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1 - Identifying male germline stem cells: Towards functional mapping of the stem cell fate 

Joëlle Desmarais1, Xiangfan Zhang1, Makoto Nagano1 

1Research Institute of the McGill University Health Center and McGill University, Department of 
Obstetrics and Gynecology, 1001 Decarie Blvd., Montreal, QC, H4A 3J1 

Spermatogonial stem cells (SSCs) are the foundation of high-throughput, life-long production of 
sperm. Clinically, SSCs are expected to become an important resource to restore male fertility, 
particularly for childhood cancer patients whose fertility is at risk. Yet, fundamental 
characteristics of SSCs remain elusive, making mechanistic studies difficult to control SSC fate for 
preserving stem cells or encouraging sperm production.  Our ultimate goal is to determine a fate 
map of SSCs and to visualize them. Using a functional transplantation assay and multi-parameter 
flow cytometry, we found that loss of THY1 or ITGA6 indicates the exit from the SSC state, while 
the expression of widely-used SSC markers (GFRA1 and CDH1), as well as KIT, denotes the 
transition to commitment. To enrich the SSC population from “adult intact” mouse testes, which 
has been hard to achieve, we fractionated primitive germ cells using five surface antigens 
simultaneously (THY1, CDH1, GFRA1, KIT, and ITGA6). SSC transplantations showed that two cell 
fractions, the THY1+/ ITGA6HiMed/ GFRA1-/ CDH1-/ KIT- and the THY1+/ ITGA6Hi, exhibit the 
degrees of SSC enrichment that exceed any of those reported in the past two decades. Further 
characterization of these cell fractions is underway (e.g., cell cycle, protein/mRNA expression). 
We are also in preparation for single-cell RNA sequencing to understand the SSC fate 
commitment process at the transcriptome level. Our data should establish a powerful platform 
to dissect SSC fate decision mechanisms and to identify SSC niches, leading to clinical SSC 
applications for male fertility preservation and restoration. ( Supported by CIHR and FRSQ) 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 - Breaking barriers: Using C-CPE as a tool to transiently disrupt the blood-testis barrier and 
improve spermatogonial stem cell engraftment efficiency 

Amanda Baumholtz1,4, Ching-Wen Chang1,4, Xiangfan Zhang4, Enrique Gamero4,5, Liang Ning4, 
Aimee K. Ryan2,4,5, Makoto Nagano1,3,4 

1Department of Experimental Medicine, McGill University, Montreal, Quebec, Canada, 
2Department of Pediatrics, McGill University Health Centre, Montreal, Quebec, Canada, 3. 
Department of Obstetrics and Gynecology, McGill University Health Centre, Montreal, Quebec, 
Canada, 4Research Institute of the McGill University Health Centre, Montreal, Quebec, Canada, 
5Department of Human Genetics, McGill University 

Spermatogenesis is highly sensitive to anti-cancer therapies leading to infertility in male cancer 
survivors.  Restoring fertility in young male cancer survivors, who do not have mature sperm, is 
critical for improving their quality of life.  A strategy to restore fertility in these patients is to 
cryopreserve spermatogonial stem cells (SSCs) before therapy and transplant them back post-
cancer therapy.  The greatest obstacle for this process is claudin-based tight junctions between 
Sertoli cells, which form the blood-testis barrier (BTB).  Our research goal is to improve the 
engraftment efficiency of SSCs by transiently opening the BTB by targeting claudins using the 
non-toxic C-terminal domain of Clostridium perfringens enterotoxin (C-CPE), which removes 
Claudin-3, -4, -6, -7, -8 and -14 from tight junctions.  100-800 ug/ml of GST-C-CPE was injected 
into the testes of chemically-induced infertile recipient mice.  Testis cells derived from fertile 
donor mice were then transplanted into the testes of host mice three days later resulting in >2-
fold increase in SSC homing efficiency compared to GST-alone control.  Restoration of the BTB 
occured by day 10.  In this study, we found while C-CPE-sensitive Claudin-3, -6, -7, -8 and -14 are 
expressed in the adult mouse testis, only Claudin-6, -8 and -14 are expressed in infertile host 
testis.  Furthermore, Claudin-8, but not Claudin-14, is removed from tight junctions of sterile 
recipient testes three days following C-CPE treatment.  Our data suggest that C-CPE transiently 
opens the BTB leading to improved homing efficiency of SSCs and this effect is likely due to 
transient removal of Claudin-8 from the BTB. 

 

 

 

 

 

 

 

 

 

 



3 - Pervasive H3K27 acetylation leads to ERV expression and a therapeutic vulnerability in 
H3K27M gliomas 

Brian Krug1, Nicolas De Jay11,2, Ashot S. Harytyunyan1, Claudia Kleinman1,2, Steve Mack3, Nada 
Jabado1,4 

11. Department of Human Genetics, McGill University, Montreal, QC, H3A 1B1, Canada, 22. Lady 
Davis Research Institute, Jewish General Hospital, Montreal, QC, H3T 1E2, Canada, 37. 
Department of Pediatrics, Division of Hematolgy and Oncology, Texas Children's Cancer and 
Hematology Centers, Baylor College of Medicine, Houston, TX, USA., 48. Department of 
Pediatrics, McGill University, and The Research Institute of the McGill University Health Center, 
Montreal, QC, H4A 3J1, Canada 

High-grade gliomas (HGG) defined by histone 3 K27M driver mutations exhibit global loss of 
H3K27 trimethylation and reciprocal gain of H3K27 acetylation, respectively shaping repressive 
and active chromatin landscapes. By isogenic modeling of this mutation in tumor-derived 
contexts, we show that it leads to pervasive H3K27ac deposition across the genome and its 
enrichment at repeat elements. Conversely, active enhancers and promoters are not created de 
novo and instead reflect genes that define developmental states of origin between H3K27M and 
H3K27WT HGGs. The expression of repeat elements elevated at baseline by H3K27M can be 
further amplified by DNA demethylation and histone deacetylase inhibitors. These agents may 
therefore modulate anti-tumor immune responses as a novel therapeutic modality for this 
untreatable disease.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 - Impact of folate over-consumption during pregnancy or mild MTHFR deficiency on 
neurodevelopment in mice 

Marta Cosín-Tomás1, Yan Luan1, Renata H. Bahous1, Rima Rozen1,2 

1Department of Human Genetics, McGill University, Montreal, Quebec, Canada, 2Department of 
Pediatrics, McGill University, Montreal, Quebec, Canada 

