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1. Dopaminergic neurons form a novel oscillator controlling arousal 
Ultradian (~4hrs) rhythms of locomotor activity have been observed across mammalian species, 
including humans, yet not a single study has attempted to identify the neural substrate driving 
these rhythms. We observed that distinct alteration of the dopaminergic system – either by 
genetic ablation of the dopamine transporter gene or pharmacological manipulation with 
psychostimulants - leads to ultradian locomotor rhythm lengthening from approximately 4h to 
greater than 24 hours. Importantly, the antipsychotic haloperidol had the opposite effect; 
shortening periodicity in naïve, methamphetamine-treated, and DAT-/- animals. Finally, we 
observed that striatal dopamine levels fluctuate in synchrony with ultradian activity rhythms 
and that the period of these ultradian rhythms strongly predicts dopaminergic tone in both 
naïve and methamphetamine treated mice. Our data support the existence of a dopaminergic 
ultradian oscillator (DUO) operating in the mammalian brain that controls arousal in concert 
with the circadian clock. The striking similarity between the aberrant sleep/wake patterns 
observed here and in human subjects afflicted with either bipolar disorder or schizophrenia, 
suggests that this clock may be similarly perturbed in psychiatric conditions associated with 
hyperdopaminergia and that locomotor activity patterns may provide a new biomarker for 
altered dopaminergic tone and associated mental illnesses. 
 

2. Evidence of increased white matter microglial priming in the dorsal 
anterior cingulate cortex of depressed suicides 
Background: Despite increasing evidence supporting the neuroinflammatory theory of 
depression, little is currently known about the distribution of microglia in individuals having 
suffered from major depression. We recently described the presence of hypertrophic astrocytes 
in dorsal anterior cingulate cortex (dACC) white matter of depressed suicides, and hypothesized 
that this phenotype may result from the presence of chronic mild neuroinflammation. In the 
present study, we investigated microglia in dACC white matter of depressed suicides and 
matched controls, and tested the hypothesis that these cells would display morphological signs 
of activation in depressed suicides.  
Methods: Fixed postmortem dACC samples from depressed suicides (n=14) and matched 
sudden-death controls (n=8) were obtained from the Suicide section of the Dougla-Bell Canada 
Brain Bank. Tissue sections were immunostained for the macrophage-specific marker ionized 
calcium binding adaptor molecule 1 (IBA1), and IBA1-immunoreactive microglial phenotypes 
were assessed using a combination of stereology and cell morphometry.  
Results: Total densities of IBA1-IR microglia (individual and combined phenotypes) did not differ 
between depressed suicides and controls. A finer analysis examining relative proportions of 
microglial phenotypes, however, revealed that the ratio of primed over ramified (“resting”) 
microglia was significantly increased (t(19) 2.316 p=0.032) in depressed suicides. The ratios of 
reactive and amoeboid microglia over ramified microglia, however, remained statistically similar 
between groups.  
Conclusions: These results suggest a higher incidence of microglial priming in dACC white matter 
of depressed suicides, and support the hypothesis that depression is accompanied by chronic 
low-grade neuroinflammation in this cortical compartment.   
 
 
 
 
 



3. GDNF signaling in the depressed human amygdala 
Background: Glial cell line-derived neurotrophic factor (GDNF) is a potent pro-survival factor for 
neurons and mediator of structural plasticity. Though considerable research has implicated 
GDNF in the aetiology of depression, and peripheral GDNF expression has been shown to vary 
with mood state, little is known about its role in the depressed human brain 
Methods: Expression of GDNF signaling molecules (GDNF, GFRa1, Ret, and NCAM) was assessed 
at the protein (immunoblotting) and mRNA level (qPCR) in the basolateral amygdala (BLA) of 
depressed suicides (DS) and matched sudden-death controls (CTRL). Candidate regulatory 
microRNAs (miRNAs) were identified in silico and measured by qPCR. The effect of candidate 
miRNA over-expression on protein, gene expression, and GDNF signaling was then assessed in 
vitro. 
Results: Though GDNF was found to be unaltered in the BLA, DS subjects displayed reduced 
expression of its receptor GFRa1. Reductions in GFRa1 protein were associated with decreased 
expression of one particular transcript (GFRa1a), and increased expression of miRNAs predicted 
to bind to GFRa1a with high affinity (miR-511 and miR-340). Transfection of miR-511 into using 
human neural progenitor cells (NPCs) resulted in the specific repression of GFRa1a, and altered 
GDNF signaling, including changes in immediate early gene, Akt, and MAPK activity. 
Conclusion: Depressed suicides display reduced expression of the GDNF receptor GFRa1 in the 
BLA. This reduction appears to be isoform-specific, mediated by microRNAs, and sufficient to 
alter GDNF signaling. Taken together, our results suggest that GDNF signaling is likely impaired 
in the BLA of depressed subjects. 
 

