29=39,86, 
P<0,0001) or 0.03nmol of UPF-101 (ORL-1 antagonist - F1,26=24,46, P<0,0001) potentiated the 
increase in corticosterone levels, while the microinjection of 0.03nmol of cyprodime (µ-opioid 
antagonist - F1,28=0,51, P=0,48) or 0.03nmol of naltrindole (δ-opioid antagonist - F1,29=0,24, 
P=0,62) did not change de neuroendocrine and cardiovascular responses induced by RS when 
compared with vehicle group. Conclusion: The current results demonstrate that opioid 
neurotransmission mediates the MeA inhibitory influence on restraint-evoked neuroendocrine 
changes. Financial Support: FAPESP and CAPES 
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Abstract: Stress-related neuropsychiatric disorders (ND), such as major depressive disorder, are 
leading causes of disability worldwide. A hallmark physiological change in patients with NDs is 
alterations in the hypothalamic-pituitary-adrenal (HPA) axis activity that manifest as hyper- or 
hypo-cortisolemia. Vertebrate-specific systemic stress response (SR) signals through the 
neuroendocrine HPA axis and sympathetic nervous system (SNS). However, we only have 
limited knowledge on how molecular components in the HPA axis and SNS interact to produce 
an integrated behavioral response. Hyperosmotic stress (100 mM NaCl) invokes an increased 
locomotor response in larval zebrafish within minutes. We hypothesized that zebrafish locomotor 



response to hyperosmotic stimulation is a behavioral SR that is composed of multiple molecular 
pathways. We have begun our genetic analysis by examining key receptors in the HPA axis. By 
injecting highly efficient TALENs (transcription activator-like effector nucleases) that target 
genes in the HPA axis and generate DNA lesions in both chromosomes (bi-allelic), we have 
found that locomotor response to hyperosmotic stress is significantly influenced by crhr1 
(corticotropin releasing hormone receptor 1), mc2r (melanocortin receptor 2; receptor for 
adrenocorticotropic hormone (ACTH)), and nr3c1 (glucocorticoid receptor), but not by 
mineralocorticoid receptor (MR; nr3c2). In addition, mc2r germline mutants showed a 
significant decrease in locomotor response. To our surprise, an nr3c1 germline mutant that 
results in a frameshift-induced truncation of the glucocorticoid receptor did not show any deficits 
in locomotor response. We are currently investigating potential compensatory mechanisms by 
characterizing locomotor response in nr3c1 mutants with pharmacological MR down-regulation 
and alternative alleles of nr3c1 mutants. Understanding how multiple signaling systems 
contribute to this seemingly simple behavioral response will help us better model vertebrate-
specific SR. 
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Abstract: Extensive evidence gleaned from investigations reveals the existence of highly 
specialized and seemingly independent neural mechanisms for visual word recognition in the left 
hemisphere (LH), and for visual face recognition in the right hemisphere (RH) of adults. 
Emerging evidence suggests, however, that these two domains are not independent and that word 
lateralization is driving the emergence of face lateralization. An account offered to explain these 
findings (Plaut & Behrmann, 2011) predicts that, in individuals with disrupted word processing, 
such as those with developmental dyslexia (DD), or disrupted face processing, such as those with 
congenital prosopagnosia (CP), the typical hemispheric organization of word and face 
recognition should be disrupted. The current study employs behavioral and electrophysiological 
measures to compare the hemispheric superiority for face and word recognition in adults with 
DD or with CP, with persistent reading or face recognition difficulties, to matched control 
participants. In the control subjects, performance is better in the RVF than LVF and the N170 is 
stronger in the LH than the RH for words, and conversely, performance is better in the LVF than 
RVF and the N170 is stronger in the RH than the LH for faces, replicating the standard, well-
established result. In adults with DD or with CP, however, behavioral performance differed from 
the controls and there was atypical hemispheric difference in the strength of N170 with abnormal 
lateralization of representations. In both the DD and CP, there was no hemispheric difference in 
the strength of N170 for words or for faces. These findings suggest that the hemispheric 
organization of face and word processing do not develop independently, and that, when there is a 
failure to develop coherent word processing or face processing, there are adverse consequences 
for recognition of stimuli in the other domain. A theoretical account in which competition for 
visual representations unfolds over the course of development is proposed to account for the 
findings. 
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Title: Eye movement repetition effects do not require the hippocampus or explicit recognition 
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Abstract: It is well established that eye movements change as a function of repetition--that is, 
the number of fixations directed toward a novel image is higher than the number of fixations 
made to subsequent presentations of that image. However, questions remain regarding the nature 
of the memory representations and the corresponding neural regions which drive these eye 
movement repetition effects. For example, while some research has reported that eye movement 
repetition effects are observed only for information that can be explicitly (consciously) 
recognized (Smith et al., 2008) others have reported that eye movement repetition effects can 
occur without conscious awareness (see Hannula et al., 2010 for a review). To investigate this 
issue, we examined the relationship between eye movement repetition effects for single faces and 
subsequent recognition memory in three groups: healthy young adults (n=32, 24 female; mean 
age=23), healthy older adults (n=32, 25 female; mean age=74), and two young adults with 
developmental amnesia. All three groups demonstrated an equivalent eye movement repetition 
effect for repeated faces; however, explicit recognition memory for studied faces was 
significantly reduced in older adults and for the developmental amnesia cases compared to 
younger adults. A follow-up neuroimaging study was next conducted in which eye movements 
were recorded during fMRI scanning of healthy young adults (n=20) while they viewed faces 
that repeated up to four times within a block. Statistical analyses were designed to probe for 
brain areas in which the magnitude of the eye movement repetition effect was correlated with the 
magnitude of the neural repetition effect across subjects. Brain regions which exhibited a 
significant correlation were located in regions which have previously been related to face 
processing within the ventral visual processing stream. Taken together, these results indicate that 
eye movement repetition effects are driven by memory representations that are not necessarily 
available for conscious access and that this type of eye movement repetition effect is associated 
with neural changes in extra-hippocampal neocortical regions, such as those within the ventral 
visual processing stream. 
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Abstract: Recent 3T functional neuroimaging studies of the medial temporal lobe suggest that 
the hippocampus (HC) is important for forming complex and conjunctive representations of 
visual scenes. While these studies have been informative in terms of characterising HC 
representations more broadly, they have lacked the image resolution necessary to accurately 
delineate - and determine the functional contribution of - different HC subfields. In the current 
study, we investigated the response of subfields within the HC during perceptual discrimination 
of stimuli from different visual categories (scenes, faces, objects) by applying a 7-Tesla imaging 
protocol alongside a perceptual odd-one-out task that has been shown to be sensitive to HC 
lesions in humans (e.g., Lee et al., 2005). Based on a protocol by Wisse et al. (2012), HC 
subfields (CA1, CA2, CA3, subiculum, dentate gyrus) were manually delineated on high-
resolution T2*-weighted images (0.6mm isotropic; Fig. 1) and registered to individual functional 
data (1.2mm isotropic). Contrasting scene trials with difficulty-matched face and objects trials, 
revealed significant clusters in the HC (Z > 3.1, p = 0.05), which were predominantly located in 
anterior subiculum bilaterally. Further, this response was robust at the individual level: 25/26 
participants possessed significant HC voxels, and probabilistic overlap maps revealed that the 
majority of individual-level scene responses (65%) overlapped in right anterior subiculum. By 
applying ultra high-resolution imaging techniques, these results point toward a potential key role 
for the subiculum in perceptually discriminating complex scene stimuli, which may be shaped - 
in part - by its extrinsic connectivity with other regions implicated in spatial processing in 
humans and animals (e.g., posterior cingulate cortex, retrosplenial cortex; Aggleton et al., 2012). 
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Abstract: Hundreds of functional magnetic resonance imaging (fMRI) experiments have 
revealed the neural substrates of object processing using photos of objects. Here we used 
univariate and multivariate pattern analysis (MVPA) of fMRI responses to determine whether 
photos are represented similarly to real objects in the human brain. The objects were either tools 
(plastic whisks, toothbrushes or hammers) or non-tools of comparable size and elongation 
(socks, sunglasses and candles). The photos were matched closely to the real objects for size and 
viewpoint. The stimuli were presented in rapid succession in the fMRI scanner using a custom-
designed conveyor belt. We used a block design in which subjects viewed four exemplars (of 
different color, form, etc.) of one object type (e.g., whisks) in either real or photo format in each 
block. Univariate subtraction analysis revealed higher activation for real objects than photos in 
object-selective areas of the ventral visual stream (including the middle temporal gyrus and 
fusiform gyrus), and dorsally in primary somatosensory cortex and the anterior intraparietal 
sulcus -an area involved in object grasping. Conversely, univariate subtraction analysis revealed 
greater activation for photos than real objects in anterior cingulate cortex -possibly reflecting the 
presence of conflicting depth cues in the photos (but not real objects). Surprisingly, MVPA 
showed that early visual areas and lateral and ventral occipitotemporal cortex were sensitive to 
the format in which stimuli were viewed. Specifically, although the representations of individual 
objects were similar for real stimuli and photos, objects in the same format were represented 
more similarity than those in different formats. For example, in comparing activation patterns 
between even and odd runs, whisks were more similar to whisks than the other five types of 
objects (regardless of format) but real whisks were more similar to real whisks than photos of 