The prevalence of certain neurodevelopmental disorders (ND) has been rising over the last 
decades. Most of these disorders are multifactorial, resulting from a combination of genetic and 
potentially modifiable psychosocial and environmental factors e.g. parental nutrition. Recent 
concerns have been raised regarding high folate intake during pregnancy and lactation, 
particularly following food fortification and increased vitamin supplement use. Recently, we 
reported that consuming 10-fold higher folate than recommended levels during pregnancy and 
lactation in mice leads to pseudo-MTHFR deficiency and memory impairment in offspring. In the 
present study, our goal was to use folic acid (FA) levels that are comparable to those regularly 
consumed by women. In addition, given the fact that genetic variants in folate metabolism, such 
as MTHFR 677C>T, are associated with increased risk for ND, we wanted to uncover potential 
interactions between folate over-consumption and the presence of this polymorphism. 
Therefore we studied Mthfr+/+ and Mthfr+/- mice (model for 677C>T polymorphism) whose 
mothers were fed control diets (CD) or folic acid supplemented diets (FASD) containing 5-fold 
higher FA than recommended. Diets were initiated pre-pregnancy for one month, and continued 
throughout pregnancy and lactation. Offspring were evaluated by behavioral testing at four 
developmental stages until weaning, and relevant gene and protein expression analyses were 
performed in tissues collected from pups and dams. Pups of FASD mothers showed reduced 
exploratory activity at postnatal day (p) 14, while at p20 they exhibited hyperactivity-like 
behavior and memory impairment. MTHFR protein levels in liver were reduced in Mthfr+/- pups, 
as expected, and the phosphorylated form of MTHFR, which corresponds to the less active form 
of the enzyme, was increased in pups of FASD mothers irrespective of genotype. These results 
suggest that even a 5-fold higher FASD diet during pregnancy and lactation can trigger 
alterations in behavior accompanied by pseudo-MTHFR deficiency in offspring during 
development. 

 

 

 

 

 

 

 

 

 



5 - TRPV4, KRAS, and FGFR1 gain-of-function mutations drive giant cell lesions of the jaw 

Carolina Cavalieri Gomes1,2, Tenzin Gayden1, Andrea Bajic1, Osama F. Harraz3, Jonathan Pratt1, 
Hamid Nikbakht1,4, Eric Bareke1,4, Marina Gonçalves Diniz5, Wagner Henriques Castro5, Pascal St-
Onge6, Daniel Sinnett6,7, HyeRim Han8, Barbara Rivera8,9, Leonie G. Mikael10, Nicolas De Jay1, 
Claudia L. Kleinman1,8, Elvis Terci Valera1,11, Angelia V. Bassenden12, Albert M. Berghuis12, Jacek 
Majewski1,4, Mark T. Nelson3,13, Ricardo Santiago Gomez1,5, Nada Jabado1,10 

1Department of Human Genetics, McGill University, Montreal, QC, Canada, 2Department of 
Pathology, Biological Sciences Institute, Universidade Federal de Minas Gerais, Belo Horizonte, 
Minas Gerais, Brazil, 3Department of Pharmacology, Larner College of Medicine, University of 
Vermont, Burlington, VT, USA, 4McGill University and Genome Quebec Innovation Centre, 
Montreal, QC, Canada, 5Department of Oral Surgery and Pathology, Faculty of Dentistry, 
Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil, 6CHU Sainte-Justine 
Research Center, Université de Montréal, Montreal, QC, Canada, 7Department of Pediatrics, 
University of Montreal, Montreal, QC, Canada, 8Lady Davis Research Institute, Jewish General 
Hospital, Montreal, QC, Canada, 9Gerald Bronfman Department of Oncology, McGill University, 
Montreal, QC, Canada, 10Department of Pediatrics, McGill University and McGill University 
Heath Centre Research Institute, Montreal, QC, Canada, 11Department of Pediatrics, Ribeirão 
Preto Medical School, Universidade de São Paulo, São Paulo, Brazil, 12Department of 
Biochemistry, McGill University, Montreal, QC, Canada, 13Institute of Cardiovascular Sciences, 
University of Manchester, Manchester, UK 

Giant cell lesions of the jaw (GCLJ) are debilitating tumors of unknown origin with limited 
available therapies. Here, we analyze 58 sporadic samples using next generation or targeted 
sequencing and report somatic, heterozygous, gain-of-function mutations in KRAS, FGFR1, and 
p.M713V/I-TRPV4 in 72% (42/58) of GCLJ. TRPV4 p.M713V/I mutations are exclusive to central 
GCLJ and occur at a critical position adjacent to the cation permeable pore of the channel. 
Expression of TRPV4 mutants in HEK293 cells leads to increased cell death, as well as increased 
constitutive and stimulated channel activity, both of which can be prevented using TRPV4 
antagonists. Furthermore, these mutations induce sustained activation of ERK1/2, indicating 
that their effects converge with that of KRAS and FGFR1 mutations on the activation of the 
MAPK pathway in GCLJ. Our data extend the spectrum of TRPV4 channelopathies and provide 
rationale for the use of TRPV4 and RAS/MAPK antagonists at the bedside in GCLJ. 

 

 

 

 

 

 

 

 



6 - Characterizing the Expression Pattern and Requirement of Sf3b4 During Mouse Embryonic 
Development 

Shruti Kumar1, Sabrina S. Alam1, Wesley Chan1, Marie-Claude Beauchamp1, Loydie Jerome-
Majewska1 

1Université McGill 

Nager Syndrome (NS) is a rare disorder that affects the face as well as the limb including both 
hands and feet. Patients with NS typically have malar and mandibular hypoplasia, cleft palate, as 
well as hearing problems. Limb defects include radial hypoplasia as well as thumb abnormalities. 
Using exome sequencing, NS was attributed to haploinsufficiency of the SF3B4 gene, an 
important component of the U2 subunit of the spliceosome complex. We hypothesized that 
Sf3b4 will show tissue-specific expression during development and that mice with heterozygous 
mutation in this gene will model NS.  To create heterozygous Sf3b4 mutant mice, we used 
CRISPR/Cas9 to target loxP sequences in intronic regions flanking exon 2 and 3 of the Sf3b4 
gene. We will breed loxP founders with Wnt-1 Cre transgenic mice, and report the resulting 
phenotypes. Additionally, whole mount in situ hybridization was used to examine expression of 
Sf3b4 during embryonic development of wild type mouse. We found that Sf3b4 shows 
ubiquitous expression at early stages of development. In midgestation embryos, although still 
globally expressed, Sf3b4 expression becomes stronger in the maxillomandibular region, limbs 
and tail bud. Our research will elucidate the expression of Sf3b4 in embryonic tissues affected in 
NS patients and generate a mouse model that will be used to further characterize the molecular 
basis of this syndrome. As there are currently no mouse models or therapy available for NS, our 
work will help to identify some of the targets of Sf3b4 and pave the path for the creation of new 
therapies for spliceosomal disorders. 

