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ABERRANT REGULATION OF VOLTAGE-GATED POTASSIUM CHANNELS IN HEK293 CELLS EXPRESSING 

THE MUTANT SIGMA1-RECEPTOR UNDERLYING ALS16 

Madelyn J Abraham1, Adrian Y C Wong2, Richard Bergeron1,2,3 

1Neuroscience Graduate Program, University of Ottawa, ON Canada 2Ottawa Hospital Research Institute, 

ON Canada 3University of Ottawa Brain and Mind Research Institute  

The Sigma-1 Receptor (σ-1R) is a highly conserved endoplasmic reticulum (ER) resident protein, which is 

expressed in most cell types throughout the body. It involved in diverse functions, including modulation 

of plasma-membrane ion channels, mediation of Ca2+ signalling from the ER to the mitochondria, and 

the ER stress response. 

As an interesting point of study, mutations in the σ-1R have been associated with neuromuscular 

disease. The most widely described mutation is a single point mutation, E102Q, which results in a 

severe, juvenile-onset form of Amyotrophic Lateral Sclerosis (ALS16). As a hallmark of ALS is 

motorneuron hyperexcitability and the σ-1R modulates ion channels that control action potential 

repolarization, we speculated that aberrant modulation of these channels by σ-1R-E102Q may represent 

a hitherto uncharacterized mechanism of neuronal excitability in ALS. 

To test this, we transiently transfected HEK293 cells with a neuronal (Kv1.2) or a cardiac (Kv1.5) delayed 

rectifier K+-channel subunit together with either WT σ-1R or σ-1R-E102Q. Electrophysiological recording 

of whole cell K+ currents from these cells show that activation of the σ-1R results in a 20% decrease in 

current amplitude for both Kv1.2 and Kv1.5.  

Both Kv1.2 and Kv1.5 show a significant increase in steady-state inactivation with increasing voltage, and 

Kv1.2 inactivation was significantly enhanced following σ-1R activation. When HEK293 cells were 

transfected with σ-1R-E102Q, the voltage-dependence of steady-state inactivation of Kv1.2 was 

abolished and activation of σ-1R-E102Q produced no additional modulation. In contrast, steady-state 

inactivation of Kv1.5 was less affected by σ-1R-E102Q 

Despite their high homology, our data suggest that there is differential modulation of Kv1.2 and Kv1.5 by 

the σ-1R. Furthermore, we observe aberrant modulation of only neuronal Kv channels (Kv1.2) by σ-1R-

E102Q, which may underlie the hyperexcitability phenotype in ALS. Our work provides insights into why 

σ-1R mutations only affect motorneurons but leave all other systems apparently intact
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SIGMA 1 RECEPTORS MODULATE ENDOPLASMIC RETICULUM STRESS RESPONSE IN MOUSE 

EMBRYONIC FIBROBLASTS 

Nina Ahlskog1, Louis-Alexandre Tassé1, Madelyn Abraham1, Prakash Chudalayandi2, Johnny K. Ngsee1,3, 

Adrian Y. C. Wong2, and Richard Bergeron1,2,3 

1Department of Cellular and Molecular Medicine, University of Ottawa, Ottawa, Ontario, Canada 
2Neuroscience, Ottawa Hospital Research Institute, Ottawa, Ontario, Canada 3University of Ottawa Brain 

and Mind Research Institute  

Endoplasmic Reticulum (ER) stress leads to the activation of the unfolded protein response (UPR), which 

aims to restore proteostasis. However, if ER stress is not mitigated, the UPR may trigger apoptosis. The 

Sigma-1 receptor (σ1R) is an ER resident protein thought to be involved in the UPR. Activation of the σ1R 

affords neuroprotection during ER stress, while σ1R “loss-of-function” mutations result in sustained ER 

stress and are linked to several neurodegenerative diseases such as Amyotrophic Lateral Sclerosis (ALS). 

However, little is known about how the σ1R modulates the UPR in response to ER stress. 

To address this, we performed RT-PCR, Western Blot, and Luciferase experiments on Mouse Embryonic 

Fibroblasts (MEFs) isolated from either WT or σ1R−/− mice, and induced the UPR using the ER stressor 

Tunicamycin (Tun). 

In baseline (unstressed) conditions, there was a significant increase in UPR activity in the σ1R−/− MEFs. 

As expected, WT MEFs exhibited robust activation of the UPR following induction of ER stress by Tun. 

However, the response to Tun was significantly attenuated in σ1R−/− MEFs compared with WT and 

survival during Tun treatment was comparable between the two cell types. 

Our data suggests that the σ1R modulates the initiation and intensity of the ER stress response. 

Sustained ER stress may be a mechanism by which motor neurons degenerate in diseases with σ1R 

mutations, such as ALS and distal hereditary motor neuropathies. Furthermore, understanding the role 

of the σ1R in ER stress may lead to novel treatments in other neurodegenerative disorders.
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CHARACTERIZATION OF PHF6 MUTANT MICE 

Ahmed R.1,2, Picketts D.J.1,2,3 

1Regenerative Medicine Program, Ottawa Hospital Research Institute, Ottawa, Ontario, Canada K1H 8L6 
2Departments of Biochemistry, Microbiology & Immunology, University of Ottawa, Ontario, Canada K1H 

8M5 3University of Ottawa Brain and Mind Research Institute 

Plant homeodomain finger protein 6 (Phf6) is a chromatin adaptor protein defined by its zinc knuckle 

atypical PHD (ZaP) domains. Mutations in human PHF6 are associated with Börjeson-Forssman-Lehmann 

syndrome (BFLS), an X-linked intellectual disorder characterized by intellectual disability, obesity, and 

distinct physical abnormalities. Little is known about how PHF6 mutations lead to BFLS. To provide more 

insight into PHF6 and BFLS, we have generated a transgenic mouse line with a patient-related mutation 

in the mouse Phf6 gene which creates a premature stop codon. Murine Phf6 expression was found to be 

ablated in regions where it is normally expressed. Throughout maturation and into adulthood, the 

mutant mice were significantly smaller and fat accumulation was hindered. This finding is significant 

considering some BFLS patients have endocrinal impairments. Organ weight analysis indicated normal 

organ development. Previous investigations into Phf6 suggest that during embryogenesis it is highly 

expressed in the cortex, and is involved in cortical development and neuronal migration. 

Immunohistochemical analysis of mutant mice forebrains did not highlight any obvious defects. Staining 

for upper and lower layer cortical neurons as a means to partly investigate neuronal migration showed 

no difference. Further investigation of the brain structure and cortical development, and hormonal 

analysis via ELISA will be pursued in the near future. Behavioral testing of mutant mice to investigate 

cognitive development will be also be performed.
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EFFECT OF INTRANASAL GHRELIN ON PLASMA LEVELS OF GROWTH HORMONE AND DEPRESSIVE 

BEHAVIOUR OF MALE RATS 

Aida Ahrari1, Marie-Claude Audet2, Jonathan James2, Zul Merali2,3 

1Department of Biology, University of Ottawa, ON, Canada 2The Royal's Institute of Mental Health 

Research, ON, Canada 3University of Ottawa Brain and Mind Research Institute  

Research has shown that peripheral injections of the orexigenic peptide ghrelin in animal models have 

antidepressant effects. However, because peripheral injections are clinically dissuasive, intranasal 

administration of ghrelin has been proposed as a novel, non-invasive, and clinically relevant intervention 

for depression. The objectives of this study were to determine, in rats, whether ghrelin administered 

intranasally (1) stimulates the release of growth hormone in circulation (marker of ghrelin brain activity) 

and (2) has antidepressant properties. Male Sprague-Dawley rats received a single intranasal 

administration of two different doses of ghrelin, followed by a time-course measurement of plasma 

growth hormone levels to determine the optimal intranasal dose of ghrelin and the time post-

administration that result in peak plasma growth hormone changes. Results revealed that intranasal 

ghrelin-induced augmentation of plasma growth hormone levels was significant in rats treated with the 

high dose. In a second study, depressive-like behaviours were assessed in the forced-swim test 60 

minutes after 5-nmol or 50-nmol ghrelin. Behavioural changes in ghrelin-treated rats did not reach 

significance. In conclusion, intranasal ghrelin reaches the brain via the blood-brain-barrier to stimulate 

the release of growth hormone in circulation and further research is required to explore its 

antidepressant properties.
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METABOLIC (DE)COUPLING AND INTERACTION OF GLUCOSE AND LACTATE METABOLITES UNDER 

VARYING SYSTEMIC CONDITIONS 

Beland-Millar, A1., Courtemanche, J.1, Larcher, J.1, Yuan, T.1, Messier, C1,2  
1School of Psychology, University of Ottawa, K1N 6N5 2University of Ottawa Brain and Mind Research 

Institute  

Most textbooks highlight glucose as the main cerebral metabolic fuel. However, a competing hypothesis 

entitled the Astrocyte-to-Neuron-Lactate Shuttle hypothesis proposes that peripheral glucose, taken up 

by astrocytic end feet, can be converted to lactate and released in the extracellular space to be used by 

neurons as a source of metabolic fuel. 

Within this context, we examine the changes in lactate and glucose levels in the extracellular fluid of the 

motor cortex with the use of electrochemical electrodes as well as in tail vein blood following 

physiologically relevant intraperitoneal (i.p.) injections of glucose, fructose, galactose, lactate, pyruvate, 

β-hydroxybutyrate and insulin.  

Interestingly, i.p. injection of alternative fuels (i.e. glucose, fructose, lactate, pyruvate, β-

hydroxybutyrate and, to a much lesser extent, galactose) all raised cortical extracellular glucose levels 

(200%). In contrast to the extracellular increase in glucose, all i.p. injections significantly raised blood 

lactate levels while cortical lactate levels remained largely unchanged.  

In summary, alternative metabolic fuels increase blood lactate while increasing cortical glucose. Though 

present methodology cannot infer causality (studies to follow) regarding the origin of the extracellular 

changes in glucose and lactate, these observations muse at the possibility that the extracellular cortical 

glucose increase is the product of circulating lactate. This, and other hypotheses, are further explored 

with these results and surrounding literature.
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AUGMENTED STEM CELL POTENTIAL IN RESPONSE TO ENVIRONMENTAL ENRICHMENT IS SEEN IN 

JUVENILES BUT NOT ADULTS 

Chandler, K., Dosso, H., Salmaso, N. 

Neuroscience, Carleton University, ON Canada; Child study center, Yale University, NJ USA; University of 

Ottawa Brain and Mind Research Institute 

Early in telencephalic development, neural stem cells are born in the ventricular zone and migrate 

through the cortex before differentiating into neurons and glia. Adult neurogenesis, however, is limited 

to specific niches in the brain: the dentate gyrus of the hippocampus (DG) and the subventricular zone 

(SVZ). The proliferation and differentiation potential of these neural stem cells is plastic and shows 

changes across states and in response to environmental manipulations. It has previously been shown 

that short-term environmental enrichment (Enr) is sufficient to increase the proliferation and 

differentiation of the GFAP+ stem cell pool in juvenile mice. Because longer-term Enr protocols are 

typically used to induce behavioural and functional recovery in adult mice, it is expected that that short-

term Enr will be sufficient to induce an increase in neural stem cell potential only in juveniles. Using 

male C57 wildtype mice, we examined the potential of SVZ and DG NSCs in vitro following short-term 

Enr using neurosphere assays in both juvenile (P35) and adult (P90) mice. The assays were examined for 

NS number, size, and differentiation potential. We also examined changes in cognitive and anxiety 

behaviour. As hypothesized, we found that the short-term Enr increased learning and memory in 

juvenile mice, but not in the adult mice. These changes paralleled increased proliferation and 

differentiation of the stem cell pool in juveniles that was less pronounced in adults, suggesting 

developmental decreases in NSC potential in response to short-term environmental manipulations.
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A COMPLEX OF C9ORF72 AND P62 USES ARGININE METHYLATION TO CLEAR STRESS GRANULES BY 

AUTOPHAGY 

Maneka Chitiprolu1,2, Emma Bondy-Chorney1, Geneviève Paris1, Gareth Palidwor3, Francesca A. Barry2, 

Lorne Zinman4, Julia Keith4, Ekaterina Rogaeva5, Janice Robertson5, John Woulfe6,7, Mathieu Lavallée-

Adam2, Jocelyn Côté1,7, Derrick Gibbings1,2,7* 
1Department of Cellular and Molecular Medicine, University of Ottawa, 451 Smyth Road, Ottawa, 

Ontario, Canada K1H 8M5 2Ottawa Institute of Systems Biology, Department of Biochemistry, 

Microbiology and Immunology, University of Ottawa, 451 Smyth Road, Ottawa, Ontario, Canada K1H 

8M5 3Ottawa Bioinformatics Core Facility, Ottawa Hospital Research Institute, 501 Smyth Road, Ottawa, 

Ontario, Canada K1H 8L6 4Sunnybrook Health Sciences Centre, 2075 Bayview Avenue, Toronto, Ontario, 

Canada M4N 3M5 5Tanz Centre for Research in Neurodegenerative Disease, University of Toronto, 

Krembil Discovery Tower, 60 Leonard Avenue, Toronto, Ontario, Canada M5T 2S8 6Department of 

Pathology and Laboratory Medicine, University of Ottawa, 501 Smyth Road, Ottawa, Ontario, Canada 

K1H 8L6 7University of Ottawa Brain and Mind Research Institute  

Mutations in many proteins genetically-linked to Amyotrophic Lateral Sclerosis (ALS) such as FUS cause 

the aberrant formation of RNA-rich stress granules while mutations in other proteins impede 

elimination of stress granules by autophagy. Repeat expansions in C9ORF72, the major cause of 

Amyotrophic Lateral Sclerosis (ALS), reduce C9ORF72 levels and impact stress granule number through 

an uncertain mechanism. Here, we demonstrate that C9ORF72 associates with the autophagy receptor 

p62. Depletion of C9ORF72 and p62 block elimination of stress granules by autophagy. Surprisingly, 

while p62 canonically mediates the degradation of ubiquitinated substrates, we find that p62 also 

associates with proteins containing arginines symmetrically dimethylated by PRMT5. Further, PRMT5-

dependent methylation of stress granules is required for their elimination by autophagy. P62 mediates 

turnover of FUS methylated by PRMT5 on R218 and impacts alternative splicing of FUS targets. Finally, 

patients with C9ORF72 repeat expansions accumulate cytoplasmic proteins harboring symmetric 

arginine dimethylation which co-localize with p62. This suggests that C9ORF72 initiates a cascade of ALS-

linked proteins (C9ORF72, p62, SMN, FUS) to recognize stress granules for degradation by autophagy 

and hallmarks of a defect in this process are observable in ALS patients.
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HYPOXIA PROTECTS RETINAL NEURONS FROM GLUCOSE-INDUCED CA2+-DYSREGULATION IN THE 

ANOXIA-TOLERANT GOLDFISH 

Michael W. Country1, Benjamin F. N. Campbell1, Michael G. Jonz1, 2 

1Department of Biology, University of Ottawa, ON Canada 2University of Ottawa Brain and Mind 

Research Institute 

Mammalian central nervous tissue, such as brain or retinal tissue, can die within minutes of hypoxia. 

Without oxygen, ATP production is greatly reduced. This decreases Na+/K+-ATPase activity, triggering a 

fatal cascade of events resulting in excitotoxicity. This cascade ends as the intracellular calcium 

concentration ([Ca2+]i) rises uncontrollably. This occurs in strokes and several leading causes of 

blindness. 

However, some ectotherms like the common goldfish (Carassius auratus) can survive days in hypoxia. 

Furthermore, the congeneric Crucian carp (C. carassius) survives anoxia without vision loss by reversibly 

reducing retinal activity. 

I wish to develop the first model of hypoxic neuroprotection in the vertebrate retina. Our lab analyzed 

[Ca2+]i activity in isolated retinal horizontal cells (HCs) of the goldfish, using ratiometric Ca2+ imaging. 

HCs are ideal models because they contain transporters involved in excitotoxicity in mammals and in 

neuroprotection in ectotherms. These cells exhibit spontaneous Ca2+-based action potentials (APs), 

which provide insight into the Ca2+ dynamics of these cells. We characterized these APs in normoxia by 

measuring their amplitude, duration, frequency, and integral (as a proxy for Ca2+ influx). We repeated 

these measurements in hypoxia, glucose-free solution, or oxygen-glucose deprivation (OGD; to model 

ischemia). We tested the hypothesis that Ca2+ influx would decrease in all conditions, to maintain 

[Ca2+]i baseline. Instead, Ca2+ baseline increased only in glucose-free solution, and AP frequency 

dropped. Baseline and all AP characteristics were maintained in hypoxia and OGD. Our results suggest 

that hypoglycemia dysregulates [Ca2+]i baseline and activity, yet hypoxia may be neuroprotective. Our 

results may provide insight into ischemic damage in the retina, which is part of the pathology of several 

leading causes of blindness in the Western world (e.g. diabetic retinopathy, glaucoma, macular 

degeneration, and retinal artery/vein occlusion). Furthermore, lessons from neurons of hypoxia-tolerant 

species may apply to ischemic strokes.
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PTP1B EFFECTS ON NEURONAL FUNCTION IN AN ANIMAL MODEL OF SCHIZOPHRENIA INDUCED BY 

MATERNAL IMMUNE ACTIVATION 

Pascal Couture1,2, Zhaohong Qin2, Hsiao-Huei Chen1,2,3,4,5 

1Neuroscience, Ottawa Hospital Research Institute, ON Canada 2Neuroscience, University of Ottawa, ON 

Canada 3Cellular and Molecular Medicine, University of Ottawa, ON Canada 4Medicine, University of 

Ottawa, ON Canada 5University of Ottawa Brain and Mind Research Institute  

Schizophrenia (SZ) is a severe mental disorder that affects 0.7% of the population with symptoms of 

affective, social, motor and cognitive deficits, and psychosis. SZ is sensible to environmental factors; 

estimations attribute 14-21% of cases to infection during gestation. Poly(I:C) can be injected in pregnant 

mice to mimic viral infection and cause an array of SZ-like phenotypes in the offspring due to an 

elevation of IL-6 during a crucial period of fetal brain development. This SZ model is known as maternal 

immune activation (MIA). Meanwhile, emerging evidence implicates metabotropic glutamate receptors 

(mGluR5) and endocannabinoid (eCB) signalling in SZ. Protein Tyrosine Phosphatase 1B (PTP1B), a target 

gene of IL-6, can disrupt eCB signalling in the basolateral amygdala by dephosphorylating mGluR5. Loss 

of PTP1B endogenous inhibitor also leads to SZ-like phenotypes and can be rescued by administration of 

an exogenous inhibitor. In our study, pregnant C57BL6 dams are injected with 5mg/kg poly(I:C) or saline 

solution via tail vein at gestational day 9.5. Neuronal PTP1B knock out (KO) or wildtype (WT) offspring 

undergo a behavioral test battery at 3 months: Beam break test (locomotion), elevated plus maze and 

open field tests (anxiety), Y-maze test (working memory), social interaction test (sociability), and 

prepulse inhibition to acoustic startle response (sensory-motor gating). Offspring of vehicle treated mice 

did not show differences across the genetic model thereby establishing a baseline for the approaching 

comparison with offspring of poly(I:C) dams. We expect WT SZ model mice to show deficits while KO 

mice to be protected. Electrophysiology signatures of endocannabinoid signalling, depolarization 

induced suppression of inhibition, will be studied. DHPG and AM251 will be used to manipulate mGluR5 

and CB1R activity respectively and determine pathway. While current SZ therapy targets the 

dopaminergic system to treat psychosis, PTP1B may be a promising target to alleviate other symptoms.
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CHONDROITIN SULFATE PROTEOGLYCANS IMPEDE OLIGODENDROCYTE DIFFERENTIATION THROUGH 

RHO KINASE AND MYOSIN II 

S. Cummings1,2, S. Kornfeld1,2, R. Kothary1,2,3,4 

1Ottawa Hospital Research Institute, Ottawa, Canada 2 University of Ottawa, Cellular and Molecular 

Medicine, Ottawa, Canada 3 University of Ottawa, Department of Medicine, Ottawa, Canada 4University 

of Ottawa Brain and Mind Research Institute  

In a demyelinating condition, such as multiple sclerosis (MS), 
oligodendrocyte precursor cells (OPCs) migrate to lesion sites to 
repair myelin. In progressive forms of MS, the ability to repair such 
damage is considerably diminished. This is thought to be a consequence 
of lesion-associated inhibitory factors, including chondroitin sulfate 
proteoglycans (CSPGs), perturbing OPC maturation into myelinating 
oligodendrocytes (OLs). The current study aims to characterize the OL 
response to CSPG exposure, as well as explore the mechanisms involved 
in CSPG-mediated inhibition of OL differentiation. We have validated 
the impact of CSPGs on OL maturation, such that exposure to CSPGs 
dramatically affects morphological complexity, while molecular 
maturation remains unaltered. Interestingly, CSPG-mediated inhibition 
of neuron development depends greatly on both GSK-3β and RhoA 
activity. We have determined that GSK-3β signaling is not crucial in 
mediating the effects of CSPGs on OL morphology. Contrastingly, 
inhibition of Rho kinase was able to dramatically improve the 
branching phenotype of OLs differentiated in the presence of CSPGs. 
Additionally, inhibition of non-muscle myosin II with Blebbistatin 
treatment also improved branching and process extension of OLs 
differentiated on CSPG substrate, to a similar extent. Taken together, 
these results indicate that exposure to CSPGs likely increases the 
activity of RhoA, subsequently increasing the activity of myosin II 
and directly impacting the motility of the actin cytoskeleton. Ongoing 
studies will reveal the impact of Rho kinase inhibition on the 
regenerative capacity of oligodendrocytes in a mouse model of 
demyelination.
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LOSS OF THE MOLECULAR BRAKE, STEP61, CONNECTS BDNF-MEDIATED DISINHIBITION TO NMDAR 

POTENTIATION DURING PATHOLOGICAL PAIN PROCESS 

A. Dedek1, J. Xu2, C. M. Kandegedara1, A. Silver1, E. C. Tsai3,4,5,6, P. J. Lombroso2, M. E. Hildebrand1 

1 Department of Neuroscience, Carleton University 2The Child Study Center, Yale University School of 

Medicine, CT USA 3Neurosciences, Ottawa Health Research Institute 4Department of Neuroscience, 

Faculty of Medicine, University of Ottawa 5Division of Neurosurgery, Department of Surgery, The Ottawa 

Hospital. 6University of Ottawa Brain and Mind Research Institute  

The spinal dorsal horn is an essential network for both physiological and pathological pain processing. 

We have recently shown that in nerve-injured rats, BDNF-mediated disinhibition gates the potentiation 

of GluN2B-containing NMDA receptors through Fyn kinase activation at lamina I dorsal horn synapses 

(Hildebrand et al, Cell Reports, 2016). We aim to explore whether loss of an associated phosphatase, 

STEP61 (Xu et al, J Neurochem, 2015), mediates this pathological coupling in lamina I neurons in 

rodents, including following chronic inflammation. We paired patch-clamp electrophysiological 

recordings with pharmacology, behavior, and biochemical approaches to explore mechanisms of lamina 

I NMDAR dysregulation. An ex vivo BDNF model of spinal pathology and an in vivo injection of Freund’s 

adjuvant into the hindpaw was used to model pathological pain. In all models, we observed a decrease 

in STEP61 and an increase in pGluN2B and pFyn at lamina I synapses. Downregulation of STEP61 was 

both necessary and sufficient to prime subsequent phosphorylation and potentiation of synaptic 

NMDARs by BDNF.  Importantly, we also showed that inflammatory pain hypersensitivity was reversed 

by attenuating disinhibition using IP injected acetazolamide, and paired this with biochemical analysis to 

investigate lamina I synaptic signalling. Our results suggest that STEP61 is the molecular brake that is lost 

to drive potentiation of NMDAR responses following BDNF-mediated disinhibition at lamina I synapses. 

Thus, STEP61 modulation may be a useful pharmaceutical target for treating pathological pain.
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NOVEL DYNAMIC MEASURE OF REGIONAL HOMOGENEITY FOR FMRI DATA ANALYSIS 

Nicholas Denis1, Maia Fraser1,2, Bryan Paget1 

1Mathematics and Statistics, University of Ottawa, ON Canada 2University of Ottawa Brain and Mind 

Research Institute  

Measures of voxel-wise regional homogeneity (ReHo) have been proposed to quantify synchronization 

of neural activity patterns across brain regions based on fMRI data. First, Zang et al (Neuroimage. 2004) 

used Kendal’s coefficient of concordance (KCC) as measure of similarity of voxel time series within a 

cluster, typically a 3x3 cube of voxels, and assigned this number they called ReHo to the central voxel in 

each cluster.  Liu et al (Front Syst Neurosci 2010) replaced KCC by coherence (cross-spectrum) of time 

series, calling the resulting voxel-wise measure Cohe-ReHo.  