whisks. Taken together, our results indicate that the human brain does not treat photographs as 
being equivalent to real objects. First, real objects can invoke greater activation than photos. 
Second, although areas within the ventral visual system represent object identity, these 
representations are not identical across real versus photo formats. Real objects might elicit 
different brain-based responses to photos because they provide richer visual information, they 
have definite haptic qualities, and they afford genuine action. 
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Abstract: Primate visual processing has been traditionally assigned to two segregated functional 
pathways: a ventral stream serving object perception, and a dorsal stream serving spatial and 
action perception. Recent studies in humans, however, have demonstrated the existence of a 
human-specific, hierarchically organized dorsal object vision system in the posterior intraparietal 
sulcus (pIPS), remarkably similar to the ventral one. It remains unclear whether these dorsal 
object representations are propagated directly from early visual cortex to parietal cortex, or 
whether they depend on ventral object vision. To address this question, we explored the response 
properties of the dorsal system in the absence of normal input from ventral object 
representations. We studied the dorsal system of patient SM, who suffers from profound object 
agnosia and prosopagnosia following a focal lesion in his right lateral fusiform gyrus. We have 
previously shown that the topographic organization and activation profile of SM’s early visual 



cortex is intact, but that object-related responses in regions surrounding the lesion and in 
corresponding locations in the structurally intact left hemisphere are compromised (Konen et al. 
2011). Here, in a series of fMRI-adaptation experiments, we tested whether and how SM’s 
circumscribed ventral lesion affects the selectivity of intermediate (MT+, V3A, V7) and higher-
order (pIPS) processing stages of the dorsal stream for different types of object stimuli (2D-
objects, 3D-objects, line drawings) and moving dots as non-object control stimuli. SM’s visually 
evoked responses of all dorsal areas in the left hemisphere to both 2D-objects and line drawings 
were impaired, relative to healthy control subjects, and/or as compared to SM’s right 
hemisphere. In addition, left MT+ and V7 showed impaired selectivity for line drawings and 2D-
objects. On the other hand, visually evoked responses and stimulus-selective responses to 3D-
objects and motion stimuli were comparable to the control group. The functional connectivity 
between SM’s ventral (V4, LOC) and dorsal (MT+, V3A, V7, pIPS) regions was disrupted in 
various ways, but most severely for SM’s right V4. Overall, we found more disruptions in 
functional connectivity for 2D-objects and line drawings than for 3D-objects. Together, the 
results show that the ventral lesion mostly affects dorsal processing of 2D-objects and line 
drawings. On the other hand, the representation of 3D-structure of an object, which is needed for 
object grasping and manipulation, might not depend on ventral object vision. 
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Abstract: According to the ‘two visual pathways’ hypothesis, the ventral pathway mediates 
object perception while the dorsal pathway supports spatial- and visually-guided action. 
Nevertheless, recent evidence shows that the dorsal pathway is also engaged in the perception 
and representation of object shape, even in tasks that do not require actions. The critical question 
is whether these dorsal, object-based representations are independent of ventral representations, 
and whether the dorsal representations contribution plays a functional role in object recognition 
or are merely epiphenomenal. To this end, we examined the neural and behavioral profile of a 
group of patients with an object recognition impairment resulting from focal damage to the 
occipitotemporal cortex. In an fMRI experiment, control participants evinced sensitivity to the 
3D structure of objects in object-selective regions, along both the ventral and dorsal cortices. The 
patients revealed reduced sensitivity to object structure in the ventral pathway, but preserved 
sensitivity in the dorsal pathway. The behavioral significance of this latter sensitivity was further 
investigated in a series of psychophysics experiments. Although profoundly impaired in tasks 
related to object perception, the patients still demonstrated residual sensitivity to object structural 
information. We argue that this residual sensitivity is a function of their intact dorsal pathway - 
as even the patient with the most severe agnosia following extensive occipitotemporal damage 
showed such sensitivity to object structure. Taken together, our findings suggest that object 
representations in the dorsal pathway are independent from those in ventral pathway and while 
these dorsal representations are unable to support normal object perception, they may support a 
coarse description of object structure. 
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Abstract: Patients suffering from visual agnosia show remarkable impairments in visual object 
recognition despite of intact primary visual functions. Visual agnosia usually emerges after 
extensive bilateral lesions to ventral visual pathways. In contrast, symptoms of visual agnosia are 
rarely reported after unilateral lesions. We presumed that unilateral lesions are largely 
compensated by the intact hemisphere. Therefore, associated sub-clinical deficits cannot be 
detected in standard tests of object recognition. This assumption was based on neuroimaging 
studies that mapped the topographic organization of higher object sensitive areas of the ventral 
pathway. These studies reported some lateralization in this area. However, such lateralization 
was rather weak in comparison to earlier visual areas. Applying short unilateral presentations of 
everyday objects we found significant impairments of object recognition in the contralesional 
visual hemifield in a group of patients with unilateral lesions to the ventral pathway in 
comparison to healthy controls and patients with unilateral brain-damage beyond the ventral 
visual systems. This first group study on visual hemiagnosia confirmed a weak lateralization of 
the topographic organization of higher object sensitive areas that was found in correlative 
neuroimaging and non-human primate studies. In contrast to these existing studies, our patient 
study demonstrates a causal link between neuroanatomy and behavioral performance. 
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Abstract: Several previous neuroimaging studies have demonstrated that brain activity patterns 
during remembering of visual items are similar to the initial patterns during perception of those 
items. Furthermore, pattern similarity may represent information about the item at both the 
general category level (e.g., face, scene, object), and the exemplar level (i.e., the specific 
individual item within that category). We hypothesized that the degree of pattern similarity 
between encoding and recall for a given item would be associated with a greater sense of 
subjective vividness during recollection. During fMRI scanning, participants (N=61) saw several 