 

 

 

 

 

 

 

 

 

 

 

 



7 - EFTUD2, the gene responsible for mandibulofacial dysostosis with microcephaly (MFDM), is 
required for implantation and craniofacial development in mouse 

Marie-Claude Beauchamp3, Anissa Djedid1, Kevin Daupin3, Kayla Cl3, Jacek Majewski1, Loydie 
Jerome-Majewska1,2,3 

1Department of Human Genetics, McGill University., 2Department of Pediatrics, Anatomy and 
Cell Biology, McGill University, 3McGill University Health Center Research Institute, Glen site 

Haploinsufficiency of EFTUD2 is associated with MFDM, but the etiology of this syndrome 
remains unknown. Using the mouse as a model system, we characterized expression and 
requirement for Eftud2 during embryogenesis. In situ hybridization was used to examine 
expression of Eftud2, while CRISPR/Cas9 was used to generate mice with deletion (Eftud2 del) 
and conditional mutation of exon 2 of Eftud2 (Eftud2 flox). At embryonic days (E) 7.5 and 8.5, 
Eftud2 was highly expressed in ectodermal and mesodermal components of the developing 
craniofacial region, and in the body wall and developing heart from E9.5. Eftud2 del 
heterozygous mice were viable and fertile, though embryos showed reduced levels of Eftud2 
mRNA and protein. In contrast, Eftud2 del homozygous mutant embryos arrest at E3.5 and 
failed to grow and hatch ex vivo. The Wnt1-Cre2 transgenic line was used to delete exon 2 of 
Eftud2 specifically in neural crest cells. Eftud2 flox homozygous mutant embryos carrying the 
Wnt-Cre2 transgene displayed hypoplasia of the midbrain and pharyngeal arches starting at 
E9.5. By E11.5, most embryos also had an open neural tube and all embryos showed 
exencephaly at E14.5. Cartilage preparations revealed an absence of cartilage in the head, 
reduced/or absence of Meckel’s cartilage, and abnormal inner ear development. Since deletion 
of exon 2 is predicted to generate a truncated protein with partial function, our data suggest 
that normal levels of Eftud2 is crucial during embryogenesis.   

 

 

 

 

 

 

 

 

 

 

 

 

 



8 - Role of Mei1 in oocyte maturation and early embryo development 

Zhao-Jia Ge (Postdoc)1, Teruko Taketo-Hosotani2, Rima Slim*1 

1Research Institute of MUHC, Department of Human Genetics, McGill University, 2Department of 
Surgery, Research Institute of MUHC 

DNA double strand break (DSB) is important for homologous chromosome   recombination 
during meiosis. Mutations in genes responsible for DSB induce infertility and sterility in mice and 
humans. Mei1 (meiosis defective 1) mutation induces deficiency of DSB and infertility in mice. In 
Mei1 mutant mice, male and female germ cells arrest mainly at the zygotene/pachytene and 
metaphase I stage (MI), respectively. However, some oocytes develop to the metaphase II stage 
(MII), but have delayed maturation. When COCs were cultured in vitro for 17-19h, only 35% of 
oocytes extruded the first polar body (1st pb) and developed to MII stage. However, most of the 
1st pb appeared abnormal, for example two 1st pb, large 1st pb and 1st pb with rough surface. We 
next analyzed the spindles and chromosomes using immunofluorescence. We found that most 
of the oocytes with 1st pb have abnormal spindles and misaligned chromosomes, such as tripolar 
spindles, misaligned chromosomes on the spindles, misaligned chromosomes on the equator, all 
chromosomes and spindles extruded into 1st pb, etc. Similar abnormalities were also observed in 
oocytes matured in vivo. We further mated mutant females with normal males and monitored 
embryos development in vitro. We tested pronuclei formation using immunofluorescence and 
found that pronuclei formation was affected in mutant mice and some zygotes had paternal 
chromosomes but without maternal chromosomes, which were extruded into the pb. When 
embryos were cultured for 5 days, we found that most arrested at 2-cell to 4-cell stages only 
about 3% could develop to blastocyst but none hatched. Wild type female mice at the same age 
were used as control for all the experiments. Our results indicated that defects in DSB formation 
induce abnormal oocyte maturation and early embryo development that may be the main 
reason of infertility. 

 

 

 

 

 

 

 

 

 

 

 



9 - The effect of vestibulo-ocular dysfunction on clinical recovery times following pediatric 
concussion 

Elizabeth Teel1, Christine Beaulieu2, Debbie Friedman2,3, Lisa Grilli2, Luke Hong2, Stephanie 
Mackenzie2, Isabelle Gagnon1,2 

1McGill University, Faculty of Medicine (School of Physical and Occupational Therapy), Montréal, 
QC, Canada, 2The Montreal Children’s Hospital (McGill University Health Centre, Trauma 
Centre), Montreal, QC, Canada, 3Canadian Hospitals Injury Reporting and Prevention Program, 
Canada 

Background: High rates of vestibulo-ocular (VO) dysfunction are reported following pediatric 
concussion. However, VO assessments are often not part of routine clinical care and most 
available research is cross-sectional. Objectives: To determine if individuals with VO dysfunction 
have longer clinical recovery and rehabilitation times than individuals with no VO 
deficits. Design: Prospective cohort. Setting: Specialty concussion clinic at a tertiary care 
pediatric hospital. Participants: Ninety-eight children and youth (56 males, 42 females, age= 
14.28 ±2.18) with mTBI. Intervention: The Vestibular/Ocular Motors Screening (VOMS) is a brief 
assessment of the following domains: (1) smooth pursuit, (2) horizontal and vertical saccades, 
(3) convergence, (4) horizontal vestibular ocular reflex, and (5) visual motion sensitivity. Patients 
rate headache, dizziness, nausea, and fogginess (0-none to 10-severe) before and after each 
domain. VOMS findings were abnormal if the clinician observed gross VO dysfunction or if the 
patient reports symptom exacerbation. Patients were followed longitudinally until full 
discharge. Outcomes Measures: Time to full clinical recovery (days between concussion and 
discharge) and total rehabilitation time (days between rehabilitation initiation and 
discharge). Analysis: Cox proportional hazard models analyzed the effect of VO dysfunction on 
clinical recovery and rehabilitation times. Age, sex, post-injury symptoms, and concussion 
history were included as covariates. Results: A total of 25 (25.5%) children and youth presenting 
to the clinic (abnormal VOMS= 38.7 ±40.3 days post-injury, normal VOMS= 28.0 ±46.3 days post-
injury; p=0.45) had at least one abnormal finding on the VOMS. Abnormal VO findings were 
associated with significantly longer clinical recovery (p=0.006; Hazard Ratio: 2.37, 95% CI: 1.28-
4.41) and rehabilitation time (p=0.03; Hazard Ratio: 1.97, 95% CI: 1.08-3.62). Conclusions: 
Abnormal VO findings were associated with significantly longer clinical recovery and 
rehabilitation times. Earlier identification of VO deficits and rehabilitation referrals may speed 
recovery. 

