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Session A: Thursday 1:00-3:00pm, 5:45-6:30pm 

A1) 

Cortical Thinning in Parkinson’s Disease 

Y. Yau*, Y. Zeighami, T. Baker, K. Larcher, & A. Dagher 

Introduction: Cortical thickness is thought to precede neuronal cell death and can be more 
sensitive in identifying regional grey matter changes than voxel-based morphometry techniques. 
The present study investigated structural changes in regional cortical thickness that may 
characterize the progressive nature of Parkinson’s Disease (PD) in a large, multicenter cohort of 
patients over a one-year period following initial diagnosis. 

Methods: T1-weighted MRI scans of de novo PD (n = 110) and healthy controls (n = 59) from the 
Parkinson’s Progression Markers Initiative were acquired from 3T scanners at both 
initial/baseline visit and at a one-year follow-up using a magnetization-prepared rapid-
acquisition gradient echo sequence. 

Cortical thickness model was generated using the CIVET preprocessing pipeline with CBrain 
(https://cbrain.mcgill.ca/). Images were corrected for inhomogeneities to improve brain 
segmentation. Surfaces were registered to the MNI-Talairach stereotaxic space using the 
ICBM152 template [1]. Cortical thickness at each vertex was evaluated by an automated method 
which calculated the distance between corresponding vertices of inner and outer cortical 
surfaces. Vertices were then assigned to anatomical regions using the Automatic Anatomical 
Labeling [2].  

The SurfStat software package (http://www.math.mcgill.ca/keith/surfstat/) was used to analyze 
the T1-weighted images. Changes in cortical thickness was calculated by subtracting the values 
(?t = t1?t2) at the one year follow-up (t2) from the baseline (t1). Both difference within PD [(PD1-
PD2)], and between PD and controls [(PD1-PD2)-(CTL1-CTL2)] were analyzed based on random 
field theory with a threshold of p<.05 [3]. Observed differences in cortical thickness were then 
correlated to other potential disease-related measures using Pearson correlations. These 
included measures of PD severity, performance on neurocognitive tests, and levels of ?-syn and 
Alzheimer pathologies (A?42, t-tau and p-tau181) from cerebral spinal fluid samples. Age and sex 
were used as confounding covariates for all analyses. 

Results: Mean whole-brain cortical thickness decreased with age in both PD patients (t1 = 
3.055mm±0.013; t2 = 3.027mm±0.013) and controls (t1 = 3.055mm±0.016; t2 = 
3.036mm±0.017). In both groups, global cortical thickness significantly correlated with age (both 
p<0.01). 

Within PD patients, changes in cortical thickness first-year post-diagnosis is relatively 
widespread. Greater PD severity at baseline was significantly associated with lower cortical 
thickness at baseline (r=-.136, p=.013) but not at follow-up.  

In comparison to controls, regional cortical thinning of the right medial temporal lobe was 
observed in PD patients over the one-year period. Additional analyses restricted to the PD group 
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found that cortical thickness of this region at both time points, was significantly correlated with 
performance on neurocognitive tests at the one-year follow-up (all p <.05). Trends of inverse 
correlation was also observed between changes in Montreal Cognitive Assessment score over 
the one-year period and cortical thickness at both baseline (r=-.182, p=.061) and follow-up (r=-
.184, p=.058). No significant correlation was observed between cortical thickness of the right 
medial temporal lobe and PD severity or cerebral spinal fluid measures. In the control group, no 
significant correlation between cortical thickness and other measures was observed. 

Conclusion: Compared to controls, PD patients show widespread cortical atrophy at baseline. 
Over the one-year period following initial diagnosis, specific regional thinning of the medial 
temporal lobe was observed in PD patients compared to controls. Moreover, thinning of this area 
was associated with poorer performance on tasks assessing neurocognitive function. Together, 
the results indicate that cortical thinning can serve as a biomarker for early-PD and may help 
delineate different progression of the disease. 
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A2)  

Potential role of the microRNA, miR-218, as a developmental biomarker of depression-like 
behaviors 

Angélica Torres-Berrío1,2, Santiago Cuesta2,3, Dominique Nouel2, Matthew Pokinko2,  

Eric Nestler4, Cecilia Flores2,3 

1Integrated Program in Neuroscience, McGill University, Montréal, Québec, Canada; 2Douglas 
Mental Health University Institute, Montréal, Québec, Canada; 3Department of Psychiatry, McGill 
University, Montréal, Québec, Canada; 4Fishberg Department of Neuroscience and Friedman 
Brain Institute, Icahn School of Medicine at Mount Sinai, New York, NY USA. 

Introduction: We recently identified the microRNA, miR-218, as potent repressor of the guidance 
cue receptor gene DCC (Deleted in colorectal cancer) and demonstrated that low miR-218, but 
exaggerated DCC, expression in the prefrontal cortex (PFC) are consistent traits of depression-
like behaviors in humans and mice.  

Methods: We used C57BL/6 mice and quantitative-PCR to assess whether (1) the PFC expression 
pattern of miR-218 and Dcc varies across postnatal neurodevelopment, (2) miR-218 expression 
in blood predicts susceptibility to chronic social defeat stress (CSDS), and (3) antidepressant 
treatment modifies PFC expression of miR-218 and Dcc.  

Results: We report first, that while miR-218 expression in PFC increases from early development 
to adulthood, Dcc expression decreases. Interestingly, adolescence defines this transition 
pattern. Second, miR-218 expression in blood reflects levels of miR-218 in PFC and predicts 
vulnerability to stress-induced depression-like behaviors: Before CSDS exposure, susceptible 
mice have reduced miR-218 blood expression in comparison to controls. In contrast, resilient 
mice have greater miR-218 expression. After CSDS, susceptible mice continue exhibiting reduced 
miR-218 in blood and resilient mice reach levels observed in controls. Finally, we demonstrate 
downregulation of Dcc in the PFC by repeated exposure to fluoxetine.  

Conclusion: PFC levels of miR-218 appear to maintain the dynamic pattern of Dcc expression 
throughout life. Furthermore, high baseline miR-218 expression seems to buffer deleterious 
effects of adverse experiences, most likely by preventing increases in Dcc expression. We propose 
that miR-218 expression in blood is a novel marker of vulnerability to stress and a promising 
target for early interventions.  
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A3) 

A small-molecule peptide inhibitor of Caspase-6 prevents neuronal degeneration in human 
primary neurons and reverses Caspase-6-dependent cognitive impairment in mice. 

Prateep Pakavathkumar*, Anastasia Noël, Agne Tubeleviciute-Aydin, Jan-Eric Ahlfors, Andréa C. 
LeBlanc 

Caspase-6 (Casp6), a member of the aspartate-specific cysteinyl proteases, has been implicated 
in early Alzheimer Disease pathology. Low levels of Casp6 activity are detected in the brain and 
cerebrospinal fluid of non-cognitively impaired individuals where it correlates negatively with 
cognitive function. Moreover, overexpression of human Casp6 in the CA1 region of the mouse 
hippocampus results in age-dependent cognitive deficits. Thus, Casp6 activation is a novel target 
for therapeutic intervention.  

New World Laboratories Inc. developed potent, non-toxic, blood-brain permeable, competitive, 
and irreversible Casp6 inhibitors, NWL-117 and -154. Both compounds showed half-maximal 
inhibitory concentrations (IC50) of 0.6 ?M and 0.2 µM against recombinant active Casp6, 
respectively. Human colon carcinoma cells (HCT116) transfected with a self-activating form of 
Casp6 and serum-deprived human primary neurons were used to assess the inhibitory activity of 
NWL-compounds in cells. Non-toxic concentrations of NWL-compounds (100 ?M, 2 hours) 
significantly inhibited Casp6 activity in HCT116 cells as measured by an in vitro fluorogenic assay 
and by western blot analysis for ?-tubulin-cleaved by Casp6 (Tub?Casp6). In time course 
experiments, NWL-117 and -154 significantly inhibited Casp6 activity within 15 minutes of 
treatment. In contrast, 2 hours after removing the compounds, cells-treated with NWL-117 and 
NWL-154 recovered 85% and 50% of their original Casp6 activity, respectively. In serum-deprived 
human primary neurons, both compounds significantly inhibited endogenous Casp6-mediated 
fluorogenic activity and decreased Tub?Casp6 levels. Immunofluorescence experiments showed 
significant decreases Tub?Casp6 within axons of serum-deprived neurons following treatment 
with NWL-117 and NWL-154. Neuroprotection was also observed by time-lapse live cell imaging 
showing a significant reduction of neuritic beading in the presence of NWL-117. Mice that acquire 
Casp6-mediated age-dependent memory impairment were treated acutely with NWL-117 and 
tested using the Novel Object Recognition task. Treatment with NWL-117 significantly reversed 
novel object recognition deficits compared to saline-treated mice. This was paralleled with a 
decreasing trend in the levels of Tub?Casp6 and inflammation-associated Iba1 microglial staining 
in the hippocampi of treated mice. These results indicate that pharmacological inhibition of 
Casp6 may remedy Casp6-dependent neurodegeneration and cognitive impairments. Further 
development of potent, non-toxic, selective, and blood-brain permeable inhibitors of Casp6 is 
necessary. 
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A4) 

Postnatal development of Purkinje cell firing properties. 

Autumn Metzger, Charlotte Rosen, and Alanna Watt 

Purkinje cells are the sole projection neurons of the cerebellar cortex, and their firing 
represents the output of the cerebellar microcircuit. Purkinje cells display pacemaker-like 
properties: they fire action potentials at high frequency and high regularity even in the absence 
of synaptic input. We wondered how Purkinje cell firing is regulated during postnatal 
development. Using extracellular recordings from wildtype C57Bl/6 mice, we found that 
Purkinje cells in the first week of development had low firing frequency (P5−6: frequency=7.6Hz 
±2.2, N=14 cells) with high precision of spike timing, as measured by the low coefficient of 
variation (CV) of inter-spike intervals (CV= 0.08±0.06). Surprisingly, during the second postnatal 
week of development, while Purkinje cell firing frequency increased (P10−14: frequency= 
45.8Hz ±19.5, N=13), the firing precision decreased significantly (CV=0.15±0.04, P=0.005). We 
wondered whether GABA innervation, which changes dramatically during postnatal 
development, contributes to firing regularity during development but found no changes in 
Purkinje cell firing precision in the presence of GABAzine during the second week of postnatal 
development (P=0.79). This suggests that GABA does not contribute significantly to the 
regularity of firing during development as it does in older Purkinje cells. Since deficits in 
Purkinje cell firing precision has been implicated in several forms of ataxia, understanding the 
mechanisms that control Purkinje cell firing properties throughout development is important 
for our understanding of cerebellar function. 
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A5) 

“Red-hair” polymorphisms in MC1R and pain sensitivity 

*K.Zorina-Lichtenwalter; Lichtenwalter, R.N.; Slade, G.D.; Dubner, R.; Fillingim, R.B.; Greenspan, 
J.D.; Ohrbach R.; Knott, C.; Maixner, W.; Diatchenko, L.B. 

AIMS: Melanocortin 1 receptor, encoded by the gene MC1R, has been linked to the red hair/fair 
skin phenotype as well as pain sensitivity in humans. Nonsynonymous single nucleotide 
polymorphisms (SNPs) in MC1R have been reported as both protective and risk-enhancing in 
sensitivity to painful stimuli. Here we query the contribution of MC1R to nociception by analyzing 
its common nonsynonymous as well as regulatory-region SNPs for association with baseline pain 
sensitivity. 

METHODS: We genotyped MC1R SNPs on the Illumina Omni2.5Exome panel in a cohort of 1,082 
chronic cases of temporomandibular disorder (TMD) and 2,144 TMD-free controls in the OPPERA 
(Orofacial Pain: Prospective Evaluation and Risk Assessment) project. Both groups underwent 
clinical examination and quantitative sensory testing to evaluate sensitivity to thermal, 
cutaneous, and deep pressure pain. We then performed regression analysis on individual SNPs 
and phenotypes as well as haplotype analysis to assay for multivariate contribution.  

RESULTS: Sensitivity to painful stimuli is primarily affected by genetic variants in the regulatory 
region of MC1R, with additional contribution from at least some of the nonsynonymous SNPs. 
The effects of nonsynonymous SNPs may therefore be masked if their minor alleles fall on the 
wild-type background of the regulatory region.  
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A6) 

Neuronal inflammatory signaling in a rat model of early Alzheimer’s disease 

Lindsay A. Welikovitch*, Sonia Do Carmo, A. Claudio Cuello 

As the aging demographic grows, Alzheimer’s disease (AD) has become the most prevalent form 
of dementia, occurring in one in three individuals over the age of 85. Patients with AD exhibit 
progressive cognitive decline and memory impairment coincident with the occurrence of 
distinct pathological features within the brain, including the presence of toxic amyloid-β (Aβ) 
and neuroinflammation. Although it is widely accepted that the over-accumulation of toxic Aβ 
is the precipitating factor of AD, the precise molecular mechanisms that mediate subsequent 
pathological events remain unclear. It has been shown, by our lab and others’, that the 
intracellular accumulation of Aβ material in neuronal cells precedes its extracellular deposition 
and plaque formation both in AD patients and in animal models of AD. Our lab has also shown 
that, during this “pre-plaque” phase of the amyloid pathology, elevated levels of inflammatory 
molecules can be detected within neuronal cell bodies, possibly reflecting ongoing intracellular 
stress a result of toxic intracellular Aβ (iAβ) accumulation.  Although inflammation has long-
been acknowledged as a significant, disease-propagating feature of AD, its pathological 
significance in the earliest stages of the disease has yet to be appropriately addressed. Further, 
the role of the Aβ-burdened neuron as a primary inflammatory agent is a novel concept that 
has never been considered in the context of AD.  

Using laser capture microdissection, a highly precise method of excising individual cell 
populations from heterogeneous tissue sections, we isolated iAβ-burdened neurons from the 
hippocampus of young, pre-plaque McGill-R-Thy1-APP transgenic rats for subsequent mRNA 
analysis. mRNA isolated from these neuron-enriched samples were subjected to qRT-PCR 
Cytokine/Chemokine Array, which measures 84 molecules commonly involved in inflammation. 
We demonstrate, in isolated iAβ-burdened hippocampal neurons, an increase in the expression 
of several inflammatory transcripts, including chemokines and interleukins. These results 
validate the role of the neuron as a potential significant inflammatory agent during the earliest 
stages of the iAβ pathology, signaling ongoing intracellular stress as a result of iAβ buildup. 
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A7) 

The impact of the cholesteryl ester transfer protein on Alzheimer’s disease 

Felix Oestereich*, Leo Yu, Elizabeth-Ann Kranjec, Pierre Chaurand, Lisa Munter 

Background: The cholesteryl ester transfer protein (CETP) is a plasma lipid transfer protein that 
exchanges cholesteryl esters from high-density lipoproteins (HDL) to low-density lipoproteins 
(LDL) and consequently promotes atherogenic lipoprotein ratios. High cholesterol levels are a 
well-established risk factor for Alzheimer’s disease, the most common form of dementia. 
Importantly, genetic studies associated CETP polymorphisms with a reduced risk of developing 
dementia. 

Hypothesis: I hypothesize that CETP activity is detrimental for the progression of Alzheimer’s 
disease. Our objective is to determine the effect of CETP on APP processing and Alzheimer’s 
disease pathology using cell culture and mouse models. 

Methods: Levels of toxic amyloid-beta peptides were measured using ELISA. The expression of 
Alzheimer’s disease risk genes was determined by RT-qPCR. To measure the relative abundance 
of lipids in the brain, mass-spectrometry imaging was employed.  

Results: In cell culture, CETP activity increases the amount of secreted amyloid-beta peptides. In 
CETP transgenic animals, inflammatory cytokines are up regulated, and Alzheimer’s risk genes 
are modulated. Interestingly, CETP activity alters the brain lipid composition and distribution.  
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A8) 

Brain regional mGluR5 availability in recreational and dependent cocaine users 

Scala, S.G.*, Milella, M., Fotros, A., Larcher, K., Dagher, A., Rosa-Neto, P., Benkelfat, C., & Leyton, 
M. 

We recently reported evidence that people meeting criteria for current cocaine dependence 
(n=9) exhibit decreased striatal and limbic system type 5 metabotropic glutamate receptor 
(mGluR5) availability, as measured using positron emission tomography (PET) with [11C]ABP688 
(Milella et al., NeuroImage 2014). The effect appeared to be time-dependent, with longer periods 
of abstinence (2 to 14 days) associated with lower mGluR5 availability. A number of questions 
remain, such as (1) ?Do mGluR5 levels normalize following longer abstinence??; (2) ?Are mGluR5 
levels altered in non-dependent cocaine users, and, if so, do these levels also co-vary with 
duration of abstinence??; and (3) ?Are mGluR5 levels altered exclusively in users at elevated risk 
for transitioning to addiction (e.g., users with poor impulse-control), potentially reflecting a 
vulnerability trait??. To address these questions, we are extending our sample to include 
recreational cocaine users. To date, 10 dependent cocaine users, 3 high-risk recreational cocaine 
users, 3 low-risk cocaine users, and 16 stimulant drug-naïve healthy controls have entered the 
study. Compared to the healthy controls, both the dependent and high-risk cocaine users have 
elevated novelty seeking scores, measured with the Temperament and Character Inventory (p ? 
0.06), and elevated impulsivity scores, measured with the Barratt Impulsiveness Scale-11 (p < 
0.05). Low-risk users, compared to healthy controls, do not significantly differ on impulsivity 
scores (p = 0.371) though show a trend toward higher novelty seeking (p = 0.095). PET 
[11C]ABP688 binding values in the 10 cocaine dependent users continue to correlate negatively 
with duration of abstinence (1 to 14 days, striatum, p<0.05).  
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A9) 

The neural correlates of dance versus music 

Falisha J. Karpati*, Chiara Giacosa, Nicholas E.V. Foster, Virginia B. Penhune, Krista L. Hyde 

Introduction: Individuals with specialized training provide an opportunity to investigate human 
brain plasticity and the interaction between the brain and behaviour. Specifically, those with 
artistic auditory-motor training, such as dancers and musicians, allow the study of sensorimotor 
integration and the fusion of sensorimotor expertise with artistic performance. Although dance 
and music training have similarities, such as the importance of sensorimotor integration, they 
also possess several differences. Music training generally focuses on producing sound using 
effector-specific movements, while dance training commonly focuses on following sound using 
whole-body movements. While the neural correlates of music training are well-investigated (1), 
the brain structural correlates of dance are only beginning to be understood (2). Additionally, no 
studies have yet compared the gray matter structural correlates of dance versus music training. 
This study aims to examine the specificity of long-term dance versus music training on gray 
matter structure and behaviour. 

Methods: We used magnetic resonance imaging (MRI) to measure cortical thickness (CT) and 
gray matter concentration (GMC) in 20 expert dancers, 19 expert musicians and 20 untrained 
controls. Participants were also tested on a battery of music- and dance-related tasks, including 
dance imitation, rhythm synchronization and melody discrimination tasks. Statistical analyses 
were performed across the whole brain to test for group differences in CT and GMC, as well as 
regions where CT or GMC are correlated with task performance. 

Results: Both dancers and musicians showed greater CT than controls in the right superior (STG) 
and middle temporal gyri. Greater GMC in dancers compared to controls was observed in the 
STG and inferior frontal gyrus (IFG) bilaterally. CT in the left STG was correlated with performance 
on all three tasks. GMC in the STG and IFG bilaterally was correlated with performance on the 
dance imitation task. 

Conclusions: These results suggest that dance and music training affect gray matter structure in 
an overlapping manner, specifically in temporal regions. The shared gray matter structural 
correlates of dance and music is furthered by the finding that structure in the STG is correlated 
with performance on dance- and music-related tasks. These findings are consistent with previous 
work implicating the STG in dance- and music-related skills, such as dance 
observation/performance as well as melodic processing (3-6). The observation of the inferior 
frontal gyrus in the dance-related analyses is consistent with its involvement in observation and 
embodiment of actions (7,8). This work advances our understanding of the specificity of the 
neural correlates of dance and music training, and may have potential applications in therapies 
for motor disorders. 

References: 

1. Herholz SC, Zatorre RJ (2012). Neuron 76:486-502. 2. Karpati FJ et al. (2015). Ann N Y Acad Sci 
1337:140-146. 3. Cross ES et al. (2006). NeuroImage 31:1257-1267. 4. Brown S et al. (2006). Cereb 
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Cortex 16:1157-1167. 5. Foster NE, Zatorre RJ (2010). Cereb Cortex 20:1350-1359. 6. Bengtsson 
SL, Ullen F (2006). NeuroImage 30:272-284. 7. Calvo-Merino B et al. (2005). Cereb Cortex 
15:1243-1249. 8. Cross ES et al. (2009). Eur J Neurosci 30:1383-139. 
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A10) 

How can discourse about fetal alcohol spectrum disorder avoid generating or perpetuating 
stigma? A proposal for a focus-group study with impacted stakeholders 

John Aspler*, Eric Racine 

Rationale: Fetal alcohol spectrum disorder (FASD), a range of neurodevelopmental disabilities 
affecting roughly 1 in 100 Canadians, is caused by exposure to alcohol in the womb. Depending 
on severity, FASD can involve primary physical (e.g., restricted growth), behavioral (e.g., 
impulsivity), and cognitive (e.g., learning) disabilities. While surveys indicate Canadians are aware 
that FASD exists (86%), and that drinking alcohol when pregnant can harm a fetus (76%), they are 
less aware of what FASD actually entails. Since FASD can only be observed in about 10% of cases, 
the media (a common source of information) could play a key role in shaping public 
understanding of this disability. We previously conducted a media content analysis to explore 
discourse on this topic. One theme identified, and supported by the social science literature, was 
labelling and social stigma. Given links between alcohol consumption and a child’s developmental 
outcomes, women who drink while pregnant can face tremendous social exclusion and 
discrimination. People living with FASD also experience stigma, though we do not know why. To 
our knowledge, minimal research has explored the experiences of people affected by FASD in 
Canada. We plan to fill this gap. 