colored pictures (objects, scenes), presented individually and each accompanied by a written 
label; after a short delay, they saw the labels presented alone and were instructed to recall the 
relevant item. Participants performed vividness ratings during both perception (they indicated the 
vividness of the visual experience) and the later recollection task (they indicated the vividness of 
their mental representation). A multivariate pattern analysis (MVPA) assessed the similarity 
between brain activity patterns during perception and recollection of the same item. These 
pattern similarity scores were then regressed against the vividness ratings. For objects, we found 
that vividness ratings during recollection were significantly better predictors of exemplar-
specific pattern similarity than vividness ratings during perception in prefrontal, temporal, 
parietal, and occipital regions of interest. The same was true for scenes in prefrontal and parietal 
regions. Although vividness ratings for perception and recollection were positively correlated 
with one another (i.e., items that were perceived more vividly tended also to be recalled more 
vividly), these results suggest that they are nonetheless dissociable. That is, subjective vividness 
during remembering is more tightly linked to "objective" vividness (i.e., amount of pattern 
similarity between encoding and recall) than can be predicted from the perceptual vividness of 
stimuli alone. 
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Abstract: The ability to rapidly and accurately categorize sensory representations is an essential 
component of many everyday tasks. Electrophysiological and human neuroimaging studies 
suggest that categorization is mediated by a network of prefrontal and posterior parietal cortical 
areas. Here, we ask whether and/or how learning to categorize visual stimuli biases sensory 
representations in human visual cortex. We trained human observers to sort specific orientation 
values (e.g., 12° or 120°) into two arbitrary categories (A and B) until they reached near-ceiling 
levels of performance. After behavioral training, we used fMRI and an inverted encoding model 
to reconstruct representations of an attended orientation in multiple regions of early visual cortex 
(V1-hV4v/V3a) while participants performed the same speeded categorization task. Across trials, 
reconstructions of the attended orientation were biased away from the boundary separating 
categories A and B towards exemplars of the category to which they belonged. This occurred 
even though we could not reliably decode category membership from activation patterns in any 
of the same visual areas. These results suggest that category learning biases representations of 
sensory information, even at very early stages of visual processing. 
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Abstract: Face recognition appears effortless, but the cortical representation that supports this 
ability remains poorly understood. According to a classic account, individual exemplars are 
encoded as vectors in a norm-based face space where distinctiveness is associated with 
eccentricity and identity with direction. However, it is unclear how eccentricity and direction 
contribute to face exemplar similarity in human visual cortex, or how such cortical face spaces 
compare to spaces estimated from perceptual judgments. Here, we used a principal components 
analysis model of 3D face shape and texture to generate a reference face space against which 
representational distances estimated from human fMRI response patterns and perceptual 
judgments could be compared. Although the reconstructed face spaces correlated with the 
reference space, the cortical face spaces systematically over-represented distances associated 
with eccentricity compared to direction. This eccentricity bias was less evident in the perceptual 
face space. Importantly, multiple brain regions including the fusiform face area discriminated 
face space direction reliably when eccentricity was held constant, thus confirming that both 
eccentricity and direction are represented in fMRI response patterns, albeit to different extents. 
Although an over-representation of identity-preserving distinctiveness information may appear a 
surprising property for a face representation, we show that a computational model readily 
exhibits a similarly warped representational space. This model offers an explanation for why 
cortical face spaces over-represent eccentricity while retaining some direction information, and 
suggests that sensitivity to face space eccentricity at the level of fMRI responses can arise as an 
emergent property from a model where no individual unit encodes distinctiveness as such. 
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Abstract: Onset Rivalry - the first period of binocular rivalry - differs from sustained rivalry in 
multiple aspects. It is often biased towards a particular percept, and affected by factors such as 
stimulus location in the visual field, stimulus contrast, and context. These biases can be strong 
enough to produce exclusive dominance of one image, something not seen in sustained rivalry. 
Here, we outline how selective adaptation of different levels of the visual hierarchy affect onset 
rivalry. 31 healthy participants completed 92 trials of binocular rivalry (6s duration). We 
included an additional 23 participants with an autism spectrum condition (ASC) in the study, as 
individuals with ASC have been shown to exhibit different dynamics of sustained binocular 
rivalry. We presented different object stimuli on green or red squares. Rivalry was achieved 
using a mirror stereoscope. Participants reported dominant or mixed percepts during 6s trials. 20 
trials occurred without prior adaptation (baseline). To measure the influence of adaptation on 
onset rivalry, 36 trials each were preceded by presenting one of the stimuli for 2s, either to the 
eye that will go on to view the stimulus during rivalry (full adaptation) or the opposite eye (high-
level adaptation). We hypothesised that in full adaptation trials, both early stages of the visual 
hierarchy (driven by monocular input) and later stages (driven by binocular input) of the visual 
hierarchy are adapted, while in high-level adaptation trials, only later stages are adapted to the 
stimulus. We compared the two adaptation conditions to baseline. Both adaptation conditions 
strongly reduced the number of times the adapted image was the first image perceived by 
participants (all p < 0.001). The reduction was significantly stronger in the full adaptation 
condition, as evidenced by a significant main effect of stimulus type in a 2x2 ANOVA with 
diagnosis of ASC as between-subject factor (F(1, 33) = 15.952, p < 0.001; full adaptation: -
15.7% ± 16.9%, high-level adaptation: -9.3% ± 13.6%). We find similar results for the average 
duration of dominant percepts reported by participants. No effect of Group was observed either 
at baseline or in the adaptation condition (all p > 0.2), indicating that the effects of adaptation on 
onset rivalry are unremarkable in autism. In summary, we provide evidence that there is a strong 
effect of adaptation on onset rivalry, and that this effect stems from both early and late stages of 