4. Loss of epigenetic functions of FUS-interacting partners in a model of ALS 
Amyotrophic Lateral Sclerosis (ALS, a.k.a. Lou Gehrig's Disease) is characterized by progressive 
paralysis leading to death from respiratory failure, caused by selective loss of motor neurons. 
There is currently no known cause or effective treatment. Interestingly, a common observation 
in ALS patient spinal cord is that the DNA/RNA binding protein, FUS, which normally resides in 
the nucleus, accumulates in the cytoplasm of motor neurons of ALS patients. This suggests that 
cytoplasmic  accumulation of FUS may play a role in the pathogenesis of disease. Using our 
primary motor neuron culture model, we have observed nuclear depletion of two FUS 
interacting partners with epigenetic functions, when FUS accumulates abnormally in the 
cytoplasm. The first, PRMT1, is a methylase responsible for histone 4 methylation (H4R3me), a 
modification leading to transcriptional activation.  When PRMT1 is depleted from the nucleus 
we observed decreases in H4R3me, histone 3 lysine acetylation (a downstream histone 
modification that promotes transcription), and transcription. The second, Brg1, is a chromatin 
remodeling factor known to be responsible for transcription of genes involved in activity 
dependent dendritic branching and outgrowth. When Brg1 is depleted from the nucleus we 
observed decreased dendritic branching and length, which can be rescued by overexpression of 
Brg1.  Treatment of cultures with Vorinostat (SAHA), a clinically approved histone deacetylase 
inhibitor, preserves histone acetylation, maintains Brg1 in the nucleus and conserves dendritic 
branching, in neurons with accumulated cytoplasmic FUS. This study identifies two independent 
epigenetic mechanisms for disease, both of which can be targeted for treatment by Vorinostat. 

 
 
 
 



5. Modeling Lesch-Nyhan Disease using induced pluripotent stem cells 
Lesch-Nyhan disease (LND) is a rare genetic disorder caused by the disruption of the gene 
metabolic HRPT1, which causes a variety of neurological symptoms including dystonia, 
intellectual disability, and chronic self-injury. While the metabolic symptoms of LND are easily 
treated with allopurinol this has no effect on the neurological symptoms, the causes of which 
remain unknown. We are creating novel models of LND using patient derived induced 
pluripotent stem cells, and HPRT1 knockdown in human neural precursor cells. Our data suggest 
substantial alterations in the expression of genes related to protein translation and catabolism, 
processes which have been suggested to be altered in other syndromic intellectual disabilities. 
 