(KCC-) ReHo is known to be higher in motor cortex (M1) on-task compared to rest state (Zang et al 

2004), while during rest state it is highest in areas of the default mode network compared to other 

regions (Long et al, 2008). ReHo has successfully been used for detection of local abnormalities 

associated to various brain disorders (incl. ADHD) by many researchers. Liu et al compared (KCC-) vs 

Cohe-ReHo, finding regions of highest values to coincide, and showing Cohe-ReHo to be superior at 

distinguishing ADHD subjects from control.  

We propose a third measure, S(t), essentially a cumulated ReHo across an entire region of interest, but 

defined dynamically (as function of time) based on cross-correlation of time series over sliding windows, 

not KCC or coherence over whole time-course. Our measure is estimated from a sample of voxels in the 

region. We performed computations on the Pieman dataset of Lerner et al (J Neurosci. 2011) where 15 

subjects listened to a 7 minute audio narrative in MRI scanner.  We showed S(t) to be stimulus-linked in 

A1 and MTG but much less so in PCC and Precuneus. For PCC a dramatic change of S(t) graph emerged 

for window size exceeding temporal receptive window.
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THE BEHAVIOURAL AND NEUROCHEMICAL EFFECTS OF PARAQUAT EXPOSURE ON AGED LRRK2 

G2019S TRANSGENIC MICE 

Dwyer, Z.1, Rudyk, C.1, Thompson, A.1, and Hayley, S.1,2 

1 Department of Neuroscience, Carleton University, ON, Canada 2University of Ottawa Brain and Mind 

Research Institute  

Parkinson’s disease (PD) is the second most common neurodegenerative disease after Alzheimer’s. 

Recent research has focused on the role of the brain’s resident macrophage, the microglia, in the 

generation and propagation of inflammatory insults which may lead to dopaminergic cell death. 

Cumulative insults to the brain and immune system over many years on a background of genetic 

susceptibility may result in this dopaminergic degeneration. One such vulnerability is the LRRK2 G2019S 

mutation. This mutation has been linked to approximately 10% of familial PD cases and 1% of sporadic 

cases. Recent evidence strongly suggests that LRRK2 is involved in inflammatory pathways and is highly 

expressed in microglia. Our lab has repeatedly found that the herbicide paraquat contributes to chronic 

neuroinflammation. In this current study we sought to determine whether the LRRK2 G2019S mutation 

interacted with age or a sub-chronic paraquat injection regime to produce Parkinsonian symptoms and 

neuropathology. Aged animals demonstrated variable reactions to the paraquat including significant 

motor and weight decreases, however, the G2019S mutation altered behavior and stress circuitry, albeit 

in a minor fashion. Analyzing neuropathological hallmarks of PD we found that paraquat induced age-

related alterations in inflammatory states but that the G2019S mutation did not influence these 

findings.
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PARKIN’S OXIDATION-SENSITIVE THIOLS CONFER PROTECTION AGAINST OXIDATIVE STRESS IN 

RECESSIVE PARKINSON DISEASE 

Daniel N. El Kodsi1,2, Jacqueline M. Tokarew1,2, Gary Shaw3 Julianna J. Tomlinson2, Michael G. 

Schlossmacher2  
1Graduate Program in Neuroscience, Department of Cellular and Molecular Medicine, 2Program in 

Neuroscience, Ottawa Hospital Research Institute; University of Ottawa Brain and Mind Research 

Institute, 3Department of Biochemistry, University of Western Ontario. 

Objectives: Recessively inherited loss-of-function mutations in the PARK2 gene cause early-onset 

Parkinson disease. The disease-relevant mechanisms by which Parkin is neuroprotective remain elusive. 

Our studies build on the finding in animals that Parkin protects against oxidative stress and mito- 

chondrial dysfunction and are informed by what is known about Parkin biochemistry in human brain. 

We hypothesize that Parkin neutralizes reactive oxygen species (ROS) produced by mitochondria, thus 

conferring a previously reported “pro-mitochondrial benefit” (LaVoie et al., 2007). We posit that this is 

mediated by its abundant, redox-sensitive thiol-containing residues, and in doing so, directly contributes 

to the available thiol pool in cells (Wood et al., 2007). Methods: We have tested this hypothesis using in 

vitro, cellular and genetic mouse models and human tissue coupled with assays to monitor ROS levels. 

Results: We have modeled the oxidation of Parkin that is observed in human brain using recombinant 

untagged Parkin proteins and cellular models. Parkin oxidation is reversible, occurs through a direct 

interaction with oxidants and is dependent on its thiol-containing cysteines. Upon oxidation, Parkin 

forms high molecular weight species, which affects its solubility and irreversibly inhibits its E3 ligase 

activity. These changes confer protection in that cells lacking wild-type Parkin show higher ROS levels, as 

assayed by measurements of H2O2. This insight led us to establish an oxidative stress marker 

phenotype, as previously described in parkin-null mice (Palacino et al., 2004), that reflected significantly 

increased oxidative damage in murine brain, i.e., by showing elevated protein carbonylation and 

nitrotyrosination in the murine heart. Conclusion: Parkin protects neurons against oxidative stress- 

induced damage. This effect is mediated through the oxidation of its thiol groups. Our findings provide 

insights into Parkin’s function in human brain.
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GENETIC AND MOLECULAR CHARACTERIZATION OF CONVERGENT EXTENSION-MEDIATED NERVE 

CORD ASSEMBLY IN C. ELEGANS 

Justin J. Evans123, Jeffrey Hung123, Aysha C. Rankin123, Tony Roenspies3, Antonio Colavita123 

1 Neuroscience Program, Ottawa Hospital Research Institute 2 Department of Cellular and Molecular 

Medicine, 3 University of Ottawa Brain and Mind Research Institute 

Convergent extension (CE) is a elongation process which is driven by the medial-lateral (ML) 

intercalation of cells along one axis and the consequent anterior-posterior (AP) extension along the 

perpendicular axis. In C. elegans the DD, DA, DB ventral neuroblasts undergo a CE process during 

embryogenesis to form the ventral nerve cord. Intercalating neuroblasts move along the ML axis to form 

intermediary rosette structures, which upon resolution, sorts the neuroblasts into a single file along the 

AP axis. The canonical Wnt-β-catenin pathway plays a highly conserved role in CE-mediated nerve cord 

assembly. We used the six evenly spaced DD neurons along the AP axis as a marker for proper VNC 

assembly. We found that the bar-1/β-catenin mutants display anterior displacement of DD2 to DD1 

whereas the β-catenin overexpression mutant pry-1/Axin displays posterior displacement of DD1 to 

DD2, which suggests β-catenin activity affects AP sorting in a highly stereotypical manner. Exploring 

further, we found that defects in both β-catenin mutants arise during single-cell intercalations preceding 

AP axis elongation. Interestingly, we also found that mutations in the core LINC complex unc-84/SUN 

and unc-83/KASH suppress the pry-1 mutant AP neuron positioning defects. The suppression of 

canonical Wnt-β-catenin by the LINC complex suggests these two pathways work together during 

ventral nerve cord assembly.



 

 

  

Connecter.Exciter.Guérir. 

Connect.Excite.Heal. 

MGLUR5 MODULATION AS A NEURO-RECOVERY STRATEGY FOR PARKINSON’S DISEASE 

Farmer, K.1, Fortin, T. 1, Derksen, A. 1, Rowe, E. 1, Thompson, A. 1, Rudyk, C. 1, Dwyer, Z. 1, Ferguson, S. 2,3, 

Hayley, S. 1,3 

1 Department of Neuroscience, Carleton University 2 Department of Cellular and Molecular Medicine, 

University of Ottawa 3University of Ottawa Brain and Mind Research Institute  

We tested the effects of a specific negative allosteric modulator of mGluR5 in a 6-OHDA model of 

Parkinson’s disease (PD). Both acute and chronic administration of the drug improved motor 

functioning. With chronic administration we were able to completely rescue 6-OHDA induced motor and 

cognitive impairments. While mGlur5 modulation did not influence the 6-OHDA induced loss 

dopaminergic neurons in the substantia nigra, it did increase dopaminergic terminal coverage in the 

striatum. Similarly, mGluR5 modulation appeared to influence motor cortex striatal signaling (as 

indicated by FosB staining) in the lesioned mice. Interestingly, the mGluR5 drug had brain region specific 

signaling effects that differed between the motor cortex and striatum. Together our data, underline the 

importance of the glutamatergic signaling in the symptomatic profile of PD, and suggests that specific 

and targeted modulation of the mGluR5 system may be beneficial in promoting neural recovery.
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STRUCTURE-FUNCTION ANALYSIS OF THE σ-1R MUTANT UNDERLYING ALS16 

Kayla Ferguson2, Adrian Wong2, Prakash Chudalayandi2, and Richard Bergeron1,2,3 

1Neuroscience, University of Ottawa, ON Canada 2Cellular and Molecular Medicine, University of 

Ottawa, ON Canada  3University of Ottawa Brain and Mind Research Institute 

The sigma-1 receptor (σ-1R) is an ER-membrane protein that interacts with a wide variety of other 

proteins, and is associated with several inter-organelle interactions. There are several σ-1R mutants that 

have been associated with neuromuscular diseases. One such mutant is σ-1R-E102Q, which results in a 

juvenile ALS (ALS16). The WT σ-1R normally localizes to the reticular ER, while the E102Q mutation 

results in a hypermobile, possibly hyperactive σ-1R that forms large puncta in the cell. 

The only structural difference between σ-1R and σ-1R-E102Q mutant is the loss of a stabilizing H-bond 

between the ɑ2/ɑ3 helices and the β-barrel ligand-binding domain, suggesting that the stability of ɑ2/ɑ3 

in the tertiary structure of σ-1R may play a role in σ-1R localization, mobility, and activation. To address 

this question two σ-1R mutants, σ-1R-R66A and σ-1R-T141A, were generated to de-stabilize ɑ2/ɑ3 to 

the β-barrel by the removal of alternative stabilizing H-bonds as an attempt to recreate the σ-1R-E102Q 

phenotype. Another mutant, σ-1R-F37N-E102Q, was created in an attempt to recapitulate the WT 

phenotype by the restoring the lost H-bond at the E102Q site. 

The mutants were characterized for subcellular localization and mobility and compared to the WT and σ-

1R-E102Q. We show that σ-1R-T141A was WT-like in both localization and mobility, while σ-1R-R66A 

showed an intermediate phenotype between WT and σ-1R-E102Q. The  σ-1R-F37N-E102Q mutant 

restored  WT-like localization; however, an σ-1R-E102Q-like mobility was maintained.  

Our data suggests that the general destabilization of the ɑ2/ɑ3 helix with the β-barrel results in 

alterations in receptor mobility, while specific interactions between residue E102 and adjacent amino 

acids appear to be primarily responsible for proper receptor localization. Interestingly, the localization 

and mobility of σ-1R-E102Q is similar to that of an activated σ-1R, suggesting that a constitutively active 

σ-1R may underlie the ALS16 phenotype.
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BIOINFORMATIC DEVELOPMENT FOR LIPIDOMIC BIOMARKERS OF NEURODEGENERATIVE DISEASES 

Julie Fiala1, Graeme Taylor1, Theodore Perkins2, Hongbin Xu1, Steffany A.L. Bennett1,3 

1.Neural Regeneration Laboratory, Department of Biochemistry, Microbiology and Immunology, 

University of Ottawa, ON Canada 2.Perkins Lab, Department of Biochemistry, Microbiology and 

Immunology, University of Ottawa, ON Canada 3University of Ottawa Brain and Mind Research Institute 

Parkinson’s Disease (PD), Parkinson’s Disease with Dementia (PDD) and Dementia with Lewy Bodies 

(DLB) lack disease mechanism(s)-associated laboratory-based biomarkers, impeding diagnosis and 

patient stratification. Recently, global sphingolipid metabolism’s changes emerged as critical disease 

readouts, being associated with disease progression. Identification of circulating lipid abnormalities 

could lead to reliable markers distinguishing neurodegenerative diseases. However, lipidome 

composition analyses appear to lack reproducibility; Casanova et al. (2016) failed to replicate Mapstone 

et al. (2014)’s identification of critical glycerophosphocholine species predicting acute phenoconversion 

to Alzheimer’s Disease. Development of standard methods to verify rapidly and reproducibly critical 

changes in large lipidomes is urgently needed. This research focuses on ensuring that lipid species 

analyzed by high performance liquid chromatography electrospray ionization tandom mass 

spectrometry (LC-ESI-MS/MS) can be identified reproducibility across laboratories. Species alignments 

across different chromatographic methodologies are ensured via the creation of an algorithm capable of 

identifying molecular structures based on elution time in comparison to in-house generated databases 

of known standards added to multiple matrices. Alignments are then linked to our online Visualisation 

and Phospholipid Identification (VaLID) tool facilitating molecular identification. Such a pipeline 

accelerates labour-intensive LC-ESI-MS/MS data analysis in lipidomics. We present here application of 

this tool to the discovery cohort (n=125 subjects) of a study designed to identify and assess utility of 

glycerophospholipid and sphingolipid plasma biomarkers in the stratification of PD, PDD, and DLB 

patients.
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COMPARISON OF  ADULT HUMAN AND RAT NEURAL STEM/PROGENITOR CELL BEHAVIOR:  

IMPLICATIONS FOR THE SUCCESSFUL TRANSLATION OF RODENT 

Ahmad Galuta1,2, Catherine Smith2, Diana Ghinda2,3, Mahmoud Bedawy3, MYT Al Ghamdi3,Hussam Jabri3, 

Mohammad Alshardan3, Michael Taccone3, Carolyn Lai3, Jessica Rabski3, Suzan Chen2,  Eve C. Tsai1,2,3, 4 

1. Neurosciences, Faulty of Medicine, University of Ottawa 2.Neurosciences, Ottawa Hospital Research 

Institute 3. Division of Neurosurgery, Department of Surgery, The Ottawa Hospital 4University of Ottawa 

Brain and Mind Research Institute 

Background: Several therapies for neural diseases have been developed in rodent models, however, 

historically, the translation of these therapies have not been successful when translated to humans.  

Therapies involving the use of neural stem and progenitor cells (NSPCs) are currently being developed, 

however, it is unclear what the similarities and differences are between human and rat NSPCs.  To 

improve the translation of rodent NSPC therapies to humans, we assessed the intrinsic proliferation and 

differentiation characteristics between rat and human NSPCs utilizing the same culture conditions. 

Methods: Primary- and secondary-derived NSPCs (pd- and sdNSPCs) from adult human and rat thoracic 

SC were assessed identically in vitro for their proliferation and differentiation profile with 1%FBS, and 

their regenerative potential with the administration of exogenous factors in serum free media: RA, 

BMP4, or PDGF-AA to induce neural, astrocytic and oligodendrocytic fates, respectively. NSPCs had BrdU 

administered 24 hours prior to fixing, and cultures were characterized after seven or 14 days for 

differentiation (β-III tubulin, GFAP, O4), stemness (Sox2, Nestin), proliferation (BrdU), and death (TUNEL) 

using immunocytochemistry.  

Results: Rat (n=3) pdNSPCs generated mostly astrocytes (71.8±5.6%) but also formed neurons 

(15.2±4.2%) and oligodendrocytes (2.82±1.3%) in 1%FBS, while human pdNSPCs (n=3) chiefly 

differentiated into neurons (68.5±16.9%) with little (<2%) gliogenesis. Similarly, human sdNSPCs (n=6) 

differentiated mostly into neurons (57.9±14.6%), which could be enhanced with RA treatment (2.2±0.8 

for pdNSPCs and 2.1±0.8 for sdNSPCs). Finally, a greater proportion of rat pdNSPCs proliferated 

compared to humans’ (2.3±0.8), but no differences in sdNSPCs.  

Conclusion: Our studies are the first to directly compare human and rat NSPCs using the same culture 

conditions.  Human NSPCs possess distinct proliferation qualities, tend to differentiate more into 

neurons and respond differently to exogenous factor stimulation.  This information is essential to 

successfully translate any therapeutic strategies based on rat NSPC studies to humans.
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LIPIDOMIC APPROACH TO INTERROGATING ALZHEIMER’S DISEASE RESILIENCY ASSOCIATED WITH AN 

ω-6/9 ENRICHED DIET IN AN AD MICE MODEL 

Jun Yu Gao1, Bettina Franko1, Matthew Granger1, Hongbin Xu1, Krista Lancôt2, Steffany Bennett1 

1Neural Regeneration Laboratory, Ottawa Institute of Systems Biology, Brain and Mind Research 

Institute, Department of Biochemistry, Microbiology, and Immunology, University of Ottawa, Ottawa, 
2Neuropsychopharmacology Research Group, Sunnybrook Research Institute, Toronto, ON, Canada 

Among other risk factors like chronic neuroinflammation and insulin resistance, Alzheimer’s disease (AD) 

is also associated with disturbances in lipid metabolism. Population studies indicate that AD patients 

exhibit deficiencies in omega-3, omega-6/9 fatty acids.  Experimental evidence has reported that dietary 

supplementation with an omega-3 rich diet can delay phenoconversion (i.e., transition from a pre-

symptomatic to symptomatic state) in human mutant amyloid precursor protein transgenic mouse 

models of AD amyloid deposition. Our data contrast these studies demonstrating that omega-6/9, not 

omega-3, fatty acid supplementation delays onset of learning and memory impairment in female N5 

TgCRND8 mice. To explore impact on the lipidome of entorhinal-hippocampal circuit of Tg and NonTg 

mice, we performed unbiased lipidomic profiling using high performance liquid chromatography 

electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS) to identify changes in 

glycerophosphocholine membrane composition that correlate with AD resiliency in the N5 TgCRND8 

mouse model.  We report here modulation of defining disruptions in glycerophosphocholine metabolism 

linked to severity of learning and memory deficits altered by dietary omega 6/9 supplementation.
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INVESTIGATING THE CHROMATIN REMODELING CONTRIBUTIONS OF SNF2H AND SNF2L IN 

CEREBELLAR CELL FATE DETERMINATION 

Goodwin, L. R1,2. and Picketts, D. J.1,2, 3 

1Department of Biochemistry, Microbiology and Immunology, Faculty of Medicine, University of Ottawa 
2Regenerative Medicine Program, Ottawa Hospital Research Institute 3University of Ottawa Brain and 

Mind Research Institute 

Chromatin remodeling complexes are responsible for temporal regulation of genes by displacing 

nucleosomes to alter DNA accessibility. The SNF2H and SNF2L ISWI chromatin remodelers play a critical 

role in early brain development. Murine models lacking SNF2H or SNF2L point to their complementary 

activities; SNF2H cKO mice present a significantly reduced cerebellum, while SNF2L KO cerebella are 

larger than their wild-type counterparts. Our objective is to determine the involvement of SNF2H and 

SNF2L in the control of gene regulatory programs mediating neurogenesis of granule neuron progenitors 

(GNP). GNP cultures isolated from SNF2L KO and wild-type cerebella are maintained in either a 

proliferating progenitor state or allowed to spontaneously differentiate into granule neurons. We are 

able to effectively observe terminal differentiation within 3 days in vitro using wild-type GNPs. 

Preliminary results suggest that cultured GNPs from SNF2L KO mice display delayed cell cycle exit and 

hindered terminal differentiation compared to wild-type cultures. In vivo cerebellar development 

abnormalities are able to be studied in vitro using GNP cultures. Initial observations of SNF2L KO GNPs 

suggest a cell intrinsic defect causing SNF2L KO cerebellar hyperplasia in vivo. This model will be used to 

further understand the role of the ISWI proteins in promoting neurogenesis.
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THE INTERACTION OF TWO PARKINSON’S DISEASE GENES FBXO7 AND PINK1 

Dima Hage1, Dr. Dianbo Qu2, Dr. David Park2,3 

1Biology, University of Ottawa, ON Canada 2Cellular and Molecular Medicine, University of Ottawa, ON 

Canada 3University of Ottawa Brain and Mind Research Institute 

Parkinson’s disease (PD) is the second most common neurodegenerative disorder characterized by the 

selective loss of dopaminergic neurons in the substantia nigra. Mitochondrial dysfunction was found to 

be one of the central mechanisms in neuronal death. PINK1 has been demonstrated to act as a catalyzer 

in the process of mitophagy. On the other hand, studies demonstrated that mutations in the protein 

FBXO7 can cause early onset autosomal recessive PD. Recent studies have reported the involvement of 

FBXO7 in mitochondrial quality control and its interaction with PINK1. Therefore, the purpose of our 

study was to evaluate the effect of such interaction on PINK1 stability and translocation into the 

mitochondria. We hypothesize that FBXO7 has an important effect on PINK1’s stability by regulating its 

translocation into the mitochondria. We predict an increase in cleaved PINK1’s level in cells co-

transfected with FBXO7 and PINK1 and an increase in full-length PINK1 after CCCP treatment. In this 

study, we found that cleaved PINK1’s levels were enhanced by FBXO7 in co-transfected cells, suggesting 

that PINK1 cleavage is in part modulated by FBXO7. Moreover, following CCCP, we observed a more 

pronounced increase in full-length PINK1 in the mitochondria in co-transfected cells, as compared to 

cells only transfected with PINK1, confirming the accumulation of full-length PINK1 on damaged 

mitochondria and the contribution of FBXO7 to this accumulation. Overall, our results suggest that 

PINK1’s stability and translocation is regulated by FBXO7, which subsequently could affect mitochondrial 

function and quality control, which are key elements in the pathogenesis of PD.
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C-FOS EXPRESSION IN LAMINA I SPINAL NEURONS AS A POTENTIAL MARKER OF HYPEREXCITIBILITY 

Rami Hamati, Michael Hildebrand 

Department of Neuroscience, Carleton University, Ottawa, Ontario, Canada K1S 5B6 

Opioid-based pharmacotherapies are effective at attenuating pain however long-term use may result in 

abuse, addiction and overdose. Therefore, a transition to novel therapeutics would be beneficial to the 

suffering population. A better understanding of the neural basis of nociceptive pathways and how they 

become maladaptive is essential to unveiling novel pharmacotherapeutic targets for chronic pain 

disorders. Electrophysiological data show that individual lamina I neurons undergo molecular changes 

that result in a hyper-excitable state, which is triggered in part through BDNF release from both 

microglia and primary nociceptive afferents. However, there is a lack of data evaluating the congruence 

of activity in the lamina I population of neurons. In order to assess which lamina I neurons were 

activated in response to an ex vivo BDNF model, c-fos immunohistochemistry was performed because it 

is an established marker of neuronal activity. BDNF increased c-fos expression, however non-

significantly and only in tissue from a single animal (rat BDNF-1). Regardless, c-fos 

immunohistochemistry has the potential to accurately detect the presence of spinal cord 

hyperexcitability. Future similar studies should aim to make several changes; including modification to 

the current ex vivo BDNF model, as well as modifications to the current immunohistochemistry protocol.
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CHARACTERIZATION OF INTRINSIC EXCITABILITY DYNAMICS OF SEROTONIN NEURONS THROUGH 

SIMPLIFIED SPIKING MODELS 

Michael B. Lynn 1-2; Sébastien Maillé 1-3; Emerson F. Harkin 1-2;  Richard Naud 1-2, 4-5; Jean-Claude Béïque 1-

4-5 

1 Neuroscience Department, University of Ottawa, Canada 2 Department of Cellular and Molecular 

Medicine, University of Ottawa, Canada 3 Canadian Partnership for Stroke Recovery 4Centre for Neural 

Dynamics, University of Ottawa, Canada 5 Brain and Mind Research Institute, University of Ottawa, 

Canadaà 

The midbrain dorsal raphe nucleus is a serotonergic mood-regulating hub receiving innervation from 

multiple limbic regions. Antidepressant drugs, upstream ischemic insults, and other perturbations of the 

serotonin system can impact mood, but the mechanisms by which input-output relationships are altered 

by these perturbations are currently unclear. In particular, membrane excitability changes may play an 

important role in regulating disease states. Here, we use a convex optimization method to achieve high-

throughput extraction of a complete repertoire of cell-specific, intrinsic excitability metrics, by fitting a 

generalized integrate-and-fire spiking model to individual DRN neurons. First, we report a profile of 

optimized injected noise parameters for these cell types, which differs substantially from the 

parameters previously reported for optimal fitting of layer V cortical pyramidal cells. Second, we provide 

a comparative characterization of the static intrinsic membrane properties of serotonergic and 

GABAergic neurons, including spike-triggered current and threshold changes. Serotonergic neurons 

show more sustained spike-triggered hyperpolarizations and lower threshold sharpness compared to 

GABAergic neurons, and differ subtly in other membrane properties. Third, we examine the temporal 

dynamics of intrinsic excitability in single neurons over both shorter and longer timescales. We use this 

technique to monitor the effect of 6-hydroxynorketamine, a ketamine metabolite, on the excitability of 

serotonin cells over timescales consistent with the onset of its rapid antidepressant-like effects. We also 

examine more protracted excitability changes in an animal model of post-stroke depression, in which 

the elimination of a major synaptic input to DRN presents a sustained challenge to network activity. 