visual processing. We also show that individuals with autism, known to perform differently in 
sustained rivalry, perform similarly to individuals without autism during onset rivalry. 
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Abstract: Effect of high altitude hypoxia on brain plasticity is well documented in animal 
model. However, the effect of hypobaric hypoxia on human brain for a prolonged period is not 
well understood. A large body of research on high altitude residents has reported the impairment 
in cognitive functions. Prolonged exposure to hypobaric hypoxia has devastating consequences 
to brain architecture and functions. Previous studies have reported the alternation of brain 
structure and consequently the functions just after the exposure to high altitude. The results are 
not very consistent across subject populations and the duration of exposure. Here, we have an 
unique opportunity to work with a group of seven subjects, who were born and brought up in sea 
level but were exposed to high altitude (12,000-15,000 feet) for a period of 24-36 months and 
living in sea level last three years. Both neuropsychological test (WAIS IV) and the resting state 
functional connectivity (RSFC) was conducted during the de-induction period on experimental 
as well as age matched control subjects. Functional connectivity analysis was performed using 
seed-based approaches with MATLAB based custom software package: CONN. For seed-based 
analysis, sources are defined as multiple seeds corresponding to the pre-defined seed regions for: 
(i) Default mode network (DMN) and (ii) Executive control network (ECN). Seeds for DMN and 
ECN were chosen to be 10-mm spheres centered on previously published foci. The cognitive 
performance of experimental (high altitude exposed) subjects was lower (p<0.01) than the age 
matched controls in neuropsychological test. In RSFC analysis, we use DMN seeds (LLP, 
MPFC, PCC, RLP) and ECN seeds (Dorsal medial PFC, Right anterior PFC, Left superior 
parietal, Right superior parietal) as regions of interest (ROIs). The connectivity in executive 



control network is significantly higher (p<0.01) in controls compared to high altitude exposed 
subjects group. Both the behavioral and neuroimaging studies point the impaired resting state 
executive network in human expose to hypobaric hypoxia condition even shorter than three 
years. Additional studies are underway to understand the limit of plasticity in these subject 
groups during de-induction stages longitudinally. 
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Abstract: Cognitive control includes operations like attention, inhibition, and working memory. 
Integrity of cognitive control is also related to the ability to perform basic aspects of everyday 
functions. As such, there are substantial efforts to improve cognitive control via practice-related 
paradigms. Antisaccades are reliable measures of cognitive control and require the inhibition of a 
prepotent response in order to generate a more task-relevant response. We hypothesized that 
practice of an antisaccade task would improve cognitive control performance and also alter 
underlying neural circuitry. Healthy subjects completed an 8 day antisaccade practice trial. 
Practice was conducted in a laboratory setting and lasted an hour each day. Before and after the 
practice trial, subjects completed an fMRI scanning session while performing antisaccades. For 
antisaccade behavior during the scanning session, we measured reaction time for correct 
antisaccades and error rate. To evaluate changes in antisaccade behavior with practice we 
performed a linear mixed model analysis with time as a repeated measure. To evaluate the effect 
of practice on brain variables, we measured the BOLD signal with fMRI. We performed a 
repeated measures ANOVA on the results of a standard GLM analysis to quantify changes in 
brain activation, and did the same with the results of a psychophysiological interaction (PPI) to 
quantify changes in brain connectivity with practice. To evaluate the transfer of antisaccade 
practice effects, subjects also performed the Wisconsin Card Sorting Task (WCST), an 
alternative measure of cognitive control, before and after the practice trial. Results across all 