6. Paranode maintenance requires Netrin-1 expression by oligodendrocytes 
Myelinated axons are divided into several specialized domains: the node of Ranvier, the 
paranode, the juxtaparanode, and the internode. Recent studies have highlighted the paranode 
as a site of vulnerability and early damage in patients with multiple sclerosis. The secreted 
protein netrin-1 is sequestered at paranodes and is required for their maintenance. Both 
neurons and oligodendrocytes express netrin-1, but it has not been determined whether 
paranode maintenance requires netrin-1 made by the oligodendrocytes, the axon, or both. To 
address whether cell-autonomous expression of netrin-1 by oligodendrocytes is required for 
myelin maintenance, we transplanted oligodendrocyte precursor cells (OPCs) from netrin-1 
knockout pups into organotypic cerebellar slices from shiverer mice. In slices transplanted with 
netrin-1-/- OPCs there was a delay in the sequestering of sodium channels compared to slices 
transplanted with OPCs from control littermates. In addition, in long term, but not short term, 
netrin-1-/- OPC transplanted cultures the paranodal caspr immunoreactive domain was extended 
and the juxtaparanodal kv1.2 channel domains were closer together resulting in a loss of the 
juxtaparanode-paranode boundary.  This leakage of proteins into neighbouring domains could 
be explained by the loss of contact between the oligodendroglial loops and the axon, as 
observed by electron microscopy. Together these results indicate a role for netrin-1 expressed 
by oligodendrocytes in paranode maintenance. Uncovering the fundamental mechanisms that 
regulate myelin maintenance is an important step in identifying novel therapeutic targets to 
protect and repair myelin in patients with multiple sclerosis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



7. Pharmacological TrkA agonism affects memory differently in healthy vs 
disease states 
The lack of effective therapies to stop and possibly reverse dementia is due partly to a deficient 
understanding of the physiologic and pathological processes involved in memory formation. 
Here, we focus on the Nerve Growth Factor (NGF) receptor TrkA. NGF and TrkA are key 
molecules for the maintenance of homeostasis. TrkA density and function decrease in linear 
correlation as disease progresses in Alzheimer’s disease1, Down’s syndrome2 and cognitive 
impairment linked to ageing3. Our lab synthesized a TrkA partial agonist termed D3. D3 activates 
TrkA and potentiates the effect of NGF4. D3 improved learning and long-term memory (LTM) in 
aged, memory-impaired rats5; as well as short-term memory (STM) in an APP mouse model. 
Conversely, D3 impaired LTM in healthy, young mice without effects on learning or STM, and 
without signs of toxicity6. We are now deciphering the underlying pathways leading to this dual 
function. Our results show altered signaling pathways restricted mostly to the hippocampus as 
well as an increase in hippocampal neurogenesis. This follows the paradigm in which the timing 
and substrate for neuronal proliferation induction has crucial effects on the observed behaviour; 
inducing neurogenesis in a model with a decreased baseline versus a healthy model. By 
delimiting the pathways activated by D3, it could serve as a therapeutic agent in specific 
populations with known decreased TrkA density and function, as well as decreased 
neurogenesis. It would also yield further understanding of hippocampal-dependent memory 
formation. 
 
1.Counts, S. N. et al. Reduction of cortical TrkA but not p75(NTR) protein in early-stage 
Alzheimer's disease. Ann Neurol. 56, 520-531 (2004). 
2.Sendera, T. et al. Reduction in TrkA-immunoreactive neurons is not associated with an 
overexpression of galaninergic fibers within the nucleus basalis in Down's syndrome. J 
Neurochem. 74, 1185-1196 (2000). 
3.Saragovi, H. Progression of age-associated cognitive impairment correlates with quantitative 
and qualitative loss of TrkA receptor protein in nucleus basalis and cortex. J Neurochem. 95, 
1472-1480 (2005). 
4.Maliartchouk, S. et al. A designed peptidomimetic agonistic ligand of TrkA nerve growth factor 
receptors. Mol Pharmacol. 57, 385-391 (2000). 
5.Bruno, M. et al. Long-lasting rescue of age-associated deficits in cognition and the CNS 
cholinergic phenotype by a partial agonist peptidomimetic ligand of TrkA. J Neurosci. 24, 8009-
8018 (2004). 
6.Aboulkassim, T. et al. Ligand-dependent TrkA activity in brain differentially affects spatial 
learning and long-term memory. Mol Pharmacol. 80, 498-508 (2011). 