Such membrane excitability changes could regulate the relationship between synaptic input and spike 

output in a global and dynamic manner. Thus, characterizing both the static and dynamic components of 

membrane excitability in the dorsal raphe nucleus is vital to understanding how mood is regulated and 

dysregulated in this midbrain nucleus.
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IMPACT OF REGULAR LOW-LEVEL ALCOHOL USE ON RESPONSE INHIBITION AND COGNITIVE 

INTERFERENCE: AN FMRI INVESTIGATION 

Taylor Hatchard* (1), Ola Mioduszewski (1), Carley Fall (1), Aziza Byron-Alhassan (1), Peter Fried (2), & Andra 

M. Smith (1, 3).  
(1) School of Psychology, University of Ottawa; (2) Department of Psychology, Carleton University; 
3University of Ottawa Brain and Mind Research Institute 

Despite knowledge that alcohol related brain damage occurs along a dosage continuum, little attention 

has been paid to the functional consequences of regular light alcohol use within the developing brain. 

The purpose of this study was to examine the effect of regular low-level alcohol use on executive 

functions in young adults using functional magnetic resonance imaging (fMRI). Participants included 17 

low-level alcohol users (average of 4.72 drinks per occasion 1 to 2 times per week) compared to 11 non-

users. Using fMRI, participants were imaged while completing two tasks of executive functions: the 

Go/No-Go (response inhibition) and the Counting Stroop (cognitive interference). Imaging results were 

analyzed using SPM8. Participants also provided a urine sample on the day of testing, completed a self-

report drug history questionnaire, provided data on socioeconomic status, and completed a clinical 

assessment to rule out potentially confounding variables. No differences found between users and non-

users in terms of the drug assessment, clinical assessment, SES, or performance measures across tasks. 

However, alcohol users showed significantly more brain activity during both tasks compared to controls. 

This included increased activation of: 1) fusiform gyrus, superior parietal lobule, thalamus, precuneus, 

dorsolateral prefrontal cortex, cerebellum cingulate gyrus and superior temporal gyrus during the 

Counting Stroop; and 2) left hippocampus, parahippocampal gyrus, superior frontal gyrus, precentral 

gyrus, right superior parietal lobule, and the cerebellum during the Go/No-Go relative to controls. The 

results indicated that even low amounts of alcohol significantly impact the neurophysiology of response 

inhibition and cognitive interference. Interestingly, many of the brain regions with greater activity are 

not typically associated with these types of cognitive processing, possibly reflecting neural 

compensatory strategies as a result of alcohol use.
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SEX DIFFERENCES IN THE EFFECTS OF PUBERTAL IMMUNE STRESS ON ADULT HIPPOCAMPAL CELLULAR 

PROLIFERATION 

Elizabeth Houlding 1, Zein Ahmed Mohamed 1, Daria Kolmogorova 2, Nafissa Ismail 2, 3  
1 Biomedical Sciences, University of Ottawa 2 Psychology, University of Ottawa 3University of Ottawa 

Brain and Mind Research Institute 

The extensive and rapid development of the pubertal brain creates a vulnerability to external stressors. 

Pubertal immune activation (PIA) has various sexually dimorphic neurocognitive effects on functions like 

learning and memory as a result of immune-regulating sex hormones. However, the role of adult sex 

hormones in the enduring effects of PIA on adult hippocampal cell proliferation are unknown. We tested 

the hypotheses that adult sex hormones moderate the effects of PIA on adult hippocampal cell 

proliferation. Six-week-old (i.e., pubertal) male (n=48) and female (n=48) CD-1 mice were exposed to 

either the immune-stimulating lipopolysaccharide (LPS; 1.5mg/kg, ip) or saline control (1.5mg/kg, ip). 

Sickness behaviours and body weights were monitored for 48hr. To assess the role of sex hormones, half 

of the males and females in each treatment group underwent gonadectomy before adulthood, at 9 

weeks. The remainder of the mice underwent a sham-operation. Mice were sacrificed at 17 weeks (i.e., 

adulthood). Their brains were excised and perfused with paraformaldehyde. Free-floating tissue sections 

(40um) underwent immunocytofluorescence staining for Ki67, a biomarker of cell proliferation. Ki67+ 

cells will be manually counted in the sub-granular zone of the hippocampus, an area involved in learning 

and memory. A 2x2x2 ANOVA (sex, treatment, and gonadal status) will be used for data analysis. 

Reduced expression of Ki67+ cells is expected among LPS-treated mice compared to their saline-treated 

counterparts and females versus males. Gonadal status, treatment, and sex interactions are expected. 

This work will highlight the critical role of sex hormones and PIA on adult hippocampal cell proliferation.
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PINK1-MEDIATED PHOSPHORYLATION OF LETM1 REGULATED MITOCHONDRIAL CALCIUM AND 

PROTECTS NEURONS in MPTP NEUROTOXICTY 

En Huang1, Dianbo Qu1, Tianwen Huang1, Nicoletta Rizzi2, Wassamon Boonying1, Dorothy Krolak1, Paolo 

Ciana3, John Woulfe4, Christine Klein5, Ruth S. Slack1, Daniel Figeys6 and David S. Park1* 
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Balzaretti 9, 20133 Milan, Italy 3Center of Excellence on Neurodegenerative Diseases, Department of 
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Medicine, University of Ottawa. Ottawa, Canada, K1H 8M5 5 Institute of Neurogenetics, Department of 

Neurology, University of Lübeck, Ratzeburger Allee 160, 23538, Lübeck, Germany 6Department of 

Biochemistry, Microbiology and Immunology, Department of Chemistry and Biomolecular Sciences, and 

Ottawa Institute of Systems Biology, University of Ottawa, Ottawa, Ontario, Canada, K1H 8M5. 

*  Corresponding author: University of Ottawa Brain and Mind Research Institute, Department of 

Cellular and Molecular Medicine, University of Ottawa, Ottawa, ON, Canada, K1H 8M5 

Mutations in PTEN-induced kinase 1 (PINK1) results in a recessive familial form of Parkinson disease 

(PD). PINK1 loss is associated with mitochondrial Ca2+ mishandling, mitochondrial dysfunction, as well 

as increased neuronal vulnerability. However, the exact underlying mechanism remains elusive. We here 

demonstrate that PINK1 directly interacts with and phosphorylates LETM1 at Thr192. Phosphorylated -

LETM1 or the phospho-mimetic LETM1-T192E increases calcium release in artificial liposomes and 

facilitates calcium transport in intact mitochondria. Expression of LETM1-T192E but not LETM1-wild type 

(WT) rescues mitochondrial calcium mishandling in PINK1 deficient neurons. Importantly, expression of 

both LETM1-WT and LETM1-T192E protects neurons against MPP+/MPTP -induced neuronal death in 

PINK1 WT neurons, while only LETM1-T192E protects neurons under conditions of PINK1 loss. Taken 

together, our findings delineate a critical mechanism by which PINK1 regulates mitochondrial Ca2+ 

through LETM1. Our results provide a model by which PINK1 loss leads to deficient phosphorylation of 

LETM1, impaired mitochondrial Ca2+ transport and elucidate the pathogenesis associated with a familial 

form of PD.
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DEVELOPMENTAL TREATMENT WITH AN NMDA RECEPTOR ANTAGONIST AND EFFECT ON 

ADOLESCENT COGNITIVE FUNCTION. 

Hudak, K., Goheen, K., Holahan, M.R. 

Neuroscience, Carleton University, ON Canada 

The etiology of schizophrenia has been debated for many years, with research focusing on the dopamine 

hypofunction hypothesis. Years of research, however, has yielded disappointing results with many 

symptoms still unexplained. A new theory has emerged, focusing on the hypofunction of the n-methyl-

D-asparate (NMDA) receptor and glutamate neurotransmission. Previous research has shown that the 

acute administration of the noncompetitive NMDA-receptor antagonist (+)-5-methyl-10,11-dihydro-5H-

dibenzo[a,d]cyclohepten-5,10-imine maleate (MK-801) produces extinction deficits on appetitive 

operant tasks, indicating a perseverant-type behaviour that is characteristic of schizophrenia. Reduced 

labelling in the infralimbic region of the prefrontal cortex and increased labelling in the nucleus 

accumbens was also observed, indicating the neural pathways that are implicated in perseverant 

behaviour. The present study sought to explore the effects of chronic preadolescent MK-801 

administration during a critical developmental window to determine if the same behavioural profile 

would develop following operant training. Male Long Evans rats received either saline, chronic injections 

of MK-801 at 0.05 mg/kg from d 19-26, or an acute injection of 0.1 mg/kg 15 mins prior to extinction 

testing. The acute treatment group exhibited elevated active and inactive lever presses, port entries and 

locomotor activity, as observed previously. The chronic treatment group exhibited lower active and 

inactive bar presses and more port entries than the saline group, while maintaining the same locomotor 

activity. This would imply an impairment in behavioural adaptability while maintaining motivation for 

reward.  Our next steps include Golgi and c-Fos analysis in hopes of connecting behavioural results to 

neural activation patterns.
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NEUROCOGNITIVE MARKERS UNDERLYING CLINICAL RESPONSE TO REPETITIVE TRANSCRANIAL 

MAGNETIC STIMULATION IN MAJOR DEPRESSIVE DISORDER 

Molly Hyde1,2, Pierre Blier1,2,3, Lisa McMurray2, Ahmed Rostom3, Asif Khan2, Verner Knott1,2,3 

1Neuroscience, Department of Cellular and Molecular Medicine, University of Ottawa, ON Canada 2Royal 

Ottawa Mental Health Centre, ON Canada 3Queensway-Carleton Hospital Ottawa, ON Canada 
3University of Ottawa Brain and Mind Research Institute 

In addition to mood dysfunction, patients with major depressive disorder (MDD) exhibit cognitive 

impairments that interfere with daily functioning and resist improvement with conventional 

pharmacotherapies. Repetitive transcranial magnetic stimulation (rTMS) holds promise as an MDD 

intervention strategy; it involves the induction of a transient magnetic field and neuronal current flow. 

Presently, rTMS practice involves sinusoidal biphasic pulses; however, monophasic magnetic pulses may 

be more effective as they are associated with greater homogenous neuronal activation. MDD has been 

linked to attenuated P300 event-related potential (ERP) amplitudes and prolonged P300 latencies, 

indexing decreased attention-related cortical resource allocation and slower cortical processing speed, 

respectively. This study aims to investigate the impact of monophasic and biphasic rTMS treatment on 

clinical outcomes (MADRS-assessed), as well as the P300 ERP. This randomized, double-blind trial 

involves 40 treatment-resistant MDD patients stratified equally to receive either monophasic or biphasic 

stimulation for six weeks (daily, 30 sessions total). P300 measurements are obtained pre- and post-rTMS 

treatment during an auditory task whereby infrequent, low-pitched target tones and distractor sounds 

(e.g., baby crying) are embedded among frequently presented high-pitched tones. Distractor sounds 

elicit a P300a, reflective of involuntary attention to novelty, while the target tones elicit a P300b 

indicative of voluntary attention. Preliminary correlation analyses (N=14) revealed a reduction in MADRS 

symptoms (p<.0001) with prolonged rTMS duration. Greater P300a and P300b amplitudes were 

observed in healthy controls (N=14) vs. MDD patients (N=14) at baseline. These preliminary analyses 

suggest that auditory attentional processing is impaired in treatment-resistant depressive patients and 

that rTMS treatment is related to an improvement in clinical symptomatology. Subsequent analyses will 

be completed with a larger sample, as data collection is ongoing. Regardless, these data are encouraging 

with respect to the identification of cognitive changes associated with MDD and the amelioration of 

symptoms with rTMS treatment.
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INVESTIGATING THE ROLE OF GHSR SIGNALING IN THE DMH AND PMV ON ENERGY HOMEOSTASIS 
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Abizaid1,2 

1Department of Neuroscience, Carleton University, Ottawa, ON, Canada 2University of Ottawa Brain and 
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Ghrelin is a gut peptide hormone that increases food intake and adiposity. The orexigenic effects of 

ghrelin depend on binding to its endogenous receptor, the growth hormone secretagogue receptor 

(GHSR). The GHSR is highly expressed throughout the peripheral and central nervous system, and in 

particular within the hypothalamus, a region of the brain important in homeostatic processes. Two 

regions within the hypothalamus, the dorsomedial hypothalamus (DMH) and ventral premammilary 

nucleus (PMV), show GHSR expression, yet the effects of ghrelin on these regions remains to be 

elucidated. The DMH is important for many energy balance processes, such as regulating brown fat 

thermogenesis, food intake, circadian rhythms, and the generation of the stress response, while the 

PMV is thought to be an integrative centre, owing to its responsiveness to reproductive, metabolic, and 

social signals. The current experiments aim to identify how altering GHSR signaling in the DMH, or the 

PMV, alters metabolic processes in mice. In experiment 1, male C57BL6J mice were equipped with a 

minipump filled with either saline, the GHSR antagonist JMV 2959 (2 μg/day/28days) or ghrelin (10 

μg/day/28days) attached to a cannula aimed at the DMH (AP 1.55mm, ML 0.25mm, and DV 5.25 mm). 

Following surgery, food intake and body weight was monitored for a week before animals were housed 

in metabolic chambers for 48 hours to determine differences in metabolism using indirect calorimetry. 

They were then allowed a recovery period before being tested for glucose clearance using the glucose 

tolerance test (GTT). The same design was used in Experiment 2, but this time, cannulae were aimed at 

the PMV (AP 2.45mm, ML 0.3mm, and DV 5.4mm).  Our results show that infusions of ghrelin into the 

PMV but not the DMH affects fuel utilization, while infusions of ghrelin into the DMH but not the PMV 

affects body weight and fat accumulation. This indicates that ghrelin in the DMH may be important for 

regulating long-term energy balance by regulating aspects of body weight, while ghrelin in the PMV may 

be important for regulating short-term energy balance by regulating aspects of cellular food source.   

Overall, these results suggest that while GHSR signaling is important for energy homeostasis in both the 

DMH and PMV, specific metabolic effects are selectively mediated in a region-specific manner.
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Involvement of Rapamycin in major depressive disorder (MDD) 
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Abstract 

Studies have shown that major depressive disorder (MDD) is often accompanied by accelerated cellular 

aging and higher risk of co-morbid somatic age-related diseases. One factor contributing to cellular aging 

is oxidative damage to mitochondrial DNA. Studies have shown that this oxidative stress can be 

decreased in yeast for example by imposing a calorie restricted diet or inhibiting the mammalian target 

of rapamycin (mTOR). These strategies cause an increase in the lifespan of yeast cells by increasing cell 

resilience. Studies have also implicated oxidative stress as well as monoamine levels to be involved in 

the pathophysiology of MDD. Hence, the current study investigated the effect of mTOR inhibitor 

rapamycin on cell lifespan under calorie restricted and non-calorie restricted regimen.  

Materials and Methods 

Wildtype Saccharomyces cerevisiae BY4742 were cultured in rich YP medium which consisted of 

increasing concentrations of glucose (0.2%, 0.5%, 1% and 2%) and plated in petri-dishes. Percentage 

viability of cells was calculated.  

Results/Conclusion 

Results showed that rapamycin increased the lifespan of yeast cells in calorie restricted and non-calorie 

restricted diets. Next, we will investigate the effect of rapamycin on neurotransmission of monoamines 

in the areas of the rat brain that are involved in the pathophysiology of depression.
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ONE-CARBON SUPPLEMENTATION RESULTS IN PLASTICITY AFTER ISCHEMIC DAMAGE IN A MOUSE 
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Nafisa M. Jadavji, PhD1,2, Joshua T. Emmerson, BSc1, Amanda MacFarlane PhD2, William G. Willmore, 

PhD3,4 Patrice D. Smith, PhD1 
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One carbon metabolism is involved in nucleotide synthesis and methylation. A major component of one 

carbon metabolism are folates which are B-vitamins that play an important role in brain function. 

Genetic or dietary deficiencies in folate metabolism result in elevated levels of homocysteine. Increased 

levels of homocysteine have been linked to cardiovascular disease, such as stroke. Epidemological 

studies have reported benefictial effects of supplementation with components of one-

carbonmetabolism on neurodegeneration and stroke, however the potential mechanisms remain 

unknown. The  aim of our study was to assess the impact of one-carbon supplementation after ischemic 

damage to the sensorimotor cortex using a mouse model. Prior to ishcemic damage wild-type males 

were placed on a folic acid deficient diet to increase levels of homocysteine and after ischemic damage 

these mice were treated with a supplemented diet (SD). A group of mice were maintained on a control 

diet (CD) for duration of experiment. Post-operatively motor function of mice was assessed using the 

rotarod, ladder beam and forepaw asymmetry tasks. Brain tissue was processed to assess potential 

mechanisms of action and plasma was measured for homocysteine levels.  We found that SD mice 

maintained motor function compared to control diet mice with ischemic damage. In brain tissue, SD 

mice had increased protein expression of the cell proliferation marker phospho-AKT as well as plasticity 

markers including brain derived neurotrophic factor (BDNF) and FosB in the perilesional cortex. 

Furthremore, we observed that SD treated mice had increased anti-oxidant activity within the 

perilesional cortex.  Plasma homocysteine levels were reduced in SD mice compared to CD group. These 

results suggest that one-carbon metabolism supplementation maybe benefical for recovery after stroke.  

Jadavji NM, Emmerson J, Willmore WG, MacFarlane AJ, Smith P (2017) B-vitamin and choline 

supplementation increases neuroplasticity and recovery after stroke. Neurobiol Dis 103:89–100.
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THE ROLE OF PREX1 IN GLIOBLASTOMA MULTIFORME INVASION 
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Glioblastoma multiforme is the most lethal and most common primary brain tumor in adults. A defining 

feature of glioblastoma is its ability to grow rapidly, infiltrate tissue, and disseminate across the brain. 

Despite surgical and therapeutic treatment, 9 out of 10 patients experience tumor recurrence due to the 

infiltration of cancerous cells around the primary tumor site. This emphasizes the need to better 

understand the mechanisms orchestrating expansion and dissemination of the tumor population.  

Recently, our lab established a role for PREX1, a Rac guanine nucleotide exchange factor, in glioblastoma 

invasion. We reported a PREX1 knockdown in primary glioblastoma cells reduced cellular motility and 

invasion. We further showed that inhibiting phosphoinositide 3-kinase or G protein βɣ, which have 

established roles in PREX1 activation, similarly reduced motility and invasion. Tracing this pathway 

backwards, we demonstrated that Gβɣ signaling is mediated through dopamine receptors D2 and D4. 

Assessing PREX1 mRNA levels across glioblastoma subtypes revealed differential expression, suggesting 

a role for PREX1 in subtype-specific invasiveness. Taken together, we hypothesize that knockout of 

PREX1 in our mouse model of glioblastoma will reduce tumor invasion and spread.  

We are using CRISPR/Cas9 to knockout PREX1 in primary glioblastoma cells and will assess the functional 

consequence of this on motility and invasion in vitro. We will then perform intracerebral injections of 

PREX1-knockout primary cells into mice to assess tumor growth as well as invasion into the opposite 

hemisphere. This will provide the first example of a PREX1-knockout xenograft mouse model of 

glioblastoma showing reduced invasion. Concurrently, we are assessing CpG-site methylation in PREX1 

to investigate epigenetic correlates of subtype-specific PREX1 expression and invasion.  Overall, our 

results will demonstrate the importance of PREX1 to tumor invasion and will provide an avenue for 

future studies to therapeutically target the PREX1 pathway in glioblastoma.
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The dorsal horn of the spinal cord is a primary pain processing center. In rodent models of neuropathic 

pain (Hildebrand et al, 2016, Cell Reports) and inflammatory pain (Dedek et al abstract, CAN 2017), we 

have found that BDNF-mediated loss of synaptic inhibition primes a subsequent potentiation of 

excitatory NMDAR responses in lamina I neurons of the dorsal horn, resulting in amplified spinal pain 

signalling. The molecular determinants of lamina I hyperexcitability include downregulation of the KCC2 

chloride transporter and STEP61 phosphatase by BDNF, followed by activation of Fyn kinase and 

potentiation of GluN2B-containing NMDARs. A critical question is whether similar spinal mechanisms of 

hyperexcitability are conserved during human pathological pain processing. Here, we developed a 

human ex vivo model of pathological pain using viable human spinal cord tissue that is collected one to 

four hours post-mortem. We treated lumbar human spinal cord segments with recombinant BDNF or 

oxygenated saline control and investigated superficial dorsal horn signalling using biochemical and 

immunohistochemical approaches. Our preliminary western blot data suggests that BDNF treatment 

results in decreased KCC2 and STEP61 and increased Fyn activation and GluN2B selectively at superficial 

dorsal horn synapses, similar to that observed in rodent models of neuropathic and inflammatory pain. 

Thus, we propose that spinal mechanisms of BDNF-mediated hyperexcitability are conserved between 

rodents and humans and could lead to novel therapeutic approaches for the treatment of pathological 

pain.
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Ischemic stroke enhances the proliferation of precursor cells at the neurogenic niches, which includes 

the subventricular zone (SVZ) that lines the lateral ventricles of the adult brain.  Many of these precursor 

cells ectopically migrate to the cortical space surrounding the ischemic infarct, although the contribution 

of these new cells to stroke recovery is unknown.   Here, we use an inducible transgenic reporter 

strategy that indelibly labels precursor cells within the SVZ, with a photothrombosis model of focal 

ischemia, to identify the SVZ-derived precursor cell response in the sensorimotor cortex following 

stroke.  We show that the majority of the migrating population of adult-generated precursor cells 

express astrocytic markers and exhibit voltage-dependent conductances.  To directly determine the role 

of SVZ-derived astrocytes in stroke recovery, we generated an inducible mouse line where precursors 

cells expressed the light-activated cation channel Channelrhodopsin (ChR2).  Preliminary results suggest 

that chronic optical activation of SVZ-derived astrocytes improves performance of the stroke-afflicted 

limb on sensorimotor tasks.  Together, these findings suggest that stroke provokes SVZ-derived, adult-

generated astrocytes to localize to the cortex, and that these adult-generated astrocytes may contribute 

to sensorimotor behavioural recovery following stroke.
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THE ROLE OF ADULT SEX HORMONES IN PUBERTAL LPS-INDUCED EFFECTS ON ADULT HIPPOCAMPAL 

NEUROGENESIS AND CELLULAR PROLIFERATION 

Daria Kolmogorova 1, Zein Ahmed Mohamed1, Elizabeth Houlding1, Nicholas LeBel1, Mohamed Serhan1, 

& Nafissa Ismail1,2 
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2University of Ottawa Brain and Mind Research Institute 

Puberty is a critical period for neurological and sexual maturation. Extensive changes in the pubertal 

brain create a vulnerability towards immune stressors. Emergence of immune-regulating male and 

female sex hormones during puberty has various sexually dimorphic effects of pubertal immune stress 

(PIS) on hippocampal neural functioning. However, the extent of these sex differences and the role of 

adult sex hormones is unclear. We examined the effect of PIS and adult sex hormones on adult 

hippocampal neurogenesis and cellular proliferation in the subgranular zone (SGZ), a neurogenic area 

involved in learning and memory. Adult sex hormones were expected to moderate the effects of PIS on 

adult hippocampal cell proliferation and neurogenesis. Three-week-old male (n= 45) and female (n= 45) 

CD-1 mice were shipped and housed separately. At six weeks of age (i.e., puberty), mice were exposed 

to the immune-stimulating lipopolysaccharide (LPS; 1.5 mg/kg, ip; nmales= 24, nfemales= 24) or 0.9% 

saline control (1.5 mg/kg, ip). Sickness behaviours and body weights were monitored for 48 hr. To assess 

the role of adult sex hormones, nine-week-old (i.e., pre-adulthood) males and females in each treatment 

group were gonadectomized (nsaline= 12, nLPS= 12) or sham-operated (nsaline= 9, nLPS= 12). Mice 

were sacrificed at 17 weeks (i.e., adulthood). Their brains were excised and perfused with 4% PFA. Free-

floating tissue sections (40um) underwent immunocytofluorescence staining for Ki67 (cellular 

proliferation) and doublecortin (DCX; neurogenesis). ImageJ was used to assess DCX and Ki67 

fluorescence intensities in the SGZ of single representative z-stacks (40x) from each mouse. A 2x2x2 

ANOVA revealed variable-specific interactions of treatment, sex, and adult gonadal status on DCX and 

Ki67 fluorescence intensities in the SGZ. These results highlight the interactive relationship between sex 

hormones and PIS on adult hippocampal neurogenesis and cellular proliferation in males and females.
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Progressive multiple sclerosis (pMS) is a debilitating disease characterized by demyelinated lesions in 

the central nervous system (CNS). Normally, demyelination incites recruitment of oligodendrocyte 

progenitor cells (OPCs), which differentiate into mature oligodendrocytes (OLs) to regenerate myelin. 