 

 

 

 

 

 

 

 



10 - Folate metabolism is linked to dynamic DNA methylation in human sperm 

Donovan Chan1, Xiaojian Shao2,3, Marie-Charlotte DUMARGNE1,4, Mahmoud Aarabi5, Maria C San 
Gabriel1,6, Armand Zini1,6, Clifford Librach7, Sergey Moskovtsev7, Elin Grundberg3,8, Guillaume 
Bourque2,3, Tomi Pastinen3,8, Jacquetta Trasler1,3,9 

1Research Institute of the McGill University Health Centre, Montréal, Canada, 2Canadian Centre 
for Computational Genomics, McGill, University, Montréal, Canada, 3Department of Human 
Genetics, McGill University, Montréal, Canada, 4Departments of Animal Sciences, McGill 
University, Montréal, Canada, 5Medical Genetics & Genomics Laboratories, Magee-Womens 
Hospital of UPMC and Department of Obstetrics, Gynecology and Reproductive Sciences, 
University of Pittsburgh School of Medicine, Pittsburgh, United States, 6Division of Urology, 
Department of Surgery, McGill University, Montréal, Canada, 7CRe Ate Fertility Centre, Toronto, 
Canada, 8Center for Pediatric Genomic Medicine, Children’s Mercy Kansas City, Kansas City, 
United States, 9Departments of Pediatrics and Pharmacology and Therapeutics, McGill 
University, Montréal, Canada 

Background: The sperm DNA methylation landscape is unique and critical for offspring health.  If 
some gamete-derived DNA methylation escapes reprogramming in early embryos, epigenetic 
defects in sperm may be transmitted to the next generation.  Current techniques to assess 
sperm DNA methylation show bias towards CpG dense regions and do not target areas of 
dynamic methylation, those predicted to be environmentally-sensitive and tunable regulatory 
elements. Results: To assess variation in human sperm DNA methylation, we performed deep 
whole genome bisulfite sequencing on an equimolar pool of sperm DNA from 30 men varying in 
age, fertility status, MTHFR genotype and exposures.  Nearly 940,000 sites possessing 
intermediate methylation levels (20-80%), termed dynamic sperm CpGs, were identified.  These 
sites, along with 2.2 million commonly assessed genic and intergenic CpGs, were used to 
customize a novel human sperm methylation capture panel, allowing for targeted and high 
coverage sequencing.  The panel was then used to examine effects of folate metabolism 
perturbations on sperm DNA methylation patterning.  As compared to MTHFR 677CC men, 
those with the 677TT genotype, which is associated with a 50-60% decrease in MTHFR activity, 
had both hyper- and hypomethylation in their sperm. High dose folic acid supplement treatment 
exacerbated hypomethylation in MTHFR 677TT men compared to 677CC. In both cases, >80% of 
altered methylation was found in dynamic sperm CpGs, uniquely measured by our 
assay. Conclusions: Our human sperm methylation capture panel allowed the discovery of 
differential methylation following conditions affecting folate metabolism in novel dynamic 
sperm CpGs.  Improved ability to examine variation in DNA methylation in sperm allows for 
comprehensive study of environment-epigenome interactions. 

 
 

 

 

 

 



11 - Interleukin-1 blockade added to hypothermia in neonatal encephalopathy due to 
inflammatory-sensitized hypoxia-ischemia. 

Mathilde Chevin1, Clémence Guiraut1,2, Guillaume Sébire1,3 

1McGill University, 2CHU Sainte-Justine, 3Université de Sherbrooke 

Objective: Pure hypoxia-ischemia (HI) or inflammatory-sensitized HI are the most prevalent 
clinical scenario underlying neonatal encephalopathy (NE). Neuroprotective treatment in NE 
consists in therapeutic hypothermia (HT). Recent evidence demonstrated that HT can alter the 
pharmacokinetic and pharmacodynamic parameters of drugs and induce unexpected or adverse 
effects. Our team and others recently showed that HT fails to counteract the activation of the 
interleukin-1 (IL-1) system which plays a key role in NE (Chevin et al., 2016). Before evaluating 
the added value of IL-1 receptor antagonist (IL-1Ra) to HT, it is important to test the effect of HT 
on IL-1Ra pharmacodynamic parameters. 

Methods: We used a rat model of lipopolysaccharide (LPS)+HI-induced NE at postnatal day 12 
(P12), as described (Chevin et al., 2016). Pups were submitted to HT (32° ± 0.5°C, 4 h) and/or IL-
1Ra (50 - 200 mg/kg q12 h from P12 to P14). Extent of brain injuries (histological 
measurements), motor behavioral tests, and expressions of neurotoxic inflammatory cytokines 
(IL-1β, tumor-necrosis factor-α (TNF-α)) were assessed to define the efficacy of IL-1Ra. 

Results: We showed that HT induced a 2-fold increase of the IL-1Ra titers within the plasma, 
cerebrospinal fluid and hemisphere exposed to LPS+HI. In HT conditions, IL-1Ra induced 
significant upregulations of IL-1b and TNF-a productions within the brain. We did not observe 
any added value of IL-1Ra to HT on LPS+HI-induced brain injury. HT+IL-1Ra at the dose of 200 
mg/kg dramatically increased the extent of cerebral injury. 

Conclusion: The lack of effects of the combination of IL-1Ra + HT compared to IL-1Ra alone in 
the same model could be explained by the effect of HT on the IL-1Ra metabolism (Savard et al., 
2015).  

 

 

 

 

 

 

 

 

 

 



12 - Placenta as a sensitive indicator of genome-wide DNA methylation perturbations 
associated with assisted reproduction and folic acid supplementation 

Josée Martel1, Sophia Rahimi1,2, Gurbet Karahan1,2, Donovan Chan1, Camille Angle3, Jacquetta 
Trasler1,2,3,4 

1McGill University Health Centre Research Institute, 2Department of Human Genetics, McGill 
University, 3Department of Pharmacology & Therapeutics, McGill University, 4Department of 
Pediatrics, McGill University, Montreal 

Accumulating evidence indicates that children conceived by assisted reproductive technologies 
(ARTs) are at increased risk for adverse perinatal outcomes and genomic imprinting disorders, 
and in many cases associated with DNA methylation defects. To establish and maintain proper 
methylation profiles during early embryo development, the availability of methyl donors such as 
dietary folate is essential. We examined the effect of ART in combination with folic acid 
supplementation on genome-wide DNA methylation and assessed if the placenta could be used 
as an indicator of the methylation perturbations affecting the embryo. Female mice were fed 
with diets containing 3 levels of folic acid supplementation for 6 weeks prior to ART, and 
throughout gestation. DNA methylation patterns were examined in mid-gestation in female 
embryos and placentas using Reduced Representation Bisulfite Sequencing (RRBS). In normal 
embryos, the use of ART generated mainly hypomethylated tiles while the effect was more 
pronounced in the delayed embryos. Interestingly, compared to embryos, placentas were the 
most affected. The hypomethylated regions in normal placentas and delayed embryos exhibited 
a highly significant enrichment for key genes involved in embryo development. Folic acid 
supplementation at low dose corrected the ART-induced hypomethylation in all tissues while 
the higher dose still led to a higher proportion of hypomethylation in normal placentas. The 
genic hypomethylated regions specifically associated with higher level of supplementation 
showed that placenta and delayed embryos were once again significantly enriched in similar 
embryonic developmental pathways. The data presented here suggest that while low dose folic 
acid supplementation may have a protective effect, the use of a higher dose might not be as 
beneficial. In addition, we suggest that normal placenta might reflect what is happening in more 
affected embryos and may serve as a sensitive indicator of early epigenetic dysregulation and 
assist in the prediction of embryo outcomes. 