Aims: To understand different perspectives on stigma and related issues associated with FASD in 
the Canadian news media by engaging with key stakeholder groups.  

Proposal: We will report on the design of a qualitative focus group study, which explores the 
perspectives and constructed meanings of distinct stakeholders. We plan to use the results of 
our media content analysis to fuel these discussions with four relevant stakeholder groups: 1) 
people with FASD; 2) their biological mothers; 3) healthcare professionals; and 4) communicators 
of this discourse. 

Participants will first be invited to comment on their experiences with the diagnostic label of 
FASD. Then, participants will be asked to report and reflect on stereotypes associated with FASD. 
Finally, media prompts from our previous analysis will be used to explore perspectives on the 
appropriateness of various discourse.  

Expected outcomes: This project could improve outcomes for people with FASD and women who 
drink while pregnant by helping them be heard, by aiding in their destigmatization, by 
contributing to policy and education, and by helping researchers and clinicians communicate 
more sensitively with patients and the public. 
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A11) 

Novel Roles for Adaptor Proteins in Axon Guidance: 14-3-3 Zeta Regulates Netrin-dependent 
Attraction of Spinal Cord Commissural Axons 

Ricardo Alchini*, Christopher Kent, Andrew Kaplan, Sonia Rodrigues, Edward Ruthazer, Timothy 
Kennedy, Frederic Charron, Quenten Schwarz and Alyson Fournier. 

14-3-3s compose a family of adaptor proteins that is abundantly expressed in the central nervous 
system. These proteins recognize stereotypical domains in a myriad of client proteins, hence 
modulating their phosphorylation state, tertiary conformation and interactome. Our group has 
shown that 14-3-3s are major constituents of axonal growth cones. The developmental 
regulation of 14-3-3 expression impacts the processing of cyclic nucleotides, thus implicating 14-
3-3s in cell-intrinsic switches of the polarity of the responses to several repellents. In these 
models, antagonizing 14-3-3 activity reverts repulsion into attraction to different guidance cues. 
However, the expression of some 14-3-3s at stages where axonal attraction is predominant raises 
the possibility that 14-3-3s may also affect attractive responses. In the present work, we used in 
vitro turning assays to show that R18, a 14-3-3 antagonist, abolishes netrin-dependent attraction 
and fast growth cone responses in pre-crossing spinal cord commissural neurons. In a screen for 
14-3-3 isoforms that interact with DCC, we found 14-3-3 zeta to consistently bind to this receptor, 
suggesting a direct role for this family of proteins in netrin-dependent attraction. Interestingly, 
14-3-3 zeta knockdown mimicked R18 treatment in our phenotypical assays. Analysis of 14-3-3 
zeta-null mouse spinal cords revealed that 14-3-3 zeta deficiency causes defects commissural 
projections.  Additional experiments are being performed in order to unveil the effects of 14-3-3 
in DCC signaling. 
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A12) 

Specificity of neural responses to processing emotional acoustic information: An fMRI-
adaptation study 

Jocelyne C. Whitehead* and Jorge L. Armony 

Emotions portrayed through the auditory domain can convey critical information that enables 
the listener to interpret the intent and affective state of the emitter. The evident parallels 
between music and voice and their effects on the brain, has generated discussion amid 
researchers in the field. In the current literature, it is largely unknown whether these unique 
classes of acoustic stimuli are processed by the same neural populations, or rather independent, 
yet overlapping category-specific neurons. To directly address this question, we employed a 
functional magnetic resonance imaging (fMRI) adaptation paradigm in two experiments that is 
designed to measure the neural response to social communicative signals as a function of their 
category (music vs. voice) and affective value (neutral vs. fear). We used a fast (TR=529ms), high-
resolution (8 mm3 isotropic) multiband sequence to maximize temporal and spatial specificity of 
the observed responses, as well as statistical power. Our results confirmed voice-specific 
adaptation effects in the superior temporal gyrus that could not be explained solely by 
differences in the basic physical properties of each category. Moreover, emotion-specific 
adaptation effects were identified in response to musical stimuli. Overall, our results support the 
argument for the existence of independent neuronal sub-populations that are functionally 
separable in response to specific categories and emotions. Our findings for music, a powerful, 
emotionally arousing stimulus with no obvious survival or evolutionary relevance, are of 
particular interest as they create a distinction between the neural responses to music and voice, 
in the ongoing debate over neural overlap. 
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A13) 

Sensorimotor behavior in adults who stutter 

Anastasia G. Sares*, Mickael Deroche*, Douglas Shiller, Vincent Gracco 

Introduction: Developmental stuttering, characterized by repetition and prolongation of speech 
sounds, is theorized to be a problem of sensorimotor integration. This work examines the 
relationship between adults who stutter (AWS) and fluent controls (FC) in two different auditory-
motor integration paradigms: altered pitch feedback during vocalization and changes in auditory 
pacing during synchronized movement. 

Methods: Vocal compensation- Participants produce a sustained vowel while the pitch of their 
voice, fed back through headphones, is shifted up or down in real time by 100 cents (e.g. Jones 
& Munhall, 2005). The change in pitch of each person's voice is tracked as they respond to the 
changes in their feedback. 

Synchronization- Participants track an auditory metronome by squeezing on a pressure pad in 
time with the beat. Twelve tempi, in a random order, are presented to determine synchronization 
accuracy during stable periods, as well as the dynamics of recovering from a tempo change.  

Results and Conclusion: Vocal compensation- Global averages showed an opposing response to 
both up- and down-shifts in pitch. Compared to FC, AWS showed flatter vocal productions, and 
compensated less overall to pitch-shifts. 

Synchronization- AWS responded in advance of the beat more so than FC. However, both groups 
exhibited a typical over-correction pattern during the first couple of taps after a tempo change. 

Overall, AWS demonstrate a similar pattern of non-speech synchronization and reduced vocal 
compensation compared to FC. We are currently conducting a neuroimaging study of these tasks 
in the two groups. 
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A14) 

Seeing is believing: Pupil response to tangible and intangible perceptions 

Steve Beukema 

In two experiments investigating pupil-size changes to objects and textures, pupillary response 
differences were observed between various conditions. Experiment 1 had participants passively 
view static images that contained textures perceived as inherently static, or inducing a strong 
sensation of (illusory) motion. Despite literature reporting pupillary constrictions to the 
perception of coherent physical motion, our results indicate a pupillary dilation to the illusory 
motion textures as compared to the perceptually static textures – potentially implicating 
differences arising from tangible vs. intangible perceptual states. Experiment 2 had participants 
view images with elements forming objects, non-objects, and random patches. A greater 
pupillary dilation response was observed for the perception of objects relative to the other 
conditions, potentially outlining the recruitment of high-level cognition for top-down semantic 
processes inherent in object-recognition. Together, these experiments further highlight 
pupillometry as a useful means to explore high-level visual processes through the identification 
of physiological pupil-size differences to distinct perceptual states. 
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A15) 

Comparative benefits of simvastatin and exercise on cognitive and cerebrovascular 
impairments induced by high cholesterol in transforming growth factor-β1 (TGF) mice 

Lianne J Trigiani*, Jessika Royea, Xinkang Tong, & Edith Hamel 

Background: Physical exercise is known to improve cognitive function in healthy individuals, and 
is often recommended upon diagnosis of AD or VaD. However, the mechanisms by which it 
provides such benefits remain speculative. 

Methods: We compared the efficacy of voluntary physical exercise (free spinning wheel access) 
and pharmacological treatment (simvastatin) in their ability to counteract the deleterious effects 
of hypercholesterolemia on cognitive function in young WT and transgenic transforming growth 
factor-β1 (TGF mice, a model of cerebrovascular pathology) fed a high cholesterol diet (HCD). At 
3 months of age mice were treated (3 months) with simvastatin (40mg/kg/day) or exercise 
concurrently with HCD. Treatment efficacy was compared for spatial learning and memory using 
a Morris water maze (MWM) and for recognition memory using the novel object recognition 
(NOR) test. Cerebrovascular function was assessed by measuring changes in cerebral blood flow 
(CBF) induced by whisker stimulation, and the ability of isolated and pressurized cerebral arteries 
to respond to key vasodilators. A subset of mice were injected with BrdU (50mg/kg) to quantify 
hippocampal neurogenesis and used for immunohistochemistry analyses. 

Results: MWM results were inconclusive for demonstrating differences between groups, 
however a deficit in the NOR task was found in TGF mice fed a HCD. Moreover, TGF HCD mice 
administered simvastatin and those that exercised performed significantly better than TGF HCD 
in the NOR. Exercise was as effective as simvastatin in normalizing dilatory responses to 
acetylcholine, but neither treatment significantly improved the impaired whisker-evoked CBF 
response. Neurogenesis in the dentate gyrus, and the memory-related immediate early gene Egr-
1 in the CA1 region of the hippocampus were not rescued in the exercise group. In contrast, 
inflammatory markers (activated microglia and reactive astrocytes) were significantly reduced by 
treatments in the HCD group, particularly in white matter and cortex. 

Conclusions: Physical exercise was as effective as simvastatin in improving cognitive function, if 
not more potent as the inflammatory markers were more reduced. These latter effects may be 
related to the effects of exercise on endothelial cell health.   

Acknowledgements: Supported by grants from the Canadian Institute of Health research (MOP-
126001), and the Canadian Consortium on Neurodegeneration and Aging (CIHR-CCNA). 
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Genetic identification of pain circuits using developmentally regulated Cre expression 

R. Brian Roome*, Artur Kania 

Pain alerts animals to potential and on-going tissue damage. Sensing painful stimuli, termed 
nociception, originates at sensory neurons which relay pain signals to spinal dorsal horn circuits 
capable of inducing reflexive behaviours such as limb withdrawal. To elicit more complex 
behaviours and systemic responses, spinofugal projection neurons (SPNs) relay nociceptive 
signals to many brain structures, including the ventral medial and lateral thalamus, peri-
aqueductal gray and the parabrachial nucleus. These projection pathways remain poorly 
understood due to a lack of molecular handles whereby they could be manipulated.  

To uncover novel biomarkers of spinal neurons, including projection neurons, we studied adult 
transgenic mice expressing Cre in developing spinal cord neurons.  

Both Math1:Cre and Isl1:Cre mouse strains containing a Cre expression reporter were injected 
with retrograde tracer dyes into the above pain-related brain areas, allowing us to monitor the 
presence of Cre in projection neurons . We show that Math1:Cre and Isl1:Cre label a large 
population of deep dorsal horn neurons, but fail to label significant numbers of SPNs. However, 
we demonstrate that spinal trigeminal and parabrachial nucleus neurons that innervate the VP 
thalamus express Math1:Cre . Also, we find that central amygdalar neurons innervating the 
parabrachial nucleus express Isl1:Cre. These findings uncover a genetic diversity of projection 
neurons linking various nociceptive centres, allowing us to begin addressing their functional roles 
with molecular-level precision. 
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Overactive hedgehog singling causes oncogene-induced senescence 

Lukas Tamayo-Orrego*, Chia-Lun Wu, Francois Depault, Jeanne Madranges, Shannon M. Swikert, 
and Frédéric Charron 

Objective: Cancer is a multi-step process normally caused by sequential molecular events that 
are associated with different histopathological stages. However, little is known about the 
molecular mechanisms driving brain tumor progression. Medulloblastoma is the most common 
brain tumor in children and is often caused mutations leading to deregulation of hedgehog 
signaling, such as Ptch1 or Smoothened mutations. Using Ptch1+/- mice, we recently found that 
cell senescence is a tumor suppressive mechanism that prevents the progression of 
medulloblastoma preneoplasia to advanced tumors. Spontaneous p53 mutations or p16ink4a 
inactivation lead to senescence evasion and medulloblastoma progression. Therefore, cell 
senescence shapes the natural history and molecular evolution of medulloblastoma. Although 
we showed that cell senescence is associated with Ptch1 loss of heterozygosity (LOH) during 
preneoplastic stages of medulloblastoma, the molecular mechanisms causing cell senescence 
remain unknown. We hypothesized that overactive hedgehog signaling is an oncogenic stress 
causing senescence.  

Methods and results: Using complementary approaches, we found that high levels of hedgehog 
signaling cause oncogenic stress and lead to the upregulation of the p21 and p16ink4a 
senescence pathways. Moreover, using Crispr to delete Ptch1 in the wild-type cerebellum, we 
found that Ptch1 loss leads to the formation of preneoplastic lesions and the acquisition of a 
senescence phenotype, as evidenced by high levels of p21, p16ink4a and senescence-associated 
ß-galactosidase. Conclusion: We demonstrate for the first time that Hedgehog signaling 
hyperactivity causes oncogene-induced cell senescence.  
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Combining CRIPSR/CAS9 and iPSCs to Model Rare Neurodevelopmental Disorders 

Scott Bell, Huashan Peng, Carl Ernst 

1. McGill Group for Suicide Studies, Douglas Hospital Research Institute, Montreal, QC H4H 
1R3 Canada 

2. Department of Human Genetics, McGill University, Montreal, QC H4H 1R3 Canada 
3. Department of Psychiatry, McGill University, Montreal, Qc H4H 1R3, Canada. 

The development of accurate and informative models is essential to the investigation of any 
disease.  However, rare neurodevelopmental disorders have historically faced immense 
challenges developing effective models, as the scarcity of subjects and the invasive procedures 
required to obtain neural cells have limited the models available to researchers. However, 
recent advances in cell culture and gene editing have the potential to dramatically lower the 
logistical barriers associated with studying rare neurological disease. 

Here we present novel, optimized methodologies for modelling rare diseases of the nervous 
system in vitro. Fibroblasts derived from skin biopsies were de-differentiated into induced 
pluripotent stem cells (IPSCs) using an episomal vector. With stringent purifying techniques, 
pure IPSC colonies were established within thirty days. Once established, IPSCs were 
differentiated with optimized protocols into cortical neurons within twenty-five days. The total 
process took approximately two months, and neurons were demonstrated to be electrically 
active and express mature neuronal markers.  In order to model neurological disease in which 
access to patient cells may be difficult, we also developed a methodology for combining the 
episomal vector transfection with the insertion of a CRISPR-CAS9 plasmid. This enabled 
simultaneous genome editing and IPSCs induction, and did not significantly impact the time 
course for the generation of IPSCs.  

This methodology represents a significant decrease in the time, effort, and reagents required to 
model rare diseases CNS diseases in vitro, and enables researchers to develop disease models 
from more easily accessible terminally differentiated cells or from healthy cells that are genome 
edited to possess a disease-causing mutation. 
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The influence of scenes in recognition memory: An ERP study. 

Gloria Castaneda, Mathieu Brodeur. 

Recognition memory of objects is influenced by the scene in which they are perceived. For 
instance, an object seen for the second time is more likely to be recognized (i.e. true recognition) 
if it is placed in the same scene as the first time it was seen. Similarly, an object seen for the first 
time is more likely to be confounded with another similar object (i.e. false recognition) if the 
latter was previously seen in the same scene as where the new object is now presented. The 
current study measured and compared the brain signatures of a scene influence on true and false 
recognition of objects in order to determine if they rely on the same mechanisms. 

Twenty-one healthy participants underwent a recognition memory task. The stimuli were 
composed of objects appearing in various scenes. At recognition, half of the objects that were 
previously studied (i.e. familiar) were placed in either the same scene or in a differing scene. The 
remaining objects were novel, and resembled the previously studied objects (i.e., lures). Lures 
appeared either in the same scene as their similar, previously-studied object, or in a different 
scene. Event-related potentials (ERPs) were measured and computed for true recognition, miss, 
false recognition, and correct rejection. 

Similarity of scenes increased the true recognition rate of old objects and the false recognition 
rate of the new objects. The scene effect featured a positive and a negative shift of the posterior 
ERPs during true and false recognition, respectively. False recognition was also characterized by 
a frontal ERP modulation that was not evoked by true recognition. ERPs to miss and correct 
rejection were not affected by the similarity of scene. 
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The molecular mechanism underlying DNA damage induced by the Shh receptor Boc 

Swikert Shannon M*, Tamayo-Orrego Lukas, Khedher Ahmed, and Charron Frederic 

Integrated Program in Neuroscience, McGill 

Molecular Biology of Neural Development, IRCM 

Introduction: Cerebellar granule cell precursors (GCPs) proliferate in response to Sonic hedgehog 
(Shh) secreted from Purkinje cells. Prolonged activation of the canonical Shh pathway during 
development can lead to the formation of medulloblastoma (MB), the most common brain 
malignancy in children. Previously, our lab has established a model in which active Shh signaling 
in Ptch1 heterozygous mice induces high levels of proliferation leading to DNA damage. This 
drives Ptch1 loss-of-heterozygosity (LOH), which in turn causes constitutively active Shh signaling 
and oncogene-induced senescence. Tumors arise when senescence is evaded via p53 mutations. 
Boc inactivation significantly reduced tumor formation in these mice because Boc is required for 
Shh-induced DNA damage. Although we have also shown that Boc is highly upregulated in both 
human MB and mouse models of MB, the role that this high expression of Boc plays in tumor 
formation has not been studied.  

Objectives: 1- To ascertain that the upregulation of Boc is sufficient to induce DNA damage, 2- To 
identify the downstream mediators of Boc-induced DNA damage, and 3- To demonstrate the 
tumorigenic consequences of this effect. 

Methods and Results: Using dissociated GCPs from postnatal mice that were electroporated with 
either a Boc-GFP plasmid or a GFP control plasmid, we confirmed that Boc is sufficient to induce 
DNA damage, as measured by the fluorescence intensity of γH2AX (phosphorylated H2AX, a 
marker of DNA damage). This effect does not require the cytoplasmic tail of Boc. Our results 
indicate that Boc-triggered DNA damage is independent of canonical Shh signaling as SANT1 (an 
antagonist of Smo) and GANT58 (an antagonist of Gli) were not able to abolish Boc-induced H2AX 
phosphorylation. Looking downstream of H2AX phosphorylation in the DNA damage response 
pathways, we found that Boc upregulation increased the levels of phosphorylated and total Chk2, 
and phosphorylated and total p53. However, Boc overexpression did not have any considerable 
effect on Chk1.  

Conclusion: Based on our results, we conclude that the high levels of DNA damage observed in 
Boc-expressing cells triggers the DNA damage response pathway by activating Chk2 and 
stabilizing p53, thus halting cell-cycle progression. Our next step will be to confirm these 
experiments in vivo and to test if Boc upregulation can accelerate medulloblastoma 
tumorigenesis. 
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A heterosynaptic mechanism controls axon branch dynamics in the Xenopus laevis visual 
system 

Tasnia Rahman, Martin Munz, Edward S. Ruthazer; Montreal Neurological Institute, McGill 
University, Montreal, QC H3A 2B4 

Neural activity is thought to regulate the processes of axon branching and synapse formation 
which are critical for establishing precise circuit connectivity. However, what remains poorly 
understood is how neuronal circuits can be altered depending on the precise pattern of activity 
within a network. Here, we explore the contribution of presynaptic activity in neighbouring cells 
to circuit refinement by studying axon branch dynamics in the Xenopus laevis visual system. 
Retinal ganglion cells (RGCs) in the tadpole normally project all their axons to the contralateral 
optic tectum, but in a small fraction of animals, one or two RGC axons are instead misguided 
ipsilaterally. Using live two-photon imaging, we observed changes in branch dynamics of 
ipsilateral RGC axons during the presentation of flashes of light directed into either the ipsilateral 
or contralateral eye, thus stimulating either the single ipsilateral axon or its neighbouring 
contralateral inputs respectively. We found that contralateral, but not ipsilateral, eye stimulation 
was sufficient to increase branching of the single ipsilateral axon. However, we find that firing of 
the ipsilateral axon did upregulate the rate of branch tip retractions. This finding confirms that 
the pattern of visual stimulation plays an instructive role in mediating changes in branch 
dynamics. 
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Homeostatic synaptic plasticity changes in the ALS cortex 

Marie C Franquin*, Huashan Peng, Blandine Ponroy Bally, Carl Ernst, David Stellwagen 

Amyotrophic lateral sclerosis (ALS) is a progressive neuromuscular disease involving 
neurodegeneration of cortical neurons, particularly in the primary motor area (M1). Cortical 
hyperexcitability has been shown at pre-symptomatic stages in ALS patients and mouse models 
of ALS. We hypothesize that these changes are due to altered homeostatic synaptic plasticity 
mechanisms, which could be driven by inflammatory signaling. In order to test this hypothesis 
we are studying two models: the SOD1G93A mouse model and a human model based on the 
differentiation of induced pluripotent stem cells from familial ALS patients into neurons and 
astrocytes. Using electrophysiological as well as morphological analysis, we are testing if there is 
a change in homeostatic synaptic plasticity. We expect that our models will show similar features. 
We expect to see a change in the excitatory/inhibitory balance in both models. We also expect 
astrocytes to be involved in the synaptic plasticity alterations, maybe through inflammatory 
signaling. Overall, this work would provide new insights into the cortical aspects of ALS and the 
implications of the different cell types contributing to the pathogenesis of the disease, with 
phenotypes found in the presymptomatic mouse model being verified in a human model of the 
disease. 
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The effects of microglia-mediated inflammation on neuronal development in vivo 

Cynthia M. Solek*, Nasr A.I. Farooqi, Niklas S. Brake, Edward S. Ruthazer 

Neuroinflammation initiated by maternal infection during fetal development has been strongly 
implicated in the etiology of neurodevelopmental disorders, including epilepsy and 
schizophrenia. Preliminary results from our lab show that treatment of zebrafish larvae with 
bacterial lipopolysaccharide (LPS) to mimic infection causes microglia-dependent arborization 
defects in retinal ganglion cell axons in vivo.  Moreover, IL-1b levels are greatly increased 
following LPS treatment.  Preventing differentiation of myeloid lineage cells, which includes 
microglia, by morpholino oligonucleotide knockdown of the Pu.1 transcription factor eliminates 
these effects, indicating a central role for microglia in this signaling cascade.  We used 
Tg(Elav3:H2B-GCaMP6s) transgenic fish, in which the genetically encoded calcium indicator 
GCaMP6s is expressed pan-neuronally and targeted to the nuclei, to characterize neuronal 
responses to visual stimuli in the optic tectum of developing zebrafish larvae. Using resonance 
scanners and piezoelectric focusing, we performed high-speed in vivo 2-photon microscopy to 
image the calcium responses of hundreds of tectal neurons to visual stimuli and to measure the 
effect of LPS treatment on circuit function. These experiments will provide insights into the 
precise mechanisms that contribute to neurodevelopmental defects caused by microglia-
mediated inflammation. Our findings will inform translational studies that can help us better 
understand and ultimately may prevent the occurrence of neurodevelopmental disorders. 