analyses indicated an increase in efficiency in antisaccade performance and brain variables. At 
post-test, subjects had lower error rates and were faster at performing the antisaccade task. 
Neural changes included decreases in activation in cognitive control regions (prefrontal cortex) 
and regions involved in saccade planning and generation (supplementary and frontal eye fields). 
There were also increases in efficiency in connectivity of control regions with the rest of the 
brain, with connections becoming more lateralized and refined. We also saw a transfer effect of 
antisaccade practice. People completed more conceptual level responses and had fewer errors on 
the WCST. Overall, antisaccade practice increased efficiency in both antisaccade behavior and 
the neural circuitry supporting antisaccade performance. Effects of practice also transferred to 
other aspects of cognition. This may aid in constructing remediation strategies for populations 
that have deficits in cognitive control. 
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Abstract: The inhibition of a prepotent response represents a particular skill within the broad 
domain of cognitive control, defined as the ability to continually control and adapt behavior to 
task rules and goals. A classic cognitive control experiment is the Stroop task, which requires 
participants to inhibit an automatic and overlearned process, such as reading a word, in order to 
accomplish task rules, i.e., naming the color in which the word is printed. The brain dynamics 
underpinning the execution of this task have been widely studied, however, the roles played by 
distinct regions within the prefrontal cortex are difficult to disentangle, mainly because of the 
trade-off between temporal and spatial resolution of non-invasive neuroimaging techniques. We 
used intracranial EEG recordings (icEEG), a technique with high spatiotemporal resolution 
during a Stroop task in a cohort 12 patients (6 with left hemisphere coverage, 2 right and 4 
bilateral) undergoing intracranial monitoring for their epilepsy. Participants were required to 
name the color of words presented on a screen and icEEG data were collected during the whole 
task duration together with behavioral measures (reaction times, accuracy). Percent power 



changes in gamma (60-120 Hz) and beta (13-30 Hz) frequency bands are calculated in a time 
window locked to stimulus onset (0-2000 ms, where word onset = 0 ms) with respect to a pre-
stimulus baseline (-700-200 ms). By examining the percent power changes in these frequency 
bands we were able to describe the time-course of activity throughout a distributed cortical 
network. There was initial recruitment of posterior fusiform cortex (~180 ms), followed by a set 
of medial prefrontal (pre-supplementary motor area and supplementary motor area), and lateral 
prefrontal (middle frontal gyrus - MFG) and subcentral regions (~200-300 ms). MFG activity 
was maintained until the onset of response. Precentral regions exhibited peaks of gamma power 
locked to response time, reflecting the articulatory network underlying color naming. Reaction 
times were significantly slower when the word-color associations were incongruent compared to 
congruent associations, due to the increased response conflict (t(11)=-7.755, p<0.001). This 
interference effect was correlated to a sustained response in lateral prefrontal cortex. Overall, our 
results provide new insights into the early and close interplay between medial and lateral 
prefrontal regions during the resolution of conflicting cognitive inputs. 
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Abstract: An everyday observation is that a surprising event interrupts one’s train of thought. 
We hypothesized that such forgetting reflects an interruption of ongoing cognitive activity, 
generated by a suppressive mechanism. This hypothesis was motivated by the following. First, 
surprising events recruit the same suppressive neural mechanism as outright action-stopping in 
motor-inhibition tasks. Second, this mechanism has broad skeletomotor effects: action-stopping 