However in pMS, OPCs fail to differentiate despite their active recruitment to lesions. One characteristic 

of pMS lesions is high expression of microRNA miR-145-5p. MiR-145-5p is also expressed at high levels in 

OPCs but is strongly downregulated as they begin to differentiate. Importantly, miR-145-5p is predicted 

to target a transcription factor critical for OL differentiation, myelin gene regulatory factor (MYRF). We 

aimed to investigate the role of miR-145-5p in OPCs and OLs, in order to determine its contribution to 

remyelination failure in the pMS lesion. 

Using dual luciferase assays, miR-145-5p was shown to directly target MYRF. Lentiviral transduction was 

used to overexpress and knock down miR-145-p in primary OLs and OPCs. OLs overexpressing miR-145-

5p show significant defects in branching, myelin formation and myelin protein expression, including 

MYRF and downstream targets MAG, PLP1 and MBP. Conversely, miR-145-5p knockdown OLs display 

enhanced differentiation through increased expression of MYRF, MAG, PLP1 and MBP, increased 

branching and greater myelin production. Further, miR-145-5p knockdown in OPCs leads to 

spontaneous differentiation, shown by increases in myelin membrane- and MAG-positive cells as well as 

upregulation of differentiation markers, including MYRF, concurrent with downregulation of OPC 

markers.  

These data suggest that miR-145-5p aids in maintenance of the OPC identity by preventing premature 

MYRF expression, and its downregulation is required to allow OL differentiation through derepression of 

MYRF translation. Overexpression of miR-145-5p, as observed in pMS lesions, severely stunts OL 

differentiation, while knockdown of miR-145-5p enhances differentiation driven at least in part by 

spontaneous transition of OPCs to differentiating OLs. Thus, the overabundance of miR-145-5p in the 

lesion microenvironment may contribute to the OL differentiation block observed in pMS, and targeting 

miR-145-5p might serve as a therapeutic strategy to overcome remyelination failure.
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Puberty is a pivotal stage of neurological and sexual maturation.  The pubertal brain exhibits an 

increased vulnerability to external stressors.  Pubertal immune activation (PIA) has lasting effects on 

learning and memory.  However, the impact of PIA on adult neurogenesis and the role of immune-

regulating adult sex hormones in this relationship are unclear.  This project examined the effects of PIA 

and adult sex hormones on adult neurogenesis in the subgranular zone (SGZ) of the hippocampus, an 

area involved in learning and memory.  Three-week-old male (n=48) and female (n=48) CD-1 mice were 

shipped and housed separately.  Six-week-old (i.e., pubertal) mice were injected with either 0.9% saline 

(1.5mg/kg, ip) or the immune-challenging lipopolysaccharide (LPS; 1.5mg/kg, ip).  Sickness behaviours 

and body weight fluctuations were monitored for 48hr.  At nine weeks of age (i.e., pre-adulthood) half 

of the males and females in each treatment group were gonadectomised; the remainder underwent a 

sham-operation.  Their brains were extracted at 17 weeks (i.e., adulthood) and perfused with 

paraformaldehyde.  Free-floating brain tissue (40um) underwent immunocytofluorescent staining for 

the neurogenic biomarker doublecortin (DCX) and imaged with a confocal microscope (40x z-stacks).  

Single representative z-stacks of the SGZ from each mouse were assessed for fluorescence intensity with 

ImageJ.  A 2x2x2 ANOVA will assess the effects of sex, treatment, and gonadal status. Decreased DCX 

fluorescence intensity is expected among LPS-treated mice versus saline-treated counterparts.  Sex, 

treatment, and gonadal status interactions are expected.  These results will help understand the long-

term effects of PIA and adult sex hormones on adult hippocampal neurogenesis.
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Objective 

Previously we demonstrated that in an animal model of cerebellar ataxia, exercise enhanced VGF (no 

acronym) expression, increased myelination and prolonged survival. Importantly, VGF adenovirus could 

mediate this effect without exercise suggesting that it might be a critical factor regulating myelination. 

VGF transcripts are abundant in undifferentiated oligodendrocyte precursor cells (OPCs) and found 

within brain lesions of MS patients suggesting that VGF peptides represent a potential therapeutic 

target to promote remyelination in MS patients. The objective of this study was to determine if OPCs 

and oligodendrocytes (OLs) express complement C3a receptor 1 (C3aR), the VGF receptor and whether 

they are responsive to VGF neuropeptides (TLQP-21).  

Methodology 

Primary OPCs were isolated from the cortex of P0 wild-type C57BL/6 mice and allowed to differentiate 

into OLs over 6 days in vitro (DIV). To test the responsiveness to VGF, TLQP-21 neuropeptide was 

included in the culture medium. OL differentiation was assessed using stage-specific markers (myelin-

associated glycoprotein (MAG) for mature OLs, and myelin basic protein (MBP) for myelin producing 

OLs) and analyzed by immunohistochemistry, quantitative PCR, and western blot for differences. 

      

Results 

We demonstrate that maturing OLs express C3aR suggesting that they are able to respond to VGF. 

Cultures containing TLQP-21 extend their processes and express MAG earlier, 1-2 DIV. By 3DIV, the 

addition of TLQP-21 significantly increased the number of myelin producing OLs (p<0.05, 30.66%±10.59). 

However, after 4DIV the treated and control cultures showed no significant difference in membrane 

area or MBP expression by western blot.  

Conclusion 

Preliminary results suggest that TLQP-21 neuropeptide treatment may accelerate the differentiation 

process of OLs. Further studies will aim to confirm these results and define the pathways involved.
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THE EFFECT OF GLIA-EXPRESSING GPCRS ON THE DROSOPHILA MODEL OF C9ORF72-MEDIATED 

ALS/FTD  

Seung Gee Lee, Woo Jae Kim.  
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The functions of the complex nervous system depend on interactions between neurons and glial cells. 

One of the major functions of the glial cells is maintaining the homeostasis of the nervous system. 

Nevertheless, the glial cell has been known to be responsible for simply supporting neuronal cell 

functions and the maintenance of neuron survival. The motor neuron’s symptom of ALS/FTD has been 

highly postulated, however, recent reports suggest that astrocytes and microglia play important roles in 

establishing ALS/FTD. An expansion of GGGGCC repeat in C9orf72 region is the most common genetic 

cause of ALS/FTD. The fruit fly model of C9orf72 expansion has been recently established. This study 

aims to decipher the mechanism underlying C9orf72-mediated pathogenesis of ALS/FTD in respect to 

the interactions between glia and neurons using the fruit fly genetic model system. We found that 

several different kinds of DPR (Dipeptide-Repeat) proteins produced by the mutant C9orf72 gene affect 

the neuronal development of Drosophila when they are expressed only in the glial cell population. We 

found that the critical effects of C9orf72 result from the expression of toxic DPR proteins, not by toxic 

RNA expression. To investigate the etiology and mechanisms of ALS/FTD via glia-neuron interactions, we 

attempted to find several candidate genes that can influence the effect of C9orf72 expression in glial 

cells. We found one candidate gene that phenocopies the effect of C9orf72 expression belonging to the 

GPCR family. It is predicted that GPCR cascade affects neuron and glial cell interaction to produce 

symptoms of ALS. 

We will investigate further to find the mechanisms how this GPCR X can influence the interactions 

between glia and neuron, which can affect the onset of C9orf72-mediated ALS/FTD.
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Background: Bronchopulmonary dysplasia (BPD), a neonatal chronic lung disease caused by O2 therapy, 

is characterized by an arrest in lung growth. BPD is an independent risk factor for adverse 

neurodevelopment. Neural progenitor cells (NPCs)—cells crucial for brain development—have yet to be 

examined in BPD.  

Hypothesis: NPC function is impaired in a BPD mouse model.  

Objective: Characterize NPC functional damage in a BPD model to explain the link between BPD and 

adverse neurodevelopment.  

Methods: Mice were exposed to: 1) room air + saline; 2) room air + lipopolysaccharide (LPS); 3) 85% O2 

+ saline; 4) 85% O2 + LPS (triple hit model of BPD, i.e., hyperoxia + ante- and postnatal inflammation) 

(saline/LPS injected intraperitoneally at E17 and P5). Pups were exposed to oxygen from P0-P14. Tissue 

was harvested at P14. The mean linear intercept (MLI) was used to assess lung damage. NPC function 

was examined in vitro using neurosphere and differentiation assays and in vivo using 

immunohistochemistry. At 4.5 months of age, preliminary assessment of learning and memory was 

assessed via fear conditioning.  

Results: 85% O2 + LPS-exposed mice had significantly higher MLI scores than those of control mice 

(p<0.0001). Further, NPCs isolated from groups 2-4, formed significantly fewer secondary neurospheres 

compared to the control group (p<0.05). Immunohistochemistry revealed that hyperoxia exposure leads 

to reduced neurogenesis. Hyperoxia-exposed mice also experienced deficits in associative learning and 

memory, forming a weaker association between the tone and the adverse stimulus (shock) (p<0.001), 

compared to control mice.  

Conclusion: The high MLI scores of the 85% O2 + LPS-exposed mice, indicates a dramatic simplification 

of the alveoli, and a robust BPD-like phenotype. These results provide insight into possible mechanisms 

of BPD-associated brain damage and adverse neurodevelopment. This study will aid in the development 

of future treatments to improve the lives of preterm infants.
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Recently it was discovered that the cause of a newly identified lethal sensory neuropathy (HSAN-VI) is a 

mutation in the human dystonin gene. These patients present with joint contractures, problems eating 

and breathing, motor deficits, and autonomic irregularities that ultimately leads to death before the age 

of two. Similarly a mouse disease known as dystonia musculorum (dt) also arises due to mutations in the 

mouse dystonin gene. Sensory neurons are particularly vulnerable to the loss of neuronal dystonin, as 

these are the primary cell type to show molecular defects and undergo degeneration. As such, the mice 

exhibit ataxia around P7-P10, and death results around 3 weeks of age. Several different alleles of dt 

exist, though the mains ones that we work with in our lab are Dst(dt-27J) and Dst(dt-Tg4). The Dst(dt-

27J) mouse has typically been known as the more severe, as the mutation likely affects all 3 neuronal 

dystonin isoforms and the mice die before P21. Conversely, Dstdt-Tg4 mice have a mutation that affects 

only the first two isoforms of dystonin, leaving the third dystonin isoform intact, and these mice typically 

live a few days beyond P21. 

Here we characterize differences in phenotype and pathology between the Dst(dt-27J) and Dst(dt-Tg4) 

alleles. Defects in microtubule stability, which were previously thought to be central to dt pathology, 

were found to only be present in Dst(dt-27J) sensory neurons. This likely indicates that microtubule 

instability contributes to disease severity, but is not central to pathogenesis. We then explored the 

compensatory potential for the third neuronal dystonin isoform in Dst(dt-Tg4) sensory neurons. 

Surprisingly we did observe a tissue dependent increase in mRNA expression for this isoform, which 

highly suggests that the third neuronal dystonin isoform compensates for the loss of the other two by 

perhaps slowing disease progression. Further analysis will be required to establish a direct link between 

this isoform and microtubule stability.
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A critical assessment of functional methods to quantify and detect silent synapses 

Michael B. Lynn123, Kevin F.H. Lee4, Jean-Claude Béïque13 

1Brain and Mind Research Institute and Center for Neural Dynamics, uOttawa 2Neuroscience Graduate 

Program, uOttawa 3Department of Cellular and Molecular Medicine, uOttawa 4Queen's University 

School of Medicine  

Neuronal synapses exist in both active and silent forms. Silent synapses, which lack AMPA receptors and 

are important during the development and maturation of neuronal circuits, have recently been 

examined more closely in adult animals due to their potential links with drug abuse and plasticity. Given 

the accumulation of recent reports suggesting a potentially important role for silent synapses in mature 

circuits, it is necessary to understand which methods for silent synapse detection are most accurate and 

robust. Here, we review several widely-used methods for silent synapse detection, including two-photon 

glutamate uncaging, single-synapse minimum electrical stimulation, and the failure rate-based 

calculation method. By constructing numerical models of various experimental conditions and synaptic 

population, we assess, for the first time, the quantitative accuracy of distributions produced by the 

failure rate-based calculation method. We find that this multi-synapse sampling method is characterized 

by low estimation accuracy and biologically implausible results, neither of which can be significantly 

attenuated through an increase in sample size or a change in methodology. We experimentally test 

these predictions by performing failure-rate experiments in triplicate on individual neurons at the CA3-

CA1 synapse of juvenile rat hippocampus (p14), demonstrating high variability of the silent synapse 

estimates, as well as the presence of implausible negative results. Finally, we employ a power analysis 

approach to show that methods involving binary classification of single synapses (such as glutamate 

uncaging or minimum stimulation conditions) require several orders of magnitude fewer samples for 

similar statistical power compared to the failure rate-based method. These results highlight the 

superiority of single-synapse binary classification methods in the detection and quantification of silent 

synapse populations, due to their high statistical power and estimation accuracy over multi-synapse, 

calculation-based methods.
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HOMEOSTATIC-LIKE POTENTIATION OF THE AVERSIVE HABENULO-RAPHE PATHWAY IN AN ANIMAL 

MODEL OF POST-STROKE DEPRESSION 

Sébastien Maillé(1,2,3) Sean D. Geddesa(1,2), David Lemelin(1,2), Saleha Assadzada(1,3), Jean-Claude Béïque(1,2) 

1University of Ottawa, Brain and Mind Research Institute Centre for Neural Dynamics, Department of 

Cellular and Molecular Medicine, Faculty of Medicine, University of Ottawa, Ottawa, ON, Canada K1H 

8M5; 2Canadian Partnership for Stroke Recovery; 3Neuroscience Graduate Program, University of 

Ottawa 

Stroke is the third leading cause of death and the primary cause of adult long-term disability in Canada. 

Despite advances in rehabilitation research, stroke survivors experience an unusually high incidence of 

depressive symptoms which, beyond the emotional suffering, also undermine recovery outcomes by 

reducing patient motivation levels. Human and animal studies have linked the incidence of post-stroke 

depression to the extent of prefrontal cortex (PFC) damage. We hypothesized that PFC stroke promotes 

the development of depressive phenotypes by triggering maladaptive reorganization in mood-related 

networks. The PFC and the lateral habenula (LHb) are limbic structures that send strong synaptic 

projections to the serotonergic dorsal raphe nucleus (DRN), a key neuronal hub for mood regulation. We 

used viral, optogenetic and electrophysiological strategies to outline the functional architecture of the 

PFC and LHb projections to DRN. We found that a PFC stroke triggers a time-dependent remodeling of 

key functional features of the glutamatergic input from the LHb to DRN 5-HT neurons. Given that the 

LHb-DRN pathway is believed to encode emotional features related to aversion and anticipation of 

threat, a maladaptive, homeostatic-like upregulation of this pathway may contribute to the depressive 

symptomology following a stroke.
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A NEW PERSPECTIVE ON PARKINSON'S DISEASE: PATHOLOGY BEGINS IN THE GASTROINTESTINAL 

TRACT 

Kianna J. Mau1, Dr. Nafisa M. Jadavji1 

1Department of Neuroscience, Carleton University, ON Canada 

Gastrointestinal (GI) dysfunction has a high prevalence in the preclinical phase of Parkinson’s disease 

(PD). This review analyzes recent reports that show abnormalities in the GI tract of PD patients, 

suggesting that the disease originates in the gut. The enteric nervous system (ENS), composed of 

myenteric and submucosal plexuses, is susceptible to degeneration in PD. Evidence regarding PD-related 

loss of myenteric dopamine neurons in the ENS outer plexus is currently controversial. The diseased 

submucosal plexus composition, located in the ENS inner plexus, has not yet been derived. The dual-hit 

hypothesis proposes that the disease propagates through the submucosal plexus to midbrain regions via 

vagal innervations. PD patients have an abnormal gut microbiome, and varying bacterial concentrations 

are correlated with distinct disease phenotypes. The bacterial imbalance causes increased short chain 

fatty acid production, indirectly stimulating reactive microgliosis in the midbrain, thus generating a 

proinflammatory environment that stimulates alpha-synuclein aggregation. The abnormal PD gut 

microbiome is sufficient in inducing the diseased state in animal models. One report demonstrates 

phenotype improvement upon PD microbiome replacement with healthy microbiota via fecal transplant. 

Future therapeutic development should target the gut microbiome interaction with the ENS to provide 

means for an early diagnosis and possible treatment innovations.
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APTAMERS AS TOOLS FOR BRAIN HEALTH 

EM McConnell1, JP Callahan1, K Ventura2, D Madularu2, M McKeague1, V Hunt1, R Aranda-Rodriguez4, M 

Beking1, E Bernard4, R Bolzon1, A Cadecinha4, J Cruz-Toledo3,  M Dumontier3, Z Dwyer2, A Foster1, G 

Frahm4, T Francis1, A Giamberardino1, M Johnston4, A Koudrina1, E Mastronardi1, P Mezin1, L Parent1, A 

Ruscito1, N Salmaso2,5, M Smith1, R Walsh1, V Xing2, B Xue1, X Zhang1,  MR Holahan2,5 and MC DeRosa1,5 

1. Department of Chemistry, Carleton University, Ottawa, ON, Canada 2. Department of Neuroscience, 

Carleton University, Ottawa, ON, Canada 3. Department of Biology, Carleton University, Ottawa, ON, 

Canada 4. Health Canada, Ottawa, ON, Canada 5University of Ottawa Brain and Mind Research Institute 

Aptamers are small, single-stranded oligonucleotides. These functional nucleic acids bind to their 

cognate targets with a high degree of affinity and selectivity. Though functionally analogous to 

antibodies, aptamers have many advantages over antibodies including ease of synthesis, increased 

stability and decreased immune response. Aptamers are selected by an iterative in vitro process termed 

Systematic Evolution of Ligands by EXponential  enrichment (SELEX).  Research has been done to select 

aptamers for multiple targets related to the central nervous system with examples ranging from small 

molecule neurotransmitters and neurotoxins to brain cancer cell lines. For targets related to the nervous 

system, aptamers have been utilized in delivery, therapeutic, imaging, detection and diagnostic 

applications. A brief analysis of data from aptamer selection experiments, which occurred between 

1990-2013, and the use of DNA aptamers for applications within the central nervous system will be 

presented.
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HIGH DOSE RUNNING WHEEL EXERCISE ATTENUATES EXERCISE-INDUCED HIPPOCAMPAL 

NEUROGENESIS IN THE RAT 

Matthew W. McDonald¹,², Carine Nguemenia¹,², Matthew S. Jeffers¹,², Jessica Livingston-Thomas¹,², 

Diane Lagace¹,²,3 Dale Corbett¹,²,3 

¹Faculty of Medicine, University of Ottawa, Ottawa, ON ²Heart & Stroke Canadian Partnership for Stroke 

Recovery, Ottawa, ON 3University of Ottawa Brain and Mind Research Institute 

Providing rodents with continuous access to a running wheel (RW) can increase hippocampal 

neurogenesis in the dentate gyrus. Since this RW paradigm results in excessive levels of exercise not 

typical of human exercise patterns or achievable in patient populations with existing co-morbidities and 

physical limitations (e.g. stroke survivors), we developed RW paradigms that more closely represent 

human exercise patterns (e.g. shorter duration, alternate days). Neurogenesis was measured in male 

Sprague-Dawley rats assigned to 4hr, 8hr, or 24hr RW access on alternating days (4A, 8A, or 24A), 

continuous daily RW access (24C), or sedentary conditions (SED). Running paradigms were continued for 

either 14 or 30 days. Proliferating cells were labelled with bromodeoxyuridine (BrdU; 50mg/kg/day, i.p.) 

during the first week of RW access. After 14 days of RW access, 24A rats had significantly more surviving 

BrdU+ cells in the dentate compared to SED, 4A, or 8A rats. In contrast, following 30 days of RW access, 

4A and 8A rats had significantly more surviving BrdU+ cells compared to SED, 24A, or 24C rats. Further, 

linear regression analysis established a negative relationship between running distance and surviving 

BrdU+ cells in the 30-day cohort (R²=0.40). These findings demonstrate that moderate levels of RW 

exercise are superior to higher levels at promoting hippocampal neurogenesis. These results suggest 

that populations that cannot achieve high levels of exercise may still benefit from regular exercise and 

that overtraining may attenuate exercise-induced neurogenesis.
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PUBERTAL PROBIOTIC TREATMENT ON LPS-INDUCED CHANGES IN STRESS REACTIVITY AND C-FOS 

EXPRESSION FOLLOWING RESTRAINT IN ADULTHOOD 

Emma Murray1, Emilie Frenette1, Lauren Arber1, Michael Swenson1, and Nafissa Ismail Ph.D.1,2 

1Department of Social Sciences, University of Ottawa; 2University of Ottawa Brain and Mind Research 

Institute 

Puberty is a critical period of development when sexual maturity in achieved and a significant amount of 

reorganization occurs within the central nervous system (CNS). Exposure to stress during puberty causes 

enduring effects on neurocognitive functioning, behaviour and future response to stressors. There is 

increasing evidence indicating a close communication between the gut microbiota and the CNS, but 

research has yet to examine the influence of the gut microbiome on stress reactivity and mental health 

during this critical stage of development. Exposure to immune challenge during puberty can have long 

lasting effects on stress responses later in life. It is speculated that increasing gut bacteria diversity via 

probiotics can have defensive properties against immune challenges on reactivity to stress into 

adulthood. Six week old CD1 mice were exposed to immune challenge and a probiotic formula during 

adolescent development to observe the effects of bacterial endotoxin lipopolysaccharide (LPS) and 

probiotic Lactobacillus reuteri on stress responses and CNS c-Fos expression in adulthood. At 10 weeks 

(onset of adulthood), mice were subject to a 30-minute restraint stress test, 1 hour before euthanasia. 

Brain and blood were collected and blood plasma was analyzed via ELISA to measure corticosterone 

(CORT) levels. Saline-injected females treated with probiotic had significantly lower levels of CORT than 

females who received control broth. All males showed significantly lower CORT levels compared to 

females. It is expected that mice exposed to LPS will show greater c-Fos expression following restraint 

stress in the paraventricular nucleus of the hypothalamus compared to controls. Mice treated with the 

Lactobacillus reuteri will display less c-Fos expression in this area compared to mice that were not 

exposed to probiotic. Results suggest probiotic treatment serves as a protective factor against LPS-

induced stress reactivity in females indicating important sex differences in the influence of probiotics 

on development.
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THE ROLE OF THE RNA-BINDING PROTEIN HuD in LRRK2-DEPENDENT PARKINSON'S DISEASE MODELS 

Olanta Negeri (1) Alyssa Pastic (1) David Park (1,2)Derrick Gibbings (1) 

Parkinson’s disease (PD) is a progressive neurodegenerative disease that is characterized by motor 

impairment. The observed motor symptoms in PD are a result of the loss of dopaminergic neurons in the 

substantia nigra, a region of the midbrain. The most common genetic cause of PD is a G2019S mutation 

in the leucine-rich repeat kinase 2 (Lrrk2) gene resulting in over-active kinase activity. Many functions 

have been ascribed to LRRK2 including roles in autophagy, mRNA translation, cell cycle control, and 

inflammation, however the pathogenesis of Lrrk2-dependent PD remains largely elusive. 