Funded by CIHR Vanier Award (NAIF), FRQS Research Chair (ESR). 
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Chronic Angiotensin IV administration rescues cerebrovascular deficits and memory retention 
in a mouse model of Alzheimer’s disease.  

Royea J*, LaCalle-Aurioles M, Martinot P, Tong X-K, & Hamel E 

Background: Hypertension increases the risk of developing Alzheimer’s disease (AD) with 
increasing age. Cohort studies have shown lower incidence and progression to AD in elderly 
patients treated with anti-hypertensive medications targeting the renin-angiotensin system. The 
mechanism initiating these benefits is unknown; yet, blockade of angiotensin II (AngII) type 1 
receptors (AT1Rs) may favor conversion of AngII to angiotensin IV (AngIV). AngIV receptors 
(AT4Rs) have been implicated in cognitive performance and cerebrovascular dilatory function. 

Objective: We investigated whether chronic intracerebroventricular (icv) administration of AngIV 
could restore cerebrovascular and cognitive function in transgenic mice overexpressing the 
Swedish and Indiana mutations of the human amyloid precursor protein (APP mice). 

Methods: APP mice (4.5 months old) were administrated (icv, 1 month) artificial CSF or AngIV 
(~1.3 nmol/day, AT4R agonist), delivered using osmotic minipumps. At endpoint, a MWM was 
performed to assess spatial learning and memory. Neurovascular coupling response to whisker 
stimulation was measured using laser Doppler flowmetry and cerebrovascular vasodilatory 
function was measured in segments of isolated and pressurized posterior cerebral arteries. BP 
was monitored by non-invasive tail-cuff plethysmography. 

Results: Chronic AngIV administration rescued neurovascular coupling and dilatations of cerebral 
arteries to acetylcholine, calcitonin gene-related peptide, ATP-sensitive potassium channel 
opener levcromakalim and transient receptor potential vanilloid 4 channel opener GSK1016790A, 
as well as baseline production of nitric oxide measured by incubating vessel segments with N?-
nitro-L-arginine. The impaired spatial learning capacity of APP mice was not rescued following 1 
month of AngIV delivery. However, memory retention was improved for the time and distance 
swam within the target quadrant despite a non-significant number of crossings over the hidden 
platform, suggesting a deficit with precision. BP was comparable in all groups. 

Conclusions: The AngIV/AT4R cascade rescued impairments in neurovascular coupling, 
cerebrovascular dilatory function and memory retention in APP mice. Our findings identify the 
AngIV/AT4R cascade as a promising target for restoring cerebrovascular deficits in AD. 
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Brain self-control networks and weight loss in humans 

S NESELILER 1,2, W HU 2, M ZACCHIA 1,2, K LARCHER 2, S SCALA 1, M LAMARCHE 3, S STOTLAND 
4, M LAROQUE 4, E MARLISS 1,3, A DAGHER 1,2 

1 McGill University, Montreal, QC, Canada, 2 McConnell Brain Imaging, Montreal Neurological 
Institute, Montreal, QC, Canada, 3McGill Nutrition and Food Science Centre, Montreal, QC, 
Canada, 4 Motivation Weight Management Clinic, Montreal, QC, Canada 

While for most adults, dieting does not result in sustainable weight-loss, successful weight losers 
can be predicted by the initial weight loss at 1 month. We used fMRI to investigate how the neural 
response to food cues changes as weight-loss progresses over three months. .  

24 adults enrolled in a three-month weight loss program based on calorie restriction (mean BMI: 
30.1±3.2, range: 25-37). The average BMI of the participants decreased over the 3-month period 
from 30.1 to 28.6 (F (1.2, 21.4)=32.7, p<0.001). Subjects underwent fMRI prior to dieting, at 1 
month, and at 3 months, while viewing and rating food and scenery images. fMRI response for 
food cues was contrasted to scenery cues.  

Compared to the baseline, at one month, participants showed reduced activation in the 
ventromedial prefrontal cortex, a brain region that has been implicated in encoding stimulus 
value. In addition, there was a correlation between weight lost and increased activation in a 
fronto-parietal network that has been implicated in cognitive control. Despite continuous weight 
loss, at three months the activity of the brain regions associated both with the reward value and 
with cognitive control returned towards baseline. Behavioral results followed a similar pattern: 
at 1 month participants rated food cues, but not scenery cues, as less wanted. At three months, 
the rating for food cues returned to baseline levels (F(2,42)=6.9, p=0.002). 

These results suggest that the initial weight-loss is associated with greater activity in regions 
associated with cognitive control and reduced activity in the regions associated with stimulus 
value. This response returns to baseline at 3 months despite continuous weight-loss.  This change 
may contribute to reduced control over food intake and to subsequent weight re-gain in long-
term. 
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Regulation of Actin Cytoskeleton and Cell Migration by Mitochondrial Anchored Protein Ligase 
(MAPL) 

J. Andrew Dixon*, Julien Prudent, Luca Simla & Heidi M. McBride 

Cell migration is a process required for several physiological phenomena including embryonic 
neurological development and immunity. It is mediated by actin cytoskeleton dynamics and is 
regulated in response to several internal and external signals. It is also important in neurological 
development, as both neurons and glial cells rely heavily on migration mechanisms to ensure 
proper myelination and brain organization. The link between cell migration and mitochondria is 
not well characterized. 

Mitochondria, beyond being the powerhouses of the cell, also function as signalling platforms for 
numerous cellular pathways from apoptosis to antiviral signalling. Mitochondria are dynamic 
organelles, which undergo constant fission and fusion in order to carry out their diverse set of 
physiological functions. Our group has identified the Mitochondria Anchored Protein Ligase 
(MAPL), as the first mitochondrial E3 SUMO ligase, involved in mitochondrial dynamics. Small 
Ubiquitin-Like Modifier (SUMO) is a post-translational protein modification involved in the 
regulation of several cellular processes. Beyond its role in mitochondrial physiology, MAPL is 
involved in other cellular pathways including antiviral signalling and bile acid production. 
Interestingly, Mouse Embryonic Fibroblasts (MEFs) of the total germ-line deletion of MAPL 
revealed a curious actin cytoskeleton phenotype, and we sought to investigate the potential role 
of this phenotype in the context of cell migration.  

Here, we present data showing the role of MAPL in cell migration through regulation of the actin 
cytoskeleton. We show that Mouse Embryonic Fibroblasts (MEFs) isolated from our MAPL knock 
out (KO) mouse, exhibit a unique cytoskeleton phenotype. Indeed, the MAPL KO MEF display an 
increase in cell adhesion velocity, larger cell size, and more numerous filamentous actin 
protrusions. In addition, these KO cells have an altered cell shape featuring a less polarized 
localization of filopodia. Using the transwell migration assay, we have shown a decreased 
capacity of the KO MEF but also the MAPL KO thymocytes to migrate at steady state and in the 
presence of appropriate chemoattractants. Using live-cell imaging in the presence of a 
chemoattractant gradient, we have characterized the migration defect in KO MEF as a 
consequence of directionality rather than velocity.  

This work highlights for the first time, the role of MAPL and the potential other roles of 
mitochondrial SUMOylation in the cell migration process. This work opens the door to investigate 
the role of this protein in the migration of oligodendrocyte precursors cells in the context of 
myelination and re-myelination.   
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A novel therapeutic target for treating neurodegeneration and vascular permeability in 
Diabetic Retinopathy 

Pablo Barcelona, Alba Galan*, Sean Jmaeff, Gema Esquiva, Nicolas Cuenca & H. Uri Saragovi 

Propose: The p75NTR is a neurotrophin receptor that promotes neuronal pruning and death, and 
has recently been implicated in cardiovascular disorders. In the healthy adult retina p75NTR and 
proNGF are expressed at very low levels, but are up regulated in many disease states (e.g. Muller 
cells during glaucoma and retinitis pigmentosa, and neovasculature during retinopathy of 
prematurity). For that reason, we studied p75NTR in vascular and the neurodegenerative 
pathologies associated with Diabetic Retinopathy. 

Methods: We have used drug-like pharmacological antagonists of p75NTR or biological 
antagonists of proNGF (neutralizing anti-proNGF mAb), administered after disease onset. We 
studied the mechanism of action of p75NTR and its role in diabetes pathology, and modulation 
of the pathology by the inhibitors in the Streptozotocin (STZ) animal models. Drug delivery was 
done by 1x intravitreal injection after disease onset. Endpoints: FD-OCT quantification of retinal 
structure, biochemical quantification of p75NTR signals, kinetics of expression of receptor and 
ligand during disease progression by immunofluorescence and biochemical analyses, and 
neuronal survival quantified by TUNEL assay and by counting BRN3 labeled cells in whole retina. 
Vascular permeability and leakage is quantified by Evans Blue extravasation. Time-dependent 
kinetic studies were done from 1 week to 6 weeks of diabetes. 

Results: We have shown that p75NTR is up-regulated in Muller glial cells, and it is responsible for 
promoting glial production of neurotoxic cytokines TNF-alpha and alpha-2M, which in turn kills 
RGCs. P75NTR is also up-regulated in vasculature causing vascular dysfunction. The kinetics of 
p75NTR expression correlates with the disease progression. Pharmacological inhibition of 
p75NTR or of the proNGF ligand normalizes levels of neurotoxic cytokines and prevents neuronal 
fiber loss, decreases RGC death and reduces vascular permeability. 

Conclusion: The p75NTR mechanisms are paracrine by regulation of glia and vascular biology, 
impacting on RGC health and vascular permeability. Using p75NTR antagonists or proNGF 
antagonists, it was possible to ameliorate the neuronal component as well as the vascular 
component of the pathology in diabetes. These studies validate p75NTR as a druggable 
therapeutic target for diabetic retinopathy; and potentially it could be a target for other diseases. 

Funding: Supported by Canadian Institutes of Health Research (CIHR) and Foundation Fighting 
Blindness (FFB Canada) 
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Augmented quantal release of ACh at the NMJ in a zebrafish TDP-43 loss-of-function model 

Dzieciolowska, Stefania*; Armstrong, Gary; Durham, Heather; Drapeau, Pierre 

Amyotrophic lateral sclerosis (ALS) is a devastating neurodegenerative disease characterized by 
the progressive loss of innervation at the neuromuscular junction (NMJ) and death of upper and 
lower motor neurons in the spinal cord and motor cortex. About 4% of familial ALS cases can be 
attributed to mutations in the TARDBP gene encoding the TAR DNA binding protein 43 (TDP-43). 
Despite the relatively rare occurrence of mutations in TARDBP, the majority of ALS cases display 
abnormal accumulation of misfolded TDP-43 in the cytoplasm and concomitant loss of nuclear 
localization. To date, little is known about the pathophysiological deficits that arise following loss 
of TDP-43. In this report, we examined synaptic abnormalities arising at the NMJ following loss 
of tdp-43 by using a previously characterized mutant tardbp zebrafish line containing a 
premature stop codon (Y220X) that results in an unstable and degraded protein.  Homozygous 
tardbpY220X/Y220X zebrafish do not produce tdp-43 but develop normally due to expression of 
an alternative splice variant of tardbp-like (paralog of tardbp). In order to obtain a true TDP-43 
loss-of-function model, we injected homozygous tardbpY220X/Y220X fish with an antisense 
morpholino (MO) targeting the tardbp-like gene, ultimately creating a morphant-mutant. We 
then characterized their locomotor (swimming) activity, the structure of their neuromuscular 
junctions (NMJs) and the synaptic input from motor neurons onto muscle fibers. 
tardbpY220X/Y220X mutants injected with the MO, which lack both tdp-43 and tdp-43-like gene 
products, displayed a decreased survival rate, gross morphological defects, severely impaired 
locomotor activity, increased frequency of miniature end-plate currents (mEPCs) and an 
increased number of orphaned pre- and postsynaptic puncta reflecting orphaned motor neuron 
terminals and nicotinic acetylcholine receptors respectively. These results indicate that the 
depletion of tdp-43 results in impaired locomotor behaviour and is associated with presynaptic 
deficits arising in the motor neurons. Understanding these synaptic abnormalities will aid in our 
understanding of the mechanisms that result in motor neuron dysfunction in TDP-43-related ALS 
cases. 
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An 'HO-1 Transducer' Model of Schizophrenia 

Ayda Tavitian*, Wei Song, Hillel Zukor, Shih-Hsiung Lin, Jacob Hascalovici, Adrienne Liberman, 
Jeannie Mui, Hojatollah Vali, Carine Fillebeen, Kostas Pantopoulos, Ting-Di Wu, Jean-Luc 
Guerquin-Kern, Xin-Kang Tong, Sanjeev K. Bhardwaj, Lalit K. Srivastava, Edith Hamel, and Hyman 
M. Schipper 

Neural development is highly susceptible to disruption by oxidative and other stressors. The 
discovery of key molecules that act epigenetically to transduce various stress stimuli into 
aberrant patterns of central nervous system development may suggest new strategies for the 
treatment of neurodevelopmental disorders such as schizophrenia. Selective overexpression of 
the stress protein heme oxygenase-1 (HO-1) in astrocytes of novel GFAP.HMOX1 transgenic mice 
results in subcortical oxidative stress and mitochondrial damage/autophagy; increased iron 
deposition in numerous brain regions; diminished neuronal reelin and GAD67 content; induction 
of Nurr1 and Pitx3; increased tyrosine hydroxylase and alpha-synuclein expression; augmented 
dopamine and serotonin levels in basal ganglia; reduced D1 receptor binding in nucleus 
accumbens; axodendritic pathology; altered hippocampal cytoarchitectonics; enlarged lateral 
ventricles; impaired neurovascular coupling; attenuated prepulse inhibition; and hyperkinetic 
behavior. The GFAP.HMOX1 neurophenotype bears resemblances to schizophrenia and other 
neurodevelopmental conditions and implicates astroglial HO-1 as a prime transducer of diverse 
stressors into altered neurodevelopmental trajectories. Containment of the glial HO-1 response 
to stressors at strategic points of the life cycle may provide a novel approach for the prevention 
or management of schizophrenia and other human neurodevelopmental conditions. 
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The Christianson Syndrome-Associated Mutation NHE6∆ES is Mistrafficked and Impairs the 
Structure and Plasticity of Hippocampal Pyramidal Neurons 

Andy Gao*, Sara Kasem, Alina Ilie, John Orlowski, and R. Anne McKinney 

Christianson Syndrome (CS) is an X-linked neurodevelopmental disorder characterized by 
intellectual disability, epilepsy, and autistic features that is due to mutations in the intracellular 
sodium/proton exchanger NHE6. We have previously shown that in hippocampal neurons, NHE6 
localizes to the membranes of early and recycling endosomes, where it functions to regulate 
luminal pH and glutamatergic AMPA receptor (AMPAR) trafficking in response to activity. This is 
critical for long-term potentiation (LTP), the neural substrate behind learning and memory that 
could be impaired in CS patients due to the loss of NHE6 function. Currently, we are investigating 
one such NHE6 mutant that possesses a deletion of amino acids Glu287 and Ser288 (NHE6 ∆ES). 
Overexpression (OE) of NHE6∆ES in primary hippocampal neurons decreased their dendritic 
complexity, reducing total dendritic length, area, and branch points in comparison to controls. 
Along the dendrite, NHE6∆ES OE reduced mature dendritic spine density and instead increased 
the number of immature filopodia. At spines, NHE6∆ES showed attenuated colocalization with 
markers for early and recycling endosomes, yet increased colocalization with a lysosomal marker. 
Notably, NHE6∆ES exhibited less colocalization with GluA1-positive AMPARs, which must be 
trafficked properly to synaptic sites following LTP induction. However, both wild-type NHE6 and 
NHE6∆ES showed little colocalization with GluA2-positive AMPARs, implying that NHE6 mostly 
functions during the early phase of LTP. Moreover, in response to glycine-mediated chemical LTP 
stimulation, NHE6∆ES-transfected neurons failed to show an increase in spine head volume when 
compared to controls. Overall, we show that NHE6∆ES may result in a deficit of LTP induction at 
excitatory synaptic sites through the disruption of vesicular trafficking at excitatory synaptic sites, 
which may account for the learning deficits observed in CS. 
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A31) 

Resting State Correlates of Impulsivity and Body Weight in Adolescents 

Rachel J. Sharkey*, Kevin Larcher, Patricia Conrod, Alain Dagher 

Impulsivity and sensation-seeking are personality traits which are known to increase during 
adolescence in comparison to both childhood and adulthood. But, higher levels of impulsivity and 
sensation-seeking are known to be a risk-factor for a number of poor outcomes, including 
increased body weight.  

Impulsivity is related to the function of the frontostiatal network, specifically, the interaction 
between the striatum and a network of prefrontal regions including the orbitofrontal cortex, the 
ventromedial prefrontal cortex and the dorsolateral prefrontal cortex. The connectivity between 
these regions has been found to correlate with measures of impulsivity.   

This study used resting state fMRI to examine the relationship between the functional 
connectivity of the ventral striatum and two midbrain nuclei the substantia nigra, and the ventral 
tegmental area and measures of impulsivity and body weight, in the Neuroventure cohort of 
young adolescents.  

Correlations were found between the functional connectivity between ventral striatum seed and 
the ventromedial prefrontal cortex, and impulsivity, as well as between the functional 
connectivity of the substantia nigra seed and the entorhinal cortex, and, BMI Z-score for age and 
between the functional connectivity of the ventral tegmental area and the anterior cingulate 
cortex and sensation-seeking. 
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A32) 

Characterization of Behavioral and Pathological Changes in a MIA Model of Osteoarthritis of 
the Rat Ankle Joint 

Valerie Bourassa 

Osteoarthritis (OA) is a complex disease of the whole joint, resulting in pain and disability, and in 
humans is more frequent in the knee, ankle, hip and shoulder joints. To this day, there is no 
satisfying method of relieving osteoarthritic pain, which affects over 27 million American adults. 
Mechanisms of OA pain have been studied in the rat knee joint by intra-articular injections of the 
chondrocyte glycolytic inhibitor Mono-Iodoacetate (MIA). MIA-induced pain indicates that this 
method is clinically relevant and will continue to be useful for the development of better 
therapeutic strategies. However, most measures that confirm the pain behavior in the 
osteoarthritic knee joint do so by applying mechanical and thermal stimulus to the paw, an area 
remote from the knee joint. We suspect that this practice detects secondary hyperalgesia, which 
is due to sensitization of neurons in the central nervous system (CNS) rather than the local release 
of inflammatory mediators. The present study characterizes the behavioral changes and 
histopathological changes of cartilage necrosis and degeneration that occur in a new model of 
MIA-induced OA in the rat ankle joint, which we believe will more closely replicate the clinical 
symptoms of the human disease. 

In this characterization experiment, we determined that a dose of 2.4 mg of MIA in 40 µl of saline 
administered via intra-articular injection in the right ankle joint generated significant mechanical 
hypersensitivity starting at 4 weeks post-injection as detected by Von Frey filaments. Mechanical 
hypersensitivity was accompanied by cold allodynia starting at 5 weeks post-injection as tested 
by the Acetone Test. Cold allodynia had not been previously reported in the rat osteoarthritic 
knee joint. Safranin histological staining showed significant cartilage loss matching the pathologic 
features of the clinical disease, best shown at a dose of 2.4 mg of MIA in 40 µl saline. X-ray 
microtomography scans (micro CT) of the ankle joint were performed to confirm that bone 
fragmentation and remodeling associated with the clinical disease are replicated in our 
osteoarthritis ankle joint model. 

