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1. A novel optogenetic kindling model of epilepsy 
Epilepsy is a devastating neurological disease, yet the microcircuit changes that underlie it 
remain unclear. Many epilepsy models rely on chemical or electrical induction in rodents. In 
these models, however, brain injury and nonspecific targeting of cell subtypes make it difficult 
to study the microcircuit changes that accompany epileptogenesis. To overcome these 
limitations, we developed a novel optogenetic model of epilepsy. To target glutamatergic 
neurons, we injected AAV-CaMKIIa-hChR2 (E123T/T159C)-p2A-EYFP into primary motor cortex 
(M1) of male C57BL/6J mice. After 21 days, we confirmed expression of ChR2 in L2/3 and L5 of 
M1 by acute slice electrophysiology and 2-photon microscopy. We then used dual 445-nm lasers 
to bilaterally stimulate M1 of awake behaving animals through repeated pulse trains. We 
recorded extracellular EEGs several minutes before, during, and after each stimulation sessions 
and scored behaviour using modified Racine criteria. We were able to induce seizures in 6 out of 
6 animals. Epileptogenesis correlated with significant EEG changes, such as altered dynamics of 
evoked responses, and increased delta band power. Next, we will investigate in acute slices the 
local circuit changes that are associated with disease progression in epileptic animals. With our 
novel model, it may be possible to identify candidate circuit changes that underlie 
epileptogenesis in otherwise healthy animals. 

 
2. Assessing mean diffusivity in gray matter regions in a sample of 

fibromyalgia patients 
Fibromyalgia is a complex chronic pain disorder lacking detectable pathology making it 
extremely difficult to diagnose and treat. Recently, researchers have turned to neuroimaging in 
order to search for morphological changes in the brain related to fibromyalgia. These magnetic 
resonance imaging (MRI) studies have revealed widespread gray matter (GM) decreases in a 
variety of brain regions thought to be involved in pain processing. Our previous study used 
voxel-based morphometry to characterize these GM decreases in several prefrontal areas, 
including the middle frontal gyrus, the anterior cingulate cortex, and the premotor cortex in a 
sample of 28 female fibromyalgia patients compared to 28 matched controls.  
In this study, we aim to examine the nature of these GM decreases by assessing mean diffusivity 
in the same prefrontal regions where we found decreases. Mean diffusivity is characterized 
using diffusion imaging and is a measure of average water diffusion. We will implement a 
technique that allows the assessment of mean diffusivity in GM regions which will optimize the 
alignment of diffusion and anatomical images to ensure measurements are in GM and are not 
influenced by surrounding fluid. We hypothesize that mean diffusivity will be increased in 
regions where we found GM decreases, which would indicate that volumetric changes are a 
consequence of decreased tissue density. If mean diffusivity is slightly increased in areas where 
others have reported GM decreases in fibromyalgia it would indicate that diffusion 
measurements are more sensitive measures for GM alterations compared to volumetric 
measurements.  
 
 
 
 
 
 
 



3. Dynamics of peri-saccadic receptive fields in monkey area V4 
Predictive remapping of receptive field (RF) has given some insight on the mechanisms that 
underlie stable vision during eye movements. Neurons transiently respond to stimuli flashed, 
prior to the eye movement, in their future RF parallel to the impending saccade vector (Sommer 
and Wurtz, 2006). Other findings suggest that RF dynamics of V4 neurons change during a 
saccade, converging towards the saccade target (Tolias et. al., 2001). Our goal was to solve this 
confound by studying the peri-saccadic RFs of V4 neurons using 10x10 electrode arrays.  The 
peri-saccadic spike RFs showed classical shift parallel to the saccade vector, but did not show 
convergence towards the saccade target. Such a shift in LFP RFs was accompanied by a 
subsequent shift towards the saccade target. When the flashed probe was replaced with the 
static probe, used by Tolias et al (2001), both the spike and LFP RFs shrunk and shifted towards 
the saccade target. The manifestation of predictive remapping is therefore paradigm-
dependent. The dynamics of peri-saccadic LFP RFs implies sub-threshold activities competing for 
one of the two scenarios of remapping. Flashed probes, generating strong bottom-up attention, 
cause the neurons to shift their RFs parallel to the saccade vector. For static probe, the only 
salient feature on the screen during a saccade is the recently appeared saccade target. Hence, 
the RFs shift and compress towards the saccade target. By thus keeping track of momentary 
attentional loci on the visual field, our visual system is able to attain, what appears to us as 
stable vision. 
 