  

Previous work in Drosophila has shown that Lrrk2 mutants cause retinal degeneration and loss of 

dopaminergic neurons. The lab of David Park showed that an RNA-binding protein, Rbp9, homologous to 

the mammalian HuD, was required for LRRK2-induced tissue pathology and dopaminergic neuron loss in 

flies. HuD regulates the stability of key mRNAs in neuronal development such as p21, GAP-43, tau, and 

BDNF as well as the translation of insulin in pancreatic β cells. 

  

Interestingly, studies have shown links between PD and diabetes, a metabolic disease. To investigate the 

role of HuD and Lrrk2 in the development of motor impairment and metabolism, we have crossed HuD 

knockout mice with Lrrk2-G2019S knockin mice. We have completed a full battery of behavioral testing 

and indirect calorimetry on two cohorts of mice (10 and 26 weeks). Preliminary results from our lab 

suggest that LRRK2 phosphorylates HuD, to regulate key mRNAs required for neuronal development in 

addition to influencing motor impairment and regulation of energy metabolism.
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A ROLE FOR DIP-2 (DISCO-INTERACTING PROTEIN 2 HOMOLOG) IN NEURONAL MIGRATION AND 

MAINTENANCE OF NEURONAL MORPHOLOGY. 

Nathaniel Noblett1,2, Zhao Hua Ding1,2, Tony Roenspies2, Stephane Filbotte1,2 and Antonio Colavita12 

1Cellular and Molecular Medicine, Brain and Mind Research Institute, University of Ottawa, ON Canada 
2Neuroscience Program, Ottawa Hospital Research Institute, ON Canada 

Mechanisms that inhibit inappropriate neurite outgrowth in the mature nervous system are likely to 

play important roles in maintaining normal neuronal function.  A genetic screen for ectopic neurites in 

the VC motor neurons identified mutations in nde-5 (neurite outgrowth defective-5) (1). We now show 

that nde-5 encodes the worm orthologue of Disco Interacting Protein-2 (Dip2) and has thus been 

renamed dip-2. DIP2 proteins belong to a highly conserved protein family that contain an N-terminal 

DNA methyltransferase-associated protein 1 (DMAP1) binding domain and two adenylate-forming 

enzyme family domains. In addition to VC defects, we found that dip-2 mutants show morphology 

defects in several other neurons. Most prominently in the touch neurons where morphology defects 

show an age-dependent increase suggestive of a role in neuronal maintenance. dip-2 mutants also show 

HSN neuronal migration defects. A CRISPR/Cas9-mediated functional GFP insertion into the native dip-2 

locus revealed expression in many neurons including the touch neurons and HSN as well as epidermal 

cells. DIP-2 localization in neurons was found to be predominantly cytoplasmic. In contrast, DIP-2 in 

epidermal cells was predominantly plasma membrane localized. Cell specific rescue experiments are 

consistent with a cell autonomous role in neurons to promote proper morphology and migration. These 

findings indicate that DIP2 proteins are important for the development and maintenance of neuronal 

connections. (1) D. Carr et al., 2016 Plos One.



 

 

  

Connecter.Exciter.Guérir. 

Connect.Excite.Heal. 

EFFECTS OF A PRENATAL STRESSOR ON HIPPOCAMPAL CYTOKINE AND BDNF CHANGES ELICITED BY AN 

ACUTE SOCIAL STRESSOR IN MICE 

Eloïse Kerr1, Natasha Osborne1,2, Mary Sedrak1, Hymie Anisman1, and Marie-Claude Audet1,2, 3  
1Department of Neuroscience, Carleton University, Ottawa, Ontario, Canada K1S 5B6 2The Royal’s 

Institute of Mental Health Research, Ottawa, Ontario, Canada K1Z 7K4  3University of Ottawa Brain and 

Mind Research Institute 

Background: Early-life experiences may promote vulnerability to mental and physical illnesses. 

Alterations in the programming of the immune system may affect the developing brain and play a role in 

the progression of stress-related illnesses. We examined whether a prenatal stressor influenced brain 

expression of inflammatory and growth factors in adult stressed mice.  

Methods: C57BL/6 female mice were subjected to physical restraint (or were left undisturbed) during 

the second trimester of pregnancy. Adult male and female offspring from stressed and non-stressed 

dams experienced a 15-min social stressor session or were not manipulated. Blood and hippocampal 

tissue were collected 90 minutes afterwards to determine plasma corticosterone levels and mRNA 

expression of the pro-inflammatory cytokines interleukin (IL)-6, IL-1ß, and tumor necrosis factor (TNF)-α 

and of the neurotrophin brain-derived neurotrophic factor (BDNF).  

Results: Stress-induced corticosterone elevations were apparent regardless of prenatal stress in males, 

but reached significance only in prenatally stressed females. Cytokine changes following the prenatal or 

adult manipulations in males did not reach significance. In females, hippocampal IL-6 increases after the 

social stressor were abolished in prenatally stressed mice. Prenatal and adult stressor experiences in 

females reduced hippocampal expression of TNF-α and of NTRK2 (BDNF receptor).  

Conclusions: Prenatal stress promotes sex-specific brain inflammatory and growth factor variations in 

adulthood. Further studies will examine how these effects may promote disease vulnerability.
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STRANGER DANGER! GHRELIN RECEPTOR SIGNALLING IN THE VTA AND ITS ROLE IN SOCIAL APPROACH 

AND SOCIAL INTERACTION. 

Park, S.1; King, S. 1; De Sante, S. 2; Culka, G. 3; Parodi, G. 1; Hyland, L. 1; Khazall, R. 1; Zigman, J.M.4; 

Woodside, B. 5; Abizaid A1,6. 
1. Department of Neuroscience, Carleton University, Ottawa ON, Canada; 2. Department of Psychology, 

Carleton University, Ottawa ON, Canada; 3. Department of Integrated Science, Carleton University, 

Ottawa ON, Canada; 4. Departments of Internal Medicine and Psychiatry, The University of Texas 

Southwestern Medical Center, Dallas, TX, USA; 5. Centre for the Study of Behavioral Neurobiology, 

Concordia University, Montreal QC, Canada 6University of Ottawa Brain and Mind Research Institute 

Ghrelin is a gut-derived peptide hormone associated with feeding, energy balance, reward, and the 

stress response. In the brain, ghrelin receptors (GHSR) are expressed in both hypothalamic and extra 

hypothalamic regions including the ventral tegmental area (VTA), a region that is important for 

modulating reward-seeking behaviours. Previously in our lab, we have demonstrated that GHSR 

knockout (GHSR KO) mice exhibit social deficits in comparison to GHSR wild type (WT) mice. 

Furthermore, peripheral administration of the GHSR antagonist JMV2959 caused social behaviour 

deficits in mice compared to those injected with saline. Given that activation of GHSR in the VTA is 

associated with increases in reward-seeking behaviours, and that activation of dopamine cells in this 

region is associated with increased expression of pro-social behaviors, we hypothesized that blocking 

GHSR in the VTA would result in decreased social behaviors. To test this hypothesis, we measured social 

interaction behaviors in mice that were implanted with osmotic minipumps delivering either saline or 

JMV2959 (5ug/day) unilaterally into the VTA (AP-2.92, ML +/- 0.7, DV -4.5) for a period of 3 weeks. 

Results showed that, like GHSR KO mice, mice receiving chronic infusions of JMV2959 into the VTA took 

longer to approach stranger mice, and spent less time investigating these mice (p< 0.05). In a second 

study, mice inserted with a loxP-flanked transcriptional blocking cassette (TBC) preventing the 

transcription of GHSR, and their WT littermates were micro infused with an adeno-associated virus 

(AAV) packaged with either green fluorescent protein (GFP) or a fusion of GFP and CRE-recombinase 

(4.44e9 GC/ml) into the VTA (AP-2.92, ML +/- 0.7, DV -4.5) to rescue expression in this region. As 

expected, TBC infused GHSR null mice receiving the control virus showed a longer latency to approach 

strangers, whereas reactivation of the GHSR in the VTA reduced the latency to approach a stranger and 

increasing the amount of sniffing and stretching towards stranger mice (p< 0.05). These results support 

the idea that ghrelin receptor signalling in the VTA is important for elicitation of pro social behavior and 

disruptions in ghrelin signalling in the VTA may be associated with social anxiety.
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KNOCKOUT OF ALDH7A1-/- CAUSES PYRIDOXINE-DEPENDENT EPILEPSY IN ZEBRAFISH 

Izabella Agostinho Pena1,2,3, Yann Roussel3, Kate Daniel1, Kevin Mongeon1,2, Devon Johnstone1,2, Hellen 

Weinschutz3, Nathalie Lepage1, Pranesh Chakraborty1, Nanda Verhoeven-Duif4, Kym Boycott1,2,5, Tuan 

Bui3,5, Marc Ekker3,5, Alex MacKenzie1,2,5 

1. Children’s Hospital of Eastern Ontario (CHEO) Research Institute, Ottawa, ON, Canada K1H 8L1 2. 

Faculty of Medicine, University of Ottawa, Ottawa, ON, Canada K1H 8L1 3. Department of Biology, 

University of Ottawa, Ottawa, ON, Canada K1N 6N5 4. Department of Genetics, University Medical 

Center (UMC), Utrecht, The Netherlands 3584 EA 5University of Ottawa Brain and Mind Research 

Institute 

Pyridoxine dependent epilepsy (PDE) is a rare genetic condition characterized by intractable and 

recurrent neonatal seizures that are alleviated uniquely by high doses of pyridoxine (vitamin B6). 

Despite the seizure control conferred by pyridoxine treatment, neurodevelopmental delay is still 

observed in more than 75% of PDE cases. Mutations in the lysine metabolism enzyme ALDH7A1 were 

identified as the cause of PDE; we have therefore used CRISPR/Cas9 genetic editing to generate an 

aldh7a1 -/- zebrafish line. As is the case in PDE patients, the fish larvae accumulated the ALDH7A1 

substrate aminoadipic-semialdehyde (AASA) and its cyclic equilibrium form piperideine 6-carboxylate 

(P6C). P6C accumulation is believed to be the pathogenic driver of PDE by reacting with and thus 

depleting pyridoxal 5’-phosphate (PLP), the active form of pyridoxine. The aldh7a1-null zebrafish 

developed spontaneous seizures at the larval stage, with detectable seizure-like behavior at 10 days 

post fertilization (dpf), resulting in premature death at around 14 dpf. Lysine supplementation induced 

earlier seizure onset and death phenotype (<10dpf). Extracellular recordings in the optic tectum at 11 

dpf revealed a series of population bursts specifically observed in the mutants that were also intensified 

by light stimulus. Remarkably, as is the case in human PDE, the seizures show an almost immediate 

sensitivity to pyridoxine and PLP with a resulting extension of the lifespan. We observe reduced B6 

vitamer levels, especially those of pyridoxal and of pyridoxamine-5’phosphate, the direct precursors of 

PLP. Low systemic GABA levels observed in the seizing mutant larvae were normalized under pyridoxine 

treatment, thereby supporting a GABA-centric theory for the PDE pathogenesis. Here we report for the 

first time an animal model of pyridoxine dependent epilepsy that accurately recapitulates key features 

of the disease and provides insights on the pathophysiology of PDE.
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LONG TERM EFFECTS OF EARLY LIFE MATERNAL DEPRIVATION AND TYROSINE RECEPTOR KINASE B 

(TRKB) KNOCKDOWN 

Prowse, N.1, Dwyer, Z.1, Thompson, A.1, Fortin, T.1, Elson, K.1, Robeson, H.1, Anisman, H.1 & Hayley. S.1,2 

1Department of Neuroscience, Carleton University, Ottawa, Ontario, Canada 2University of Ottawa Brain 

and Mind Research Institute 

Brain-derived neurotrophic factor (BDNF) signals through the tyrosine receptor kinase B (TrkB) receptor 

and has been implicated in stressor-related pathology, such as depression. Our work seeks to 

understand the developmental role of TrkB receptor signaling in the context of stressor exposure during 

infancy. Early life stressors that can affect BDNF production are known predispose towards the later 

development of depression, yet little is known about how transient disruptions to TrkB signaling can 

influence the maturation of synapses during developmentally sensitive times.  We utilized a perfectly 

viable knock-in transgenic mouse line (Ntrk2tm1Ddg/J), with a mutation on the TrkB receptor, to 

reversibly block early postnatal BDNF/TrkB signaling during infancy for all cohorts. A subset of litters 

were then exposed to both early life maternal deprivation and a chronic unpredictable stressor regimen 

at three months, to determine if the combined effects of TrKB knockdown and stress during infancy 

would influence stress resiliency in adulthood. The transient disruption of BDNF/TrkB signaling 

combined with stress resulted in lower overall BDNF in +/+ mice, and opposing alterations in receptor 

isoform distribution in the prefrontal cortex and hippocampus. These data are consistent with a role for 

early TrkB signaling in programming stressor responsivity.
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STRESS REACTIVITY IN ADULT FEMALES AND MALES RODENTS FOLLOWING EXPOSURE TO OMEGA-3 

SUPPLEMENTATION AND ENRICHED ENVIRONMENT DURI 

Julie Raymond 1, Meenakshie Bradley-Garcia 1, Joelle Machaalani 1, Hélène Plamondon 1,2.  
1 Behavioral Neuroscience, School of Psychology, University of Ottawa, ON 2University of Ottawa Brain 

and Mind Research Institute 

INTRODUCTION: Environmental conditions and balanced-diet both play key role in many biological 

processes including neuronal growth and cognitive performance. Enriched environmental (EE) condition 

has been shown to stimulate social behavior and improve cognition. Moreover, omega-3 dietary 

supplementation has been linked with improved cognitive performance and attention, and to reduced 

anxiety. Environmental conditions and the diet can also modify brain plasticity during vulnerable 

developmental period, such as the adolescence period. The goal of this study is to examine sex 

differences of exposure to EE and omega-3 supplemented diet in juvenile rats on measures of anxiety 

and memory.  

METHODS: Animals: 64 post-weaning Wistar rats (n=32 males; n=32 females) were randomly assigned to 

one of the 4 different groups upon arrival. Control animals received soybean oil (C-SO) and the 

experimental groups received menhaden fish oil supplement (FO) daily. These groups underwent this 

new diet regime by oral gavage (0.3ml/100g body weight) during the entire early and mid-adolescence 

period (from PD28-47). Half of the experimental and control groups were placed by group of 4 in an (EE) 

for 31 days (PD28-58) and the control group were housed in smaller cages, two per cages. Forced Swim 

Stress. On day 63 of the experiment (PD90), a modify version of the Forced Swim Test was used as a 

stressor. Behavioral testing The Open-Field Test (OFT) was used to measure anxiety-like behavior (PD93) 

and the Y Maze test to observe fear avoidance (PD95). 

RESULTS: We observed that females supplemented with fish oil show reduced anxiety-like behavior in 

the OFT. Furthermore, a combination of soybean oil and enriched environment seems to reduce anxiety 

behavior for both gender. Theses findings support sex-dependent effects of fish oil in the juvenile rats 

and demonstrate some beneficial influence of soybean and EE in juvenile’s rats. Further investigation is 

needed to explore theses results.
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A DEVELOPMENTAL SWITCH IN THE ORGANIZATION OF THE DEDICATED NEURAL NETWORK FOR 

SWIMMING IN ZEBRAFISH (DANIO RERIO) SPINAL CORD. 

Y. Roussel1, T. V. Bui1,2 

1 Biology, University of Ottawa, ON Canada 2University of Ottawa Brain and Mind Research Institute 

Locomotion is a fundamental task executed by the nervous system across vertebrates. However, the 

control of locomotion undergoes a process of maturation that occurs throughout development. This 

maturation process is accompanied by changes in the nervous system, both on an organizational and an 

operational level. Describing these changes will allow us to better understand how locomotion is 

controlled in mature individuals. This stereotypical motor activity can be described as a precise pattern 

of muscle activation operating at specific rhythms. These rhythms may arise from dedicated spinal 

networks named central pattern generators (CPGs).  

We focus on the 20 Hz tail beat frequency and test for the potential presence of rhythmogenic 

mechanisms via application strychnine (a glycine antagonist). 

Previous studies suggest that at 3 days post fertilization (dpf), glycinergic neurotransmission is not 

necessary to observe 20 Hz oscillations but is needed for left-right alternation. Therefore reciprocal 

inhibition, a well-established mechanism for CPG operation, is not involved in rhythm generation at this 

developmental stage. 

While confirming these observations at 3 dpf, our results show that strychnine completely disrupts the 

20 Hz rhythm in 4 to 5 dpf fish whereas the other tested drugs had little to no effects on the rhythm. 

This suggests that in later developmental stages glycine plays an essential role in rhythm generation. 

Furthermore, we developed a model testing the idea the possibility that maturation of swimming arises 

from a transition from electrical towards chemical network. The results support that even if the 

electrical framework is still present and required early in development, it is no more sufficient to 

sustained swimming in 5 dpf larvae. 

Therefore, our findings support the idea of an operational shift that coincides with the transition of 

larval zebrafish from burst swimming to « beat-and-glide » swimming, a more mature form of 

swimming.
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DO SPINAL CORD STEM CELLS OF HUMANS PROLIFERATE THE SAME AS IN RATS? 

Ryan Sandarage1, Ahmad Galuta1,2, Catherine Smith2, Suzan Chen2, Eve C. Tsai2,3, 4 

1.Department of Cellular and Molecular Medicine, Faculty of Medicine, University of Ottawa 
2.Neurosciences, The Ottawa Hospital Research Institute 3.Division of Neurosurgery, Department of 

Surgery, The Ottawa Hospital 4University of Ottawa Brain and Mind Research Institute 

Neural stem and progenitor cells (NSPCs) are localized in the central canal region of the spinal cord and 

have been shown to modulate both beneficial and detrimental fates in the restoration of synaptic 

connectivity following a spinal cord injury (SCI). The modulation of NSPCs has been used to treat SCI in 

animal models, but the translation of NSPC modulation in humans has failed to yield substantial results. 

Like the animal models, individuals with SCI recruit endogenous NSPCs to the site of injury, but NSPCs 

fail to restore motor and sensory function of the spinal cord. Despite their multipotent nature, rat NSPCs 

preferentially differentiate into astrocytes which mediate the formation of the glial scar after SCI, 

presenting a physical barrier for axonal extensions. In this project, we use an in vitro neurosphere assay 

to assess the intrinsic proliferation characteristics of adult human and rat NSPCs with the objective of 

revealing species-specific differences in their neurogenic behaviour. Primary- and secondary-derived 

NSPCs (pd- and sd-NSPCs) from human thoracic and lumbar, and rat thoracic spinal cord cells were 

cultured using serum-free media. NSPCs were treated with EGF, FGF2, and heparin (EFH media) over 14 

days. Proliferation assessment performed with BrdU administration over 24 hours prior to fixing. NSPCs 

were characterized by immuno-staining against BrdU and counter-staining with Hoechst. NSPCs were 

visualized by immunofluorescence and quantified as a percentage of immuno-positive cells. We reveal 

that human primary-derived NSPCs proliferate at a more variable rate between donors compared to rat 

NSPCs. However, the proliferative capacity of secondary-derived NSPCs from rats and human donors are 

similar. Such findings should serve as the basis for future experiments that may impact the translation of 

rodent-model data to human clinical trials.
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PREBIOTIC SUPPLEMENT ELICITS BEHAVIOURAL AND PRO-INFLAMMATORY RESPONSES IN MICE 

FOLLOWING CHRONIC SOCIAL DEFEAT 

Ana Santos12, Mary Sedrak1, Natasha Osborne12, Hymie Anisman1, Marie-Claude Audet123 

1Neuroscience, Carleton University, ON Canada 2Institute of Mental Health Research, The Royal Ottawa, 

ON Canada, 3University of Ottawa Brain and Mind Research Institute 

Bacteria in the gut, known as the microbiome, may mediate stress-induced inflammation and modulate 

brain processes associated with mood disorders. In mouse models, chronic social stressors that elicit 

depressive- and anxiety-like behaviours also hypothalamic-pituitary-adrenal axis (HPA) activity, perturbs 

the composition of the gut microbiota and increases intestinal permeability. This may facilitate bacterial 

translocation into the intestinal mucosa and circulation, provoking pro-inflammatory cytokines from 

immune cells. In mice, we examined the latent effects of chronic social defeat on social avoidance, HPA 

axis activation and intestinal inflammation. The microbiome was manipulated with prebiotics, non-

digestible fibers that promote the growth of beneficial gut bacteria, to assess if these outcomes would 

be modulated. Male C57BL/6 mice experienced social defeat or a control condition for 10 consecutive 

days. They then received oligofructose-enriched inulin for 15 days after which their behaviours were 

examined in a social avoidance test. Blood and jejunum tissue were collected to determine 

corticosterone levels and mRNA expression of interleukin (IL)-6, IL-1β, and tumor necrosis factor (TNF)-

α. Prebiotics increased measures of social avoidance in all mice, but failed to attenuate pro-

inflammatory cytokine elevations in those who were stressed. Among non-stressed mice, the treatment 

tended to increase the pleiomorphic IL-6 in the jejunum. TNF-α and IL-1β were upregulated within the 

jejunum of defeated mice, while corticosterone was unaffected. These findings demonstrate that 

chronic social stressors elicit long-lasting intestinal immune activation and prebiotics, unexpectedly, may 

promote social deficits ordinarily associated with stressor exposure.
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THE IN-BACK: A NEW PARADIGM FOR THE OBSERVATION OF IMPLICIT LEARNING WITHIN THE 

CONTEXT OF A WORKING MEMORY PARADIGM 

Fatou Sarr 1, Sylvain Gagnon 2 

1. School of Psychology, University of Ottawa, ON Canada 2. School of Psychology, University of Ottawa, 

ON Canada; Brain and Mind Institute, University of Ottawa, ON Canada 

The goal of the current study was to design a new paradigm to observe implicit learning within a 

working memory paradigm. Implicit learning is observed when accuracy and/or response time is 

improved in reaction to recurrent stimuli.  The current understanding of the influences of implicit 

learning within working memory tasks has been limited by the fact that participants become aware of 

recurrent items making it impossible to determine whether the underlying mechanisms are truly 

implicit. The n-back task, a widely used cognitive measure of working memory within the visual domain, 

was modified to become the in-back: an n-back task containing alternating repeated and random 

sequences. We hypothesized that participants would show increased accuracy and faster response 

times to repeated items during the in-back without awareness of the repeated sequence. The thirty-nine 

undergraduate students from the University of Ottawa underwent a preliminary training on the n-back 

task followed by the in-back. All trials utilized 4 letters as stimuli. Significant decreases in reaction time 

were observed for both the random and repeated sequences throughout the task, which is indicative of 

overall learning. In agreement with our hypothesis, participants were significantly more accurate on the 

repeated sequence items than on the random sequences items towards the last blocks of the in-back 

task. These results show that the in-back task introduced in this study is useful for observing the effects 

of implicit sequences on learning within a working memory paradigm.  Future studies utilizing the in-

back should increase the difficulty of the task to prevent ceiling effects.
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AGE-DEPENDENT POST-TRANSLATIONAL MODIFICATION OF NEURONAL ACTIVITY-REGULATED 

PENTRAXIN (NARP) IN THE MOUSE RETINA 

Shanmugalingam, U.1, Morris, A.1, Smith, P.D.1 

1 Department of Neuroscience, Carleton University, ON Canada 

Purpose: Neuronal activity-regulated pentraxin (Narp) expression varies in the mouse eye; however, 

very little is known about the developmental regulation of Narp in the visual system. The goal of this 

study was to determine the expression pattern and post-translational modification of Narp protein 

across retinal development.  