The present study showed sensitization of the joint, as measured by Von Frey filaments and 
acetone direct application to the affected osteoarthritic ankle joint. We are confident that these 
measures are detecting primary hyperalgesia, and predict that the proposed model will more 
closely replicate the clinical symptoms than the existing knee joint model, as cold pain is often 
reported in human patients. 
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A33) 

Investigating a Role for Proteoglycans in Netrin-1 Mediated Axon Outgrowth 

Stephanie N. Harris*, K. Adam Baker, Celina Cheung, Timothy E. Kennedy 

During the development of the central nervous system (CNS), axons are required to travel long 
distances in order to reach their appropriate targets. Netrin-1 is a bi-functional axon guidance 
molecule that can either attract or repel extending axons and is crucial for proper development 
of the spinal cord. Netrin-1 is secreted from the floor plate at the ventral midline creating a 
gradient of netrin-1 in the spinal cord. Commissural axons born in the dorsal region of the spinal 
cord are attracted to netrin-1 and project axons towards the floor plate where the netrin-1 
concentration is high. The netrin receptor Deleted in colorectal cancer (DCC) mediates the 
chemoattractant response of embryonic spinal commissural neurons to netrin-1. Netrin-1 is a 
laminin related protein comprised of three domains; VI, V and a C terminal domain. Domain VI 
and V have been shown to bind to the netrin receptor DCC while the C- terminal domain is likely 
to mediate an interaction between netrin-1 and Heparin Sulfate ProteoGlycans (HSPGs). HSPGs 
are comprised of a core protein along with multiple unbranched heparin sulfate side chains. 
There are many members of the HSPG family of proteins; however, glypican has recently been 
functionally implicated in netrin mediated axon guidance. Blanchette et al. 2015, showed that 
LON-2 (glypican) can interact with UNC-6 (netrin) and Unc 40(DCC) in C- elegans to mediate 
proper axon guidance. In this study we aim to address roles for HSPGs in netrin-1 mediated 
guidance of embryonic spinal commissural axons. 
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A34) 

Activation of the protease calpain by netrin-1: Activation of the protease calpain by netrin-1: a 
potential mechanism regulating axon outgrowth and guidance during embryonic development 

Philippe M. Duquette*, Vilayphone Luangrath, Chantal Piché1, & Nathalie Lamarche-Vane   

The establishment of functional neuronal circuits requires a large number of precisely 
coordinated events. Before communication between neurons can take place, an axon (output) 
must come in close proximity to its target dendrite (input). The netrin/DCC signaling pathway was 
identified as one of the key signaling pathways involved in axon guidance. It has been 
demonstrated that DCC is highly serine/threonine phosphorylated but its functional significance 
remains elusive.  Here we identified threonine 1210 as an important phosphorylation site 
regulating its proteolysis.  We show that phosphorylation of T1210 is necessary for DCC to induce 
neurite outgrowth in rat cortical neurons. To determine the identity of the protease, cells were 
treated with various protease inhibitors. Interestingly, we found that the endogenous calpain 
inhibitor, calpastatin, was able to partially block proteolysis. Indeed, calpain was able to cleave 
DCC in vitro.  We also show that netrin-1 activates calpain in rat cortical neurons.  This activation 
of calpain by netrin-1 requires active Erk1/2 as the potent Erk inhibitor, U0126, abolished netrin-
1-mediated calpain activation.  Finally, we show that rat cortical neurons expressing calpastatin 
display shorter neurites.  We are currently using siRNA targeting both calpain-1/2 in rat cortical 
neurons to investigate further calpain’s role in axon outgrowth and guidance downstream of 
netrin/DCC We are following this study in vivo using a mouse line with a conditional deletion of 
the small calpain subunit specifically in neurons.  We propose a novel role for calpain in axon 
outgrowth and guidance. 
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A35) 

The effect of music on theory of mind 

Adiel Mallik*, Tabea-Haas Heger, Yueyang Li and Daniel J. Levitin 

Reading literary fiction, listening to music and playing musical video games have previously been 
shown to increase empathy and compassion. In a recently published paper, we showed that 
when strangers play Rock Band together they experience a reduction in social stress and an 
increase in empathy compared to strangers who played Rock Band individually. The dyads playing 
Rock Band together also had lower cortisol levels, lower pain ratings in the cold pressor test and 
gave more money to their yoked participant in a trust game compared with the individuals 
playing alone. It may be that musical videogames positively affect the mental components of 
empathy known as affective and cognitive theory of mind (ToM). Affective ToM is the ability to 
detect and understand another person’s emotions, while cognitive ToM is the inference and 
representations of another person’s beliefs and intentions. This hypothesized increase in ToM 
may in turn have led to the reduced social stress and increased empathy seen in the previous 
work. To determine whether our initial hypothesis that playing Rock Band increases ToM is true, 
healthy subjects (n=44) were recruited and randomly assigned to the experimental group, playing 
Rock Band (n=22), or to the control group, reading non-fiction (n=22). ToM performance was 
assessed using the Yoni task and the Positive and Negative Affect Scale (PANAS) was used to 
assess mood. In 1st order Yoni trials; the subject selects the correct inanimate object Yoni is 
referring to, according to the descriptive sentence and Yoni’s facial cues. In 2nd order trials the 
objects are face images and selecting the correct response requires an understanding of the 
interaction between these images and Yoni’s mental state. We found significant (p < 0.05) 
increases in 2nd-order affective trials of the Yoni task, as well as the total affective trial scores 
and the sum of all scores (1st and 2nd-order affective and cognitive trials) in the experimental 
group compared to the control group. The PANAS showed no significant changes. These results 
suggest that playing Rock Band improves affective ToM but has no discernable effect on cognitive 
ToM. Testing is being done on additional experimental groups, to see whether watching the 
music video, listening to the song, or emotionally neutral video game arousal (Tetris) also affect 
ToM. 
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A36) 

Immune cell influences on neuronal viability and repair in EAE 

Camille Juzwik, Yang (Julia) Zhang*, Marc-André Lécuyer, Omar de Faria Junior, Alexandre Prat, 
Amit Bar-Or, Alyson Fournier 

Multiple sclerosis (MS) is an autoimmune disease characterized by the infiltration of peripherally 
activated immune cells into the central nervous system (CNS). Activated immune cells attack the 
myelin sheath and hallmark plaques of demyelination and axonal transection develop. Previously 
we have identified neurite outgrowth inhibition by immune cells and their conditioned media 
(CM). Our lab is interested in how inflammation affects neuronal viability and repair. 

MiRNA are short RNA sequences, where a single miRNA is able to target several different mRNA, 
providing significant information concerning both physiological and pathological processes. 
Altered miRNA expression at sites of lesions and within the immune system have been identified 
in both MS and an animal model of CNS inflammation, experimental autoimmune 
encephalomyelitis (EAE). An investigation of neuronal miRNA in MS and EAE can provide 
information on the neuronal responses to the molecular and cellular components of CNS plaques 
that contribute to axonal injury and failed repair. 
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A37) 

Epidermal Growth Factor Receptors and Ligands, and Facial Pain Severity: A Candidate Genes 
Association Study 

V. Verma* 1 E. Bair 2, R. Lichtenwalter 1, M. Parisien 1, S. Smith 3, R. Fillingim 4, R. Ohrbach 5, L. 
Diatchenko 1 

Affiliations: 1 The Alan Edwards Centre for Research on Pain, McGill University, Montreal, QC, 
Canada; 2 Department of Endodontics, Department of Biostatistics, University of North Carolina 
at Chapel Hill, Chapel Hill, NC, USA; 3 Center for Translational Pain Medicine, Department of 
Anesthesiology, Duke University Medical Center, Durham, NC, USA; 4 University of Florida, 
Gainesville, FL, USA; 5 University at Buffalo, Buffalo, NY, USA. 

Aim of Investigation: A large candidate gene scan conducted on a Genome-Wide Association 
Study (GWAS): Orofacial Pain Prospective Evaluation and Risk Assessment (OPPERA) data has 
identified genes (EGFR and EREG) for a receptor and ligand respectively of the epithelial growth 
factor signaling pathway as associated with the temporomandibular disorder (TMD). EGFR-
Inhibitors' analgesic effects have been reported in cancer and non-cancer patients. Moreover, 
preclinical studies suggest a role of epiregulin, an EGFR ligand, encoded by EREG, in nociception. 
EREG is expressed in monocytes, macrophages, epithelial cells and fibroblasts, and is involved in 
a wide range of biological processes including inflammation, wound healing, and cell 
proliferation. This candidate gene association study aims to further investigate the relationship 
between EREG variants and severity of TMD pain. 

Methods: Characteristic pain intensity (CPI) derived from a comprehensive pain and symptom 
questionnaire was chosen as a representative pain severity phenotype.  Single Nucleotide 
Polymorphisms (SNPs) in EGFRs (ERBB1, ERBB2, ERBB3, ERBB4) and its known ligands (AREG, BTC, 
EGF, EPGN, EREG, HBEGF, NRG1, NRG2, NRG3, NRG4, TGFA) genotyped in the OPPERA cohort 
(3,200 people; prospective orofacial pain study) were analyzed for association with CPI using 
PLINK v1.9. Gender, study site and genotypic principal component vectors (markers for ancestry) 
were used as covariates, and Bonferroni's correction for multiple testing was applied. Suspecting 
bias from the evaluation of a secondary phenotype in a case-control GWAS dataset, we repeated 
the analysis using an Inverse Probability Weighted non-parametric association test approach for 
significantly associated genes. Haplotype analysis was conducted using Haploview v4.2. 
Associations with other related phenotypes (including quantitative sensory testing, QST) were 
evaluated. Expression quantitative trait loci (eQTL) analyses were conducted on blood and brain 
data for a statistically significantly associated SNP in the 5'UTR region of EREG. 

Results: Bonferroni corrected (for 2349 SNPs) analysis revealed significant association between 
EREG and CPI. On further analyzing EREG, both, standard and experimental statistical methods 
identified the same set of 7 SNPs to be statistically significantly relevant for a protective role 
when tested for association with pain severity in the OPPERA cohort. All these SNPs belong to 
the same haplotype of EREG. Secondary analyses with a related phenotype (self-reported 
maximum pain in the last 30 days) and QST scores (specifically, mechanical pain temporal 
summation) confirmed the significance of the same 7 SNPs. Of these protective SNPs, rs6836436 



41 
 

is situated in the 5'UTR region of EREG. eQTL analyses show that this SNP is statistically 
significantly associated with the decreased mRNA level of EREG in blood, pointing to a putative 
role of rs6836436 as an eQTL for EREG. 

Conclusions: Data from these analyses indicates a potential role for epiregulin in pathogenesis of 
nociception and chronic pain. It identifies a protective EREG haplotype that may serve as a 
biomarker for pain severity in chronic pain conditions like TMD. An association of EREG variants 
with a QST marker of temporal summation is suggestive of epiregulin's role in central 
sensitization. Identification of eQTL for EREG in blood implicates the immune system's 
involvement in epiregulin-mediated pathogenesis of chronic pain. 
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A38) 

Behavioral and neurochemical processes underlying social influences on vocal learning 

Yining Chen *, Firrhaana Sayanvala, Jon T Sakata 

Across vertebrates, social interactions shape the learning and development of diverse social 
behaviors, including vocal communication. Despite the importance of social influences on vocal 
learning and development, little is known about the mechanisms underlying the social 
modulation of vocal learning. Songbirds such as the zebra finch provide a powerful model system 
to reveal such mechanisms. Using yoked experiments, we analyzed the degree to which 
attention, structure of tutor vocalizations, visual interactions, and midbrain circuitry mediated 
social influences on vocal learning. We demonstrated that social interactions with adults for as 
little as one day significantly enhance vocal learning and that social influences on attention 
appear central to the social enhancement of learning. In particular, variation in the social 
modulation of attention significantly predicted variation in the social enhancement of vocal 
learning. Juveniles were more attentive to the songs that tutors directed at them, which were 
characterized by longer intervals between ‘phrases’, more note repetition, and less entropic 
syllables. Visual interactions with tutors were critical for rapid song learning since pupils that 
were allowed to visually and acoustically interact with tutors but not pupils that were only 
allowed to acoustically interact with tutors demonstrated significant song learning after a single 
day of tutoring. Visual information about beak movements could be particularly important to 
learning because juveniles were more attentive to songs when they could see their tutor’s beak 
movements. Lastly, social interactions that rapidly enhance learning also increased the activity 
of norepinephrine- and dopamine-synthesizing neurons in the locus coeruleus and ventral 
tegmental area, suggesting a contribution of these areas to the social enhancement of song 
learning. Taken together, these data highlight the contribution of attentional processes, visual 
interactions, and vocal modulations to the social enhancement of song learning and support and 
extend models of social influences on speech learning in humans. 
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A39) 

Time-lapse imaging of hypothalamic leptin receptor neurons in living mice 

Liliia Butiaeva*, Xiaohong Liu and Maia Kokoeva 

Previous studies suggest that brain circuits controlling energy balance can undergo 
morphological changes affecting dendritic spine formation and arbour length upon dietary 
challenge. However, such changes have yet to be demonstrated directly in individual neurons 
over time. To this end, we employed optical microendoscopy to monitor individual, fluorescently 
labeled leptin receptor (LepR) neurons in the mediobasal hypothalamus (MBH) in living mice. 
Time-lapse, intravital fluorescent imaging revealed changes in the structural architecture of these 
neurons when studied over periods of days but not hours. Co-labeling of the vasculature by 
intravenously delivered fluorescent dextran lead to the unexpected finding that many LepR-
processes tightly align with micro-capillaries. We confirmed these results in slice preparations of 
intact, non-implanted mice ruling out that the observed alignment is a surgery artefact. Most 
intriguingly, high-calorie diet (HCD) feeding or i.p. leptin treatment prompted the formation of 
transient, spine-like protrusions directed towards the adjacent blood vessel. Collectively, our 
data are the first to demonstrate structural plasticity within individual neurons of the MBH 
energy balance circuitry and its modulation by physiologically relevant cues. Future work will 
explore the causes of the tight vessel-process association but will also address the question if the 
protrusions indeed represent leptin sensing sites. 
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A40) 

Detection and localization of oscillatory sources in MEG using subspace scanning 

Peter Donhauser, Sylvain Baillet 

The cortical sources of oscillatory activity recorded with MEG (magnetoencephalography) are 
commonly estimated using techniques that result in distributed maps of source strength across 
a large space (e.g. beamforming or minimum-norm). The goal of many MEG studies, however, is 
to interpret these maps as a limited set of activated regions, requiring detection of local peaks. 
Fieldspread, differences in source amplitude or extent can make it difficult to identify distinct 
spatial sources in this workflow. Parametric source models explicitly search for a sparse source 
model as a limited set of equivalent current dipoles or multipoles. These techniques have so far 
been mainly developed for mapping average event-related fields. Here we apply and extend 
subspace scanning methods as efficient solution for the parametric modelling problem of 
oscillatory sources, both on the single-subject and on the group level. The procedure consists of 
computing a low-dimensional signal subspace, scanning this subspace for dipolar or multipolar 
sources and mapping these on the cortex as equivalent cortical patches. We present new 
solutions for several experimental questions based on contrasts, coherence with external 
reference signals, or SNR of oscillatory with respect to broadband activity. We additionally show 
that the current multipole formalism can serve as a useful spatial basis for local spatiotemporal 
wave-like activity. The performance of the proposed methodology is demonstrated using 
simulations, MEG recordings of spontaneous activity and visually induced gamma oscillations. 
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A41) 

Hoxb8:Cre transgenic mouse defines ascending projections of nociceptive circuits 

Farin B. Bourojeni 1,2, Artur Kania 1,2,3,4 

1 Institut de Recherches Cliniques de Montréal, Monréal, Quebec, Canada; 2 Integrated Program 
in Neuroscience, McGill University, Monréal, Quebec, Canada; 3 Departments of Anatomy and 
Cell Biology, and Biology, Division of Experimental Medicine, McGill University, Quebec, Canada; 
4 Faculté de Médecine, Université de Montréal, Montréal, Quebec, Canada 

The processing of pain, or nociception, is integral to animal survival. In vertebrates, primary 
sensory afferents relay nociceptive information from the periphery to various higher brain 
regions via second-order neurons in the spinal cord. These supraspinal regions allow noxious 
stimulus modality discrimination, its somatic localisation and initiate a wide-range of behavioural 
and systemic responses. The specific contribution of these different regions to nociceptive 
behaviours remains unclear, partly because of the paucity of their molecular characterisation. To 
address this shortcoming, we are characterising the Hoxb8:Cre mouse line that encodes a spinal-
cord specific Cre driver expressed in spinofugal neurons, including those comprising nociceptive 
circuits. 

The Hoxb8:Cre mouse line drives Cre expression in the dorsal root ganglion and the dorsal spinal 
cord caudal to the fourth cervical segment. Using a fluorescent axonal Cre-dependent reporter, 
we show that many Hoxb8:Cre spinal neurons innervate supraspinal nuclei involved in 
nociceptive processing. Specifically, the reticular formation, the parabrachial nucleus as well as 
the periaqueductal gray and the lateral nucleus of the ventroposterior thalamus (VPL), all receive 
Hoxb8:Cre projections. However, more rostral nuclei such as amygdala and septal nucleus, also 
involved in nociceptive processing, are spared from Hoxb8:Cre innervation suggesting a 
molecular differentiation of nociceptive ascending projections. Furthermore, we find that 
differences neurotransmitter identities of these projections. 

We also began to study the developmental time course of Hoxb8:Cre projections noting that in 
newly born mice (P0), only some of the Hoxb8:Cre targets identified above receive Hoxb8:Cre 
axons suggesting a differential developmental timeline of spinofugal nociceptive connectivity. 
We are currently examining Hoxb8:Cre target innervation in more detail by characterising the 
molecular markers of synaptic connectivity. We are aiming to discover when these projections 
make synaptic connections with their post-synaptic targets. 

Our data provide highlight differences in the genetic identity of nociceptive spinal projection 
neurons. Moreover, our results identify Hoxb8:Cre as the first genetic handle of spinofugal 
neurons, allowing their anterograde labelling during early stages of development and 
subsequently their functional analysis. 
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A42) 

fMRI Measured Motor Representation in Congenital Mirror Movement Individuals with DCC 
Haplotype 

Daniel Vosberg BSc, Amanda Chalupa MSc, Natalia Jaworska PhD, Sylvia Cox PhD, Kevin Larcher, 
MEng, Dominique Allard BScN, France Durand MSc, Alain Dagher MD, Chawki Benkelfat MD CSPQ 
DERBH, Myriam Srour MD PhD, Ridha Joober MD PhD, Franco Lepore PhD, Guy Rouleau MD PhD, 
Hugo Theoret PhD, Cecilia Flores PhD, Marco Leyton PhD  

BACKGROUND: Members of a Québec family are haploinsufficient for the axon guidance 
molecule receptor gene, DCC. Sixty-five percent of carriers develop mirror movements (MM), 
involuntary contralateral responses that accompany voluntary movements. Based on rodent 
studies indicating that reduced DCC disrupts decussation of commissural axons, we hypothesized 
that individuals with MM would exhibit bilateral motor representations.  

METHODS: Brain activity was measured using 3-Tesla fMRI following voluntary right-hand 
movements vs. rest in 11 DCC mutation carriers with MM and 37 controls, comprising 7 DCC 
mutation carriers without MM, 12 relatives without the DCC mutation, and 18 unrelated healthy 
controls. Regions of interest (ROIs) comprised the contralaterally innervated primary motor 
cortex (M1) and the ipsilaterally innervated cerebellum. The fMRI data were preprocessed using 
SPM12, and mean beta weights were extracted from the ROIs using MarsBaR.  

RESULTS: Right-hand movements activated the left motor cortices and right cerebellum in all 
groups. In participants with MM, relative to all controls, right hand movements induced 
significantly greater activation in the ipsilateral right M1 (p = 0.025) and a pattern of greater 
activation in the contralateral left cerebellum (p = 0.12). Whereas all control groups exhibited a 
mean deactivation in the right M1, the MM group exhibited a mean activation. Furthermore, 
there were trends of group x hemisphere interactions in M1 (p = 0.055) and cerebellum (p = 
0.069). Finally, the MM group exhibited significantly smaller interhemispheric (left-right) beta-
weight differences in M1 (p = 0.02) and cerebellum (p = 0.004), indicative of more bilateral motor 
representations. 

CONCLUSION: Identifying clear gene-related effects on human brain anatomy and function has 
proven challenging. The present study identifies the first neuroimaging evidence that a mutation 
to the axon guidance molecule receptor gene, DCC, affects neural decussation in humans.  
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Session B: Thursday 6:30-7:00pm, Friday 1:15-3:15pm 

B1) 

Bimanual force pyramid: spatial analysis of bimanual forces applied during virtual reality brain 
tumour resection 

Robin Sawaya*, Abdulgadir Bugdadi, Hamed Azarnoush, Fahad Alotaibi, Rolando Del Maestro 

Background: Previous studies of force application during a virtual reality tumour resection 
focused on specific performance metrics. A new concept, the force pyramid, has been developed 
as a visual representation of the spatial distribution of forces. The force pyramid has been 
previously applied to forces from the dominant hand, here it is used to create non-dominant and 
bimanual force pyramids. 

Objective: This study aims to answer three questions: 1) what are the differences between 
dominant and non-dominant pyramids? 2) what is the spatial distribution of force relative to 
quadrants? 3) what are the differences between the three groups regarding their bimanual force 
pyramids? 

Methods: Participants resected a series of 8 unique tumours on the NeuroTouch/NeuroVR virtual 
reality neurosurgical simulation platform. Position and force data obtained were used to create 
the force pyramids. Force thresholds and distribution of forces in quadrants were analyzed. 

Results: The non-dominant force pyramid showed peak forces at the centre of the ellipsoidal 
tumour while the dominant force pyramid showed greater forces at the lower quadrants of the 
tumour (as previously shown). In the bimanual pyramid we observed a combination of non-
dominant and dominant pyramid landmarks.  

Neurosurgeons control and concentrate their forces in quadrant Q4 whereas other groups spread 
their highest forces across the lower two quadrants of the tumour. 

Conclusion: This novel pyramid allows us to identify areas of the tumour that are require higher 
technical skills to resect and are therefore most susceptible to damage in the hands of a novice. 
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B2) 

4-Aminopyridine alleviates ataxia and reverses cerebellar cortical output deficiency in a mouse 
model of spinocerebellar ataxia type 6 

Sriram Jayabal*, Hui Ho Vanessa Chang, Kathleen E. Cullen and Alanna J. Watt 

Spinocerebellar ataxia type 6 (SCA6) is a mid-life onset progressive neurodegenerative disease 
that affects motor coordination and gait and has no known treatment. This autosomal dominant 
disease is caused by a CAG repeat expansion in the CACNA1A gene; most affected people have 
only one copy of the mutated gene. Here to evaluate the role of cerebellar Purkinje cell firing in 
SCA6 pathophysiology, we studied a hyperexpanded (84Q) mouse model of SCA6.  