4. Effect of transcranial magnetic stimulation on color and motion 
perception  
Previous studies on chromatic (colored) and luminance (black and white) defined global motion 
have established a dissociation between visual thresholds for direction discrimination and 
stimulus detection. We use cTBS (a repetitive TMS protocol) to investigate the differential 
effects of stimulation on these thresholds in areas hMT+ and V1 for luminance and isoluminant 
chromatic global motion stimuli. 
 
Brain areas hMT+ and V1 were localized using the reported induction of moving or stationary 
phosphenes, respectively. Participants performed a motion discrimination task in which the 
direction of Gaussian dots in a random dot kinematogram was identified, and a detection task, 
in which the dots were detected regardless of motion, for both stimuli. Thresholds were 
measured before cTBS and after stimulation for one hour.  
 
For the motion discrimination task, cTBS stimulation of area hMT+ selectively impaired visual 
performance for both luminance and isoluminant chromatic stimuli in comparison to area V1 
and vertex (control). Maximal effects occurred 3-18 minutes after stimulation, and by one hour 
performance returned to baseline. For the detection task, no selective effect of cTBS was 
observed.  
 
We demonstrate that cTBS impairs the function of area hMT+, providing further evidence that 
hMT+ is involved in the analysis of luminance defined global motion. Additionally, we show that 
area hMT+ is contributing to residual chromatic motion at isoluminance. The results indicate a 
causal link between neural activity in hMT+ and perception of chromatic motion. Effects may be 
mediated by the response of M-cells to chromatic stimuli, which feed into the motion pathway. 

 



5. Influence of GABAergic inhibition on psychophysical and 
neurophysiological contextual modulation 
The visual perception of a moving stimulus is profoundly altered by the surrounding context, 
and one neuronal correlate of this modulation is thought to be the inhibitory receptive field 
surrounds of neurons in the middle temporal (MT) cortical area. We examined this mechanism 
by recording from MT neurons in monkeys trained to discriminate the motion directions of 
Gabor patches of different sizes and contrasts. As in human psychophysics (Tadin et al., 2003 
Nature), the animal’s perception was best predicted by the neuronal activity of the population 
of neurons that exhibited surround inhibition. Using pharmacological inactivation, we showed 
that the neuronal activity of MT is causally contributing to the animal’s motion perception. 
However, direct manipulations of GABAergic inhibition had little effect on neuronal surround 
suppression or on psychophysical contextual modulation. Alternatively, we found the correlated 
noise across surround suppressed MT neurons to be lower than those neurons that do not 
exhibit surround suppression. The higher noise correlation limits the signalling capacity of non-
surround suppressed MT neurons as revealed by population decoding. This consequently limits 
decoding from the pool of surround suppressed neurons that more closely matches the animal’s 
perception. Overall, these results suggest that psychophysical contextual modulation is not 
related to inhibition per se, but rather to the distribution of noisy activity across visual cortical 
networks. 
 