causes reduced corticomotor excitability in task-unrelated effectors, and similar broad motor 
suppression follows surprising events. Third, action-stopping also has suppressive non-motor 
effects: it reduces stimulus value and memory encoding. We developed a task in which working 
memory (WM) was interrupted by surprising events. Participants were presented with tones 
during WM maintenance, most of which were not surprising (sine-wave, standard, p=80%), and 
some of which were surprising (unique birdsong segment, novel, p=20%). Novels lead to 
reduced WM accuracy (p = .002), and novels that lead to WM errors were more surprising than 
novels that did not (p < .05). We measured EEG during this task, followed by a motor stop-
signal task (SST). Using independent component analysis, we identified a suppressive brain 
component that indexed successful action-stopping in the SST (motor suppression independent 
component, MS-IC, Fig. Panel A,B), and then investigated its activity in the WM task. 
Surprising events in the WM task indeed recruited the MS-IC, specifically in the lower 
frequency bands (1-13Hz, Panel C). Crucially, the degree of surprise-related MS-IC delta-band 
(1-4Hz) activity was negatively correlated with WM accuracy (Panel D). Furthermore, MS-IC 
delta-band activity was a significant mediator of the degree to which surprise disrupted WM 
(Panel E). Thus, surprise interrupts cognition via the same suppressive mechanism that interrupts 
action. This mechanism may produce a cognitive and motor ‘refresh’ after salient events, which 
could enable an attentional shift to the event, and new goal encoding. 
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Abstract: Older adults can behave recklessly, for example in traffic, especially during 
information overload. Age impairments have been shown in response inhibition, but the 
processes underlying this deficit are unclear. Here we aim to examine two distinct forms of 
response inhibition in aging, as well as the effect of cognitive load. Reactive response inhibition 
is the process of stopping a response and can be measured with stop-signal tasks. Proactive 
response inhibition entails the preparation for stopping and is characterized by proactive slowing 
of reaction times. A group of young (n=25, age range 18-32) and older adults (n=23, 61-74) were 
tested using fMRI. We disentangled the effects of aging on both proactive and reactive inhibition 
using an adapted stop signal paradigm including different levels of cognitive load in which color 
cues signaled stop probability. Behaviorally, older adults had more difficulties cancelling a 
response (i.e. longer SSRT) relative to young adults, which was accompanied by increased 
medial frontal and occipital signal across level during reactive inhibition (Stop Success > Stop 
Failure). Moreover, SSRT was positively correlated with right inferior frontal gyrus (rIFG) 
signal. Thus, over-recruitment of the stop network during reactive inhibition was associated with 
impaired stop efficiency in older adults. During proactive response inhibition, the degree of 
proactive slowing was less in older than young adults in high relative to low cognitive load. This 
was reflected by increased IFG, fronto-polar and occipital signal in high relative to low cognitive 
load for young compared with older adults during proactive inhibition (parametric regressors for 
stop probability on Go trials). Thus, both at the neural and behavioral level, older adults did not 
engage in proactive inhibition during high cognitive load. Our findings suggest that reckless 
behavior in older adults might be due to a reduced ability to stop an action, as well as due to a 
diminished capacity to prepare for an upcoming stop in situations of information overload. 
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Abstract: Human research examining the neural mechanisms underlying inhibitory control has 
typically relied on paradigms (e.g., Stop signal, Go/No-go task) that require withholding a 
prepotent response to a neutral stimulus. While this approach has been invaluable, most clinical 
dyscontrol problems such as those found in addiction arise from the inability to control the 
impulse for reward. We administered a novel monetary reward task during fMRI data collection 
to dependent cigarette smokers (n = 22) and matched control participants. The task cued 
participants to expect a monetary reward. On a small proportion of trials, rather than making a 
button-press response to receive the monetary reward participants were shown a stop-signal that 
required them to withhold their response. To mimic real-world abstinence, successful response 
inhibition over a money-related stimulus received no financial reward, whereas the failure to 
withhold resulted in the expected monetary reward. BOLD activity for the response preparation 
and response inhibition epochs of successful inhibition over a reward-related stimulus, indicated 
hyperactivity in cognitive control regions (e.g., right inferior frontal gyrus, dorsal anterior 
cingulate gyrus) and hypoactivity in reward anticipation regions (e.g., striatum, nucleus 
accumbens). Significant differences were apparent between smokers and non-smokers during the 
response preparation period when successful control over reward was compared to either failures 
of control, or successful control over a neutral stimulus. Our results suggest that impulsiveness 
for reward in dependent smokers control is associated with both the up-regulation of reward-
related anticipation and down-regulation of cognitive control-related processes. The results 
support the hypothesis that interventions for addiction targeting both reward sensitivity and 
cognitive control, rather than either individually, will have greater chances of achieving 
improved treatment outcomes. 
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Abstract: Separate lines of research suggest that cognitive control over memories and actions 
may rely on overlapping neural systems. We therefore examined in the same individuals how 
these two modalities of cognitive control may alter cortical dynamics. To do so, we directly 
compared BOLD responses induced by retrieval suppression against those induced by motor 
suppression. Retrieval suppression was indexed from the Think/No-Think task (TNT), which 
assesses the level of subsequent forgetting induced by repeated suppression of episodic 
memories. Motor suppression was indexed from the Stop-Signal task (SST), which assesses the 
time required to cancel a motor response that is already in the process of execution. We first 
examined if behavioral indices of cognitive control in one modality were predictive of those in 
the other. For memory suppression, we used indices of suppression-induced forgetting, while for 
motor suppression we used stop-signal response time. We found that cognitive control between 
modalities was tightly correlated across individuals (r = −0.66), suggesting that the TNT and 
SST tasks index a common executive resource. To explore potential supramodal patterns of 
cortical response, we conducted a conjunction analysis of suppression-induced activity between 
modalities. We found significant supramodal activation at several nodes in the right lateral 
prefrontal cortex (RLPFC), including middle frontal gyrus activation (BA9/46), inferior frontal 
gyrus (BA44/45), and presupplementary motor area (BA6). To examine potential modality-
dependent cortical responses, we performed a priori region of interest (ROI) analyses in the 
hippocampus (HC) and in primary motor cortex contralateral to the response hand (M1). We 
found a significant ROI (HC, M1) x Task (TNT, SST) interaction, driven by modality-dependent 
responses in each ROI. Specifically, retrieval suppression evoked significantly larger negative 
BOLD responses in HC compared to M1, whereas motor suppression evoked significantly larger 
negative BOLD responses in M1 compared to HC. We then examined with dynamic causal 
modeling (DCM) if cognitive control induces coupling between the observed supramodal nodes 
in RLPFC and downstream nodes in HC and M1. We found evidence that the same population of 



supramodal neurons in the RLPFC is bi-directionally coupled with the HC during memory 
suppression and with M1 during motor suppression. Our results indicate that cognitive control of 
both memories and actions evokes a common supramodal RLPFC system, which in turn evokes 
modality-dependent coupling in anatomically distributed subsystems. 
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Abstract: Comorbid Post-traumatic Stress Disorder (PTSD) and mild traumatic brain injury 
(mTBI) represents a complex neuropsychological construct with impairments in executive 
functioning (EF) and emotional processing (EP), impacting social functioning, quality of life, 
and mental health. Understanding the underlying neurobiology of these deficits can significantly 
improve the efficacy of intervention in individuals with mTBI/PTSD. This study aims to identify 
underlying neurobiology of EF and EP deficits, and elucidate relationships between neural 
network function in fronto-limbic (FL) and front-striate (FS) regions and connectivity, symptom 
severity (SS) and neurocognitive (NC) impairments. We conducted functional (fMRI), resting 
state (rsfMRI) and diffusion tensor (DTI) magnetic resonance imaging in 95 veterans (ages 16-
65) who met criteria for PTSD/mTBI. FMRI tasks included an affective face matching task 
(AFMT), affective 1-back task (A1BT), and a go-no-go inhibition task (GNGT). Subjects 
completed the Barratt Impulsivity Scale (BIS-11) and Clinician Administered PTSD Scale 