Purkinje cell firing was first measured non-invasively with extracellular recordings in acute slices 
made from heterozygous SCA684Q/+ mice at an age when motor coordination deficits were 
observed (19 months). We found reduced spike timing precision compared to litter-matched 
wildtype (WT) cells, reflected in an enhanced coefficient of variation (CV) of interspike intervals 
(P = 0.0047) without a significant change in firing rate (P = 0.071). Then to determine whether 
homozygous SCA684Q/84Q mice, which develop motor deficits earlier (7 months) are a good model 
for SCA6, we measured Purkinje cell firing properties from acute slices of 7-month old 
cerebellum. Homozygous SCA684Q/84Q Purkinje cells also displayed reduced spike timing precision 
compared to age-matched WT cells (P < 0.0001), suggesting that homozygous mice are a good 
and practical model for SCA6.  

Since the FDA-approved potassium channel blocker 4-aminopyridine (4-AP) has been shown to 
improve ataxia and Purkinje cell firing abnormalities in mouse models of other forms of ataxia, 
we acutely applied 4-AP to SCA684Q/84Q Purkinje cells in acute slices and found that it improved 
spike timing precision (P = 0.003) without affecting firing rate (P = 0.15). To determine if 4-AP 
might alleviate ataxia in SCA6 mice, we provided 4-AP in drinking water to 7-month-old 
SCA684Q/84Q and WT mice. 4-AP produced a significant partial rescue of motor coordination in 
SCA684Q/84Q mice after a week (P < 0.0001), without affecting WT motor performance. This 
improvement lasted as long as we tested (up to 3 months). Finally, to add further support to our 
hypothesis that changes in Purkinje cell firing contribute to disease onset in SCA6 mice, we 
completed in vivo single unit recordings, and found that spike timing precision was indeed 
reduced in untreated SCA684Q/84Q mice (P = 0.04); it could then be rescued to WT levels following 
2 weeks of chronic 4-AP (not significantly different from WT, P = 0.21), without significant 
changes in firing rates (P > 0.05). Taken together, our results provide a novel therapeutic 
approach for the treatment of SCA6 with 4-AP. 
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B3) 

Eat or Move? The role of Hippocampus-Nucleus Accumbens pathway in feeding and 
locomotion 

Sandra D.*, Reed S., Lafferty C., Britt J.P. 

 

The decision to exert effort in pursuit of reward is controlled by neural activity in the nucleus 
accumbens (NAc).  The inputs to this integrative forebrain structure likely encode current 
motivational states, the presence of specific environmental stimuli, and knowledge of the world.  
It is presently unclear, however, what specific information is encoded in each of the distinct 
inputs to the NAc, as it is uncertain when each pathway is active in relation to behaviour.  Here, 
we used a relatively novel pathway-specific recording technique known as fiber photometry to 
record hippocampal input to the NAc in mice performing a discriminative stimulus reward 
seeking task. Viral-mediated gene delivery was used to target expression of GCAMP6 protein - a 
fluorescent indicator of neural activity to neurons in the hippocampus. A fiber optic cable 
implanted in the NAc was then used to monitor GCAMP fluorescence from the hippocampal 
axons located there. We found that the projection from hippocampus to NAc is active during the 
onset of locomotion and during specific moments of reward seeking, but it is largely silent during 
consummatory behaviour.  We are currently trying to optogenetically inhibit this pathway to 
assess its causal influence on these behaviours. 
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Early chronic stress exposure alters the morphology and function of the amygdala in young 
rats.  

Angela Guadagno*, Silvanna Verlezza, Hong Long, Tak Pan Wong, Claire-Dominique Walker 

Background: Early-life stress (ELS), in the form of adverse maternal care, is thought to increase 
the risk of future psychopathologies by altering the regulation of the hypothalamic-pituitary-
adrenal (HPA) axis. The neural mechanisms by which ELS shapes later physiological and 
behavioral responses are still unclear. We propose that the amygdala, a brain structure that 
regulates HPA activity, might be implicated.  

Objective: We hypothesize that chronic stress will induce morphological and functional changes 
in the amygdala via changes in local endocannabinoid release.  

Methods: The limited bedding (LB) paradigm was used as a model of ELS between post-natal days 
(PND) 1-10. Blood and brains from NB or LB rat pups were collected on PND10 and 20 to 
determine 1) total amygdalar volume (Cavalieri method), 2) basolateral amygdala (BLA) 
morphological analysis (Golgi impregnation) and 3) plasma corticosterone concentrations. In 
vitro electrophysiological whole cell recordings were performed on slices from PND18-22 pups 
to assess functional properties of miniature excitatory postsynaptic currents (mEPSCs) in BLA 
neurons. Lastly, behavioral testing was performed on adult offspring. 

Results: Chronic ELS did not change basal plasma corticosterone levels in neonates. Analyses of 
estimated amygdala volume showed a trend for increased BLA volume in PND20 LB rats. BLA 
neurons in PND10 and 20 LB rats displayed significantly greater total dendritic lengths and 
increased numbers of dendritic spines compared to NB pups. No functional properties of mEPSCs 
were affected. LB rats showed increased anxiety-like behavior in the elevated plus maze and open 
field, and increased fear conditioning and retrieval, compared to NB rats.  
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Inter-subject correlation in naturalistic viewing measured by magnetoencephalography 

*Y. Chen, A. Dehmoobadsharifabadi, E. Bock, S. Baillet, R. Farivar-Mohseni 

Binocular disparity enhances human visual perception in natural scenes. Previous fMRI studies 
(Hasson, et al, 2004) have shown that natural viewing of a movie induces inter-subject correlation 
(ISC) of cortical responses, which has been suggested to increase when stereoscopic depth is 
added to the movie (Gaebler, et al., 2014). We raise two inter-related questions using an MEG 
approach in the presence of depth information in the movie stimulus: what is the frequency 
profile of ISC, and does addition of disparity affect ISC? 27 subjects were recruited to watch two 
clips from the movie 'Under the Sea' in both 2-D and 3-D version with central fixation. Eye blinks 
and cardiac activities were removed by signal-space projection in brainstorm (Tadel F, et al, 
2011). Screen noise components were removed using independent component analysis. Brain 
sources were estimated by minimum norm methods. Hilbert transformation for the brain source 
response was performed in 6 difference bands: delta (2-4Hz), theta (5-7Hz), alpha (8-12Hz), beta 
(15-29Hz), low gamma (30-59Hz), and high gamma (60-90Hz). The transformed data were then 
low-pass filtered to 1Hz to emphasize on the low oscillation pattern for the high frequency bands. 
We observed significant ISC in the early visual areas in both 2D movie viewing and 3D movie 
viewing conditions. Functional hyper alignment will be performed on the data to identify more 
significant functionally correlations between subjects. 
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Associations of cortical thickness with awareness of illness in enduring schizophrenia 

Sophie Béland*, Lisa Buchy, Ashok K. Malla, Ridha Joober, Norbert Schmitz, Martin Lepage 

Background: The relationship between poor insight and less favorable clinical and functional 
outcomes in schizophrenia has led to research efforts to understand its neurobiological basis. 
Thus far, research on the neural correlates of insight has been constrained by small sample sizes 
and a focus on regions of interest related to neuropsychological theories on insight. Moreover, 
few studies have assessed the neural correlates of specific dimensions of insight in enduring 
schizophrenia and instead have relied on single-item measures of global insight. Therefore, the 
purpose of this study was to examine the association of cortical thickness with one specific 
dimension of insight, awareness of illness, in a sample of enduring schizophrenia patients using 
a whole-brain approach. We hypothesized that compared to patients with preserved insight, 
patients with impaired insight would have thinner cortex in a network of brain structures 
associated with self-reflectiveness and metacognition in the temporal, parietal, and frontal lobes. 

Method: We used a categorical approach to insight and classified a group of 110 enduring 
schizophrenia patients in two groups according to their summed scores on three items of the 
Scale to Assess Insight (Expanded) that assess awareness of experiencing psychological 
difficulties/illness. 41 patients were classified as having impaired insight into illness (score of 0-
5), and 69 patients as having preserved insight (score >6). T1-weighted structural images were 
acquired on a 3T MRI scanner for the two patient subgroups and a group of healthy control 
subjects (n=69) matched to patients for age and sex. MR images were processed using CIVET 
(version 2.0) and quality controlled. Whole-brain, vertex-wise linear models were applied to 
evaluate cortical thickness differences between the two patient subgroups and healthy controls. 
All analyses were controlled for age and sex. 

Results: There was no significant difference in cortical thickness in either hemisphere between 
patients with preserved insight and patients with impaired insight. The impaired insight group 
displayed significantly thinner cortex within the right insula, temporal gyri, and anterior cingulate 
cortex compared to healthy controls (p<0.05, FDR corrected). There was no significant difference 
between the preserved insight group and healthy controls.  

Conclusions: These results did not replicate previous findings observed with smaller samples 
using single-item measures of insight into illness, and instead suggest that insight into illness may 
not have a clear neuroanatomical basis at the level of the cortex. Poor awareness of illness may 
instead be a latent symptom, emerging as a result of a combination of schizophrenia-related 
deficits, rather than being a specific deficit on its own. Accordingly, the cortical thinning observed 
in individuals with impaired insight, but not individuals with preserved insight, compared to 
controls was found in regions previously associated with attentional control and the processing 
of self- and other-related information: cognitive abilities that have been shown to contribute to 
one’s awareness of their illness.  
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Differential requirement for Kirrel-2 in the formation of the vomeronasal and olfactory 
glomerular maps.  

Katrine Iversen*, Alexandra C. Brignall, Alina Phen, Reesha Raja, Janet E.A. Prince, and Jean-
François Cloutier 

The encoding of information by sensory systems is dependent on the formation of continuous 
and discrete neural maps between sensory neurons in the periphery and second order neurons 
in the central nervous system (CNS). The formation of these maps relies on both short and long 
range cues that direct the growth of axons into specific areas within target fields. In regions of 
the nervous system where discrete maps are formed, such as the main and accessory olfactory 
systems, axons must converge or coalesce into distinct synaptic units. In these two systems, 
sensory neurons project axons that form synapses with second order neurons in neuropil 
structures termed glomeruli. Olfactory sensory neuron (OSN) axons coalescence into glomeruli 
on the surface of the olfactory bulb (OB), whereas vomeronasal sensory neuron (VSN) axons form 
glomeruli in the accessory olfactory bulb (AOB). The differential expression of cell adhesion 
molecules, such as members of the Kirrel family of proteins, on OSN and VSN axons has been 
proposed to play an important role in the accurate coalescence of these axons into glomeruli. 
Here, we have examined the role of Kirrel-2 in the coalescence of axonal projections in both the 
OB and AOB through a loss of function approach. We show that while ablating Kirrel-2 expression 
does not affect fasciculation of the vomeronasal tract, it disrupts the formation of glomeruli 
within the posterior AOB, leading to larger and fewer glomeruli. Interestingly, ablating both 
Kirrel-2 and Kirrel-3 results in a severe disruption of glomeruli development, which is 
characterized by a reduction in morphologically identifiable and distinct glomeruli. In addition, 
these defects are associated with an overall decrease in the number of excitatory synapses 
formed in the AOB. While loss of Kirrel-2 expression leads to robust defects in the coalescence of 
VSN axons, it only affects the coalescence of a small subset of Kirrel-2-expressing OSN axonal 
populations that we have examined. Our results indicate that Kirrel-2 plays a prominent role in 
the coalescence of VSN axons but can be dispensable for the targeting of specific populations of 
OSN axons.  
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Manual Segmentation of MS Cortical Lesions using MRI: A Comparison of Three MRI Reading 
Protocols 

 Josefina Maranzano (*), David A. Rudko, Douglas L. Arnold and Sridar Narayanan. 

Background and purpose: Double inversion recovery (DIR) has been suggested as the MRI 
contrast of choice for segmenting cortical lesions (CLs) in multiple sclerosis (MS) patients. In this 
study we sought to determine the utility of DIR for CL identification by comparing three MRI 
reading protocols that combine different MRI contrasts. 

Methods: 25 relapsing remitting and 3 secondary progressive MS patients were imaged with 3T 
MRI using: DIR, dual fast spin-echo proton density / T2-weighted, FLAIR and T1-weighted imaging 
sequences. Lesions affecting the cortex were manually segmented using the following three MRI 
reading protocols: Protocol 1 (P1) used all available MRI contrasts. Protocol 2 (P2) used all the 
available contrasts except for DIR. Protocol 3 (P3) used only DIR.  

Results: 643 CLs were identified with P1 (mean=22.96), 633 with P2 (mean=22.6) and 280 with 
P3 (mean=10). The counts obtained using P1 and P2 were not significantly different (p=0.93). The 
counts obtained using P3 were significantly smaller than those obtained either using P1 (p=4.46e-
5) or P2 (p=1.72e-5). The intra-class correlation coefficients (ICC) were: P1 vs P2=0.98, P1 vs 
P3=0.50 and P2 vs P3=0.51. 

Conclusion: MRI CL segmentation is efficiently performed using 3D T1-weighted and FLAIR images 
acquired with 1 mm isotropic voxel size, supported by conventional T2-weighted and proton 
density images with 3 mm thick slices. This approach is superior to using DIR alone. Inclusion of 
DIR in our multimodal reading protocol did not significantly improve the CL identification rate. 
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Additive neuroprotective effects of interleukin-1 receptor antagonist combined to 
hypothermia in a rat model of inflammation plus hypoxia-ischemia-induced neonatal 
encephalopathy 

Mathilde Chevin 2*, Clémence Guiraut 1,2, Guillaume Sébire 1,2.  

1 Université de Sherbrooke, Canada, 2 McGill University, Canada 

Introduction: Neonatal encephalopathy (NE) affects 2-9/1000 term newborns, leads to life 
threatening symptoms, and can cause permanent brain injury generating cerebral palsy (CP). The 
two main risk factors of NE are perinatal infection-inflammation and hypoxia-ischemia (HI). 
Hypothermia is known to provide a partial neuroprotection in NE from HI origin. Neuroprotective 
effect of hypothermia remains unclear when NE result from inflammation+HI. The anti-
inflammatory interleukine-1 (IL-1) receptor antagonist (IL-1Ra) has a well-proved 
neuroprotective effect in models of perinatal inflammation and/or HI. We hypothesize that the 
combination of hypothermia+IL-1Ra results in an additive or synergistic neuroprotection. 

Methods: We used a rat model of LPS+HI-induced NE at postnatal (P) day 12. Inflammation was 
induced by injecting P12 pups intraperitoneally (ip) with 200 µg/kg of LPS from E.coli. Four hours 
(h) later, the right common carotid artery was ligated, then hypoxia was induced (8% O2 for 1.5 
h). Rat pups were submitted to hypothermia (32°±0.5°C for 4 h). IL-1Ra (12.5-200 mg/kg q12 h) 
was injected ip at P12-P14. 

Results: Hypothermia alleviated brain injury of P20 pups in the LPS+HI-exposed neocortex and 
hippocampus. This protective effect only occurred in areas affected by ischemic penumbra, not 
in core injuries. Hypothermia increased neuronal SOD-1 and GPX-1 expression in the frontal 
cortex and the caudate-putamen, which are responsible for clearing free superoxide radicals. This 
neuroprotective effect did not result from a down-regulation of the IL-1β and TNF- α 
neuroinflammatory responses. IL-1Ra (50 mg/kg) reduced core injury of pups exposed to LPS+HI. 

Conclusion: Our results demonstrate a neuroprotective effect of hypothermia on LPS+HI-induced 
NE. IL-1Ra (50 mg/kg) has an added value to the neuroprotective effect of hypothermia. This 
project could open new therapeutic avenues to prevent CP. 
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The expression of myelin-associated genes and proteins in the uncinate fasciculus of suicide-
completers following early life adversity 

Shaw M, Tanti A, Davoli M.A.,Toope R, Kim J, Alheimda D, Turecki G, Mechawar N. 

Objective: The main hypothesis driving this project is that white matter alterations may 
characterize major depressive disorder (MDD) suicide-completers, and these alterations may 
result from changes in the population of oligodendrocytes and/or their precursors as well as in 
myelin produced by mature oligodendrocytes. To test this hypothesis I will carry out two 
complementary objectives with post-mortem human uncinate fasciculus (UF) white matter 
samples, comparing data between MDD suicides either exposed or not to early life adversity 
(ELA), and matched sudden-death controls: 

(i) Determine the densities of myelinating oligodendrocytes and their precursors using 
immunohistochemistry and stereology. 

(ii) Assess myelin integrity through histochemistry and molecular approaches. 

Methods: Matched frozen UF samples will be analyzed from 17 MDD suicides having suffered 
from ELA, 15 MDD suicides without ELA, and 17 healthy controls having died suddenly. The 
expression of major myelin protein constituents will be measured by immunoblotting and qPCR. 
Histology and immunohistochemistry (IHC): Samples will be fixed in 10% formalin, and cut serially 
using a cryostat. Subsets of sections will be processed for Luxol Fast Blue staining of myelin. 
Stained slides will be scanned with high resolution, and quantitative image analysis of myelin 
density performed with ImageJ. Using established protocols routinely used by our group, 
adjacent sections will be processed for free-floating IHC using primary antibodies directed against 
Olig2 to visualize oligodendrocytes and their precursors. Immunostaining will be visualized with 
peroxidase-DAB, and cell numbers determined with stereology using an optical fractionator (OF) 
probe (Stereo Investigator; MBF Bioscience). 

Results: Preliminary results suggest that the expression of myelin-related proteins is altered in 
the UF of depressed suicides having suffered from ELA. In particular, myelin-related proteins 
MOG (myelin oligodendrocyte glycoprotein) and MBP (myelin basic protein) show significantly 
elevated expression in depressed suicides having suffered from ELA as compared to depressed 
suicides who have not experienced ELA. 

Conclusions: The proposed research will constitute the first comprehensive post-mortem study 
of myelin and myelinating cells in depression and suicide with an emphasis on ELA, and will help 
us better understand the neurobiological substrates of mood disorders. We are currently 
beginning to assess myelin and UF integrity using laser capture microdissection of 
oligodendrocyte-specific cells. 
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Examination of stalled polysomes in protein-synthesis dependent long-term potentiation in 
hippocampal cultures.  

Keren Ginzberg*, Mina Anadolu, Tyson E. Graber, Wayne Sossin 

Late long-term potentiation (L-LTP) differs from early LTP (E-LTP) in that it depends on protein 
synthesis, while E-LTP does not. This dependence begins soon after LTP induction and may, 
similar to mGLUR-LTD (Graber et al., 2013), depend on fast local protein synthesis that is 
independent of translation initiation and which results from the reactivation of stalled 
polysomes. There is evidence L-LTP requires some translation initiation (Graber et al, 2013), but 
this does not rule out additional requirements for proteins produced from stalled polysomes as 
well.  In the stalled polysome model, the rate-limiting step of translation (initiation) occurs before 
mRNA transport, and the incomplete peptide is transported in an inactive form to the dendrite, 
bound to the stalled ribosome. Upon reactivation, the stalled ribosome completes protein 
synthesis, allowing for the newly-translated proteins to function at the synapse. Stalled 
polysomes can be detected using a cellular run-off assay where new polysome synthesis is 
blocked using an initiation inhibitor, actively translating polysomes are run off, and the remaining 
“stalled” polysomes are detected using ribopuromycylation; this is a technique where puromycin 
is used to detect ribosomes with nascent polypeptide chains, and emetine is used to trap the 
puromycylated peptide on the ribosome (David et al., 2013). Using this assay, we have found that 
most polysomes in dendrites of hippocampal cultures are stalled (Graber et al, 2013) 

 To examine whether L-LTP requires release of stalled polysomes, we will use chemically 
induced L-LTP in hippocampal cultures. As this paradigm is not well established, we are 
comparing the induction of L-LTP with (i) low Mg2+-Glycine (Fortin et al., 2010), (ii) Forsklin (Shao 
et al., 2012), and the combination of Low-Mg2+-Glycine and Forskolin. We are examining both 
the production of proteins known to be increased after L-LTP (CAMKII, S6 and PKM zeta) and the 
effect of L-LTP induction on the number of stalled polysomes using ribopuromycylation (Tsokas 
et al., 2007; Eom et al., 2014; Ouyang et al., 1999).  