6. Is depression appropriately measured in geriatric outpatient clinics? A 
Rasch analysis approach 
Background: Previous studies validating the Geriatric Depression Scale (GDS-15) yielded mixed 
results as to whether the GDS-15 fits the ideal Rasch Model. Since these studies were based on 
Brazil, U.S. and Chinese samples, differences in findings might be influenced by test language 
and sample characteristics.  
Purpose: To assess psychometric properties of the GDS-15 in a Canadian sample and whether it 
is influenced by test language and cognitive ability.  
Methods: Patient data were obtained from a clinical database derived from two geriatric 
outpatient clinics in Montréal. GDS data (n=214) were recorded from 178 patients (M=81.0, 
SD=6.3, 68% females) tested with English (n=130), French (n=64) or Italian (n=20) test forms. 
Cognitive ability was measured by the Mini-Mental State Examination and Montreal Cognitive 
Assessment.  
Results: A significant item-trait interaction indicated poor fit of the GDS-15 to a Rasch model. 
Four misfit items were “Feeling life is empty”, “Good spirits”, “Prefer to stay at home” and 
“Problems with memory”. Removal of these items from the data set resulted in a better fit to 
the Rasch model. Two items behaved differently depending on cognitive ability and testing 
language, namely “Afraid that something bad will happen” and “Feeling happy” respectively.  
Conclusion: Potential removal of misfit items should be considered to obtain the most 
psychometrically valid measure of depressive symptoms in geriatric outpatient settings. Fear 
about the future may contribute more to severity of depressive symptoms among cognitively 
healthy patients. Revisiting the French translation of item “feeling happy” may improve the 
validity of this measure.  
 
 

 



7. Neurogenic and affective regulation by hippocampal neuregulin-1/ErbB 
signalling 
Background 
Hippocampal neurogenesis has been implicated in the mechanism of antidepressant action, and 
neurotrophic factors can mediate neurogenic changes underlying these effects. The 
neurotrophic factor neuregulin-1 (NRG1) is involved in many aspects of brain development. 
However, little is known about the influence of NRG1 on neurodevelopmental processes in the 
mature hippocampus. 
Methods 
Adult mice were given subcutaneous NRG1 or saline to assess dentate gyrus (DG) proliferation, 
survival, differentiation, morphology, and neurogenesis, and underwent behavioral testing. 
Expression of NRG1 receptors in newborn DG cells was assessed at various time points. ErbB-
expressing progenitor cell phenotype was characterized. DG dissections were used for ELISA. We 
extended these findings into psychiatrically-relevant human subjects, examining hippocampal 
NRG1/ErbB gene expression and methylation in suicide completers and controls. 
Results 
Subchronic peripheral NRG1β administration selectively increased cell proliferation and 
neurogenesis (but not survival, differentiation, or immature neuronal morphology) in the ventral 
DG. These effects may have been mediated by ErbB3 receptors, expressed by newborn cells 
from division to maturity and colocalized with SOX2 in the subgranular zone. NRG1 increased 
ventral DG ErbB3 phosphorylation. Four weeks (but not acutely) after treatment, animals 
displayed antidepressant-like behavior. In humans, hippocampal ErbB3 expression was reduced 
in suicides, which was not due to ErbB3 methylation, although antidepressants induced 
methylation changes. 
Conclusions 
NRG1β has pro-proliferative, neurogenic, and antidepressant properties, potentially through 
NRG1-ErbB3 signaling, and human psychiatrically-relevant subjects show reduced hippocampal 
ErbB3 expression. This highlights the importance of peripheral neurotrophic factors in 
neurogenesis and mood, and supports hippocampal neurogenesis as a mediator of 
antidepressant effects. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8. Optogenetic dissection of the MCH system: implications for sleep-state 
modulation 

The hypothalamus consists of intermingled inhibitory and excitatory neural circuits. The activity 
of those circuits correlates with vigilance states, including wake, non-Rapid Eye Movement 
(REM) sleep or REM sleep. Neurons expressing Melanin-Concentrating Hormone (MCH) have 
been recently identified as possible sleep-promoting neurons; however, their selective 
modulation of NREM and REM sleep remain unclear.  
 