(CAPS). Images were acquired on a 3T SIEMENS Tim Trio. Image analysis included whole-
brain voxel-wise and region-of-interest (ROI) analyses performed using FMRIB's Software 
Library (FSL). Pearson’s correlation coefficient was used to threshold and identify significance 
at p<.05 for mean % signal change VS. NC and SS scores. Resting state functional connectivity 
(rs-FC) was analyzed using Python/FSL. Pearson’s R coefficient (R>.33) for the best linear fit of 
z-scores vs. NC scores (p<.05). ROI-based analyses revealed reduced amygdala and fusiform 
gyrus activation related to increased CAPS. Increased insula activity related to increased BIS-11 
and CAPS during the AFMT. Increased cingulate gyrus activity related to increased CAPS and 
BIS-11, while increased middle frontal gyrus related to increased BIS-11 during the A1BT. 
During the GNGT, decreased inferior frontal gyrus activity related to increased BIS-11. Rs-FC 
analyses revealed decreased FS connectivity related to increased CAPS, and decreased FL rs-FC 
related to increased BIS-11. Overall, this study revealed that functional and rs-FC in FL and FS 
ROIs is aberrant in veterans with mTBI/PTSD. Hypo-activation in FL ROIs related to more 
severe CAPS during emotional face processing, while hyper-activation in these regions related to 
more severe CAPS and BIS-11. Rs-FC results could indicate networks being taken “off-line” 
more efficiently as severity increases. Future work will compare these data to healthy controls 
and correlate task-based activation to symptoms of hyper-arousal and emotional numbing. 
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Abstract: Obsessive Compulsive Disorder (OCD) is characterized by recurrent intrusive 
thoughts (obsessions) and repetitive rituals (compulsions), performed according to rigid rules. 
Executive impairment is evident in OCD and possibly dependent upon abnormalities within 
fronto-striatal circuitry. Thus, fundamental to the understanding of OCD, is a detailed knowledge 
of the patterns of connectivity between cortical and subcortical brain regions, building on the 
hypothesis that OCD is associated with dysfunctional interactions between nodes that should 
work in concert rather than from damage to individual brain regions. The present study was 
conducted to test the hypothesis of dysfunctional fronto-striatal loop circuits in OCD patients and 
to relate patterns of altered connectivity to cognitive mechanisms possibly underlying the 
perseveration demonstrable in the clinical behavior of OCD patients. We tested 44 OCD patients 
(27 medicated and 17 unmedicated) and 43 healthy controls on the Extradimensional / 
Intradimensional set shifting task from the CANTAB battery and collected multi-echo resting 
state data from the same subjects. In terms of neuropsychological performance, compared to 
controls, OCD patients made significantly more errors selectively at the extradimensional shift 
(EDs) stage. There were no differences in discrimination learning per se or at the 
intradimensional shift stage, demonstrating, that while being able to form an attentional set, 
patients were impaired when had to shift attention between stimulus dimensions. No significant 
differences were detected between medicated and unmedicated patients consistent with evidence 
that serotonergic mechanisms are not implicated in EDs performance. OCD patients showed 
functional abnormalities along the dorsal cortico-striatal axis, implicating significantly reduced 
functional connectivity (FC) between the caudate and lateral prefrontal cortex (LPFC). Reduced 
functional connectivity between the left caudate and the LPFC was significantly correlated with 
higher numbers of errors in the EDs stage. Current findings confirmed that OCD patients show 
marked impairment in cognitive flexibility, which previous studies demonstrated to have 
endophenotype qualities in OCD. Importantly, the study supported the hypothesis that OCD is 
associated with functional alterations of the dorsal fronto-striatal axis. Finally, the results 
suggested that reduced functional connectivity between the caudate and specific sectors of the 
frontal cortex might account for the rigid behavior observed clinically in OCD and possibly 
identified a valuable biomarker for this disorder. 
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Abstract: The prefrontal cortex (PFC) is essential for higher-level cognition. However, 
understanding the functional organization of the PFC has been challenging given the widespread 
involvement of much of the PFC across a range of cognitive tasks. Focal disruption of distinct 
areas of the PFC can therefore provide a powerful means to causally tease apart the functions of 
distinct regions and elucidate the organizational structure of the PFC. Based on previous data, we 
hypothesized that the PFC has two axes of organization: a dorsal-ventral axis sensitive to 
content, and a rostral-caudal axis sensitive to levels of cognitive control. To causally test this 
proposal, participants performed a task that varied demands on content (verbal, spatial) and level 
of cognitive control (low, mid, high) after receiving continuous theta-burst transcranial magnetic 
stimulation (TMS) to either the rostral PFC (lateral frontal pole), mid-ventral PFC (ventrolateral 
prefrontal cortex), or caudal-dorsal PFC (caudal superior frontal sulcus). As predicted, TMS to 
different sites produced distinct patterns of impairment: 1) TMS to caudal-dorsal PFC impaired 
spatial processing generally; 2) TMS to mid-ventral PFC impaired verbal processing, especially 
at mid-levels of cognitive control; 3) TMS to rostral PFC produced no effect on content 
processing, but impaired high-levels of cognitive control. Notably, these results were partially 
hierarchical in that disruptions that produced impairments at lower levels of cognitive control 
also tended to produce impairments at higher levels of cognitive control, while the converse was 
not true. These results provide causal evidence for a dorsal-ventral content and rostral-caudal 
abstraction organization of the PFC, and support the idea that interactions within the PFC are 
hierarchical. 

Disclosures:  D.E. Nee: None. M. D'Esposito: None. 