 Staufen1 (Stau1) is a protein which binds to double-stranded RNA and plays an important 
role in transporting mRNA to the dendrites (Vessey et al., 2008); down-regulation of Stau1 blocks 
L-LTP (Lebeat et al., 2008). As we have recently found that Stau2 is required for the regulation of 
stalled polysomes in mGLUR-LTD (Lebeau et al., 2011), it is possible that Stau1?s requirement for 
L-LTP is also through the regulation of a distinct class of stalled polysomes. We have developed a 
lentivirus to knockdown Stau1 in hippocampal cultures and will report if it is required for the 
production of stalled polysomes and the increase in proteins during L-LTP.  
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Mapping of fluorescent GPR88 receptor expression in a new Knock-In mouse 

Julie Bailly *, Aliza Ehrlich *, Florence Gross, Christine Colley, Michel Bouvier , Brigitte L Kieffer  

GPR88 is an orphan G-protein coupled receptor (GPCR) known to be richly expressed in the 
striatum by the D1 and D2 medium spiny neurons. The overlapping expression pattern of GPR88 
with dopaminergic brain regions suggests a potential role of this receptor in striatal-based 
disorders such as schizophrenia, Parkinson disease, depression or attention-deficit/hyper- 
activity disorder. Mice lacking GPR88 display a schizophrenia-like behavioral profile with 
disrupted prepulse inhibition of startle response as well as hyperactivity, motor coordination 
impairment and reduced-anxiety-like behavioral (Logue et al., 2009; Meirsman et al., 2015). To a 
lesser extent, the presence of this receptor was also detected in the hippocampus, amygdala, 
olfactory tubercle and cortex. Although its ligands and functions are still unknown, GPR88 could 
be a new exploitable therapeutic target in psychiatric health diseases. In order to strengthen the 
study of GPR88, we used a pioneering method to design GPR88-Venus mice, enabling to directly 
visualize receptor dynamics, as demonstrated first with DOR-eGFP and MOR-mCherry mice using 
functional fluorescent knockin mouse model (Scherrer 2006, Erbs 2015). Here, we characterized 
mouse GPR88 RNA expression using quantitative PCR and in parallel, we examined GPR88 RNA 
expression profile in human, showing comparative RNA distribution. We then mapped GPR88 
protein expression with direct visualization of intrinsic and amplified immunostaining followed 
by confocal microscopy. From a macroscopic point of view, we confirmed that the GPR88 protein 
is highly expressed in ventral and dorsal striatum, olfactory tubercle, parasubiculum and, 
moderately in the central extended amygdala and the substantia nigra. We also noted an 
unexpected GPR88 presence in sensory cortex with a high expression in the layer 4 of 
somatosensory, gustatory and visceral cortex, and at moderate level through the layers 1 to 4 in 
the ectorhinal, visual, auditory, orbital and parietal/temporal association area. Analysis of the 
pattern of GPR88 distribution reveals that GPR88 could be localized in the cell, in fiber or in both. 
Herein, this new knock-in mouse finds the already described GPR88 expression in dopaminergic 
brain areas, validating that the addition of a fluorescent protein does not alter GPR88 expression. 
Importantly, this data highlights GPR88 preferential localization in sensory processing areas, 
revealing a future direction of research into the role of GPR88 signaling in sensory processing 
behaviors. 
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Roles of Collapsin Response Mediator Protein 4 (CRMP4) in neuronal regeneration and 
degeneration following peripheral nerve injury 

Marie-Pier Girouard*, Mohammad Khazaei, Nicolas Unsain, Isabel Rambaldi, Ricardo Sanz, 
Vincent Rouger, Ricardo Alchini, Paul Wiseman, Alyson Fournier 

Spontaneous axon regeneration following injury occurs in the peripheral nervous system (PNS), 
differing from the lack of regrowth observed in the central nervous system (CNS). However, this 
process is slow, misguided and rarely leads to complete functional recovery. Multiple intrinsic 
and extrinsic influences contribute to this neuronal response and can be modulated to promote 
axon regrowth. Collapsin Response Mediator Proteins (CRMPs) are a family of cytosolic 
phosphoproteins that regulate cytoskeletal dynamics to support growth during neuronal 
development. Our lab and others have shown that the CRMP4 isoform impedes regeneration in 
the CNS and that loss of function approaches promote CNS repair. We sought to investigate the 
roles of CRMP4 in PNS regeneration to determine whether they are comparable to those in the 
CNS. Our data revealed that in vitro axotomy of sensory neurons leads to the calpain-mediated 
cleavage of CRMP4 and that the fragments generated impair neurite growth. CRMP4 cleavage 
also occurs in vivo following sciatic nerve injury. Interestingly, in this same model, the expression 
pattern of various CRMP4 isoforms is altered temporally and spatially, which could suggest 
differential roles of CRMP4 in the neuronal response to PNS nerve injury. Furthermore, 
preliminary results by loss of function approaches revealed a role of CRMP4 in mediating both 
regeneration and degeneration, but further in vitro and in vivo experiments are required to fully 
understand these functions. 
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Spatial memory requires post-synaptic expression of the netrin-1 receptor DCC 

*Edwin Wong, Stephen Glasgow, Greta Thompson-Steckel, Timothy Kennedy  

The protein deleted in colorectal cancer (DCC) and its ligand netrin-1 are essential to direct cell 
and axon migration during normal brain development. Recently, netrin-1 and DCC have been 
discovered to be enriched at synapses and have been demonstrated to contribute to synaptic 
plasticity and maintenance. In particular, selective deletion of DCC from neurons in the forebrain 
and hippocampus results in deficits in long-term potentiation (LTP), a major mechanism thought 
to underlie learning and memory. Here, we show that mice with selective deletion of DCC from 
the post-synaptic CA1 hippocampal subregion exhibits impairments in spatial memory related 
tasks, including the Barnes maze and novel location recognition test. In contrast, our findings also 
show that selective deletion of DCC from the pre-synaptic CA3 hippocampal subregion in mice 
does not result in significant deficits with spatial memory as shown in the Morris water maze. 
This suggests that post-synaptic expression of DCC may have larger contributions to spatial 
memory compared to pre-synaptic expression. Altogether, abnormalities in spatial memory 
behaviour may further implicate DCC in neurodegenerative pathologies such as Alzheimer’s 
disease.  
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The role of BDNF in Hebbian structural plasticity in the developing visual system 

Elena Kutsarova*, Martin Munz, Alex Wang, Olesia Bilash, Carmelia Lee, Yuan Yuan Zhang, 
Edward S Ruthazer 

Sensory experience is required for the formation of precise topographic representations of the 
sensory world in the brain. Specific patterns of neuronal activity can instruct the stabilization of 
appropriate and the pruning of inappropriate connections between neuronal partners. Brain-
derived neurotrophic factor (BDNF) is synthesized as precursor protein (proBDNF) and its mature 
form (mBDNF) is derived by cleavage of the pro-domain.  Tissue plasminogen activator (tPA) and 
plasmin are likely important for extracellular conversion of proBDNF to mBDNF. BDNF is an key 
player in modulating synaptic efficacy, with proBDNF likely signaling through p75NTR to facilitate 
synaptic weakening and mBDNF signaling through TrkB to facilitate synaptic strengthening. Using 
in vivo multiphoton imaging of RGC axonal growth in the developing visual system of Xenopus 
laevis tadpoles, combined with a visual stimulation protocol allowing us to stimulate the RGC 
either in synchrony or out of synchrony with neighboring inputs, we are able to identify distinct 
activity-dependent components that underlie structural plasticity. Our preliminary data suggest 
that mBDNF signaling is necessary for Hebbian (synchrony-induced) stabilization of axonal 
branches. In contrast, p75NTR signaling facilitates axonal branch loss, in line with the idea that 
proBDNF and mBDNF could act in opposition in experience-driven circuit refinement. Inhibition 
of the tPA/plasmin prevents axonal branch elaboration, suggesting that the conversion of 
proBDNF to mBDNF may be crucial for neural circuit remodeling. 
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Changes in expression of epigenetic markers and cell populations in the mouse frontal cortex 
six months post-nerve injury. 

Authors: Lucas Topham* 1,2,5; Stephanie Gregoire 2,5; Magali Millecamps 2,5; Lina Naso 2,5; 
Robert Samberg 5; Laura Stone 1,2,3,4,5, 

Affiliations: 1. Integrated Program in Neuroscience, 2. Alan Edwards Centre for Research on Pain, 
3. Department of Anesthesiology, 4. Department of Pharmacology and Therapeutics, 5. Faculty 
of Dentistry, McGill University, Montreal, Quebec. 

Aim of Investigation: The Aim of this Investigation is to examine changes in the endogenous 
control of DNA methylation in the brain during the induction and maintenance of chronic pain. 
Chronic pain is associated with persistent functional and anatomical remodeling of the prefrontal 
cortex (PFC) in humans and long-term changes in gene expression in rodent models. Epigenetic 
regulation of gene expression by altered DNA methylation is a possible mechanism underlying 
these changes. DNA Methyltransferases (DNMTs) methylate the cytosine base of DNA to form 5-
methylcytosine (5-MeC) to modulate DNA transcription. We have previously demonstrated in 
rodent chronic pain models that global DNA methylation is altered in the PFC 6 months after 
induction of neuropathic pain. Using genome-wide DNA methylation analyses, we recently 
showed a massive reorganization of the DNA methylation landscape in PFC occurs in rats nine 
months after induction of neuropathic pain. However, it is currently unknown in which cell 
populations these changes in methylation are taking place, by what mechanism, and the time 
course of these changes in the PFC. We therefore examined levels of 5-mC and relative changes 
in cell populations at sub-chronic and chronic time points.  

Methods: Male CD-1 mice underwent either spared nerve injury (SNI) or sham-surgery control. 
Tissue was collected for immunohistochemistry (IHC) at sub-chronic (2 weeks post-injury) or 
chronic (6 months post-injury) time points. Populations of neuronal, astrocyte, microglial and 
overall cell numbers were identified by labelling with NeuN, GFAP, Iba1 or DAPI, respectively. 
Staining for 5-mC was performed to examine changes in overall methylation. IHC and cell 
counting was performed in the medial orbital (MO), prelimbic (PrL), and supplementary motor 
area (M2). Behavioural assays for cold and mechanical hypersensitivity (Acetone and Von Frey), 
and physical impairment (Rotarod) were performed at sub-chronic and chronic time points to 
confirm development and retention of chronic neuropathic pain. 

Results: Six months post-injury there is increased ratio of total cells relative to the neuronal cell 
count in SNI animals compared to sham animals. A significant increase in the proportion of 5-
MeC expressing neurons was also observed six months post-injury relative to sham surgery. No 
differences in the ratio of total cells relative to neuronal cells were noted between sham and SNI 
at the two week time-point.  

Conclusion: The increased ratio of total cells relative to the neuronal cell count six months post-
injury may indicate either an increase in other cell types or neuronal death. The altered 
expression of 5-MeC supports the hypothesis that chronic pain induces long-term changes in DNA 
methylation and gene expression. 
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Single-cell activity during carbachol-induced oscillations in an in vitro brain slice preparation 

Li-Yuan Chen*, Maxime Lévesque, Nancy Duan*, Leila Leclerc, Massimo Avoli 

In mesial temporal lobe epilepsy (MTLE), one of the most refractory forms of epilepsy, seizures 
originate from the hippocampal formation, which is known for generating theta rhythm in the 
EEG. Data from both patients and animal models have shown that theta rhythm can precede ictal 
discharge, suggesting that this rhythm may play a role in ictogenesis, possibly through 
synchronizing excitatory and inhibitory neurons before ictal discharge onset. We investigated 
single-unit activity patterns during theta oscillations induced in vitro by bath application of 
carbamylcholine chloride (carbachol, 100 µM) for 4 hours. Brain slices (450 µM) were obtained 
from adult male Sprague-Dawley rats (250-275 g).  Single-unit activity was recorded for 10 min. 
after which the tetrode wires were moved to another region of the entorhinal cortex (EC). Data 
were acquired at a sampling rate of 20 kHz, filtered between 300-3000 Hz to facilitate the 
identification of single units and between 1-70 Hz for visualising “slow” field potential signals. 
Single-units were classified as interneurons or principal cells with WaveClus. We found that 
carbachol application induced theta oscillations in the EC. These theta oscillations were 
dependent on fast glutamatergic transmission since they were abolished by the application of 10 
µM 2,3-dihydroxy-6-nitro-7-sulfamoyl-benzo[f]quinoxaline-2,3-dione and 10 µM 3-(2-
Carboxypiperazin-4-yl) propyl-1-phosphonic acid. Analysis of single-unit activity revealed an 
increase in firing rates of both interneurons and principal cell at the onset of theta oscillations. 
Interneurons fired during the entire duration of theta oscillations. Our data support the view that 
carbachol-induced theta oscillations are modulated by GABAergic interneuronal networks. We 
propose that excessive synchronization during theta rhythms, due to an enhanced interneuronal 
activity, could contribute to ictogenesis and perhaps to the development of an epileptic focus. 
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Microglial pruning signals: likely mediators of autism-like behaviors in prenatally infected mice 

Andrea Guzmán (*), Lourdes Fernández de Cossío, Giamal N. Luheshi 

Environmental challenges to the maternal immune system during pregnancy have been 
associated with an increase in the frequency of neurodevelopmental disorders such as Autism 
Spectrum Disorders (ASD) appearing in the offspring. Microglia, the brain’s resident immune 
cells, are now known to be critically involved in normal brain development, shaping connections 
between neurons by pruning superfluous synaptic spines. Our aim was to investigate whether 
maternal infection during critical stages of gestation compromises the role of microglia in 
sculpting neuronal circuits. Using a mouse model of maternal immune activation (MIA) induced 
by bacterial Lipopolysaccharide (LPS), we assayed the offspring’s behaviour during postnatal 
development. Additionally, we quantified spines within the offspring’s brain and assessed 
alterations in some molecular signals involved in pruning. LPS-induced MIA led to behavioral 
changes relevant to ASD in the offspring in the absence of gross neurological problems. Prenatal 
LPS resulted in a significant increase in the number of spines in the granule cells of the dentate 
gyrus, as well as a reduction in hippocampal expression of the fractalkine microglial receptor 
(CX3CR1), involved in mediating the pruning process in the offspring. Interestingly, these changes 
were only noted in the male progeny of the LPS challenged dams. These results provide an early 
indicator that microglial function is altered in the brain of offspring from immune challenged 
mothers and that the effects in the brain appear to be specific along sex lines.  
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Mu opioid receptor function in the anterior cingulate cortex 

Maria Zamfir*, Philippe Séguéla  

Morphine isolated from the opium poppy has long been used as an effective pain killer. Its ability 
to induce analgesia relies mainly on the presence of the mu opioid G protein-coupled receptor 
(MOR) in pain pathways. Interestingly, MOR is expressed in the anterior cingulate cortex (ACC), 
a subdivision of the prefrontal cortex involved in higher order pain processing, such as the 
emotional and affective aspect of pain experience. Recent studies in rodents suggest that pain 
relief is dependent on endogenous opioids acting on their receptors in the ACC. Our investigation 
aims to determine the function and localization of MOR in the mouse ACC as it is currently 
unknown which neuronal cell types express MOR in this brain region. We perform whole-cell 
patch clamp recordings of layer 2/3 pyramidal cells in the ACC using acute slices from wild type 
C57Bl/6 mice. We bath apply DAMGO [3 uM], a selective mu opioid receptor agonist, to directly 
observe the effect of MOR activation on cellular excitability. We found that around 60% of layer 
2/3 pyramidal cells in the ACC are sensitive to DAMGO as they respond with a decrease in cellular 
excitability that is reversible once DAMGO is washed out. We also induce persistent firing in these 
layer 2/3 pyramidal cells using DHPG [20 uM], a mGluR1 & 5 agonist, and then co apply DAMGO 
& DHPG to observe the effect of MOR activation on persistent firing. Interestingly, we find that 
DAMGO can inhibit glutamatergic persistent firing which is again reversible when DAMGO is 
washed out. Future experiments will determine whether the modulatory effects of DAMGO we 
observe are due to postsynaptic and/or presynaptic MOR activation. We will also investigate how 
chronic neuropathic pain condition can change MOR availability and function in the ACC.  

This work is funded by the Canadian Institutes of Health Research (CIHR) and the Louise and Alan 
Edwards Foundation (LAEF). 
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Brain Changes Following Intensive French Language Learning 
 
D’Souza, D.*1,2; Berken, J.1,2; Callahan, M. 2; Barbeau, E. 2; Chai, X.2; Baum, S.3; Gracco V.3, and 
Klein D.2, 3 
1.Integrated Program in Neuroscience, McGill University 
2. Cognitive Neuroscience Unit, Montreal Neurological Institute  
3. Centre for Research on Brain Language and Music 
  

The ability to communicate in multiple languages is of increasing importance in our 
society. How we learn these languages, and the changes they induce can give us  insights into  
adult  brain  plasticity.  We conducted a  study  to  investigate  the behavioral and brain changes 
present after a period of intensive French language learning. The longitudinal study took place 
over 12 weeks. Here we show the results for one right-handed monolingual English speaker who 
was recruited from McGill’s Intensive French Program through the school of continuing studies. 
The results show fMRI and resting state data for the subject pre and post 12 weeks of 6 hours of 
French per day. Whereas previous studies have studied late L2 acquisition by comparing brains 
of late learners to bilingual and monolingual controls, this study uniquely looks at the same 
subject prior to language acquisition and following an intensive period of learning, allowing 
within---subject comparisons. Additionally, this study investigates global  brain  changes,  with  
structural  and functional analyses investigating all voxels of the brain.  

Although these results still have to be further characterized in the full dataset of 14 
subjects who have undergone intensive training, this work can be informative in looking at 
individual brain changes as soon as 4 months after learning has begun. We hope that the  study  
can  give  some  insight  into  the  brain  plasticity  involved  in second language learning, and the 
plasticity of the adult brain in general. 
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Long Non-coding RNAs in Depression and Suicide 

Yi Zhou*, Dr. Pierre-Eric Lutz, Dr. Gustavo Turecki 

Depression is major risk factor for suicide.  To address the molecular mechanisms of this, we 
performed RNA-sequencing in the rostral anterior cingulate cortex (rACC) of 26 depressed suicide 
completers and 24 matched controls, all with detailed psychological autopsy information. A 
genome-wide long non-coding (lnc) RNA differential expression analysis revealed 24 lncRNAs that 
were differentially expressed between depressed suicide completers and controls. Weighted 
gene co-expression analysis revealed select lncRNAs are associated with gene networks enriched 
for important biological processes, including myelination. We are working to identify the function 
of select lncRNA and to determine the mechanisms underlying their regulation. This work 
highlights the importance of lncRNAs in depression and suicide. 
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Perceptual Effects of New Category Learning: An Online Study  
 
*Madeline Gregory1, Daniel Rivas2, Catherine Prevost3, Hisham Sabri4, Fernanda Perez Gay 
Juarez5, Xiwei Kang6, Stevan Harnad7 

Departments of Cognitive Science1, Neuroscience5, and Psychology7, McGill University. 
University of Southampton6. Laboratoire de Communication et Cognition, UQAM, 1, 2, 3, 4, 5, 7. 
 
The focus of our research is Categorical Perception (CP), the phenomenon by which the 
categories possessed by an observer influences the observer's perception. While innate CP is well 
identified and acknowledged, the existence of learned CP is still an ongoing debate. However, 
the enormous amount of categories that humans possess is evident, for example, when we look 
at the amount of words in a dictionary, shows us that most categories are learned. The objective 
of our research is to test whether CP can be acquired by learning new categories, and aims to 
assess if the difficulty of the category learning increases the CP effect. This project aims to 
measure the behavioural changes in stimuli perception induced by newly learned 
categories.  This project is part of a larger study conducted by Fernanda Perez Gay Juarez (PhD 
candidate, McGill University). While the main study is conducted using EEG, this study was run 
online in order run a larger number of participants at a substantially faster rate and reinforce the 
results we have found in the lab.  
 
The study was composed of 3 tasks, the first and last task being identical. In the first task, the 
computer showed the participant pairs of images of textures in black and white, and they had to 
indicate the similarity of those two textures using a continuous sliding scale (which is composed 
of values from 0 to 100 – although these values are not marked for the participant). For the 
second task, the computer again showed the textures and the participant then had to divide the 
textures into two different categories (K and L). The task was to learn by trial and error to which 
category the different textures belong. Whenever a categorization was made, the computer 
generated feedback indicating if the answer was correct or incorrect. During this part of the task, 
there were pauses where the participant was prompted to answer a questionnaire about their 
understanding of the task. The third task was a repetition of the first task (with the textures pairs). 
The textures are composed of four co-varying features composed of black and white pixels. In 
the easiest difficulty, all four features vary between K and L. In the hardest difficulty, only one 
feature varies between K and L. Our hypothesis is that if the participant learns in the second task 
(i.e. learns to categorize correctly), they will rate textures of the same category as more similar 
in the third task (an effect called compression) and textures of different categories as more 
different (an effect called separation). If this effect is observed, it is indicative than the 
participant's perception has been changed due to their leaning of a new category, in other words, 
they have acquired categorical perception for these categories (K and L).  
 
Our results have been successful in showing that participants who learned to correctly categorize 
K and L textures later demonstrated the effects of separation and compression in the concluding 
similarity judgment task, thereby proving that they had in fact acquired a categorical filter that 
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then went on to affect how they saw the textures (categorical perception). Among other results, 
we also noted a decrease in reaction time across trials for learners, as well as an increasing 
number of participants with decreasing difficulty.  
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Mu opioid receptors in the habenula: dissecting reward and aversion in addiction 

Laura-Joy Boulos*, Emmanuel Darcq, Claire Gavériaux-Ruff, Brigitte L. Kieffer 

It is well-established that mu-opioid receptors (MORs) mediate the potent analgesic and 
rewarding effects of opiates (Matthes et al., Nature, 1996). Further, these receptors are central 
to reward processing for both drugs of abuse (Contet et al., Current opinion in neurobiology, 
2004) and natural stimuli (Moles et al., Science, 2004), and largely contribute to the initiation of 
addictive behaviors. Finally, chronic MOR activation induces neuroadaptations that contribute to 
drug withdrawal symptoms and the negative and aversive emotional states associated to 
protracted abstinence (Goeldner et al., Biological Psychiatry, 2011; Lutz et al., 
Neuropsychopharmacology, 2014). Traditionally, the positive rewarding effects of opioids have 
been attributed to opioid receptors in the mesolimbic tract. Intriguingly, the medial habenula 
(MHb), a small epithalamic brain structure that shows the highest MOR density, has been shown 
to be implicated in both reward and aversive processes. Here, we created and characterized a 
conditional knockout mouse model that lacks MORs specifically in the MHb ?using the nicotine 
receptor subunit ChrnB4 as a promoter- (B4-MOR mice) to dissect the role of MHb MORs in 
reward. Our cellular characterization of B4-MOR mice using PCR, qPCR, RNAscope and 
immunohistochemistry techniques proved that the conditional knockout mouse successfully 
shows a reduction of Hb MORs. In addition, our RNAscope results indicate that MORs are mainly 
expressed in glutamatergic substance P positive neurons in the MHb but they also colocalize with 
acetylcholine transferase in a smaller population of habenular neurons, consistent with protein 
distribution (Gardon et al., Neuroscience, 2014). Our first behavioral results show a reduction of 
withdrawal symptoms upon chronic morphine exposure in B4-MOR mice, thus indicating a role 
of Hb MORs in aversive processes associated with abstinence. 
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Methods to study microglia in vivo in Xenopus laevis tadpoles: A novel model to study 
microglia-neuron interactions in the developing brain 

Tony Lim*, Anne Schohl, Edward Ruthazer 

The Xenopus laevis retinotectal circuit is an ideal model to dynamically assess microglia-neuron 
interactions. Retinal ganglion cell (RGC) axons, tectal cell dendrites, and microglia can all be 
readily visualized simultaneously through the tadpole’s dorsal skin and pia without the need for 
invasive surgery that may cause microglial activation and bias microglial responses. To date, the 
authors know of no study that have examined microglia in vivo in the Xenopus laevis model 
organism. 