 
 
 
 
 
 
 
 
 
 
 



8. Searching for molecular mechanisms of glioblastoma growth 
Glioblastoma (GBM) is the most malignant and common adult brain cancer. Despite the 
advances in treatment, the median survival of GBM patients remains less than two years due to 
therapeutic resistance and cancer recurrence after surgery. GBM displays a cellular complexity 
consisting of a hierarchy of poorly differentiated neural cells, including brain tumour-initiating 
cells (BTICs). Since BTICs are the proposed culprit of the growth, and possibly recurrence, of 
GBM, this particular subpopulation is an attractive therapeutic target for GBM. However, the 
molecular mechanisms underlying BTIC tumorigenic potential remain poorly defined. We have 
observed that the transcription factors RUNX and CBFB, which work as a complex, are expressed 
in a subpopulation of GBM cells with mitotic features in both GBM surgical specimens and 
cultures of GBM-derived BTICs. More importantly, pharmacological inhibition of RUNX:CBFB 
complex activity in BTICs is correlated with decreased expression of proliferation and 
neural/stem progenitor markers. These results provide evidence for expression of RUNX and 
CBFB in GBM and suggest that a complex of these proteins may be important for maintenance 
of the proliferative and undifferentiated state in GBM-derived BTICs. 

 
9. STIM1 controls neuronal Ca2+ signaling and mGluR1/TRPC3-dependent 

synaptic transmission 
In cerebellar Purkinje cells (PCs), the metabotropic glutamate receptor type 1 (mGluR1) is crucial 
for cerebellar function. Synaptic activation of mGluR1 is followed by a slow excitatory 
postsynaptic current (sEPSC) mediated by the transient receptor potential channel TRPC3. In 
non-excitable cells TRPC channels are known to interact with the stromal interaction molecules 
(STIM1 and STIM2), which are also critical for Ca2+ store replenishment. Therefore, we tested 
the hypothesis that STIM proteins may be involved in TRPC3 activation in central neurons. Using 
whole-cell recordings and confocal Ca2+ imaging in acute cerebellar slices from newly generated 
PC-specific STIM1/2 double-knockout (STIM1/2pdko) mice we found that mGluR1-mediated Ca2+ 
release and sEPSC evoked by parallel fibre stimulation are largely abolished in the absence of 
STIM1 and STIM2. We then tested the function of PC Ca2+ stores specifically in the absence of 
STIM1 (STIM1pko mice). In control mice, Ca2+ release signals evoked by local application of the 
group I mGluR-specific agonist DHPG were abolished after depleting Ca2+ stores by switching to 
Ca2+ free extracellular perfusion media and recovered shortly after returning to Ca2+ containing 
media. In STIM1pko mice, DHPG applications completely failed to evoke Ca2+ transients before, 
during and after the perfusion with Ca2+ free extracellular media. Interestingly, DHPG 
applications evoked both Ca2+ signals and sEPSCs in STIM1pko mice immediately following short 
depolarizations but failed to elicit responses shortly after. These results identify STIM1 as a 
messenger that couples mGluR1 and TRPC3 in cerebellar PCs as well as being a strong regulator 
of intracellular Ca2+. 
 
 
 
 
 
 
 
 
 



10. Why polyamines don’t like heteromeric kainate receptors 

Kainate receptors (KARs) are ionotropic glutamate receptors that modulate synaptic 
transmission. Intracellular polyamines block KARs in a voltage-dependent manner; this can be 
abolished by RNA editing of a Q/R site at the apex of the channel pore. Not all KAR subunits are 
edited, suggesting that many native KARs are formed from unedited subunits. Native KARs are 
heteromeric; the most widely-expressed are composed of GluK2 and GluK5. The extent to which 
heteromerization imparts functional changes to the properties of the channel block is currently 
unknown. Electrophysiological analysis of unedited GluK2/K5 receptors revealed that 
heteromerization reduces channel block by spermine without affecting calcium permeability. 
Interestingly, the association of GluK2 with auxiliary proteins NETO1 and NETO2 also produces 
similar effects. This is in contrast to the conventional understanding of polyamine block and 
provides new evidence that it can be uncoupled from calcium permeability in KARs. Here, we 
show that a proline located in the pore of GluK5 is responsible for the reduction in polyamine 
block in GluK2/K5. We propose that KAR heteromerization and association with auxiliary 
proteins provide neurons with an additional mechanism by which to control the apparent 
affinity of polyamines, and thus the shape of native KAR responses. 

 