To investigate the role of MCH neurons modulation of sleep states, we first genetically targeted 
the expression of excitatory (ChETA or SSFO) or inhibitory (eNpHR3.0) opsins to MCH neurons 
and showed that optical stimulations reliably activate or inhibit ChETA/SSFO and eNpHR3.0-
expressing MCH neurons, respectively. Using real-time detection of EEG/EMG, we found that 
bilateral optogenetic activation of MCH neurons during NREM sleep increased the probability of 
NREM-to-REM sleep transitions, while MCH neuron activation during REM sleep extended its 
duration. In contrast, we showed that optogenetic silencing of MCH neurons during REM sleep 
reduced the amplitude of cortical theta rhythm concomitant to an increase of slower oscillations 
in the range of (~ 4 Hz). Finally, optical activation of MCH terminals induced fast GABAA-
mediated inhibitory currents in local wake-promoting histaminergic (HA) neurons. This 
inhibitory tone was enhanced by optogenetically-induced MCH peptide release.  
 
Collectively, these results support a causal role for MCH neurons in the onset and maintenance 
of cortical REM sleep in the mammalian brain. 

 
9. Unraveling norepinephrine function in anxiety and depression with a new 

NE depletion model 
Noradrenergic (NE) neurons, mainly located in the locus coeruleus (LC), have been linked to 
psychiatric disorders involving anxiety and depression. Previous studies have shown that 
changes in NE transmission from the LC influence anxio/depressive-related behaviors. The 
purpose of this study was to develop a viable model with NE depletion in the central nervous 
system without affecting the periphery to investigate NE functions. The NE depletion model was 
developed using the cre recombinase expressed by the dopamine β-hydroxylase (DBH) genes, 
which splices out the floxed VMAT2 gene (Vesicular Monoaminergic Transporter). The 
VMAT2DBHcre KO mice were validated by a lack of VMAT2 mRNA expression specifically in the LC, 
and NE depletion in the entire brain. The assessment of development and motor abilities 
confirmed VMAT2DBHcre KO as viable subjects for further testing. VMAT2DBHcre KO mice 
demonstrated less anxiety- and depression-related behaviors. Moreover, tissue level of DA and 
5HT were altered in different brain structures associated with mood and motivational behavior. 
While basal corticosterone levels were not affected in the VMAT2DBHcre KO mice, acute stress 
through physical restraint revealed a faster return to basal corticosterone levels in VMAT2DBHcre 
KO mice. However, prior to the restraint, dexamethasone injections did not yield further 
differences between wildtype and KO mice. All together, these observations showed a 
predisposition for VMAT2DBHcre KO mice to exhibit an altered susceptibility to developing anxiety 
and depression related psychiatric disorders. 
 
 

 



10. Visual remapping is more impaired in patients with unilateral parietal 
lesion than in hemidecorticate patients as revealed by novel version of 
the double step task 
Studies of remapping abilities in human patients with distinct cortical lesions are inconclusive. 
Patients with parietal lobe lesions, primarily of the right side, tested on the classical double-step 
task have a particular deficit in generating an ipsilesional saccade if it follows a contralesional 
saccade (Duhamel et al, 1992 & Heide et al, 1995). This deficit has been explained as an inability 
to generate/ interpret corollary discharge for saccades elicited by the lesioned hemisphere. 
Recent studies, however, have called this finding into question. A review has re-interpreted the 
data from these earlier publications, suggesting that these results are actually evidence of right-
hemisphere dominance in human visual remapping (Pisella et al, 2011). Several studies of 
patients with right parietal lesions have determined that ipsilesional but not contralesional eye 
movements can result in a deficiency in remembering spatial information from previous 
fixations (Vuilleumier et al, 2007 & Russel et al, 2010). We tested hemidecorticate subjects on a 
novel version of the double-step task, adapted because our patients are hemianopic. We found 
that they do not have any impairment in remapping in either direction. We have tested a right 
parietal patient with this novel double-step task and found that he is unable to generate a 
contralesional saccade when it follows an ipsilesional saccade, in opposition to the findings of 
Duhamel et al, 1992. We are in the process of testing more patients with our novel paradigm to 
provide further insight into the saccadic remapping system in humans. 

 