 

 

 

 

 

 

 

 



13 - Rspo1 Enhances Integration Of Nephron Progenitor Cells Into Glycerol-Damaged Renal 
Tubules 

Kyle Dickinson1, Leah Hammond2, Thomas Carroll3, Paul Goodyer2,4 

1Department of Experimental Medicine, McGill University, 2Department of Human Genetics, 
McGill University, 3Department of Molecular Biology, UT Southwestern, 4Department of 
Paediatrics, McGill University of Health Centre 

Background: Primed WT1(+); CD24(+) cells from embryonic mouse kidneys are able to integrate 
into damaged adult kidneys after glycerol-induced acute kidney injury (AKI). Pre-treating the 
cells with an inhibitor of the Wnt/β-catenin signalling pathway (WNT) significantly diminished 
tubular integration, highlighting the importance this pathway in this process. We hypothesize 
that embryonic nephron progenitor cells (NPCs) have been primed to respond to WNTs, and 
these cells are competent to integrate into an injured adult kidney. In this study, we used M15 
cells, derived from early embryonic mouse kidney to identify critical molecules in the Wnt/β-
catenin signalling pathway that define the primed NPC. 

Methods: To measure activation of the canonical WNT-pathway, we transfected M15 cells with 
8X TOPFlash. AKI was induced by intramuscular injection of glycerol. M15 cells were 
administrated to the mouse by tail vein injection. 

Results: The treatment of M15 cells with recombinant WNT9b resulted in minimal luciferase 
activity, suggesting that a signalling component is missing. We analyzed M15 cells for 
components of the WNT-pathway and detected mRNA expression of Frizzled1-6, Lrp6 but not R-
spondin1 (Rspo1). To ascertain whether absence of RSPO1 -a WNT agonist- accounts for the lack 
of responsiveness, we transfected M15 cells with Wnt9b in the presence of recombinant RSPO1 
and observed a 4.77-fold increase in luciferase activity. Given the rescue of WNT-responsiveness 
upon RSPO1 addition and to test whether RSPO1 treated M15 cells integrate better than M15 
cells alone in an AKI model, we injected red-labelled cells into glycerol-injured mice. Mice that 
received M15+RSPO1 displayed a marked increase in cells integrated into the damaged kidney 
compared to the M15 alone. 

  

Conclusion: These data suggest RSPO1 as a critical component to render NPCs responsive to a 
WNT9b signal and also enhances cell integration in an AKI model. These data have implications 
in future cell-based therapies to treat human AKI. 

 

 

 

 

 

 



14 - Claudins and cell surface carbohydrates in neural tube closure 

Elizabeth-Ann Legere1,2, Alexa Saliou3, Aimee Ryan1,2 

1McGill University, 2McGill University Health Centre, 3Paris Diderot University 

The neural tube, which develops into the nervous system, begins as a flat sheet of cells whose 
edges rise and fold together along the dorsal plane of the embryo. Improper closure of the 
neural tube can cause nervous system defects such as spina bifida or anencephaly. The process 
of neural tube development depends on cell shape changes, migration, and tissue fusion –  all of 
which are known to involve cell-to-cell contact. The Claudin protein family, critical for the 
formation of cell contacts, are tetrameric membrane proteins. They are key components of tight 
junctions, the most apical connection between cells that control cell polarity, adhesion, and 
paracellular permeability. Using chick embryos as a model to study neural tube development, 
our lab has shown that removal of Claudin-3 from tight junctions causes neural tube closure 
defects. In scanning electron microscope (SEM) images, Claudin-3 depleted embryos were also 
lacking a mesh structure seen along the edges of the closing neural tube, which is proposed to 
act as a temporary adhesion between the neural folds. Previous studies in the 1970s showed 
that this mesh structure is composed of cell-surface carbohydrates, which have been implicated 
in the process of neural tube closure. I have categorized the pattern of a subset of cell surface 
carbohydrates and discovered that lectins that bind to these carbohydrates can inhibit neural 
tube closure. I am also characterizing how these patterns change in Claudin-3 depleted embryos 
and examining the localization of proteins involved in the extracellular matrix that may be mis-
localized in Claudin-3 depleted embryos. These studies suggest novel roles for the Claudin family 
of tight junction proteins in regulating secretion of the extracellular matrix that is required to 
mediate neural tube closure.  

 

 

 

 

 

 

 

 

 

 

 

 

 



15 - Targeting claudins to modify tight junction barrier for improved stem cell homing   

Enrique Gamero Estevez1,4, Amanda Baumholtz2,4, xiangfan Zhang3,4, Aimee K. Ryan1,4, Makoto 
Nagano3,4 

1Department of Human Genetics, 2Department of Experimental Medicine, 3Department of 
Obstetrics and Gynecology, McGill University, 4RI-MUHC 

Anti-cancer therapy can lead to infertility in male cancer survivors due to the loss of 
spermatogonial stem cells (SSCs). Sperm banking is an option for adults, but not for prepubertal 
boys. A strategy to preserve fertility of this vulnerable patient population is to cryopreserve SSCs 
before therapy and transplant them post-treatment into testes; then, SSCs home to stem cell 
niches in testes and regenerate spermatogenesis. To reach their niches, SSCs must migrate 
through the blood-testis barrier (BTB) after transplantation. The BTB, a form of tight junctions 
generated by apposing Sertoli cells, is rich in Claudin-3, -8 and -11. Our research goal is to 
manipulate claudins in the BTB to transiently open the barrier and improve the efficiency of SSC 
migration. To this end, we use (1) the non-toxic domain of the C. perfringens enterotoxin (C-
CPE) that binds to Cldn3, -4, -6, -7, -8 and -14 and removes them from tight junctions and (2) 
synthetic peptides that carry binding sequences of specific claudins, which we call “NT 
peptides”, thereby tools can be developed that potentially affect any claudin, including family 
members that are not targeted by C-CPE (e.g., Claudin11). We observed a >2-fold increase in the 
efficiency of SSC homing when donor cells were transplanted with C-CPE. Preliminary data 
indicated that NT fusion peptides removed some claudins in vitro. Applications of NT peptides in 
vivo are currently underway to examine their effects on spermatogenesis regeneration. Our 
technique may provide a novel approach to more effective fertility preservation/ restoration for 
cancer survivors.  