Methods: Immunofluorescence was used to determine the time course of Narp protein expression in 

the retina. The localization of Narp in glia versus retinal ganglion cells (RGCs) was determined by double 

immunofluorescence with specific markers of RGCs or glial cell markers.  Briefly, fresh enucleated 

embryonic 18 (E18), postnatal 7, postnatal 14 and adult mouse eyes (n=4) were perfused and then fixed 

in 4% paraformaldehyde, and 14μm tissue sections were collected using a cryostat. Sections were 

immunostained with β-III-tubulin (βIIIT), RNA binding protein with multiple splicing (RBPMS), glial 

fibrillary acidic protein (GFAP) and Narp. The number of Narp-positive cells was quantified in the retina 

and co-labeled cells were analyzed. To examine post translational modification state of Narp, protein 

samples from the different developmental stages (n=4) were denatured and treated with N-glycosidase 

F (PNGase F), an enzyme which specifically deglycosylates N-glycoproteins. Previous work has shown 

that Narp can undergo N-glycosylation, however the developmental regulation of this modification is 

not known. SDS-PAGE was used to determine the expression levels of glycosylated Narp in protein 

samples isolated from the retina. 

Results: Narp is predominantly co-localized with β-III- tubulin in the ganglion cell layer, suggesting an 

RGC-specific expression pattern of Narp in the retina. Western blot analysis of E18 retina samples 

resulted in a unique band that was not present in adult retina samples. PNGase F treatment of protein 

samples resulted in a lower band that likely represents the deglycosylated Narp form. Interestingly, the 

prominent low molecular weight band was predominantly expressed in the adult samples. 

Conclusions: Narp is predominantly expressed in RGCs and is developmentally regulated. Narp 

glycosylation (post-translational modification) is differentially regulated across development of the 

retina.
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THE EFFECTS OF LIPOPOLYSACCHARIDE (LPS) ON CENTRAL CYTOKINE EXPRESSION IN CD1 MICE 

Rupali Sharma1, Genevieve Legault1, & Nafissa Ismail Ph.D.12 

1Department of Psychology, University of Ottawa, ON, Canada. 2University of Ottawa Brain and Mind 

Research Institute 

Puberty is a critical period of development characterized by sexual maturation, development of the 

immune system, and brain remodeling. Pubertal exposure to lipopolysaccharide (LPS), a bacterial 

endotoxin, alters brain functioning & behavior in an enduring manner. Acutely, there are age & sex 

differences in LPS-induced immune response. More specifically, pubertal mice treated with LPS display a 

hypo-responsive immune response relative to adult mice. Female mice display fewer sickness symptoms 

and less fluctuation in body temperature than male counterparts. The mechanism underlying the age & 

sex difference in immune response remains to be investigated. It is also unclear whether there are age & 

sex differences in LPS-induced central cytokine production. The objective of the current study was to 

examine whether there are age & sex differences in central vs. peripheral cytokine levels following LPS 

exposure. We hypothesized that there will be age & sex differences in LPS-induced cytokine expression 

in the brain. To test this hypothesis, male and female mice received LPS or saline treatment at 6 

(puberty) or 10 (adulthood) weeks of age. All brains were collected 2 hours post treatment. Brain tissues 

containing the prefrontal cortex and hippocampus underwent RNA extraction, reverse transcription 

polymerase chain reaction (RT-PCR), and quantitative PCR to amplify and quantify IL-1β, TNF-α, and IL-6 

expression. Preliminary results show that pubertal males display the greatest expression of IL-1β in the 

prefrontal cortex, while both pubertal & adult males display higher expression of IL-1β in the 

hippocampus; however, the expression is slightly higher for the adult males. We expected greater 

expression of TNF-α and IL-6 among the pubertal males for both the prefrontal cortex and hippocampus. 

These findings provide a better understanding of age & sex differences in immune response to a 

bacterial infection and the effect of circulating gonadal hormones in these differences.



 

 

  

Connecter.Exciter.Guérir. 

Connect.Excite.Heal. 

LEUCINE RICH REPEAT KINASE 2 (LRRK2) ALLELES REGULATE INFLAMMATION IN VIRULENT INFECTION 

MODELS 

B. Shutinoski 1,2,3, I. Harmsen 1,3, M. Hakimi 1,3, Y. Zhou 1,3, S. Sad 2, J. Tomlinson 1,3, E. Brown 1,2,3, M. 

Schlossmacher 1,2,3,4, CLINT Investigators 3. 
1 Ottawa Hospital Research Institute, Program in Neuroscience 2 University of Ottawa, Biochemistry 

Microbiology and Immunology 3 University of Ottawa Brain & Mind Research Institute, Neuroscience 4 

Program in Neuroscience and Division of Neurology, The Ottawa Hospital 

Aims 

The mechanisms by which allelic changes in LRRK2 modulate susceptibilities to Parkinson’s, Crohn's 

disease and leprosy remain unknown. We hypothesized that LRRK2 plays a role in the innate immune 

response of mammals.  

Method 

We tested this hypothesis by employing viral and bacterial infection paradigms using genotypically 

modified mice and primary macrophages without endogenous Lrrk2, carrying wildtype Lrrk2, or 

expressing mutant (knockin) G2019S Lrrk2. 

Results 

We first inoculated newborn mice with a respiratory enteric orphan virus ('reovirus', serotype3) applied 

to the nose pad. During the ensuing encephalitis, we detected more reovirus protein in Lrrk2-deficient 

mice than in heterozygous and wildtype animals. The odds ratio for death from encephalitis in 

Lrrk2deficient mice was 3.45 (p=0.002). In a bacterial sepsis model, we inoculated adult animals i.v. with 

Salmonella adult mice (p=0.05). In contrast, the Parkinson's linked Lrrk2 G2019S mutant lowered both S. 

typhimurium burden and reovirus titres in infected mice. Furthermore, we identified Lrrk2 dependency 

in STAT1 phosphorylation, a major signaling component in response to virulent infections, in cells and in 

tissues. 

Conclusion 

We identified a systemic, antimicrobial effect for Lrrk2. Lrrk2 deficiency worsened the outcome of a viral 

brain infection, while G2019S Lrrk2 improved microbial control in vivo. We speculate that the risk 

association of LRRK2 alleles with three human diseases may be partially explained through altered 

regulation of host immune responses after invasion by virulent microbes.
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BIOSYNTHESIZED CELLULOSE FOR USE AS NOVEL DRUG DELIVERY SYSTEM TO STIMULATE BRAIN 

TISSUE REGENERATION AFTER STROKE 

Taisa R. Stumpf1, Patrick Fournier1, Eve Tsai23 and Xudong Cao13 

1Department of Chemical and Biological Engineering, University of Ottawa, ON Canada 2Neuroscience, 

Ottawa Hospital Research Institute, ON Canada 3University of Ottawa Brain and Mind Research Institute 

Stroke is the second leading cause of death and the third leading cause of disability worldwide. In 

Canada, data shows that there are over 50,000 new strokes every year. In attempt to overcome the 

brain injury after stroke we propose a new platform to delivery drugs directly to the lesion. For the 

design of this platform, biosynthesized cellulose (BC) was chosen as the carrier biomaterial and five 

different samples, with different cellulose contents, were developed and tested to evaluate their 

potential as drug delivery system. This was achieved with the production of blended BC membranes 

(BBC) with a paper-like sheet shape. The mechanical and physical properties of the BBC were tested as 

well as the loading and release of bovine serum albumin (BSA), as a model protein drug. Results showed 

that BBC had an average water holding capacity of 85.5 % and the rehydration ratio for BBC1 (lowest 

cellulose mass) was 12.6% greater than for BBC5. As expected, BBC5 exhibited an ultimate tensile 

strength of 0.964±0.04 MPa and a Young’s modulus of 0.365±0.02 MPa, values that are respectively 

nearly 8 and 6 times greater than BBC1. In addition, SEM images revealed that BBC had a highly dense 

structure when compared with the original BC. The loading and release tests for BBC1 and 5 showed 

that the drug loading was higher for BBC5 (16%) compared with BBC1 (6%), and after 60 hours of BSA 

release, BBC1 had the highest cumulative percentage released (55%) compared with 35% for BBC5. 

These findings suggest that BBC could be exploited as a potential vehicle for delivery of protein-based 

drugs to the brain. As such, this delivery system would provide a solution for many struggling people 

facing physical, mental and financial strains due to stroke or other hard-to-cure injuries to the brain.
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DETECTION OF 2-HYDROXYGLUTARATE BY MAGNETIC RESONANCE SPECTROSCOPY AS A MEANS OF 

DETERMINING IDH MUTATION STATUS IN GLIOMAS 

Michael S. Taccone1, Thanh B. Nguyen2, John Woulfe3;  Gerd Melkus4; Ian Cameron4; John Sinclair1; 

Garth Nicholas5; Ioana Moldovan6; Nadav Berkovitz2; Monica Taljaard6; Fahad Alkherayf1,6. 
1. Division of Neurosurgery, Department of Surgery, The Ottawa Hospital, University of Ottawa, ON 

Canada. 2. Division of Neuroradiology, Department of Medical Imaging, The Ottawa Hospital, University 

of Ottawa, ON Canada. 3. Division of Neuropathology, Department of Anatomic Pathology, The Ottawa 

Hospital, University of Ottawa, ON Canada. 4. Division of Medical Physics, Department of Medical 

Imaging, The Ottawa Hospital, University of Ottawa, ON Canada. 5.Division of Oncology, Department of 

Medicine, The Ottawa Hospital, University of Ottawa, ON Canada. 6. Ottawa Hospital Research Institute, 

The Ottawa Hospital, University of Ottawa, ON Canada 

Introduction: With the advent of the 2016 WHO Classification of CNS tumours, new prognostically 

distinct subclasses of glioma have been determined according to their underlying biology. IDH mutant 

positive gliomas have been found to accumulate the novel metabolite 2-hydroxyglutarate (2HG). 

Magnetic resonance spectroscopy (MRS) has the capacity to detect 2HG in gliomas. To determine clinical 

feasibility, we undertook the first Canadian prospective study using MRS detection of 2HG in patients 

with IDH mutant gliomas.  

Methods: We prospectively recruited patients presenting with a newly suspected glioma. All patients 

underwent MRS scans pre-operatively using the MEGA-PRESS protocol to detect the presence or 

absence of 2HG. Patients then underwent usual surgical resection by their treating neurosurgeon and 

tissue was sent for pathology. IDH status based on preoperative radiologic assessment was compared to 

IDH status based on immunohistochemistry. Sensitivity and specificity was calculated according to 

standard formulae. 

Results: To date, we have recruited 45 patients, 34 were eligible for the study. 28 patients carried a 

diagnosis of glioma. Of 7 IDH mutant positive patients, 3 were detected by MRS detection of 2HG pre-

operatively. Sensitivity of our MRS protocol is 43% and specificity is 96%.  

Conclusions: MRS detection of 2HG in the clinical setting is possible in patients with glioma. Further 

calibration and refinement of the MEGA-PRESS protocol will be required to improve sensitivity in 

determining IDH mutation status in our cohort. Larger numbers of patients will be required to assess 

whether 2HG can ultimately be used to replace pathologic diagnosis of patients with IDH mutant 

positive gliomas. If sufficiently sensitive and widely accepted, MRS detection of 2HG has the capacity to 

inform pre-operative planning, non-invasively predict post-operative response to therapy, and 

determination of recurrence vs. radiation necrosis in patients with a diagnosis of IDH mutant positive 

glioma.
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MODULATION OF THE ER STRESS RESPONSE BY THE SIGMA-1 RECEPTOR 

Louis-Alexandre Tassé1, Prakash Chudalayandi1, Nina Ahlskog1, Madelyn Abraham1, Johnny K. Ngsee1,2,3, 

Adrian Y. C. Wong2, Richard Bergeron1, 2, 3 

1 Department of Cellular and Molecular Medicine, University of Ottawa, Ottawa, Ontario, Canada 2 

Neuroscience, Ottawa Hospital Research Institute, Ottawa, Ontario, Canada 3University of Ottawa Brain 

and Mind Research Institute 

Accumulation of misfolded protein induces endoplasmic reticulum (ER) stress which leads to the 

activation of three major signaling pathway, collectively known as the unfolded protein response (UPR). 

This response aims to restore proteostasis, however, time and intensity dependent feature could 

preferentially triggers apoptosis. The Sigma1-receptor (σ1R) is an ER-resident chaperone protein known 

to modulate activation of the UPR. However, little is known about the role of the σ1R in UPR 

deactivation and the molecular player involved in its modulation of the ER stress. 

  

We addressed this question using mouse embryonic fibroblasts (MEFs) derived from WT or σ1R−/− mice. 

We analyzed the transcript and protein levels of the three primary ER stress effectors; and two 

secondary effectors involved in UPR regulation, in both cell line, at baseline condition, under 

tunicamycin stress and following dithiothreitol (DTT) ER-induced stress. 

  

The σ1R−/− MEFs revealed a persistent baseline activation of the UPR which is absent in σ1R WT MEFs. 

Nevertheless, following tunicamycin ER stress induction or recovery from DTT stress, there was an 

attenuation of the protein kinase RNA-like endoplasmic reticulum kinase (PERK) response in σ1R−/− as 

compared to WT MEFs. However, σ1R−/− MEFs exhibit identical recovery kinetics from ER stress than 

the WT.  Investigation of the two downstream UPR effectors, CCAAT-enhancer-binding protein 

homologous protein (CHOP) and growth arrest and DNA damage-inducible protein (GADD34) revealed 

respectively, a lower and a higher expression, in σ1R−/− MEF during and following ER stress. This 

suggest a feed-back inhibition of PERK by GADD34 and a downregulation of CHOP to overcome 

apoptosis over long-term activation. 

Taken together, our data suggest that the deletion of σ1R results in a basal mild ER stress which 

subsequently acts as a preconditioning stimulus to modulate the way that σ1R−/− MEF respond to ER 

stress, that mainly result in an attenuation of the PERK response.
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HIGHLY RELEVANT STIMULI MAY PASSIVELY ELICIT PROCESSES ASSOCIATED WITH CONSCIOUSNESS 

DURING THE SLEEP ONSET PERIOD. 

Paniz Tavakoli (1), Kenneth Campbell (1,2) 

(1) School of Psychology, University of Ottawa 2University of Ottawa Brain and Mind Research Institute 

The sleep onset period marks the natural transition from a fully awake and conscious state to one of 

sleep and unconsciousness. The present study examines the extent of passive information processing to 

external auditory stimuli during this transition period. Event-related potentials (ERPs) were used to 

measure the P3a, thought to reflect processes associated with an “intrusion” into consciousness. Six 

different rarely occurring “deviant” stimuli were presented during the sleep onset period. A large 

amplitude P3a was recorded to only the environmental sounds and white noise deviants during the 

waking state and during early stage N1. Surprisingly, the P3a was also recorded following both deviants 

during late stage N1, a period thought to represent the loss of consciousness. Only the environmental 

sounds continued to elicit a P3a during stage N2 sleep. Certain highly relevant stimuli may thus still 

activate processes associated with intrusions into consciousness during the sleep onset period.
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BACK TO THE FUTURE: ADVENTURES THROUGH NEUROTRANSMITTER RECEPTOR SPACE AND TIME 

Christian J.G. Tessier, Mathieu F. Dextraze, Johhnathon R. Emlaw, Jethro E. Prinston, F. Javier Pérez-

Areales, Melissa S. McNulty, Corrie J.B. daCosta 

Center for Chemical and Synthetic Biology, Department of Chemistry and Biomolecular Sciences, 

University of Ottawa, ON Canada 

Acetylcholine receptors (AChRs) are members of a superfamily of proteins called pentameric ligand-

gated ion channels, which are found in almost all forms of life, and thus have a rich evolutionary history. 

Muscle-type AChRs are heteropentameric complexes assembled from four related subunits (α, β, δ, and 

ε). Here we reconstruct the amino acid sequence of a β-subunit ancestor shared by humans and 

cartilaginous fishes (i.e. Torpedo). Then, by resurrecting this ancestral β subunit and co-expressing it 

with human α-, δ-, and ε-subunits, we show that despite 132 substitutions, the ancestral subunit is 

capable of forming human/ancestral hybrid AChRs. Whole cell currents demonstrate that the agonist 

acetylcholine has reduced potency for hybrid receptors, while single channel recordings reveal that 

hybrid receptors display reduced conductance and open probability. Our results outline a promising 

strategy for studies of AChR evolution aimed at identifying the amino acid origins of AChR structure and 

function.



 

 

  

Connecter.Exciter.Guérir. 

Connect.Excite.Heal. 

EXPLORING THE DYSTROPHIN-MEDIATED CONTROL OF NEURAL STEM CELL FATE ASSOCIATED WITH 

INTELLECTUAL DISABILITY 

Shannon M. Thompson1,2,3, Matthew W. Granger1,2,3, Caroline Brun4, Michael Rudnicki4, Steffany A. L. 

Bennett3  
1Neuroscience, University of Ottawa, ON, Canada 2Department of Cellular and Molecular Medicine, 

University of Ottawa, ON, Canada, 3Neural Regeneration Laboratory, Ottawa Institute of Systems 

Biology, Brain and Mind Research Institute, Department of Biochemistry, Microbiology and Immunology, 

University of Ottawa, ON, Canada, 4Sprott Center for Stem Cell Research, Ottawa Hospital Research 

Institute, ON, Canada 

Duchenne Muscular Dystrophy (DMD) is an X-linked recessive neuromuscular disease characterized by 

progressive muscle-wasting and loss of mobility that affects 1:3500 newborn males. One-third of 

patients with DMD are also affected by cognitive impairments such as a lower than average IQ and 

impaired working memory. DMD is caused by mutations in the DMD gene resulting in the deletion of the 

full-length dystrophin protein. The DMD mdx mouse model (and related N-ethylnitrosourea- mdx2cv, 

mdx3cv, mdx4cv, and mdx5cv strains) differentially deplete expression of DP71, DP116, DP140, DP260, 

and full-length DP427.  None, however, depletes all DMD isoforms found in the brain as seen in human 

disease.  To achieve brain-specific depletion of all DMD isoforms, we are generating three brain-specific 

conditional DMD KO mouse lines by crossing fDMDf/f mice (kind gift of Dr Kevin Campbell in 

collaboration with Dr Michael Rudnicki) with different Nestin-Cre, or Nestin-CreERT2 transgenic mice.  In 

these models all DMD isoforms will either be (1) constitutively depleted embryonically from all nestin+ 

cells or (b) selectively depleted from type 1, 2a, and 2b neural stem and progenitor cells in adult brain 

upon injection of tamoxifen.   As our overarching objective is to deplete DMD from brain and not 

muscle, we present here the specificity of the nestin-cre (Berube et al., 2005) and nestin-creERT2 

promoters (Imayoshi et al., 2006; Cicero et al., 2009; Rafalski et al., 2013) used to generate these mice. 

We examined phenotypically whether these promoters, known to be active in brain and thus contain 

the brain-specific nestin enhancer element, also contain the muscle-specific nestin-enhancer element.  

Mice were placed either on a mT/mG double-fluorescent (Muzumdar et al., 2007) or EYFP-

Gt(ROSA)26Sor Cre reporter line.  We show here that some but not all the nestin-promoters used 

specifically target brain neural stem cells.
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IS CHILDREN'S PERCEPTION OF THEIR FUTURE SELVES ASSOCIATED WITH THEIR FUTURE THINKING, 

SAVING, AND DELAY OF GRATIFICATION? 

Angeline S. M. Tsui, Cristina M. Atance 

University of Ottawa 

Children’s delay of gratification and saving develop substantially during the preschool years (e.g., 

Metcalf & Atance, 2011; Mischel & Shoda, 1989). Yet, little is known about the processes that underlie 

these developments. We explored whether two key aspects of future thinking ability: (i) “self-

continuity” (i.e., children’s perception of themselves as the same person over time) and (ii) “episodic 

future thinking (EFT)” (i.e., the capacity to mentally project the self into the future) predict delay of 

gratification (DoG) and saving. To do so, we created two new tasks to measure self-continuity: (i) selves-

connection, in which children needed to distribute a resource between themselves “now” and in the 

“future”; and (ii) future-self-understanding, in which children judged aspects of the self that 

would/would not change over time. Children were also given two EFT tasks (picture book, Atance & 

Meltzoff, 2005; future-item selection, Suddendorf et al., 2011), in which they needed to select an item 

for future use, two delay of gratification (DoG) tasks (“maintenance” and “choice”), and one saving task 

(Metcalf & Atance, 2011), in which they needed to save marbles to use in a large marble run. We tested 

77 children (23 3-year-olds, 26 4-year-olds and 28 5-year-olds). We ran three separate multiple 

regression models to determine whether selves-connection, future-self-understanding, picture book, 

future-item selection and age predict (i) children’s DoG maintenance, (ii) DoG choice and (iii) saving 

behaviours. We found that age positively predicted DoG choice [β = 0.437, p = 0.004] whereas future-

self-understanding negatively predicted DoG choice [β = -0.272, p = 0.048]. The selves-connection task 

positively predicted children’s saving [β = 0.269, p = 0.023] after controlling for age and other future-

thinking measures. None of the “self-continuity” or “EFT” measures predicted DoG maintenance. Our 

results suggest different aspects of self-continuity selectively predict children’s DoG and saving.
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IDENTIFICATION OF "ACTIVE" CORTICAL NEURONS DURING STROKE RECOVERY 

Marc Vani 1-3 Timal Kannangara 1-3 Diane Lagace 1-3 
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Canada 2 Brain and Mind Research Institute, University of Ottawa, ON, Canada 3 Canadian Partnership 

for Stroke Recovery, Ottawa, ON, Canada 

Preclinical and clinical studies have shown the remarkable innate ability of the brain to exhibit recovery 

from stroke, often termed spontaneous biological recovery. This recovery includes significant and rapid 

physical improvements that are limited to a critical sub-acute time window following a stroke. To 

harness and extend this recovery, it is critical to understand what underlies this phenomenon. Increasing 

evidence supports that spontaneous biological recovery stems from a remapping of cortical function. 

This involves a reallocation of functions that were previously under the control of the afflicted region to 

other regions, including the peri-infarct, as well as the non-affected contralateral hemisphere. However, 

it has been challenging to identify at the cellular level the motor networks that arise after a stroke, how 

they change during recovery, and to what extent they contribute to functional recovery. Using the Arc-

CreERT2 transgenic mice, we are determining what cells are part of the neural networks that are 

functionally active and when they are activated. Specifically, we can label networks that are activated by 

a unilateral task before stroke and during recovery from a cortical stroke induced via photothrombosis. 