To examine microglia by 2-photon real time imaging, we have developed methods to label 
microglia in Xenopus using fluorophore conjugated lectin dyes. Lectin dyes were injected 
intraventricularly at stage 41. Two lectin conjugated dyes (tomato lectin and IB4 isolectin) were 
compared and contrasted for their efficiency of labeling Xenopus microglia in vivo. 

Microglia were then observed by 2-photon microscopy. Morphologically, microglia in Xenopus 
are characterized by a roundish, amoeboid appearance with a few short projections, and are 
similar in description to the primitive ramified microglia which have been described in neonatal 
mice. Time lapse imaging was performed, and images were registered in 3D by descriptor-based 
series registration. Microglia in Xenopus tectum were then tracked in 3D space using TrackMate 
software. Under physiological conditions, a wide range in the mobility of microglia was observed, 
between 1 to 10 µm per minute. Visual activity increased microglial mobility. Microglia were also 
responsive to laser induced injury, aggregating around the injury site to phagocytose injured 
tissue. To examine microglia-neuron interactions in the development of the optic tectum under 
physiological conditions, axons were labelled by EGFP retinal electroporation. Interaction of 
microglia with the neuropil (synapses) and tectal neurons will be examined. 

Traditionally, the model organisms used to study the interaction of microglia and synapses by 
real-time in vivo imaging are the zebrafish and mice. However, the small size of zebrafish makes 
electrophysiological studies difficult in these organisms. In mice, electrophysiological studies are 
typically limited to ex vivo preparations, where experimental manipulations may activate 
microglia and alter function. We propose that the Xenopus laevis is an ideal model organism to 
study microglia-neuron interactions, due to the ease of in vivo real-time imaging, and also 
because of the ability to perform in vivo electrophysiology studies to examine the impact of 
microglia on synapse development and plasticity. 
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Selective small molecule RET agonists are neuroprotective, and can function independent of 
GFRa1 co-receptors 

Sean Jmaeff*, Yulia Sidorova, Hayley Lippiatt, Pablo F. Barcelona, Hinyu Nedev, Marinko Sarunic, 
Mart Saarma, H. Uri Saragovi  

The neurotrophin Glial cell line-Derived Neurotrophic Factor (GDNF) binds first to the GFRa1 
receptor. The GDNF?GFRa1 complex then activates the RET tyrosine kinase to transduce pro-
survival signals through Akt/Erk pathways. GDNF was tried as therapy for neurodegenerative 
disorders but failed clinically.  We hypothesized that failure is due to two major obstacles: (i) 
GDNF has poor pharmacokinetics and (ii) while RET is the signaling receptor, it requires co-
expression of GFRa1 thereby limiting the phenotype of cells that can respond to GDNF. We 
identified small molecules that selectively activate RET/Akt/Erk pathways, and afford RET-
dependent survival to stressed neurons, independent of GFRa1 co-expression. In genetic mouse 
models of Retinitis Pigmentosa, the agents activate RET signals, reduce photoreceptor neuronal 
death, and preserve retinal structures significantly better than GDNF. This work shows that the 
RET receptor is druggable, that it is feasible to develop small molecule selective RET agonists that 
do not require GFRa1, and may allow therapeutic targeting of a broader field of cells. 
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Role of TGFβ in schizophrenia related behaviours in neonatal ventral hippocampus lesioned 
rats   

A.T. Joseph*, S. K. Bhardwaj and L. K. Srivastava   

Components of transforming growth factor β (TGFβ) signaling are implicated in a number of 
psychiatric disorders including schizophrenia. The neonatal ventral hippocampus lesion (NVHL) is 
a heuristic model to study the effect of early hippocampal abnormalities on the development of 
schizophrenia related behaviors and pathology. Previous work has shown increased oxidative and 
inflammatory stress in the prefrontal cortex (PFC) of NVHL animals. Our preliminary study has 
shown a reduction in the mRNA and signaling by TGFβ1, an anti-inflammatory member of the 
TGFβ family, in the PFC of adult NVHL animals. Thus we hypothesised that upregulation of TGFβ1 
may be able to rescue the behavioral deficits observed in NVHL animals, possibly through its anti-
oxidative effects. In order to test this hypothesis Sprague-Dawley rat pups at P7 were bilaterally 
microinjected with ibotenic acid (3µg/side) or saline in the ventral hippocampus to generate 
NVHL or sham animals. The recombinant TGF-β1 or saline were injected intraperitoneally (IP) 
twice daily from P7-P14 at a concentration of 200ng/kg making 4 groups - Sham-saline, Sham-
TGF-β1, NVHL-saline and NVHL-TGF-β1. Both male and female pups were included for the 
experiment. The following behavioral tests were conducted- spontaneous locomotion, social 
interaction and pre pulse inhibition (PPI) at two time points - P31-P35 (periadolescence) and P60-
P65 (post-pubertal). As previously reported post-pubertal NVHL group treated with saline 
exhibited an enhanced locomotor activity, deficit in PPI and impaired social behavior as 
compared to the control animals in both male and female groups. Neonatal administration of 
recombinant TGFβ1 prevented enhancement of locomotor activity, deficit in PPI and reduced 
social preference in male NVHL-TGFβ1 treated group at P60. The data suggest that TGFβ1 may 
act as a neuroprotective agent to confer protection against the NVHL induced behavioural deficit. 
The results also suggest that TGFβ1 deficit is a key molecular mechanism causing NVHL-induced 
behavioural deficits.   

  



74 
 

B27) 

Pathway-specific recording of thalamic input to nucleus accumbens during reward seeking task  

Sean Reed*, Christopher Lafferty, Dr. Thomas Davidson, Dr. Logan Grosenick, Dr. Karl Deisseroth, 
Dr. Jonathan Britt  

The nucleus accumbens (NAc) is a forebrain structure that is critically involved in decision making 
processes. Spiking activity in the NAc increases during the presentation of reward-associated 
stimuli, particularly when the stimuli provoke a behavioural response. Excitatory inputs to the 
NAc come from several brain regions. These inputs are generally thought to encode some aspect 
of external stimuli and internal states, but it is presently unclear what specific information is 
encoded in each discrete glutamatergic input. Here, using fiber photometry, we recorded activity 
specifically from thalamic inputs to the NAc in vivo to assess when this pathway is active in 
relation to reward seeking behaviour. Viral-mediated gene delivery was used to target expression 
of the calcium indicator protein GCAMP6s to intralaminar thalamic nuclei. A fiber optic was then 
implanted within the NAc to monitor GCaMP fluorescence from thalamic axons located there. 
Animals were trained to distinguish between two distinct tones, and an active lever press during 
one tone resulted in food delivery. We found that thalamic input to the NAc is not responsive to 
either reward-associated or neutral tones. However, increases in activity were observed when 
animals made rewarded lever presses. Additionally, there were dramatic decreases in thalamic 
activity during consummatory behaviour, and a subsequent rebound in activity upon exits from 
the food port. Overall, thalamic input to the NAc seems to encode aspects of volitional motor 
behaviour and is not especially responsive to external stimuli.  
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Regional Alterations in mGluR5 Availability in Mesial Temporal Lobe Epilepsy (MTLE) Assessed 
in vivo by [11C]ABP688 Positron Emission Tomography (PET) 

Jack Lam*, Jonathan DuBois, Karina A. González-Otárula, Jean-Paul Soucy, Jeffery A. Hall, Pedro 
Rosa-Neto, Eliane Kobayashi 

Rationale: Failure to recover metabotropic glutamate receptor type 5 (mGluR5) abnormalities 
following pilocarpine induced status epilepticus suggests a role of this receptor during 
hippocampal epileptogenesis in MTLE. In the present study, we aimed to characterize the pattern 
of mGluR5 availability in neocortical regions and mesial temporal structures of MTLE patients 
using PET and [11C]ABP688, a radioligand that binds specifically to mGluR5 allosteric site. 

Methods: Thirty unilateral MTLE patients (14 right MTLE, 23 female, mean age 40.1±13.8) and 30 
healthy controls (12 female, mean age 46.9±18.3) were studied. Patients were classified based 
on the degree of hippocampal volume asymmetry as having "no/mild" (group1) or 
"moderate/severe" (group2) hippocampal atrophy. All subjects underwent structural magnetic 
resonance imaging (MRI) and a 1hr dynamic acquisition PET scan with injection of 10 mCi of 
[11C]ABP688. Partial volume corrected non-displaceable binding potential (BPND) maps of 
[11C]ABP688 were generated using a simplified reference tissue method with the cerebellum as 
a reference region. We calculated mean [11C]ABP688 BPND within regions of interest (ROIs) 
generated by Freesurfer from each individual MRI, which were visually inspected and manually 
corrected for anatomical inaccuracies. ROIs included the mesial temporal structures 
(hippocampus, amygdala, and parahippocampus) as well as the temporal neocortex. We 
compared mean BPND differences across all ROIs between patients and controls, as well as 
hemispheric differences in patients (i.e., ipsilateral versus contralateral to the seizure focus). 
Statistical analysis was performed using two-tailed t-tests with significance level set at p < 0.01. 

Results: Compared to controls, group1 showed significant bilateral reductions in BPND across all 
ROIs except for the amgydala. Group2 showed significant reductions mostly ipsilaterally to the 
seizure focus with the exception of amgydala and temporal neocortex. Hemispheric differences 
included reduced BPND in ipsilateral hippocampus, amygdala, and parahippocampus in group2. 
In contrast, group1 patients showed significant BPND reductions only at the level of the 
hippocampal head and parahippocampus ipsilaterally. No significant hemispheric differences 
were seen in neocortical structures in either group. 

Conclusions: Altered mGluR5 availability in the epileptogenic hippocampus was found in all 
patients as compared to healthy controls, in keeping with animal data from the pilocarpine model 
of MTLE. Interestingly, mGluR5 availability alterations were also seen rather bilaterally in patients 
with less damaged hippocampi. This could be a factor related to the poorer surgical prognosis 
these patients tend to have as compared to those with clear full-blown hippocampal atrophy. 
Intrasubject hemispheric findings suggest that reduced mGluR5 availability extending beyond the 
hippocampus within other mesial structures might be modulated by the epileptogenic atrophic 
hippocampus. 
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Alternations to the NGF metabolic pathway in human AD and MCI 

Rowan Pentz*, Florencia Iulita, A. Claudio Cuello 

Basal forebrain cholinergic neurons are important for cognition and their progressive 
degeneration contributes to dementia in Alzheimer’s disease (AD). These neurons depend upon 
a target-derived supply of Nerve Growth Factor (NGF) for the maintenance of function and 
phenotype. In Alzheimer’s disease, the balance between mature NGF and its less trophic 
precursor, proNGF, is shifted in favour of the latter. Our lab has shown that the maturation and 
degradation of NGF is controlled by a network of secreted enzymes, zymogens, and convertases 
(termed the NGF metabolic cascade; see Bruno and Cuello, PNAS, 2006); we have also 
demonstrated that alterations of this pathway can produce accumulations of proNGF similar to 
those observed in AD with consequences for the cholinergic system. However, a thorough 
investigation of the NGF metabolic cascade in human AD is much needed. In this study, we 
investigated members of the NGF metabolic cascade in the brains of healthy controls (n=33), 
patients diagnosed with mild cognitive impairment (MCI, n=11), a potential precursor state to 
AD, and patients diagnosed with AD (n=10) from the Religious Orders Study, a well-characterized 
cohort of aging American clergy. Using Western Blot, we found that proNGF protein, but not 
mRNA, was upregulated in MCI and AD, indicating a disruptive of its maturation to NGF. Using 
Western Blotting and ELISA, we also found upregulations of plasminogen and neuroserpin in AD 
and MCI which are consistent with an impaired maturation of proNGF to mNGF, and 
corresponding increases in MMP3, an enzyme capable of degrading mature NGF. Using qPCR, we 
showed that MMP3 is upregulated in AD and MCI, while neuroserpin is selectively upregulated 
during MCI. MMP9, the protease traditionally believed to degrade mature NGF, is upregulated at 
the level of mRNA and its inhibitor, TIPMP1, is downregulated. Lastly, MMP7, which can degrade 
both mature and precursor NGF, is increased in AD and MCI. Our results indicate an NGF 
metabolic phenotype that will impair the maturation of NGF from its precursor, while favoring 
its degradation by metalloproteases. Our study therefore characterizes a novel target for 
therapeutic interventions in AD.  
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The role of eEF2 in stalled polysomes. 

Mina N Anadolu*, Tyson E Graber, Christos Gkogkas, Wayne S Sossin 

The reactivation of stalled polysomes, a form of protein synthesis independent of translation 
initiation, is critical for metabotropic glutamate receptor-dependent long-term depression 
(mGLUR-LTD) in the vertebrate hippocampus (Graber et al. 2013 PNAS 110(40):16205-10). 
Phosphorylation of the eukaryotic elongation factor 2 (eEF2) by its dedicated kinase eEF2 Kinase 
(eEF2) is required for both the induction of mGLUR-LTD and the translational activation of the 
microtubule-associated protein 1B (Map1B), a major mRNA found on stalled polysomes, that is 
translated in an initiation-independent manner during mGLUR-LTD (Davidkova and Carroll et al. 
2007, J. Neuroscience 27:13273-13278; Graber et al. 2013). EEF2 phosphorylation is also required 
for translation-dependent but initiation-independent forms of synaptic plasticity in other 
systems such as the marine mollusk Aplysia californica (McCamphill et al. 2015, J. Neuroscience 
35(10):4403-17). We postulate that the requirement for eEF2 phosphorylation in initiation-
independent forms of synaptic plasticity such as mGluR-LTD, is because of the need to remove 
an inactivated form of eEF2 that is present on stalled polysomes which also plays a role in stalling. 
Inactivated eEF2 would indicate that the polysome is stalled in the hybrid state after ribosome-
catalyzed peptide bond formation, but before eEF2-dependent translocation. We used inhibitors 
to block translation initiation and to induce run-off of actively translating polysomes in neurites 
of dissociated rat hippocampal cultures, in order to selectively visualize stalled polysomes that 
are frozen in the stage of translation elongation. Unlike translating polysomes, the 
puromycylation of stalled polysomes occurs but requires higher concentrations of puromycin, 
consistent with the hybrid state. Also consistent with stalling in a hybrid state, anisomycin, a 
translation inhibitor which competes with puromycin for targeting actively translating 
polysomes, does not compete with purmomycin in labelling stalled polysomes in neuronal 
dendrites. Hybrid polysomes also show protection of smaller fragments of mRNA in ribosome 
protection assays (Lareau et al. 2014, elife 3:e01257). We will determine if stalled polysomes are 
enriched in smaller fragments using purification and examination of stalled polysomes following 
run-off of actively translating polysomes. We will also determine how eEF2 stays on the stalled 
polysome in an inactive form without dissociating from the ribosomal complex prior to 
phosphorylation by eEF2K. 
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Arterial Spin Labeling (ASL) In The Pre-Surgical Evaluation of Pediatric Epilepsy 

Patricia Tomaszewski* (1), Jeremy Moreau (1), Pia Wintermark (3), Sylvain Baillet (1), Roy Dudley 
(2) 

(1) McConnell Brain Imaging Center, Montreal Neurological Institute, McGill University, (2) 
Pediatric Neurosurgery, McGill University Health Network, (3) Neonatology, McGill University 
Health Network 

Arterial spin labeling (ASL) is a non-invasive MRI perfusion method that uses magnetically labelled 
arterial blood as an endogenous tracer. This technique has been used as an indirect method of 
localizing the epileptogenic zone in adults with focal drug-resistant seizures, but little has been 
published in this regard in children.   

We prospectively applied a novel image processing pipeline to ASL data, in order to visualize and 
quantify perfusion abnormalities in pediatric epilepsy patients, with the over-arching goal of 
identifying the epileptogenic zone. After qualitative assessment for obvious perfusion 
abnormalities, quantitative evaluation was conducted by computing mean cerebral blood flow 
throughout the brain and performing asymmetry index calculations for corresponding paired 
regions in both hemispheres. ASL results were then compared to 3T-MRI, PET, SPECT, MEG data 
as well as surgical pathology results in some patients.  

We evaluated 10 pediatric patients in the presumed interictal phase. We found that 6 patients 
exhibited areas of hypoperfusion, one displayed a focus of hyperperfusion, and the remaining 
three showed no obvious ASL abnormalities. After comparison to other forms of imaging for each 
patient with conclusive ASL results, we found concordance in 7 out of 7 patients. Thus far 4 out 
of the 7 patients have undergone surgical resection, revealing 3 cases of focal cortical dysplasia 
(FCD) and 1 case of hippocampal sclerosis. All 3 FCD cases in which the ASL abnormality was 
resected are seizure free at mean 6.5-month follow-up.   

ASL is a potentially useful non-invasive neuroimaging technique that can be used to help localize 
or better delineate the epileptogenic zone in pediatric epilepsy as part of the pre-surgical workup. 
It could be particularly beneficial for children due to its non-invasive nature, and could potentially 
replace CT-based PET and SPECT in the future. 
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Neuromodulation of Neurovascular Coupling via optogenetics in awake mice 

Lim AR, Lecrux C, Tong X-K and Hamel E 

Laboratory of Cerebrovascular Research, Neural Circuit group, Montreal Neurological Institute – 
McGill University, Montreal, QC, H3A2B4, Canada 

The locus coeruleus (LC) is a small nucleus located in the pons and is the main source of 
noradrenaline input to the cerebral cortex, hence a key player in arousal, sleep-wake cycles and 
sympathetic nervous system. The neurons recruited in the cortex upon LC activation, whilst 
active, require blood to sustain their activity. This is achieved via a mechanism known as 
neurovascular coupling: the spatial and temporal changes in cerebral blood flow towards active 
neurons. The network of neurons that participate in modulating the blood vessel is therefore the 
main focus of this project. In particular, this project aims to identify the neuronal network 
recruited in the cerebral cortex following activation of noradrenergic projections upon LC 
stimulation. To achieve selective in vivo stimulation of LC-NA neurons, optogenetic tools were 
utilized via microinjecting bilaterally the LC of DBH-cre mice with the adeno-associated virus 
AAV2-EF1α-DIO-CHETA-eYFP and control mice with virus the control AAV2-EF1α-DIO-eYFP. Mice 
were then implanted with an optic fiber above the LC and a head-restrain device. We used awake-
restrained mice to prevent locomotor activity interfering with LC noradrenergic signal, and avoid 
any confounding effects of anesthesia. The mice (n=9) were trained for four days on a restraining 
device prior to optogenetic stimulation with 473nm light (5Hz, 15ms at 25mW for 15 stimulations 
of 10sec each). After stimulation, the mice were perfused and blood was collected to measure 
corticosterone levels, an indicator of stress. Green Fluorescence Protein (GFP) 
immunohistochemistry (1:3000) confirmed virus expression in 67% of mice in both LC and fibers 
projecting to the cortex. Moreover, c-Fos immunohistochemistry, used as a marker of neuronal 
activity, showed a specific activation of neurons in the optogenetically-activated LC as well as in 
the cerebral cortex. Further double-immunohistochemistry combining c-Fos and markers of 
pyramidal cells (COX-2) and subsets of GABA interneurons (somatostatin, paravalbumin, 
vasoactive polypeptide) will enable identification of the activated neuronal network. This project 
provides insight into the overall effect of the LC-NA system on the changes in the activity of the 
cortical network that is most likely to generate the changes in perfusion upon LC activation. 
Subsequent experiments with concurrent measures of cortical cerebral blood flow will be 
required to assess the outcome of neurovascular coupling. These will confirm the efficiency of 
utilizing optogenetic tools in awake-restrained mice to measure neurovascular coupling either 
acutely or chronically, as required in models of progressive neurodegenerative diseases like 
Alzheimer’s disease. 
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B33) 

C. elegans utilize functionally distinct neural sensory pairs, ASER and ASEL, to resolve 
spatiotemporal features of a NaCl environment 

Desrochers, Melanie* Hendricks, Michael  

Understanding how the nervous system senses, interprets, and navigates a dynamic environment 
can be a daunting task. C. elegans are capable of efficiently navigating complex environments in 
response to a variety of chemical compounds. This provides a simple system for the study of 
neural communication in response to environmental change. ASER and ASEL, the two main NaCl 
sensing neurons, have opposing responses; ASER is "OFF" responding and ASEL is "ON" 
responding. These opposing neural dynamics have been proposed to underlie recognition of 
changes in NaCl concentration. Previous studies have suggested that ASER is the primary driver 
of NaCl gradient navigation. However, we found that conditions which increase the magnitude 
of ASER responses to step stimulus are not predictive of behavioral responses to stimulus steps. 
Conversely, conditions which increase the magnitude of ASEL responses to step stimulus are 
predictive of behavioral responses to stimulus steps. Consequently, ASER and ASEL lateralization 
goes beyond neural responses to NaCl but also specialize in coding functionally distinct 
spatiotemporal features of a NaCl stimulus. These differential dynamics add another layer of 
sensory computation; it provides C. elegans the ability to not only detect the presence of NaCl 
but to define the borders of NaCl in the environment which provides greater environmental 
resolution and successful navigation of a complex and dynamic environment. 
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B34) 

Laminar-specific amplitude-amplitude coupling of current source density in the rat 
somatosensory cortex 

Roland Pilgram, Aleksandra Bortel, and Amir Shmuel 

All human behaviors, either task-related or not, are expected to result from complex frequency-
specific interactions of neurophysiological activity in functionally specific brain regions (Siegel et 
al., 2012). Key to complex behaviors is the six-layered structure of the neocortex - one of the 
most prominent features of the mammalian brain. Activation within and between neural 
populations or brain regions may be regulated by amplitude-amplitude coupling (AAC), while 
the fingerprint in temporal coordination of canonical computations may be phase-amplitude 
couplings (PAC) (Siegel et al., 2012). These frequency-specific neuronal correlations can be one 
of the keys to understanding global and local computations and circuits of the brain. Here we 
investigate intra-, and inter-laminar band-limited AAC of current source densities in the rat 
somatosensory cortex. 