 

 

 

 

 

 

 

 

 

 

 

 

 



16 - Mutations in Human Histone H3 are Pre-leukemic Events that Promote Hematopoietic 
Stem Cell Expansion and Leukemic Aggressiveness 

Meaghan Boileau1, Margret Shirinian2, Tenzin Gayden1, Ashot S. Harutyunyan1, Carol C.L. Chen1, 
Leonie G. Mikael1, Heather M. Duncan1, Andrea L. Neumann1, Patricia Arreba Tutusaus1, Nicolas 
De Jay1, Michele Zeinieh1, Katya Rossokhata1, Yelu Zhang1, Hamid Nikbakht1, Carine Mouawad2, 
Radwan Massoud2, Felice Frey2, Ribab Nasr2, Jean El Cheikh2, Marwan El Sabban2, Claudia L. 
Kleinman1, Rami Mahfouz2, Mark D. Minden3, Nada Jabado1, Ali Bazarbachi2, Kolja Eppert1 
1McGill University, 2American University of Beirut, 3Princess Margaret Cancer Centre, University 
Health Network, University of Toronto 

Aberrant epigenetic regulation is often an early step in the development of acute myeloid 
leukemia (AML). Our ability to prevent or treat AML is limited by our incomplete understanding 
of this epigenetic disruption, including improper histone methylation. Rare K27 mutations in 
histone H3 have been identified in T-acute lymphoid leukemia, myelodysplastic syndrome and 
AML. Here, in a comprehensive analysis of all histone H3 genes, we demonstrate that H3 
mutations are early events in AML leukemogenesis. 

We sequenced 16 H3 genes in 434 primary AML samples and identified 7 mutations (1.6%) 
(HIST1H3F-K27I, HIST1H3H-K27M, H3F3A-K27M/A26P, HIST1H3A-Q69H, H3F3C-R2Q/R8H), with 
an enrichment in secondary AML (9%). The mutations were present in the founding clones 
indicated by high variant allele frequencies. In two cases with corresponding normal samples, 
we identified Q69H and K27M mutations in pre-leukemic hematopoietic stem cells (HSCs). 

Consistent with a role in pre-leukemic HSC clonal expansion, primary and secondary 
xenotransplantation confirmed that K27M/I mutant histones increased normal human HSC 
frequency. Furthermore, K27 and Q69 mutations altered myeloid and erythroid differentiation. 
In established AML, K27M/I mutations increased proliferation and progenitor frequency in vitro 
demonstrated by colony formation unit assay and drastically increased leukemic aggressiveness 
in vivo. We performed RNA-seq and ChIP-seq analyses and observed changes in gene 
expression, with a global decrease in H3K27 trimethylation in AML cells with the K27M/I 
mutations. Furthermore, there was a more drastic loss of H3K27 tri-methylation at promoters of 
upregulated genes and a concurrent increase in H3K27 acetylation. Gene ontology analysis 
indicated alterations in regulators of biological processes involved in erythrocyte and myeloid 
differentiation. These findings place H3 mutations alongside ASXL1 and EZH2 mutations as 
drivers of an altered histone epigenome in pre-leukemia and secondary AML.  

 

 

 

 

 

 

 



17 - Characterization of Somatic Mutations in mTOR Pathway Genes in Focal Cortical 
Dysplasias 

Eric Krochmalnek1,2, Andrea Accogli3, Judith St-Onge2, Nassima Addour2, Roy Dudley4, Ken 
Myers3,4, François Dubeau4, Jason Karamchandani5, Jean-Pierre Farmer4, Jeffrey Atkinson4, 
Jeffrey Hall4, Chantal Poulin3,4, Bernard Rosenblatt3,4, Joël Lafond Lapalme2, Steffen Albrecht5, 
Jean-Baptiste Rivière2, Myriam Srour3 

1Integrated Program in Neuroscience, McGill University, 2MUHC-RI, 3Dept. Pediatrics, MUHC, 
4Dept. Neurology and Neurosurgery, MNI, 5Dept. Pathology, McGill University 

BACKGROUND: Focal cortical dysplasias (FCDs) are congenital structural abnormalities of the 
brain and represent the most common cause of medication-resistant focal epilepsy in children 
and adults. When possible, surgical resection of affected tissue is performed as treatment. 
Recent studies have shown that somatic mutations, which are embryonic mutations arising after 
fertilization, underlie some FCD cases. To date, these somatic mutations have been found in 
genes of the mTOR pathway, an intracellular signaling pathway important for cell cycle 
regulation and migration. Specific therapies targeting the mTOR pathway are presently 
available, allowing for potential personalized treatment. However, testing for somatic mTOR 
pathway mutations in FCD tissue is not performed on a clinical basis, and the contribution of 
such mutations to the pathogenesis of FCD remains unknown.  

AIM: Our objective is to investigate the feasibility of screening for somatic mutations in FCD 
tissue and to determine the proportion of FCDs which are due to low-level somatic mutations in 
mTOR pathway genes. Furthermore we will determine for each patient the spatial distribution 
of mTOR mutations throughout resected FCD tissues.  

METHODS: We will perform ultra-deep sequencing of 13 genes belonging to the mTOR pathway 
using a custom HaloPlexHS target enrichment kit (Agilent Technologies) in 30 resected FCD 
specimens.  

RESULTS: To date, we have screened 16 histologically confirmed FCDs, and have identified 
causal mutations in 50% (8/16) of patients. We were able to detect causal somatic mutations 
present in mutation loads as low as 0.75%. Distributions of the mutation loads correlated to the 
size of the FCD lesions and the severity of the histopathological abnormalities.  

CONCLUSIONS:  Screening mTOR pathway genes in resected FCDs using a custom panel results 
in a high yield, is feasible in a clinical setting, and should be considered given the important 
potential implications regarding surgical resection, medical management and genetic 
counselling. 

 

 

 

 

 



18 - The Role of Odd-Skipped Related 1 in Urinary Tract Development  and Extracellular Matrix 
Regulation in the Pathogenesis of Vesicoureteric Reflux. 

Vasikar Murugapoopathy2, El Andalousi J1, Fillion M.L2, Tokhmafshan F2, Indra Gupta1,2 

1McGill University Health Centre, 2McGill University 

Vesico-ureteric Reflux (VUR) is a common developmental urinary tract defect that results in 
urine flowing towards the kidneys from the bladder from a defect in the connection between 
the ureter and bladder. The specific developmental causes of reflux are still unknown; however 
extracellular matrix (ECM) defects are seen in children with VUR. Odd-skipped related 1 (OSR1) 
is a transcription factor, and one of the earliest markers of the intermediate mesoderm. Osr1 is 
expressed in several embryonic mouse tissues including the urogenital system. Osr1 has been 
shown to be important for nephrogenic and fibrogenic stem cell survival in the developing 
kidneys and limbs respectively. Osr1 has also been shown to regulate ECM genes during mouse 
limb formation. Previously, we have shown that Osr1 is expressed in the developing ureter and 
bladder, and that Osr1+/ - mice have a higher incidence of VUR compared to wildtype littermates. 
We hypothesize that Osr1 is important for bladder development and ECM formation, which -
when perturbed- can result in defects resulting in VUR. Osr1 is expressed in the muscle, lamina 
propria and urothelial layers of the bladder at embryonic day 15, onward. Interestingly, Osr1 is 
also expressed in cells expressing vimentin, a marker of mesenchymal stem cells in the lamina 
propria, which give rise to ECM producing fibroblasts of the bladder.  We observe by Van-Gieson 
staining that Osr1+/ - newborn pups have decreased collagen in the bladder. Finally we show by 
immunofluorescence and western blot analysis that collagen I was decreased in mutant 
bladders.  