Identification of this “recovery network” is critical for future studies which aim to stimulate the active 

network using optogenetics. These studies have the goal of determining how the network contributes to 

functional recovery, and whether stimulation can enhance or extent spontaneous recovery after a 

stroke.
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THE ROLE OF NETWORK CONNECTIVITY IN THE SPEED OF NEURAL SYNCHRONIZATION 

Ezekiel Williams 1,2,3, John E. Lewis 1,2 

1 Department of Biology, University of Ottawa, Ottawa, Ontario, Canada K1N 6N5 2 uOttawa Brain and 

Mind Research Institute, Ottawa, Ontario, Canada K1N 6N5 3 Department of Neuroscience, Carleton 

University, Ottawa, Ontario, Canada K1S 5B6 

Synchronization in neural networks has received much attention due to its role in epilepsy, memory 

consolidation and temporal coding in general. While most research has focused on the conditions under 

which a network will synchronize or not, less work has explored the network features that determine 

the speed of synchronization. The medullary pacemaker nucleus of the weakly electric fish comprises a 

synchronized network of high-frequency neurons, weakly coupled via gap junctions. Levels of synchrony 

in the pacemaker are behaviourally modulated on millisecond time-scales, but how gap junctional 

connectivity enables this behaviour is still poorly understood. Here, we use a computational model of 

the pacemaker, along with graph theory analyses, to investigate how synchronization speed changes 

with network randomness and the directionality of coupling (bidirectional/non-rectifying versus 

directional/rectifying gap junctions).  Our results lead to predictions about connectivity in the 

pacemaker nucleus and about information coding and propagation in neural networks more generally.
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INVESTIGATING THE EFFECT OF GHSR MUTATION ON STRESS-INDUCED ALCOHOL CONSUMPTION IN 

MALE AND FEMALE RATS 

Anne Wilson1, Trevor Rodriguez2, Alfonso Abizaid2,3 

1Psychology, Carleton University, ON Canada 2Neuroscience, Carleton University, ON Canada 3University 

of Ottawa Brain and Mind Research Institute 

Ghrelin is a gut-derived peptide hormone that plays a role in metabolic processes including energy 

balance and the stress response. Ghrelin receptors (GHSRs) are expressed in a number of brain regions 

including the ventral tegmental area (VTA) where GHSRs are expressed in dopaminergic neurons. Here, 

activation of GHSRs by ghrelin could promote reward seeking behaviours including behaviours 

associated with intake of alcohol and drugs of abuse. To explore the role of ghrelin signaling in in stress-

induced alcohol consumption we compared ghrelin receptor knock-out (GHSR-KO) rats and their wild-

type (WT) littermates on alcohol consumption before and after exposure to an acute stressor. Animals 

were given 20% ethanol (EtOH) or water in a forced-choice intermittent-access paradigm to develop 

alcohol consumption. After 3 weeks of intermittent EtOH access animals were given only water to drink 

for a week before exposure to an acute restraint stressor after which they were tested for alcohol 

consumption over a 24 hour period. Results show that, in contrast to what was expected, GHSR-KO rats 

and in particular, GHSR KO female rats, consumed more alcohol than WTs and males respectively. These 

data suggest that the preference for alcohol intake, is mediated by the GHSR and mutations to this gene 

can lead to enhanced self administration of alcohol. Furthermore, an acute stressor failed to increase 

alcohol in this paradigm, and thus may not be a suitable test for stress in alcohol intake. Finally, our data 

demonstrate that females tend to drink more alcohol in proportion to their body weight suggesting that 

females are more susceptible to develop alcohol intake behaviors in this paradigm.
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ROLE OF FRAGMENT C AND MSX3 IN THE SPINAL DEVELOPMENT OF ZEBRAFISH 

David Zheng1, Jun Yu Gao2, Dr. Marie-Andrée Akimenko3, Dr. Tuan Bui4 
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Radial glial cells (RGCs) are progenitor cells that generate neurons and glia during embryonic and larval 

neural development. In fish, RGCs continue to act as neural progenitor cells into adulthood. The Msx3 

gene is part of the evolutionarily conserved Msx class of genes encoding transcription factors, some of 

which are involved in the dorsal development of mammalian spinal cords. Our preliminary data 

suggested that Msx3 is expressed in cells of the zebrafish dorsal spinal cord so we sought to determine if 

Msx3 is involved in its development. To test for coexpression of GFP and RGC markers, 

immunohistochemistry was conducted on a transgenic zebrafish strain Tg(fragCmsx3+βG:eGFP) where 

GFP expression is under the control of Fragment C, an enhancer of the Msx3 gene. 2-5dpf transgenic 

zebrafish larvae were sectioned and stained with antibodies against markers for mature neurons (HuC), 

RGCs (GFAP), neural progenitors (Sox2), and astrocytes (BLBP). Our data showed GFP expression strictly 

in the dorsal spinal cord while expression of markers for mature neurons, RGCs, neural progenitors and 

astrocytes was widespread in the spinal cord. Despite observing no colabelling between GFP and HuC, 

we found co-expression of GFP and markers for RGCs, neural progenitors, and astrocytes and thus 

shown that the Msx3 gene is expressed in RGCs in the dorsal spinal cord of zebrafish. Considering that 

RGCs generate both glia and neurons early in development, our findings suggest that Msx3 contributes 

to the development of the zebrafish dorsal spinal cord through its expression in RGCs.
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PERSONS WITH MODERATE DEMENTIA IMPROVING GAMEPLAY 

Brianna Allard 1, Frank Knoefel 1,2,4,5, Rafik Goubran 1,2, Bruce Wallace 2, Amanda Baker 1, Eleni Stroulia 3, 

Victor Guana 3, Philippe Masson 2. 
1. Bruyère Research Institute 2. Carleton University 3. University of Alberta 4. Bruyère Continuing Care 5. 

University of Ottawa 

Background: Standard practice to monitor cognitive decline typically requires clinicians to use pen-and-

paper tools, like the MMSE. However, these tools often cause patient stress and are less reliable in more 

advanced forms of dementia.  

Objective: A “whack-a-mole” computer game was designed to monitor cognitive change over a 1-year 

period. 

Methods: We aimed to recruit 10 older adults with moderate dementia from an Ottawa Day Program. 

MMSE, Trails A and Ramparts testing was completed to help determine dementia severity. The game 

was designed to measure processing speed and inhibition by requiring participants to “whack a mole” 

but “ignore a bunny”. Fifteen rounds were played per session. As performance improved with each 

round, game difficulty increased. Accuracy, reaction time and level attained were monitored weekly.  

Results: Eleven participants (7 males) have been participating in the pilot study. For this presentation, 

data analysis was performed on the first 7 recruits (5 males). The average age was 74.0 years (69-80) 

and average MMSE score was 20.0 (12-24). Preliminary results indicate that, on average, this participant 

sub-set improved their game performance over the first 10 weeks of the study with participants typically 

hitting more moles, demonstrating faster reaction times, and reaching higher levels.  

Discussion: Pilot study results to date indicate that game play may be an alternative to formal cognitive 

testing in older adults with advancing dementia. Surprisingly, these participants showed gameplay 

improvement over the first 10 weeks, suggesting some form of learning. Data collection will continue for 

1 year. Subsequent analysis will include determining if: participants reach a plateau, if this plateau is 

proportional to baseline cognitive ability and if changes in game play over the year are proportional to 

decline in cognitive ability.
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PINK1 ASSOCIATED PHOSPHORYLATION OF FKBP5 DEACTIVATES AKT/PHLPP INTERACTION AND 

PROTECTS NEURONS FROM NEUROTOXIN STRESS INDUCED 

Wassamon Boonying1,2, En Huan2, Farzaneh Safarpour2, Grace O Iyirhiaro2, Daniel Figeys3, Young-Hwa 

Chung1 and David S. Park1,2* 

Loss of function mutations in the PTEN-induced putative kinase 1 (Pink1) gene have been linked with an 

autosomal recessive familial form of early onset Parkinson disease (PD). However, the underlying 

mechanism(s) responsible for degeneration remains elusive. Presently we show that Pink1 

endogenously interacts with and enhances the serine phosphorylation of FKBP5. Moreover, FKPB5 

phosphorylation is attenuated in Pink1 knock-out MEFs and brain tissue. Here, we focused on the role of 

Pink1 activates AKT phosphorylation via FKBP5. We provide evidence that Pink1-wildtype regulates AKT 

phosphorylation challenged by 1-methyl-4-phenylpyridinium (MPP+). Conversely, FKBP5 negatively 

regulates AKT phosphorylation in the neurons. Importantly, we showed that Pink1 recused FKBP5 

neurons against to MPP+. Moreover, AKT phosphorylation is necessary for FKBP5 in response neurons 

stress. Furthermore, we show that FKBP5 form a complex with the kinase AKT and phosphatase PHLPP 

that is disrupted phosphorylation of AKT on Ser473 in the presence of Pink1. Conversely, this complex is 

enhanced in Pink1 knock-out MEF cells and brain tissue. Overall, our results suggest a model by which 

Pink1 enhances AKT activation through FKBP5 have to redo to make more compelling dissociation with 

PHLPP mediated-phosphorylation of FKBP5 regulates and defines an important mechanism by which 

PINK1-FKBP5 pathway may contribute to neuronal death in PD
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CORRELATIONS IN DENDRITIC SPINE DEVELOPMENT 

Megan Boucher-Routhier1, Jean-Philippe Thivierge23, … 
1Psychology Undergraduate, University of Ottawa, ON Canada 2Psychology, University of Ottawa, ON 

Canada  3University of Ottawa Brain and Mind Research Institute 

It has been suggested that stability in dendritic spines may be the physical correlate of long-term 

memory (LTM). Dendritic spines are dynamic in nature and show a tendency to be formed and 

eliminated over time, however; there are certain spines that become stable. Determining how changes 

in dendritic spines occur over time can be beneficial to understanding learning and long-term memory 

(LTM). Recent literature has examined how different characteristics of dendritic spines such as age, 

shape, and volume influence their likelihood to remain stable over time (i.e., spine lifetime). 

Furthermore, dendritic spines also show a tendency to cluster together along dendritic, which leads to 

increased synaptic weight, and an increase in their ability to cause somatic depolarization. It is currently 

unknown if the spatial distance between spines influences the changes they undergo. To illustrate, the 

literature has not yet examined whether spines that are closer in proximity share similar changes and if 

the magnitude of these changes is relative to the distance between the spines. We analyzed data from 

two-photon imaging of dendritic spines in the auditory cortex of mice to determine if changes in spine 

morphology over time (i.e., volume and shape of the spines) were correlated with distance. We found 

that there is a significant correlation between the measures of both shape and volume of dendritic 

spines, and the Euclidean distance between pairs of spines. Consequently, pairs of spines that are 

located close together in physical space show correlated changes in both volume and shape. 

Understanding how spines are related within spatial distance helps to determine the way in which 

dendritic plasticity, and synaptic clustering occurs over-time.
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PLANNING ACROSS DOMAINS IN PRESCHOOLERS 

Julian S. Caza1, Cristina M. Atance 1,2 

1. School of Psychology, University of Ottawa, CAN 2University of Ottawa Brain and Mind Research 

Institute 

The ability to think about the future is central to human cognition and its development has begun to 

attract substantial research attention (e.g., Suddendorf & Moore, 2011). We investigated the “flexibility” 

of preschoolers’ planning ability, specifically children’s planning using two different resources: toys and 

food. Doing so allowed us to investigate the role specific resources might have on preschoolers’ planning 

performance. 

Ninety-nine 3- to 5-year-olds were randomly assigned to one of two conditions: Toy or Food. In the Food 

condition, children were brought to two rooms, one with food (Smarties) and one without. After two 

consecutive visits to the “food” and “no-food” rooms, children learned that they would be visiting the 

rooms again the next day. Future thinking was assessed by asking children where they should put a 

container of extra candy for their next visit (correct answer: “no-food” room). The Toy condition was 

identical save for the fact that Smarties were replaced with toys. To assess children’s memory for the 

critical past information, we asked them questions about which room had the candy or toys and which 

room did not.  

A series of binomial tests confirmed that 3-, 4-, and 5-year-olds all succeeded on the future thinking 

question in the Food condition (77, 87, and 100%, respectively). In the Toy condition, 4- and 5-year-olds 

were above chance (71 and 93%), and 3-year-olds were at chance (48%). Memory performance was 

above chance for all ages and conditions. 

These results suggest that the type of stimuli used in planning tasks can have an important role in 

determining young children’s success. Three-year-olds’ above-chance planning performance in the Food 

condition is consistent with the theory that young children’s planning ability may only emerge when 

motivation is especially high.
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INFLUENCE OF DIFFERENT MODES OF INTERPERSONAL TOUCH COMMUNICATION ON 

CORTICOMOTOR EXCITABILITY 

Madeline Chidiac 1, Anthony Remaud PhD 2 and Francois Tremblay PT PhD 2,3, 4 

1. School of Psychology, Faculty of Social Sciences, University of Ottawa 2. Bruyère Research Institute, 

Ottawa, ON 3School of Rehabilitation Sciences, Faculty of Health Sciences, University of Ottawa 
4University of Ottawa Brain and Mind Research Institute 

Sensorimotor integration is a critical process for motor control that can be investigated using 

transcranial magnetic stimulation (TMS). In this study, we examined changes in corticomotor excitability 

associated with differing modes of interpersonal (IP) touch known to be associated with specific 

emotions (Hertensein et al, 2009). Participants (n=11, 6 women) underwent TMS to assess corticomotor 

excitability by recording motor evoked potentials (MEPs) in the left FDI muscle while being touched on 

the dorsal aspect of the left forearm. The IP touch conditions communicated four emotions: Anger (A), 

Caring (C), Disgust (D) and Gratitude (G). A “No-touch” (NT) condition was also added as a control 

condition. Each five IP touch conditions was administered 12 times according to a predetermined 

random order (n=60 trials) by the same experimenter (male). In each trial, a single TMS pulse was 

triggered at a pseudo-random delay ranging from 2-5 s after the touch contact to avoid anticipation 

effects. Variations in MEP amplitude (log transformed) and latency were subjected to a repeated 

measure ANOVA with touch conditions (NT, A, C, D, G) as the repeated factor. This analysis revealed a 

significant main effect of touch conditions on MEP amplitude (F=3.2, p=0.02) but no effect on latency. A 

posthoc analysis (Fisher’s LSD) indicated that this effect was attributable to a significant difference 

between G vs. NT condition, with MEP being larger in the former condition. This pilot study suggests 

that corticomotor excitability can be modulated in response to emotions communicated via touch, 

which is consistent with previous studies examining the impact of empathy on motor system excitability 

(Decety J, et al  Prog Neurobiol. 2012;98:38-4).
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THE aPKC-CBP PATHWAY REGULATES POST-STROKE NEUROVASCULAR  REMODELING AND 

FUNCTIONAL RECOVERY 

Ayden Gouveia1,2, Matthew Seegobin1, Ling He4, Fredric Wondisford5,6, Baptiste Lacoste 1,2,3 Jing 

Wang1,2,3  
1 Regenerative Medicine Program, Ottawa Hospital Research Institute, Ottawa, Canada K1H 8L6 2 

Department of Cellular and Molecular Medicine, 3 Brain and Mind Research Institute, 4Department of 

Biochemistry, Microbiology and Immunology, University of Ottawa, Ottawa, K1H 8M5, 5 Department of 

Pediatrics and Medicine, Johns Hopkins Medical School, Baltimore, MD 21287, USA; 6 Department of 

Medicine, Rutgers-Robert Wood Johnson Medical School, New Brunswick, NJ 08901, USA. 

Epigenetic modifications have emerged as attractive molecular substrates that integrate extrinsic 

changes into the determination of cell identity. Since stroke-related brain damage releases enriched 

local micro-environmental cues, here we examined the role of a signaling-induced epigenetic pathway, 

an atypical protein kinase C (aPKC)-mediated phosphorylation of CREB Binding Protein (CBP), in post-

stroke neurovascular remodeling. Using a knock-in mouse strain (CBPS436A) where the aPKC-CBP 

pathway was deficient, we show that disruption of the aPKC-CBP pathway in a murine focal ischemic 

cortical stroke model significantly increases the reprogramming efficiency of ischemia-activated 

pericytes (i-pericytes) to multipotent neural precursors.  As a consequence of enhanced cellular 

reprogramming, CBPS436A mice show a significant  increase in the transient population of locally-

derived neural precursors shortly after stroke, while displaying reduced number of i-pericytes, impaired 

vascular remodeling, and motor recovery during the chronic phase of stroke.  Together, this study 

elucidates the novel role of the aPKC-CBP pathway in modulating neurovascular remodeling and 

functional recovery following focal ischemic cortical stroke.
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BILATERAL DIFFERENCES IN MANUAL STRENGTH WITH AGE AND THEIR NEUROPHYSIOLOGICAL BASIS: 

A TMS STUDY 

Jonathan Houle, Anthony Remaud & François Tremblay 

Bruyère Research Institute; Schools of Human Kinetics and School of Rehab Sciences, University of 

Ottawa, Ottawa, Ontario, CANADA 

In this study, we investigated the physiological basis of bilateral differences in manual forces in two 

groups of right-handed adults (young, n=12, senior, n=11). Manual forces were measured during 

unilateral and bilateral efforts ( pinch and grip strength). In parallel, transcranial magnetic stimulation 

(TMS) was used to examine bilateral differences in corticomotor excitability and in transcallosal 

inhibition. Laterality indices were derived from both strength and TMS measures. During unilateral 

efforts, laterality indices were comparable for strength measures in the two age groups, indicating 

similar degrees of asymmetry with age. During bilateral efforts, bilateral indices, reflecting bilateral force 

deficit, were larger in seniors (-6.0±2%) than in young (-3.2 ±t 1.7%). For TMS measures, no differences 

in relation to age were found in indices of laterality for both corticomotor excitability and transcallosal 

inhibition measures. A correlation analysis indicated that the greater asymmetry in pinch strength was 

positively related to leftward asymmetry in transcallosal inhibition (r=0.48, p=0.02). In the young group, 

an inverse relationship was found between greater leftward asymmetry in corticomotor excitability and 

bilateral force deficit in hand grip strength. Altogether, these observations indicate that asymmetries in 

manual force production are not greater with age. In addition, our correlations indicate that leftward 

asymmetries in transcallosal inhibition are related to greater rightward asymmetries in pinch strength.
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THE ROLE OF ANA-12 ON TRKB AND GR EXPRESSION IN THE HYPOTHALAMUS AND CENTRAL NUCLEUS 

OF THE AMYGDALA FOLLOWING EARLY LIFE STRESS 

Ogechi ibeke1, Idu Azogu2, Helene Plamondon3,4 

1 Biomedical science, University of Ottawa, ON, Canada 2 Experimental Psychology, Department of 

Behavioural Neuroscience, University of Ottawa 3 Behavioural Neuroscience, University of Ottawa, 

Ottawa 4University of Ottawa Brain and Mind Research Institute  

Repeated stress in adolescence triggers activation of brain circuits involved in mood regulation, 

including the amygdala and hypothalamus. Such alterations can result in heightened anxiety and 

depression disorders in adulthood and alter the function of glucocorticoid receptors (GR) in providing 

the negative feedback necessary to inhibit the stress response. Brain-derived neurotrophic factor (BDNF) 

is implicated in stress response therefore, preventing the binding of BDNF to its primary receptor, 

tyrosine-related kinase B (TrkB) using ANA-12, has been recently shown to modulate stress-induced 

responses. The current study aims to determine the effect of ANA-12 on the expression of GR and TrkB 

in the CeA and the PVN in wistar rats put through chronic stress in adolescence. We observed an 

increased expression of GR and TrkB in the CeA and also an increased expression of TrkB in the PVN of 

females compared to males. We also observed a sex difference in the expression of GR in the PVN in 

response to early life stress. This study will provide further evidence as to neurochemical differences 

existing between adult males and females in adaptation or vulnerability resulting from stress exposure 

during adolescence.
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JIP1 PHOSPHORYLATION BY CDK5 REGULATED CELL MIGRATION AND AXONAL OUTGROWTH DURING 

BRAIN DEVELOPMENT 

DooSoon Im1,2, Dianbo Qu1,2, Devon Svoboda2, Alvin Joselin1,2, Steve Callaghan1,2, David S. Park1,2 

1 University of Ottawa Brain and Mind Research Institute, University of Ottawa, Ottawa, ON Canada 2 

Department of Cellular and Molecular medicine, University of Ottawa, Ottawa, ON Canada 

Cyclin dependent Kinase 5 (CDK5) is a serine/threonine kinase, and activated CDK5 is predominantly 

detected in post-mitotic neurons where its regulatory partners, p35 and p39, are expressed. CDK5/p35 

complex is accumulated in axonal outgrowth cone during neuronal differentiation. Also, their deficiency 

leads to the cortical lamination defects and the lack of axonal outgrowth during brain development. JIP1 

(JNK interacting protein) is accumulated in maturing neurons similar to CDK5. JIP1 deficiency 

significantly attenuates axonal outgrowth compared to wild type neurons. In addition, JIP1 

phosphorylation by tyrosine kinase, c-Abl, positively regulates axonal outgrowth in cortical neurons. 

However, other modification of JIP1 during brain development is unknown. Notch1 also has an 

important role during CNS development. Notch1 overexpression significantly attenuates axonal 

outgrowth in primary cultured cortical neurons. Interestingly, the interaction of JIP1 with notch1 

negatively regulates notch1 activity in mouse embryonic fibroblast cells. Therefore, we aimed to 

evaluate whether the crosstalk of CDK5and JIP1 would regulate cell migration and axonal outgrowth 

during brain development. Firstly, we tested if CDK5 interacts with and phosphorylates JIP1. We found 

that p35 was associated with JIP1 and the activated CDK5 could phosphorylate JIP1 in vitro. Secondly, 

we examined whether pJIP1 can regulate cell migration and axonal outgrowth in vivo and in vitro, 

respectively. To this end, we used JIP1 WT or its mutants such as alanine (A mutant, 

nonphosphorylatable) and aspartic acid (D mutant, phosphomimic) mutant. Overexpression of JIP1 or D 

mutant rescued the axonal outgrowth reduced by JIP1 or p35 deficiency in cortical neurons. 

Interestingly, cleaved Notch1 (NICD1) level was increased in JIP1 or p35 KO cortical neurons at the time, 

suggesting that increased NICD1 by JIP1 deficiency inhibits axonal outgrowth during neuronal 

differentiation. Similarly, A mutant significantly inhibited cell migration compared to control, while D 

mutant increased it at 2 and 4 days after in utero electroporation. Taken together, our study unveils that 

JIP1 phosphorylation by CDK5 would play an important role in  regulating brain development.
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PROPORTIONAL STROKE RECOVERY IN THE RAT: A CROSS-SPECIES PROCESS BASED ON INITIAL 

IMPAIRMENT, INFARCT VOLUME, AND REHABILITATION 

Matthew Jeffers1,2, Sudhir Karthikeyan1,2, Dale Corbett1,2, 3 

1Cellular & Molecular Medicine, University of Ottawa, ON Canada 2Canadian Partnership for Stroke 

Recovery 3University of Ottawa Brain and Mind Research Institute 

Objective: Initial post-stroke impairment level and corticospinal tract lesion load have been identified as 

the most important predictors of functional recovery across time for human stroke. The present study 

sought to identify if similar biomarkers predict recovery of post-stroke function in rats, indicating that an 

endogenous biological recovery process might be preserved across mammalian species. We then further 

investigated the roles of initial impairment, infarct volume and rehabilitation on this process. 

Methods: In a retrospective analysis of 593 male Sprague Dawley rats we predicted post-stroke change 

in pellet retrieval (PR) in the Montoya staircase task based on the proportional recovery rule: 

ΔPRPredicted = 0.7(PRPrestroke–PRInitial). Stratification of the sample into “fitters” and “nonfitters” of 

this rule allowed identification of distinguishing characteristics using linear regression. 

Results: Approximately 30% of subjects were identified as “fitters” of the rule. Less severe infarct 

volumes and initial post-stroke impairments with a higher intensity of rehabilitation distinguished this 

group from “nonfitters”. Interestingly, by using these characteristics to model recovery across the total 

sample we demonstrated that recovery could only be reliably predicted when rehabilitation is present. 

Interpretation: These findings suggest that proportional recovery is a cross-species phenomenon that 

can be modeled in Sprague Dawley rats. Additionally, as infarct volume and initial impairment grow 

more severe, more intense rehabilitation is required in order to engage biological recovery processes.
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PARKINSON’S DISEASE TERTIARY CARE CENTER 

Dorothy Kessler1,2, Diane Cote3 David Grimes4,5, Tiago Mestre4,5, Clare Liddy2,6 

1 Rotman Research Institute, Baycrest Centre for Geriatric Care, ON Canada 2 Bruyère Research Institute, 

ON Canada 3 The Ottawa Hospital, ON Canada 4 Ottawa Hospital Research Institute, ON Canada 5 The 

University of Ottawa Brain and Mind Research Institute, ON Canada 6Department of Family Medicine, 

University of Ottawa, ON Canada 

Background: 

Approximately 66,000 Canadians are living with Parkinson’s Disease (PD). PD is a degenerative 

neurological condition that can affect many areas of health and participation in daily activities. People 

living with PD need skills and confidence to manage daily tasks and live well, i.e. self-management skills. 

Self-management support is a key element of effective chronic condition management; contributing to 

improved quality of life and lowered costs. Activation or a readiness for self-management influences the 

type of support patients require.  

Objective: 

To determine the level of activation and perception of self-management support among patients with 

PD and caregivers attending a tertiary care center. 

Methods: 

Participants with PD or caregivers attending the PD clinic were asked to complete two questionnaires: 1) 

The Patient Assessment of Care for Chronic Conditions (PACIFC) measures perceived self-management 

support during care with scores ranging from 1 (almost never happens) to 5 (almost always happens).  2) 

The Patient or Caregiver Activation Measure® captures level of activation for managing their health 

condition. Data was analyzed descriptively and tested for associations between participant 

characteristics and scores from the two questionnaires. 

Results: 

Fifty-seven PD patients and 30 caregivers completed the questionnaires. Mean scores for each area of 

the PACIC were 3.5 for activation, 3.1 for decision support, 2.5 for goal setting, 3.1 for problem-

solving/contextual counselling, and 2.1 for follow-up/coordination. Patient/Caregiver Activation 

Measure scores showed that 58% of patients and caregivers were moderately to highly activated. 

Among PD patients, higher level of activation was associated with younger age, and follow-

up/coordination was associated with income.  

Conclusions: 
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Patients perceived varying levels and types of self-management support and levels of activation. 