AAC is a measure of the co-variation of the amplitude of two signals. This technique has been 
applied to fMRI, EEG, MEG and in-vivo animal recordings between brain regions (Engel et al., 
2013). Positive high gamma band correlations with BOLD time series have been shown for the 
sensorimotor cortex and the visual cortex of macaque. Also negative BOLD correlations with 
neurophysiological correlates were found for the supplementary motor area in humans and in 
macaque prefrontal cortex. However only a small number of studies have investigated the 
laminar-specific coupling effects, as for laminar specific PAC (Sotero et al., 2015) or AAC (Maier 
et al., 2010). We hypothesize, that intra- and inter-lamina activation is regulated by band 
specific AAC. 

Current source density time signals were bandpass filtered using a FIR filter with optimal filter 
order. The bands of interest are: delta band (1 Hz – 4 Hz), theta band (4 Hz – 8 Hz), alpha band 
(8 Hz – 12 Hz), beta band (12 Hz – 30 Hz), low gamma band (30 Hz – 50 Hz), mid gamma band 
(50 Hz – 100 Hz), and high gamma band (100 Hz – 150 Hz). The amplitude value of the Hilbert 
transform of this bandpass filtered signal corresponds to the envelope of the original signal. The 
calculation of the AAC of the envelope amplitudes of different bands and locations (i.e. 
electrodes, which account for specific layers along cortical depth) is done using Pearson’s 
correlation coefficient. To control for the possibility that the values were from a distribution 
with a mean different than zero, surrogate data are used. The testing is pursued for each Z-
score distribution against zero using a two tailed t-test. This concept captures the dynamics of 
intrinsic neural interactions at different spatial scales. It reveals significant statistical 
dependencies between the amplitudes of different frequency bands of one or more signals.  

The proposed algorithm for AAC has been applied to 14 spontaneous activity data sets. The 
results indicate positive AAC for the alpha/theta - beta bands for all layers. Positive coupling is 
also shown for the beta and low gamma bands, more prominently in the supra-granular 
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regions. Negative coupling was observed for the low frequency delta band with (1) the gamma 
bands over all layers (except layer 2) and (2) theta over all layers (except layer 2). 

AAC reveals specific coordinated inter- and intra-laminar changes in the activation and 
regulation of cortical processing. The detailed understanding of coupling patterns will set the 
stage for detecting related deviations in neurological disorders.  

Engel AK, Gerloff C, Hilgetag CC, Nolte G (2013) Intrinsic coupling modes: multiscale interactions in ongoing brain 
activity. Neuron 80:867-886. 

Maier A, Adams GK, Aura CJ, Leopold DA (2010) Distinct superficial and deep laminar domains of activity in the 
visual cortex during rest and stimulation. frontiers in systems neuroscience 4. 

Siegel M, Donner TH, Engel AK (2012) Spectral fingerprints of large-scale neuronal interactions. Nature Reviews 
Neuroscience 13:121-134. 

Sotero RC, Bortel A, Naaman S, Mocanu VM, Kropf P, Villeneuve M, Shmuel A (2015) Laminar Distribution of Phase-
Amplitude Coupling of Spontaneous Current Sources and Sinks. Frontiers in neuroscience 9. 
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B35) 

Signaling from the inside out: Reassessing the topology of Mfn2 establishes the redox sensing 
domain within the intermembrane space. 

Sevan Mattie*, Jan Riemer, Jeremy G. Wideman and Heidi M. McBride 

In eukaryotic cells mitochondria fuse and divide, functioning as part of an interconnected tubular 
network. This plasticity of the mitochondria has recently been shown to be of critical importance 
in quality control and cell survival. Mutations in the fusion core machinery protein mitofusin-2 
(Mfn2) are implicated in such neurodegenerative diseases as Charcot-Marie Tooth Type 2A. The 
physiological function of fusion, where the mitochondria band together, seems primarily to be a 
response to cellular stress in an effort to protect the mitochondria against mitophagy and to 
inhibit apoptosis. However, our mechanistic understanding of mitochondrial fusion is poor. We 
previously demonstrated that the “priming” of the mitochondrial outer membrane fusion 
proteins Mitofusin 1 and Mitofusin 2, is triggered through the formation of disulfide bonds 
between cysteines in the C-terminal domain. This domain was predicted to be exposed to the 
cytosol, however we have now performed exhaustive topological studies, which confirm that 
Mfn2 contains only one transmembrane, not two as previously predicted. Therefore, we reassign 
the C-terminal domain to the intermembrane space location, where the cysteine residues sense 
the mitochondrial oxidative status. Disulfide switching is a central feature of the unique 
environment within the intermembrane space domain, due to the presence of the enzymes 
Erv1/Mia40 that facilitate these important disulfide oxidation cascades. Disulfide bond formation 
between the cysteine residues in the mitofusins is triggered by increasing the oxidized 
glutathione. Glutathione is the most abundant and rapid stress-triggered antioxidant system in 
cells. Functional studies further demonstrate that both mitochondria-generated and extra-
mitochondrial ROS promote fusion in vitro, in the presence of GSH. Finally, we show that 
mitochondrial fusion is a response to mitochondrial metabolic functions of nutrients metabolism 
and energy production, where the IMS location of the redox sensing domain directly links the 
metabolic status to mitochondrial fusion.  
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B36) 

The Effect of Night Shifts on the Peripheral Clocks in Police Officers 

*Anna Koshy, Marc Cuesta, Nicolas Cermakian, Diane B. Boivin 

BACKGROUND: As shift work becomes more prevalent, affecting about 30% of the working 
population, so are the issues associated with it. The circadian system regulates rhythmic 
parameters in our bodies by means of a central clock, in the brain, and various peripheral clocks, 
throughout the body. During shift work, a temporal misalignment occurs between an individual's 
circadian system and the outside world, leading to the possible development of health issues.  

OBJECTIVE: This study aims to report the extent of temporal misalignment in the peripheral 
clocks of police officers, before and after 7 nights of shift work. 

METHODS: In order to gain a better understanding of the overall circadian system, we used 
quantitative PCR to assess circadian clock gene expression in two separate peripheral clocks - 
white blood cells and oral mucosa cells. In this currently ongoing study, we have studied 5 police 
officers thus far, during two 24-hour visits which occurred before and after a week of night shifts. 
During both visits, we collected blood samples at 10h00 and 19h30, as well as oral mucosa 
samples every 4 hours. 

RESULTS: After 7 night shifts, we observed that the rhythms of gene expression in oral mucosa 
cells continued to peak similar to baseline rhythms while in white blood cells, the significant 
difference in gene expression levels between 10h00 and 19h30, that was observed at baseline, 
was lost after 7 nights of shift work. This suggests that the two peripheral clocks of police officers 
become temporally misaligned with their night shift schedules.  
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B37) 

The requirement of synaptopodin in mediating homeostatic scaling at CA3-CA1 synapses 

Melanie Chan*, David Verbich, Philip K.Y. Chang, R. Anne McKinney 

Correlative plasticity mechanisms like long-term plasticity and long-term depression are widely 
considered the biological basis of learning and memory but, when uncontrolled, also have the 
potential to destabilize neuronal function. Homeostatic synaptic scaling counteracts this 
destabilization by employing a negative feedback mechanism that modifies AMPA receptor 
content at excitatory postsynaptic compartments. A majority of excitatory contacts are made at 
dendritic spines, and a considerable subset of large dendritic spines possess the actin-binding 
protein synaptopodin. While synaptopodin contributes to local protein synthesis, calcium 
buffering, and Hebbian plasticity, its role in mediating synaptic scaling is not yet fully understood. 
Moreover, while many mechanisms that contribute to synaptic scaling are currently being 
explored, seminal studies have shown that inflammatory cytokine tumor necrosis factor-alpha 
(TNF?) release is a necessary and sufficient mediator of the postsynaptic scaling phenomenon 
after chronic activity silencing. Thus, with growing interest in both the role of synaptopodin in 
the induction of homeostatic plasticity and tripartite synaptic neuronal control, we posit that 
synaptopodin is required for synaptic scaling at CA3-CA1 synapses and that, after chronic 
inactivity, synaptopodin operates in tandem with TNF? to actively participate in the homeostatic 
regulation of neuronal activity. 
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B38) 

Small Nucleolar RNA and Antidepressant Response 

Rixing Lin*, Juan Pablo Lopez, Laura Fiori, Cristiana Cruceanu, Raoul Belzeaux, CANBIND working 
group, Jane Foster, Sidney Kennedy and Gustavo Turecki 

Statement of Purpose: Major depressive disorder (MDD) is a prevalent disorder treated primarily 
by antidepressants. Although effective, on average 30%-40% of patients experience an 
inadequate response to treatment after several attempts. Thus, there is a great need to identify 
biomarkers associated with MDD that predict and/or mediate response to antidepressant 
treatment. Recent discoveries have pointed towards small non-coding RNAs (sncRNAs) as 
feasible biomarkers. While the majority of studies have focused on microRNAs, evidence suggests 
that small nucleolar RNAs (snoRNAs), which are involved in alternative splicing and chemical 
modifications of RNAs, may also act as novel biomarkers for antidepressant response. 

Methods: A sample of 258 depressed patients were treated either with the antidepressant 
duloxetine (N=124) or placebo (N=134) for a period of 8 weeks. Blood samples were collected at 
baseline (T0) and 8 weeks into treatment (T8), and RNA sequencing was performed to detect 
expression changes of sncRNAs. At T8, patients were grouped into responders or non-responders 
to duloxetine, where responders were characterized as having a 50% reduction in the MADRS 
score from T0 to T8. The expression of the top snoRNAs, from responders of duloxetine, showing 
significant differences in their expression profiles from T0 to T8 was assessed in neural progenitor 
cells (NPCs) treated with duloxetine using qRT-PCR.  

Results: Small RNA sequencing revealed SNORD43, SNORD11B, SNORD17, SNORD77, SNORD99, 
and SNORD52 to be significantly up-regulated in responders 8 weeks after duloxetine treatment. 
NPCs treated with duloxetine for 2 weeks also showed a significant up-regulation of all 6 
candidate snoRNAs when compared to untreated controls. This is the first study profiling 
snoRNAs in MDD and antidepressant response, and these preliminary results suggest that the 
candidate snoRNAs may be good biomarkers of antidepressant response. 
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B39) 

Complete Reversal of Neuropathic and Inflammatory Mechanical Allodynia in Pregnant Mice 

Sarah Rosen 

Aim of Investigation: It has been consistently reported in the clinic that many female chronic pain 
sufferers have an attenuation of symptoms during pregnancy (Leresche et al., 2005; Ratinahirana 
et al., 1990), but there have been few studies investigating the mechanism behind this 
phenomenon. It has been shown that rats have an increased acute pain tolerance during 
pregnancy, due to an increase in opioid receptors in the spinal cord (Howard & Gintzler, 1987). 
However, these past studies did not consider that neurons are not the only cell type involved in 
pain processing, which is now known to involve cells of the immune system, such as microglia, 
macrophages, and T-cells. (Scholz & Woolf, 2007). Recently, we found that females are likely 
using adaptive immune cells (T-cells) to achieve pain hypersensitivity after injury, while males 
use microglia (Sorge et al., 2015). A possible explanation for this sex difference is that females 
have a stronger adaptive immune system and more circulating T-cells than males, thus males and 
females use different immune cells as a mean to the same end. However, during pregnancy, due 
to changes in sex hormone levels and protection of the fetus, females mount a dampened 
adaptive immune response. We wished to investigate the implications of this for microglia-
dependence of mechanical allodynia in pregnant mice and attenuation of chronic pain during 
pregnancy. 

Methods: Subjects were naïve, young adult (6-12 weeks old) female mice. CD-1 (Crl:ICR) and nude 
CD-1 (Crl:CD1-Foxn1nu), C57BL/6J, and Rag1−/− mice. Early pregnant mice were 3-5 days into 
gestation, and late pregnant were 17-20 days into gestation. Neuropathic surgery was a unilateral 
spared nerve injury (SNI), and inflammatory injury was a single unilateral hind paw injection of 
complete Freund's adjuvant (CFA 50% in 20 μl) or 5% formalin. Behavioral testing consisted of 
Von Frey, performed using the up-down method of Dixon, Hargreaves’ method, tail withdrawal, 
and formalin percent licks. Minocycline (50 μg) and naloxone (5 μg) were administered in an 
intrathecal injection, and mice were tested 10 minutes following. Morphine was administered 
intraperitoneal (IP) at various doses. Adoptive splenocyte transfer was performed with harvested 
spleens from CD-1 male and female mice. Cells were then purified and injected IP. Cellular events 
were acquired using an LSR Fortressa flow cytometer.  

Results: Early pregnant mice do switch to a microglia dependent mechanism to mediate 
allodynia. Furthermore, in late pregnancy, female mice that once suffered from a neuropathic 
injury have little evidence of pain, as tested with the von Frey test and Hargreaves’ method. 
Female mice with SNI or injected with (CFA) progressively lose mechanical allodynia during 
pregnancy; shortly after delivery the mechanical allodynia returns to pre-pregnancy levels. The 
anti-allodynia observed in late pregnancy is reversible by intrathecal administration of naloxone 
(an opioid receptor antagonist), suggesting an opioid mediated mechanism. Concurrently, we 
show that nude pregnant mice do not exhibit a blockade of mechanical allodynia during late 
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pregnancy after SNI or CFA. Naïve nude mice also show a blunted analgesic response to opioids, 
measured by tail withdrawal and the formalin test, which can be rescued with the adoptive 
transfer of immune cells from CD-1 mice.  

Conclusions: Here, we show that CD-1 early pregnant mice first switch to a microglia-mediated 
mechanism of pain signaling. Then, in late pregnancy, CD-1 females have complete reversal of 
neuropathic and inflammatory mechanical allodynia, while nude pregnant mice do not. This 
strongly suggests that T-cells are playing a role in these effects. However, the anti-allodynic 
effects of late pregnancy appear to also be opioid mediated, as naloxone administration 
reinstates allodynia. Due to the fact that naïve nude mice also exhibit a blunted response to 
opioid analgesia, we can conclude that T-cells are playing a role in opioid-mediated analgesia. 
Further experiments are aimed at determining how T-cells affect opioid analgesia produced by 
pregnancy, as well as morphine administration. 
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B40) 

Understanding intracortical electrode failure 

Maran Ma*, Theodoros P. Zanos, Matthew R. Krause, Christopher C. Pack, Timothy E. Kennedy 

Cortical multielectrode-array implants offer some of the highest resolution technology for 
detecting motor intent of tetraplegics for driving neuro-prosthesis, such as robotics and 
functional electrical stimulation. Software controllers in these applications decode single and 
multi-unit neural activity from up to hundreds of electrode channels, and performance is highly 
sensitive to stability of channel spike rates. 

To understand the role of biological vs. non-biological factors in the decline of consistent spike 
detection over time, existing long term data from Utah arrays implanted in inferotemporal and 
prefrontal cortices of adult macaque monkeys were analysed. Channel spike rate, noise level, and 
sorted single units were quantified across multiple months to look for correlations between spike 
rate instability and hardware functionality. Simulations of neural tissue containing hundreds of 
8-compartment neuron models surrounding a virtual electrode were run to test if modelling 
gliosis related changes in neuron distribution can account for the changes observed in recorded 
signals. 
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B41) 

Spinal cord-specific loss of Dcc reveals its requirement for normal development of 
spinothalamic somatotopy and noxious stimulus localisation 

Ronan V da Silva*, Farin Bourojeni, Helge Johannssen, Barry J Bedell, Hanns U Zeilhofer, Artur 
Kania 

Somatotopic maps, such as Penfield’s homunculus, are proposed to encode the location of 
sensory stimuli, but causal evidence supporting this claim is sparse. In mammals, the 
spinothalamic pathway relays noxious stimuli from the spinal cord to the ventrobasal thalamus 
and eventually to the sensory cortex, and is organised somatotopically, conveying information 
about stimulus location and its intensity. To address how nociceptive somatotopy is established 
and what is the functional significance of this organisation, we took advantage of the fact that 
most spinothalamic neurons innervate the contralateral thalamus and reasoned that since 
Netrin-1:DCC signalling is required for the formation of many commissures, manipulating this 
pathway would result in altered left-right spinothalamic somatotopy. To test this hypothesis, we 
used Hoxb8:Cre, a caudal spinal cord mouse Cre driver, to delete Dcc (DccSpKO), and characterised 
such mutants anatomically and behaviourally.  

DccSpKO mice are viable, display a hopping gait and have a grossly normal spinal cord anatomy. 
Moreover, their spinal reflexive responses to mechanical or thermal nociceptive stimulation are 
normal. However, DccSpKO mice have a reduced spinal ventral commissure, suggesting a loss of 
contralateral axon projections. Indeed, retrograde labelling of spinothalamic neurons show that 
in DccSpKO animals 40% of spinothalamic neurons innervate the ipsilateral thalamus, compared to 
10% in control animals, suggesting that nociceptive signals originating from one side of the body 
may be relayed to the thalamus and sensory cortex in a bilateral manner. To assess noxious 
stimulus localisation of DccSpKO mice, we observed licking behaviours evoked by unilateral hind 
paw formalin injection and found that DccSpKO mice did not restrict their licking to the injection 
site, suggesting aberrant pain localisation. Ongoing functional experiments using positron 
emission tomography and intrinsic optical imaging aim to reveal the neural activity correlates of 
this phenotype. Altogether, our study demonstrates that DCC is an effector of spinothalamic tract 
axon guidance. Furthermore, impairment of noxious stimulus localisation in DccSpKO animals 
provides a genetic demonstration of the significance of spinothalamic somatotopy in normal 
nociception. 
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B42) 

Visual Contour Integration in TBI reveals increased internal noise 

Ruiz, T., Spiegel, D., Baldwin, A., Hess, R., Farivar, R.  

Visual disturbances following mild traumatic brain injury (mTBI) are putatively caused by diffuse 
axonal injury and/or neural loss. Loss of local axonal connectivity in a visual circuit such as V1 
would have the effect of reducing lateral inhibition between columns of neurons representing 
different orientations at distinct visual field locations. This reduction could make it more 
difficult for the visual system to deal with a noisy image, for example, because local interactions 
could not disambiguate competing representations. Thus local disruptions of axons would be 
expected to increase processing errors—increase noise—for tasks requiring integration of 
orientation across space. Our newly designed contour integration task specifically enables us to 
assess visual field defects in terms of internal noise and spatial integration (efficiency). The 
contours consist in 7 discreet Gabor patches resting on a cosine curve. Perceiving them thus 
requires processing of the orientation of each Gabor in its visual field location, and integrating 
this information over the visual space they occupy. In a 4AFC paradigm, participants (mTBI; 
n=47; control: n=26) were asked to identify the contour with good continuity from three 
contours with added orientation noise, each presented in a different visual field quadrant. 
Curvature thresholds were determined by modulating the amplitude of the curve via a 
performance dependant staircase. A linear amplifier model was fitted to estimate the amount 
of internal noise and spatial integration (efficiency). Results show that while mTBI patients do 
exhibit higher internal noise, efficiency remains unchanged compared to controls. These 
findings suggest that contour integration in mTBI is more vulnerable to noise than in controls, 
although they are equally capable of integrating these elements globally.  
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B43) 

ITCH AND PAIN SENSORY MODALITIES CAN BE DISTINGUISHED BY A SINGLE PERIPHERAL 
AFFERENT POPULATION 

Behrang Sharif1,2,3, Ariel Ase1,2, Alfredo Ribeiro da Silva1,4, Philippe Séguéla1,2 

1.The Alan Edwards Centre for Research on Pain, 2.Montreal Neurological Institute - Department 
of Neurology and Neurosurgery, 3.Department of Physiology, 4.Department of Pharmacology & 
Therapeutics, McGill University, Montreal, Quebec. 

Itch, or pruritus, is an unpleasant sensation that leads to scratching behavior or the desire to 
scratch. Despite significant structural and behavioral overlap of pruriception and nociception, the 
underlying neurophysiological basis of itch sensation and its relation to pain remains unclear. 
There have been several theories proposed for the discrimination process of itch and pain by the 
somatosensory system. One of the most popular ones is the “labeled line” theory which claims 
that dedicated components of the somatosensory system, from the periphery to the brain, are 
specifically specialized for detection, transmission and perception of each sensory modality. To 
examine this theory we have designed experiments by taking advantage of chemogenetic and 
optogenetic approaches. We targeted the chemogenetic actuator hM3D and the optical actuator 
ChR2 selectively to the MrgprA3(chloroquine receptor)-positive subpopulation of C-fibers known 
to be specifically linked to itch (Han et al., 2013).  
Using the cheek model of itch (Shimada and LaMotte, 2008), we observed that injection of 
hM3D ligand, evokes stereotypical itch behavior rather than pain responses. Surprisingly, 
optical activation of these neurons through ChR2 predominantly induced pain avoidance 
behaviors rather than scratching. Our results dispute the “labeled line theory” and show that in 
vivo a single population of C-fibers is capable to convey itch sensation in certain stimulation 
conditions and pain sensation in others. 
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