 

 

 

 

 

 

 

 

 

 

 

 

 



19 - Lipidomics in Translational Research and Clinical Relevance for the Identification of 
Biological Fluids Sphingolipid Biomarkers for Mucopolysaccharidoses 

Farah El Turk1,2,3, John James Mitchell1,2,3 

1McGill University, 2McGill University Health Center, 3Research Institute of McGill University 
Health Center 

Lipids are emerging at the forefront of scientific research due to their prominence in the 
metabolism and pathogenesis of various diseases, ranging from neurodegenerative, 
inflammatory to metabolic disorders. With the development of mass spectrometric technologies 
and methodologies as tools for analysis, lipidomics is allowing a quantitative and comprehensive 
analysis of both specific lipid classes as well as individual lipid species within a biological system, 
and therefore, a better understanding of lipid-driven mechanisms. Mucopolysaccharidoses 
(MPS) are a group of rare inherited recessive metabolic disorders characterised by the paucity of 
the necessary lysosomal enzyme(s) required for the stepwise breakdown of specific metabolites, 
the glycosaminoglycans (GAGs), leading to accumulation in tissues and biological fluids. Despite 
its unique clinical manifestations, diagnosis delay of MPS still occurs. GAGs were proven to be 
inefficient biomarkers for disease outcome. Hence, lack of specific biomarkers makes it 
challenging to monitor therapies in patients. Drastic changes in GAGs contents in patients 
organs have been shown to affect the inflammatory pathway (i.e. TLR-4, TNF-α and 
sphingolipids ceramides). As part of a more extensive study looking at new biomarkers in MPS, 
we developed two new LC-tandem MS techniques based on targeted and semi-targeted 
sphingolipidomics to evaluate the level of three species of sphingolipids ceramides and identify 
new sphingolipids biomarkers in biological fluids of MPS patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 - Identification of Claudin-8 Interaction Partners during Neural Tube Closure 

Amanda Vaccarella1,2, Amanda Baumholtz1,2, Enrique Gamero-Estevez1,2, Aimee Ryan1,2 

1Department of Human Genetics, McGill University, 2The Research Institute of the McGill 
University Health Centre, Montreal, Quebec, Canada 

Claudins (Cldn) are a family of integral tight junction proteins. Removal of Cldn4 and Cldn8 from 
the neural ectoderm of chick embryos caused open neural tube defects (NTD) due to a failure of 
convergent extension and apical constriction. Protein localization at the apical cell surface was 
also disrupted in Cldn4/Cldn8-depleted embryos. Removal of only Cldn4 had no effect on neural 
tube closure, and led to an increase of Cldn8, suggesting that the upregulation of Cldn8 at tight 
junctions compensates for the absence of Cldn4. The claudin cytoplasmic C-terminal tail 
interacts with signaling and cytoskeletal protein complexes at the tight junction cytoplasmic 
face. To test the function of the Cldn8 C-terminal domain, three variants at putative 
phosphorylation sites (S198A, S216A, S216I) and a fourth variant with a deleted PDZ binding 
domain (Cldn8∆YV) were created. Electroporation of wild type Cldn8, ∆YV, and S216A into chick 
embryos had no effect on neural tube closure. The S216I variant resulted in open NTDs 
(p<0.002) and two-thirds of these embryos showed convergent extension defects. S198A caused 
only NTDs (p<0.002). We hypothesize that different domains within the Cldn8 C-terminal are 
required for its function during neural tube closure. The aims of my project are to: 1) identify 
proteins that interact with the Cldn8 cytoplasmic C-terminal domain, through pull-down assays 
and mass spectrometry, and 2) characterize the function of these Cldn8 interaction partners 
during neural tube closure. It is expected that these data will be relevant to claudin function in 
embryonic development and our understanding of diseases caused by claudin variants. 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 - Monitoring immunophenotypes of single extracellular vesicles by nano-flow cytometry  

Dongsic Choi1, Laura Montermini1, Hyeonju Jeong1, Brian Meehan1, Janusz Rak1 
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Extracellular vesicles (EVs) are membranous cellular fragments with varying sizes and molecular 
compositions between different EV subsets. While EVs are usually classified in bulk on the basis 
of their physical properties and biogenetic mechanisms, the emerging technologies including 
nano-flow cytometry enable insights into the architecture of the EV subpopulations including 
the molecular diversity and complexity of single EV. In this study, we developed a single vesicle 
analysis method using a high-resolution nano-flow cytometry combined with detection of 
fluorescent EV markers (CD63-GFP) and intraluminal labeling with CFSE. Using the nano-flow 
cytometer, equipped with a 405 nm violet laser for high sensitivity violet side scattering (VSSC), 
we optimized the ability of the instrument to resolve 7 different sizes of polystyrene beads from 
100 nm to 900 nm. We evaluated the sensitivity and specificity of this method using CFSE-
labeled and CD63-GFP-tagged EVs. We were able to detect EVs from 1E8 to 3E9 particles/mL as 
measured by nanoparticle tracking analysis. Also, we established an efficient antibody labeling 
protocol for in single and double labeling of EVs, and detected the existence of multiple EV 
populations in cancer cell supernatants, thereby directly exploring EV heterogeneity. Nano-flow 
cytometry analyses revealed differences between exosomes (110,000g) and ectosomes 
(10,000g), the latter exhibiting larger sizes paralleled by higher VSSC value and increased 
integrin-positivity relative to exosomes. Moreover, we were able to use this method to resolve 
the EV-association of two crucially important and functionally interrelated cancer cell receptors, 
tissue factor (TF/F3) and EGFR, and to monitor the output of TF-positive EVs following EGFR 
activation using 1-mL of conditioned medium at 24-h time point.  In conclusion, our results show 
that nano-flow cytometry can detect the dynamic alteration of EVs dependent on cellular status 
and extracellular stimuli with high sensitivity suggesting new opportunities to single vesicle 
immunophenotyping for multiple biological and diagnostic applications. 

 

 

 

 

 

 

 

 

 

 



22 - Could sildenafil Repair Hippocampal Brain Injuries In Term Neonatal Encephalopathy? 

Armin Yazdani11, Meng Zhu Shi1, Zehra Khoja11, Pia Wintermark11 

1Department of Pediatrics, Division of Newborn Medicine, Montreal Children’s Hospital 

INTRODUCTION: Neonatal encephalopathy remains a major cause of mortality and morbidity 
worldwide. Neonatal encephalopathy often leads to chronic activation of inflammatory cascades 
that hinders repair of the developing brain. Microgliosis and astrogliosis are activated in the rat 
model of hypoxia-ischemia (HI). The hippocampus, in particular, is a well-documented site of 
neuronal injury in neonatal HI. Sildenafil has been shown to reduce neuroinflammation in rat 
models of multiple sclerosis and Alzheimer disease, and it is already used safely to treat 
persistent pulmonary hypertension in human newborns. It may thus also be useful in newborns 
to modulate neuroinflammation following hypoxia-ischemia. OBJECTIVE: To determine how 
hippocampal brain injury develops and neuroinflammation is activated after neonatal hypoxia-
ischemia (HI) at term-equivalent age, and whether sildenafil may modulate this activation and 
impact neuronal number and vascular density. 