Nanosymposium 



751. Human Cognition: Cognitive Control and Flexibility 

Location: N227 

Time: Wednesday, October 21, 2015, 1:00 PM - 4:15 PM 

Presentation Number:  751.11 

Topic: F.01. Human Cognition and Behavior 

Support: NSERC Discovery Grant 

Title: The what, where and when of executive function: dissociating cognitive control processes 
in the human brain 

Authors: *S. LEMIRE-RODGER1, R. N. SPRENG2, W. D. STEVENS1, G. R. TURNER1;  
1York Univ., Toronto, ON, Canada; 2Cornell Univ., Ithica, NY 

Abstract: Executive control processes have been found to cluster around three factors: updating, 
inhibition and task switching. Few neuroimaging studies have directly contrasted these processes 
in a single study. Here we examined convergent and divergent patterns of neural activity using a 
within-subject design and a novel paradigm that matched all non-executive demands across 
tasks. Participants underwent fMRI scanning while switching between updating, inhibition and 
control tasks. Our original analysis identified divergent patterns of activity related to each of the 
executive functions of interest. Working memory updating was associated with bilateral activity 
(right > left) in dorsolateral prefrontal and insular cortex as well as lateral parietal cortex. 
Inhibition was associated with activity in the right ventrolateral prefrontal cortex and frontal 
poles bilaterally as well as medial prefrontal cortex. Task switching was associated with a 
predominantly left-lateralized activation pattern including regions of the dorsolateral prefrontal 
cortex, superior medial prefrontal cortex, posterior cingulate cortex as well as lateral parietal 
cortices. A conjunction analysis revealed virtually no overlap in brain activity for the three tasks. 
These results provided strong evidence for the fractionation of executive control processes in the 
human brain. In the current study, we used a mixed block and event-related analysis to isolate 
brain areas associated with sustained and transient aspects of executive control (specifically 
updating and inhibition). This analysis revealed areas associated with trial-wise activation as 
well as the instantiation and maintenance of executive task-set. Brain areas involved in both the 
transient and sustained aspects of executive control remained distinct across conditions. 
Updating events were associated with bilateral insula activation while regions or lateral frontal 
and parietal cortices were active over condition blocks. Inhibition events were associated with 
activation of frontal polar cortices bilaterally as well as right inferior frontal gyrus. Sustained 
activity during inhibition blocks was associated with left superior parietal lobe, precentral gyrus, 
and cuneus. These results replicate our previous findings, demonstrating that executive control 
processes are dissociable in the brain. Here we extend these findings to suggest that this 



distinction may be most robust for discrete events. In contrast, sustained activity in superior 
parietal cortices was observed for both tasks, and may reflect the maintenance of an executive 
control task set. 
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Abstract: The posterior cingulate cortex (PCC) communicates with multiple sensory modalities 
and is implicated in a broad range of cognitive tasks and psychiatric conditions. We have 
previously shown that the PCC contains a ‘local functional architecture’ (LFA) of subregions. 
The existence of these subregions raises the possibility that the PCC is not uniformly recruited 
across different cognitive tasks. Further, the functional connectivity (FC) of each PCC subregion 
may dynamically alter during different task contexts. We analysed task and resting-state 
functional magnetic resonance imaging (fMRI) data from the Human Connectome Project 
(n=460) to parcellate the PCC into component subregions. Spatial independent component 
analysis was run in individual-subjects that included all 7 task fMRI datasets. The spatial 
correspondence of PCC network maps from each run was examined. We then assessed the FC of 
each PCC network with the rest of the brain, and tested the correspondence of the whole-brain 
FC maps. Finally, we examined the task-related contrasts to characterise the contributions of 
each PCC subregion to the task-based modulation of the PCC as a whole. The results showed 
that the PCC subregions are surprisingly robust to different task contexts, with similar subregion 
maps being obtained from different tasks. Connectivity to other regions of the brain was also 



highly consistent across tasks. However, subregions of the PCC showed strikingly different task-
based modulation depending on the task that was being performed. In contrast, when assessed as 
a whole the PCC showed the characteristic DMN pattern of function; with decreased activation 
for externally oriented tasks and increased activation for internally oriented tasks. Our results 
support the notion that the PCC can be decomposed into a set of task-invariant regions. 
Furthermore, these same regions, although consistently activated as a whole for many tasks, were 
differentially modulated across different tasks. This suggests that the PCC adopts different 
configurations of relative subregion activation during different task contexts. This may explain 
how similar activation of the PCC can subserve multiple cognitive tasks; through different local-
scale modulation in subregions that are relatively specialized in their global connectivity. We 
propose that these local-scale features are integral to the role of the PCC, and propose that 
different neurological conditions (many of which implicate the PCC) may also be stratified by 
regarding the existence of these subregions. 
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Abstract: Transcranial direct current stimulation (tDCS) is a valuable tool for improving 
cognitive performance and elucidating causal brain-behavior relationships. However, 
conventional tDCS has a spatially diffuse effect on neural activity, reducing its utility to 
researchers interested in inducing targeted neurocognitive effects. The recent development of 
"high-definition" tDCS (HD-tDCS) enables researchers to modulate neuronal activity with an 



increased focality relative to conventional tDCS. Heretofore, relatively few studies have utilized 
HD-tDCS to improve cognitive task performance, and almost no studies have compared HD-
tDCS to non-HD (conventional) tDCS. In the present study, we determined whether HD-tDCS 
could be used to improve response inhibition, a critical executive function that is impaired in 
various clinical populations marked by heightened impulsivity. Through the use of predictive 
computational models, we designed an HD-tDCS montage to principally target the right inferior 
frontal cortex (rIFC), a brain region that is known to play a critical role in response inhibition. 
Participants performed a response inhibition task (the stop-signal task, SST) before, during, and 
after HD-tDCS (group 1) or conventional tDCS (group 2) was delivered to rIFC. Further, a third 
group of subjects completed the same pre-posttest design but received tDCS to a control site 
(mid-occipital cortex). SST performance was improved in both the HD-tDCS and conventional 
tDCS groups relative to the control group. Thus, we provide seminal evidence that HD-tDCS can 
be used to improve response inhibition, suggesting that it is possible to modulate executive 
functions using a method with purported improved spatial focality relative to conventional tDCS. 
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