Findings highlight the need for follow-up support and care coordination particularly among those with 

lower income. Knowledge of patient and caregiver level of activation can  facilitate tailoring of services 

to promote self-management.
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LRRK2 PHOSPHORYLATES THE ACTIN NUCLEATING COMPLEX PROTEIN WASF2 TO REGULATE 

PHAGOCYTOSIS 

Kwang Soo Kim1, Paul C. Marcogliese1, Jungwoo Yang1, Cindy Wei1, Elizabeth Abdel-Messih1, Ruth S. 

Slack1, Michael G. Schlossmacher1,2, David S. Park1 

1Cell. & Mol. Med., Univ. of Ottawa Brain and Mind Research Institute, University of Ottawa, Ottawa, 

ON, Canada; 2Ottawa Hosp. Res. Inst., Ottawa, ON, Canada 

Mutations in leucine-rich repeat kinase 2 (LRRK2) are implicated in both familial and sporadic 

Parkinson’s disease (PD) as the most common causative factor. However, LRRK2’s pathophysiological 

role remains unknown. It was recently discovered that LRRK2 is highly expressed in immune cells 

relating to the innate immune system and has a genetic association the immune-related disorders: 

Crohn’s disease and leprosy. Thus, determining LRRK2’s function in the central immune system and 

subsequent effect in dopaminergic neuronal cell death could provide insight into the pathogenesis of 

PD. Here we show both in vitro and in vivo that myeloid-lineage cells such as primary microglia and bone 

marrow-derived macrophages (BMDMs) from LRRK2 G2019S knock-in mice display increased phagocytic 

activity that correlates with an increase in the protein level of the ARP2/3 complex activator, WASF2. 

Conversely, myeloid cells from LRRK2 null mice show impaired engulfment that correlates with a 

decrease in WASF2 protein. We show that LRRK2-mediated phagocytic activity is kinase dependent and 

that LRRK2 influences the stability of WASF2 via direct phosphorylation. Lastly, survival of TH-positive 

neurons is reduced in mixed, wildtype-midbrain, G2019S-BMDM culture. Taken together, these results 

suggest that the LRRK2-G2019S mutation may contribute to the pathogenesis of PD by increasing the 

microglial phagocytic response via enhanced WASF2 stability and actin polymerization.
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CENTRAL INFUSION OF SAPORIN-CONJUGATED QUANTUM DOTS LEADS TO MICROGLIAL ACTIVATION 

AND DOPAMINERGIC DEGENERATION IN THE SNC 

Landrigan, J., Dwyer, Z., Hayley, S. 

Neuroscience, Carleton University, Ottawa ON 

Microglia depletion systems have been used to delineate the relationship between neuroinflammation 

and neurodegeneration, but come with many limitations. To sidestep these limitations, we employed a 

relatively new biological assay centered around saporin-conjugated quantum dots. Saporin is a type I 

ribosomal inhibitor protein which, when conjugated to a delivery molecule, has been used to selectively 

destroy targeted cells. Quantum dots are fluorescent semiconductor nanocrystals which are selectively 

taken up by microglia via clatherin-mediated endocytosis and can be used in conjunction with saporin to 

make a microglia-specific toxin (QD-SAP). So far, one experiment has used QD-SAP, and it has shown 

complete ablation of microglia in vivo and in vitro. We aim to use QD-SAP to investigate 

neuroinflammation in Parkinson’s Disease. Our initial goal was to characterize the depletion of microglia 

in the substantia nigra (SNc). To this extent, C57Bl6/n mice received a central infusion of QD-SAP into 

the SNc and were subject to Catwalk, Micromax, and Rotarod behavioral tests. Results indicated an 

increase in motor activity and a decrease in motor coordination in QD-SAP mice compared to controls. 

Subsequent biochemical analysis illuminated a robust activation of microglia and a drastic reduction in 

dopaminergic cells in animals treated with QD-SAP. These results do not corroborate with previous 

literature, but provoke intrigue into the mechanisms of dopaminergic cell death upon QD-SAP 

administration.
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ASSOCIATION BETWEEN METOCLOPRAMIDE TREATMENT IN THE ED AND POST-CONCUSSION 

HEADACHE 

Natalie Bresee, MD1,2 Mary Aglipay, MSc3 Alexander Sasha Dubrovsky, MDCM4 Andre-Anne Ledoux, 

PhD3; Franco Momoli PhD 2,3,5 Jocelyn Gravel, MDCM6; Stephen B. Freedman, MDCM, MSc7 Karen M. 

Barlow, MD, MSc8; Lawrence Richer,MD, Msc9; Nicholas J Barrowman, PhD 2,3 Roger Zemek, MD1,2,3 for 

the Pediatric Emergency Research Canada (PERC) 5P concussion team 
1 Department of Pediatrics, Children’s Hospital of Eastern Ontario, Ottawa, Ontario; 2University of 

Ottawa, Ottawa, Ontario; 3Children’s Hospital of Eastern Ontario Research Institute, Ottawa, Ontario; 
4Montreal Children’s Hospital-McGill University Health Centre, Montreal, Quebec 5The Ottawa Hospital 

Research Institute, Ottawa, Ontario; 6Department of Pediatrics, Hospital Ste. Justine, University of 

Montreal, Montreal, Quebec; 7Department of Pediatrics, Sections of Pediatric Emergency Medicine and 

Gastroenterology, Alberta Children’s Hospital, Alberta Children’s Hospital Research Institute, Cumming 

School of Medicine, University of Calgary, Alberta; 8Department of Pediatrics and Clinical Neurosciences, 

Alberta’s Children’s Hospital, Calgary, Alberta; 9Department of Pediatrics, University of Alberta, Women 

and Children’s Health Research Institute, Edmonton, Alberta. 

Objective 

There is limited pediatric literature examining effective treatment for post-concussion headache. This 

study assessed whether acute metoclopramide treatment in the Emergency Department (ED) was 

associated with a reduction in persistent headache in children at 1 and 4-weeks post-concussion.  

Methods 

Children aged 8-17 years with an acute concussion presenting to 9-EDs of the PERC Canada network 

were enrolled in a prospective cohort study, from August 2013-June 2015. Primary outcome was the 

change in headache symptoms at 4 weeks post-injury relative to pre-injury status, and the secondary 

outcome was headache change at 1-week post injury. The exposure of interest for this study was 

metoclopramide administration in the index visit. Treatments administered in the ED were collected 

using standardized forms.  Self-report symptom questionnaires were rated at initial presentation, 1 and 

4 weeks using the Post-Concussion Symptom Inventory.  Headache persistence was based on the four-

week headache score minus recalled pre-injury score.  The association between metoclopramide and 

headache persistence at 1 and 4 weeks were examined with an unadjusted regression and 1:4 

propensity score matching model.   

Results 

Baseline assessments were completed in 2095 participants of which 65 received metoclopramide within 

48 hours of acute concussion.  At 1 and 4 weeks, 54%(963/1808) and 26%(456/1780) of participants had 
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ongoing headache relative to baseline respectively. In unadjusted analysis, no association between 

metoclopramide and headache persistence at 4-weeks was found [treated-group 27.3% vs untreated-

group 25.6%; relative risk (RR): 1.02(95% CI:0.87,1.21)]. Metoclopramide was not associated with lower 

headache persistence risk at 4- and 1-week on the propensity score matching [n=225(27.1% treated-

group vs 32.8% untreated-group); RR:0.92 (95%CI:0.75,1.13); (treated-group 52% vs untreated-group 

59.4%; RR:0.84(95%CI: 0.60,1.19)]. 

Conclusions  

Metoclopramide administration was not associated with a reduced risk of ongoing headache at 1- and 4-

weeks.  Further research is necessary to determine which pharmacotherapies may be effective in acute 

and persistent post-concussive headache.
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LONG-TERM AND GENDER-SPECIFIC EFFECTS OF ANA-12 ON HIPPOCAMPAL BDNF AND GR 

EXPRESSION FOLLOWING REPEATED STRESS EXPOSURE 

Joana N. Mukunzi1, Idu Azogu2, Hélène Plamondon3 

1Psychology, University of Ottawa, ON Canada 2Psychology, University of Ottawa, ON Canada 
3Psychology, University of Ottawa Brain and Mind Research Institute, ON Canada 

Context: HPA axis dysregulation in adolescence can trigger the onset of mood disorders later in life. The 

hippocampus is a glucocorticoid (GC) hormone sensitive brain region where stress exposure is known to 

affect glucocorticoid receptors (GR) expression, leading to altered hippocampal function and cognitive 

impairments. Chronic stress also reduces levels of the brain-derived neurotrophic factor (BDNF) at this 

sensitive region. Research objectives: The main objectives are 1) to observe the long-term effects of 

blocking BDNF-tyrosine-related kinase B (TrkB) receptors, using ANA-12, on neurochemical signalling 

within the hippocampus of adult rats exposed to repeated stress during adolescence, 2) to examine 

effects of ANA-12 and sex differences in stress-related biochemical expression on BDNF and GR 

expression. Methodology: Male and female Wistar rats were subjected to a 10-day heterotypic stress/ 

no stress paradigm from PND 26 to PND 35. Rats were randomly divided into 4 groups: ANA-12 + stress 

(AS), ANA-12 + no stress (ANS), vehicle + stress (VS) and vehicle + no stress (VNS). ANA-12 or vehicle was 

administered on days 1, 4, 7 and 10 of the paradigm. Rat brains were collected on PND 69. BDNF- and 

GR-immunoreactivity was assessed in the CA1/CA3 layers of the hippocampus. Results: Findings show 

that stress elevated GR-ir in the CA1 pyramidal layer of stressed compared to the non-stress male 

groups (irrespective of treatment). Within the CA1, females (irrespective of stress or treatment) showed 

reduced BDNF expression compared to males, but this difference was marginal in the CA3. Lastly, 

expression levels of BDNF were positively correlated in the CA1 and CA3 layers. This study supports 

lasting effects of stress and sex differences in GR and BDNF expression.
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PRECONDITIONING OF HUMAN NEURAL STEM CELLS WITH METFORMIN TO PROMOTE POST-STROKE 

RECOVERY 

F. Ould-Brahim1,2, A. Carter1, M. Jeffers1, C. Syal1,2, N. Hristozov1, S. Sarma2, K. Lu2, W. Stanford2, D. 

Corbett1,2,3, J. Wang1,2,3 

1 Neuroscience, University of Ottawa, ON Canada 2 Regenerative Medicine, Ottawa Hospital, ON Canada 
3University of Ottawa Brain and Mind Research Institute 

The generation of human induced pluripotent stem cells (hiPSCs) from human fibroblasts has 

revolutionized cell therapy by providing a source of autologous cells for transplantation. Several studies 

have demonstrated that transplantation of hiPSC-derived neural stem cells (hiPSC-NSCs) increases 

regeneration and recovery following stroke, supporting their therapeutic potential. However, major 

concerns for translating hiPSC transplantation therapy to the clinic are efficacy and safety.  Therefore, 

there is demand to develop an optimal strategy to enhance the engraftment and regenerative capacity 

of transplanted NSCs.   The recent published work shows that metformin, an FDA approved drug, is an 

optimal neuroregenerative agent by promoting proliferation and differentiation of neural stem cells and 

limiting tumorigenesis following transplantation. In this regard, we hypothesize that preconditioning of 

hiPSC-NSCs with metformin before transplantation into the stroke-damaged brain will improve 

engraftment and regenerative capabilities of hiPSC-NSCs, ultimately enhancing functional recovery. Here 

we show treatment of hiPSC-NSCs in vitro with metformin enhances the proliferation and differentiation 

of hiPSC-NSCs even after withdrawal of metformin treatment, showing its promise as a novel 

preconditioning strategy. Furthermore, transplantation of naïve and preconditioned hiPSC-NSCs into a 

rat enothelin-1 ischemic stroke model both show potential to engraft 1 week post-transplant. Ongoing 

experiments will determine whether preconditioning of hiPSC-NSCs with metformin will enhance their 

long-term survival and regenerative capability following transplantation. After 8 weeks post-

transplantation, we will assess differentiation of hiPSC-NSCs and functional recovery through 

behavioural testing. These studies represent a vital step in the optimization of hiPSC-based replacement 

therapy to enhance post-stroke recovery.
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LINEAGE TRACING OF DLX1A/2A AND DLX5A/6A EXPRESSING CELLS IN THE DEVELOPING ZEBRAFISH 

BRAIN 

Cynthia M. Solek 1, Shengrui Feng 2, Sofia Perin 3, Hellen C. Weinschutz Mendes 3, Marc Ekker 3 

1 Montreal Neurological Institute, McGill University, 3801 University Street, Montreal QC H3A 2B4, 

Canada 2 Department of Medical Biophysics, University of Toronto, 610 University Avenue, Toronto ON 

M5G 2M9, Canada 3 CAREG, Department of Biology, University of Ottawa, 20 Marie-Curie Private, 

Ottawa ON K1N 6N5, Canada 

Lineage tracing of specific populations of progenitor cells provides crucial information about 

developmental programs.  Four members of the Dlx homeobox gene family, Dlx1, 2, 5 and 6, are 

involved in the specification of gamma-aminobutyric acid (GABA)ergic neurons in the vertebrate 

forebrain. As orthologous genes in mammals and teleost show similarities in expression patterns and 

transcriptional regulation mechanisms, we have used lineage tracing to permanently label dlx-

expressing cells in the zebrafish and characterized the progeny of these cells in the larva and in the 

juvenile and adult brain. We have found that dlx1a/2a and dlx5a/6a expressing progenitors give rise, for 

the most part, to small populations of cells which constitute only a small proportion of GABAergic cells 

in the adult brain tissue. Moreover, some of the cells did not acquire a neuronal phenotype suggesting 

that, regardless of the time a cell expresses dlx genes in the brain, it can potentially give rise to cells 

other than neurons.  In some instances, labeling larval dlx5a/6a-expressing cells, but not dlx1a/2a-

expressing cells, resulted in massively expanding, widespread clonal expansion throughout the adult 

brain. Our data provide a detailed lineage analysis of the dlx1a/2a and dlx5a/6a expressing progenitors 

in the zebrafish brain and lays the foundation for further characterization of the role of these 

transcription factors beyond the specification of GABAergic neurons.
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L’EFFET D’UNE EXPOSITION JUVÉNILE AU BISPHÉNOL A ET À L’EXTRAIT DE HOUBLON SUR TROIS 

HORMONES DES RATS MÂLES 

Emmanuelle Person, Alexandre Morin, Nicolas Narvaez Linares and Helene Plamondon 

Le bisphénol de type A (BPA) est un perturbateur endocrinien dont les conséquences négatives ont été 

récemment publicisées. L’objectif de cette étude visait à déterminer l’effet d’une exposition au 

bisphénol A (BPA) pendant la période juvénile sur le niveau de trois hormones chez le rat mâle : (1) 

l’ocytocine (2) la testostérone et (3) la corticostérone. L’extrait de houblon (HOP) est un supplément 

d’origine naturelle qui pourrait moduler les effets du BPA. Les sujets, 41 rats mâles, ont été répartis 

aléatoirement en quatre groupes : exposition au BPA seulement, exposition au HOP seulement, 

exposition aux deux drogues et groupe contrôle. Les composés ont été administrés tous les matins entre 

le 28e jour après la naissance (PND28) et le 48e jour après la naissance (PND48). Les rats ont réalisé 

divers tests comportementaux avant d’être euthanasiés entre PND71 et PND73. Une analyse 

immunohistochimique fut utilisée pour analyser le niveau d’ocytocine dans les noyaux 

paraventriculaires de l’hypothalamus. Afin de mesurer le niveau de testostérone et le niveau de 

corticostérone sanguin, deux gouttes de sang furent prélevées au PND28, PND38, PND48 et PND71. Les 

concentrations sanguines de corticostérone au PND28, au PND48 et au PND71 de même que celle de la 

testostérone au PND71 furent mesurées par une procédure ELISA. L’immunohistochimie sur coupe 

cérébrale ne put mener à une analyse concluante des changements de l’ocytocine. Nos résultats 

démontrent des niveaux comparables des concentrations sanguines de testostérone et de 

corticostérone entre les groupes indiquant que l’administration restreinte à la période juvénile n’induit 

pas d’effets significatifs durant l’adolescence ou à l’âge adulte.
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CORTICAL ASTROGLIAL PLASTICITY IN RESPONSE TO STRESS AND ANTIDEPRESSANT TREATMENT 

Simard, S.1, Coppola, G.2, Hayley, S.1 & Salmaso, N.1,2 

1-Department of Neuroscience, Carleton University, Ottawa, Ontario; 2-Child Study Center, Yale 

University, New Haven, CT 

An emerging body of work has suggested a potential role for astroglial cells in both the etiology and 

treatment of depression. Using transgenic mice (AldH-L1) that express green fluorescent protein (GFP) in 

astroglial cells, we employed a chronic unpredictable stress (CUS) paradigm in conjunction with chronic 

administration of the selective serotonin reuptake inhibitor (SSRI), fluoxetine, as an antidepressant 

treatment (ADT). Changes in behaviour and in cortical astroglia were examined using a variety of 

techniques across all groups. As expected, CUS significantly increased anxiety and depressive-like 

behaviours, however ADT did not reverse the effects, and, in some cases exacerbated the effect of 

stress. Using immunohistochemistry, we found that the total number of astroglial cells (as marked by 

constitutive astroglial-specific GFP) in the cortex did not change in response to stress or treatment, but 

their expression of intermediate filament proteins did. Moreover, stress induced markers associated 

with astroglial stem cell potential, including Sox2 and Vimentin. Finally, gene expression changes were 

examined using translating ribosome affinity purification (TRAP) in conjunction with RNASeq and major 

pathway clusters were identified including changes in extracellular matrices, glutamatergic signalling, 

growth factors and drug addiction. Together, these data suggest tremendous plastic responsivity of 

astroglial cells in response to chronic stress. Future studies will examine the causal involvement of 

differentially expressed pathways in response to stress.
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DYNAMIC FEATURES AND PLASTICITY OF QUANTAL GLUTAMATE RELEASE AT SINGLE HIPPOCAMPAL 

CA1 SYNAPSES 

Cary Soares 1,3 Richard Naud 1,3,5 André Longtin 2,3,5 and Jean-Claude Béïque 1,3,4,5 

1 Department of Cellular and Molecular Medicine 2Department of Physics 3Center for Neural Dynamics 4 

Canadian Partnership for Stroke Recovery  5University of Ottawa Brain and Mind Research Institute 

Transmission at single synapses in the brain is stochastic, unreliable and variable. The full complement 

of factors that contributes to such synaptic noise, including their plasticity potential, still remains only 

partly understood. Here, we revisited, and expanded upon, key concepts of glutamate release at single 

dendritic spines of CA1 pyramidal neurons. Using whole-cell electrophysiology, two-photon imaging and 

glutamate uncaging, we show that the genetically-encoded optical glutamate sensor iGluSnFR is a linear 

reporter of glutamate concentration over a physiological range, with kinetics comparable to those of 

ionotropic glutamate receptors. Using this sensor as a means to carry out optical quantal analysis, we 

provide an estimate of the variability in cleft glutamate concentration at single synapses, and describe 

the ability of postsynaptic glutamate receptors to decode such variability. We also present experimental 

evidence for multivesicular release at CA1 synapses, and describe dynamical features of its occurrence. 

Lastly, we show that the amount of glutamate release is regulated during synaptic plasticity and can 

influence quantal size. Together, this work emphasises that the amplitudes of individual quantal events 

may be part of the informational content transmitted at central synapses.
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ACTIVATOR TRANSCRIPTION FACTORS E2F1 AND E2F3 ARE REQUIRED FOR ADULT NEURAL STEM CELL 

ENTRY AND EXIT FROM QUIESENCE 

Eddy Yakubovich1, Nikita Larionov1, Raghda Gemae1, Mireille Khacho1, Renaud Vandenbosch1, Nastaran 

Ahmadi1, David S. Park1,2 & Ruth S. Slack1,2.  
1Dept. of Cellular and Molecular Medicine, University of Ottawa, Ottawa, Ontario K1H 8M5. 2University 

of Ottawa Brain and Mind Research Institute 

Regenerative medicine offers tremendous potential for the treatment of irreversible damage to the 

brain. Activation of adult neural stem cells by clinical means to generate new neural cells can improve 

pathological outcomes of patients afflicted by brain trauma. Adult neural stem cells are found in distinct 

neurogenic niches in the brain, in a quiescent state. Control of the cell-cycle is important in activating 

quiescent neural stem cells for the purpose of enhancing adult neurogenesis. By activating quiescent 

neural stem cells, it is possible to force the cells to proliferate and commit to a neural fate. We believe 

that by therapeutically controlling cell-cycle machinery, adult neural stem cells can be forced into 

activation from their dormant state and to become healthy neural tissue. We hypothesize that the 

Retinoblastoma-E2F pathway is crucial for neural stem cell activation. Specifically, activator E2F1 and 

E2F3 transcription factors are crucial for the activation of adult neural stem cells by allowing cells to exit 

quiescence and pass a key checkpoint during S-phase. To prove this, we will characterize the 

requirement of E2Fs1/3 for adult neural stem cells activation through knockout studies in mice. A series 

of rescue experiments will elucidate the specific requirement of either E2F1, E2F3, or both for the 

selective activation of quiescent stem cells in the neurogenic niches. Finally, RNA-sequencing 

experiments on the quiescent stem cell population will reveal the network between activator E2Fs1/3, 

pro-quiescence genes, and pro-neural genes that are required for stem cell exit from quiescence. In the 

future, drug screens can be performed on E2F1 and E2F3 to establish therapeutic control of the neural 

stem cell cycle. Current and future work will set up E2Fs1/3 as key regulators of quiescent stem cell cell-

cycle, and thus primed for therapeutic control for the purpose of enhancing neurogenesis in patients 

with brain pathology.
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DJ-1 REGULATES CELL DEATH VIA UNFOLDED PROTEIN RESPONSE IN ER STRESS 

Jungwoo Yang, Kwangsoo Kim, Paul Marcogliese, Steve Collaghan and David Park.  

Department of Cellular and Molecular Medicine, University of Ottawa 

Parkinson’s disease (PD) is a movement disorder associated with a loss of dopaminergic (DA) neurons in 

the substantia nigra pars compacta (SNpc). Approximately 10% of PD cases are familial, due to 

mutations in several genes, including DJ-1. However, a precise role for DJ-1 on the pathogenesis of PD 

remains unclear. Many PD tissue samples and PD-related mouse models display activation of the 

unfolded protein response (UPR). The UPR is an adaptive cellular response against endoplasmic 

reticulum (ER) stress. UPR activation can lead to either cell survival or apoptosis. We demonstrate that 

DJ-1 null mouse embryonic fibroblasts and primary cortical neurons have reduced transcriptional and 

translational levels of an important UPR factor - activating transcription factor 4, when compared to wild 

type, both basally and following ER stress. Therefore, we propose that DJ-1 plays an important role in 

the regulation of the UPR, contributing to the fate of DA neurons.
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MITIGATING MOTOR NEURONAL LOSS IN C. ELEGANS MODEL OF ALS8 

Wendy Zhang, Antonio Colavita and Johnny K. Ngsee* 

Neuroscience, Ottawa Hospital Research Institute, Cellular and Molecular Medicine, University of 

Ottawa Brain and Mind Research Institute, 451 Smyth Road, Ottawa, Ontario, Canada, K1H 8M5 

ALS8 is a late-onset familial autosomal dominant form of Amyotrophic Lateral Sclerosis (ALS) caused by a 

point mutation (P56S) in the VAPB gene (VAMP associated protein isoform B). Here, we generated two 

C. elegans models of the disease: a transgenic model where human VAPB wild-type (WT) or P56S mutant 

was expressed in a subset of motor neurons, and a second model that targeted inducible knockdown of 

the worm’s orthologue, vpr-1. Overexpression of human VAPB in DA neurons caused a backward 

locomotion defect, axonal misguidance, and premature neuronal death. Knockdown of vpr-1 

recapitulated the reduction in VAPB expression associated with sporadic cases of human ALS. It also 

caused backward locomotion defects as well as an uncoordinated phenotype, and age-dependent, 

progressive motor neuronal death. Furthermore, inhibiting phosphatidylinositol-4 (PtdIns 4)-kinase 

activity with PIK-93 reduced the incidence of DA motor neuron loss and improved backward locomotion. 

This supports the loss of VAPB function in ALS8 pathogenesis and suggests that reducing intracellular 

PtdIns4P might be an effective therapeutic strategy in delaying progressive loss of motor neurons.

 