METHODS: Neonatal HI was induced in male Long-Evans rat pups at postnatal day 10 (P10) by 
left common carotid ligation followed by 2-hour exposure to 8% oxygen. Sham-operated rat 
pups served as control. Both groups were administered 0 (vehicle), 2, 10 or 50 mg/kg of 
sildenafil twice daily by oral gavage, starting from 12 hours post-HI for 7 consecutive days. At 
P30, rats were sacrificed and their brains extracted. CA1, CA3 and dentate gyrus (DG) areas of 
the ipsilateral hippocampus were analyzed for microgliosis (Iba1) and astrogliosis (GFAP), 
neuronal number (NeuN), and vascular density (collagen IV). HI caused a significant increase in 
the number of microglia and astrocytes in CA1, CA3 and DG regions of the hippocampus, 
compared to sham vehicle rat animals. Higher doses of Sildenafil (10mg/kg and 50mg/kg) 
significantly reduced the number of activated microglia and reactive astrocytes in CA1 and 
dentate gyrus of the hippocampus in HI animals. The highest dose of Sildenafil (50mg/kg) 
significantly increases neuronal number in the dentate gyrus of HI animals. 

 

 

 

 

 

 

 

 

 

 



23 - Spatially distinct populations of the actin nucleator MYO10 are associated with transzonal 
projection dynamics in mouse ovarian follicles  

Sibat  Anam1,2,3, Sofia Granados Aparici1,3, Qin Yang1,3, Hugh Clarke1,2,3 

1Department of Obstetrics and Gynecology, McGill University, Montreal, Quebec, Canada, 
2Division of Experimental Medicine, McGill University, Montreal, Quebec, Canada, 3Research 
Institute, McGill University Health Center, Montreal, Quebec, Canada 

Oocyte growth requires communication between the oocyte and the somatic granulosa cells 
that surround it. Throughout growth, granulosa cells and the oocyte are separated by an 
extracellular layer termed the zona pellucida. In order to maintain communication between the 
two, granulosa cells establish physical contact with the oocyte via filopodia-like structures 
known as transzonal projections (TZPs). These projections allow the direct transfer of essential 
nutrients and cell signals from the granulosa cells to the oocyte. Because the actin nucleator 
myosin 10 (MYO10) has been implicated in filopodial formation, we investigated the role of 
MYO10 in TZP dynamics. Using immunofluorescence, we observed populations of MYO10 foci at 
discrete locations in follicles throughout oocyte growth. Foci were located at the oocyte-facing 
side of the innermost layer of granulosa cells, in the zona pellucida, and in the oocyte cortical 
membrane. RNAi-mediated depletion of Myo10 in the oocyte also decreased the number of foci 
in the zona pellucida and oocyte cortical membrane. These results suggest that the small foci 
originate from the oocyte, whereas the foci at the oocyte-facing side of the innermost layer of 
granulosa cells may originate from the granulosa cells. Future studies are directed toward 
understanding the role of the these populations of MYO10 foci in TZP dynamics.  

  

Supported by Canadian Institutes for Health Research and the National Institutes of Health. 

 

 

 

 

 

 

 

 

 

 

 

 



24 - Genetics and Mechanisms of Congenital Mirror Movements 
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Congenital Mirror Movements (CMM) is a rare neurodevelopmental disorder, characterized by 
voluntary movements from one side of the body that are mirrored by involuntary movements 
on opposite side. It is considered a disorder of axonal guidance, and affected individuals have 
abnormalities in the corticospinal tract. We have performed whole exome sequencing in a large 
autosomal dominant family with CMM and identified ARHGEF7 (Gene ID: 8874) as a candidate 
gene. ARHGEF7 encodes the Rho guanine nucleotide exchange factor 7, which plays a role in 
regulating cell polarity, adhesion and migration. The purpose of this study is to validate the role 
of ARHGEF7 in the pathogenesis of CMM. We are using the zebrafish model to induce the 
frameshift mutation found in the CMM family (c.1751_1752del that leads to p.Asn584Thrfs*90 ) 
to better assess if this variant is responsible for the mirror movement phenotype and to further 
understand its mode of action. There are two orthologues of human ARHGEF7 in zebrafish: 
arhgef7a (Gene ID: 553493) and arhgef7b (Gene ID: 494081).  Both orthologues have similar 
identity levels with the human protein. Using CRISPR-Cas9 technology, we have created a 
CRISPR-induced knockout mutant at both zebrafish orthologues. We have obtained a 
heterozygous eleven nucleotide deletion resulting in a frameshift mutation for arhgef7a 
zebrafish in the F1 generation. We will continue crossing the mosaic arhgef7b F0 zebrafish to 
wild-type to achieve a similar frameshift mutation for this orthologue. Additionally, 
overexpression assays of wildtype and mutant human ARHGEF7 will be conducted in zebrafish 
and behavioral analyses of both wild-type and mutant larvae will be performed. To investigate if 
there are axonal defects with ARHGEF7, we will blindly examine three to five arhgef7 mutant 
zebrafish embryos using immunostaining with the antineurofilament M antibody αRMO44. 

 

 

 

 

 

 

 

 

 

 

 



25 - Characterizing the role of the Polycomb Repressive Complex 1 in the context of histone-
mutant H3 K27M and G34R/V pediatric high-grade gliomas.  

Jabbour E, Harutyanyan A, Ouanouki A, Lu Chen C, Krug BM, Bajic A, Jabado N  
 

Glioblastomas, arguably one of the most common and aggressive tumors in children and adults, 
show recurrent missense aberrations affecting the gene coding for the histone 3.3 variant 
protein in one third of pediatric cases. The common alterations mainly affected key amino acid 
residues at positions 27 (lysine to methionine, K27M) or 34 (glycine to arginine or valine, 
G34R/V) which, respectively, disrupted the levels and distribution of histone 3 lysine 27 tri-
methylation and histone 3 lysine 36 tri-methylation marks. While these marks usually have 
opposite expressional effect on genes, both mutations eventually led to an altered distribution 
of the H3K27me3 mark. In both mutant subgroups of GBMs, the polycomb repressive complex 2 
(PRC2) which normally mediates gene silencing, was impaired in either its localization or 
catalytic activity. The polycomb repressive complex 1, which recognizes the PRC2 H3K27me3 
mark and catalyzes the deposition of mono-ubiquitin on histone 2A lysine residue number 119, 
is another PcG complex known to participate in gene silencing at a later step of the repressive 
pathway. While rigorous efforts have been directed towards studying the early disruption of 
PRC2, analysis of subsequent steps mediated by PRC1 will provide a clearer insight into the role 
of this pathway in the development of glioblastomas. Using chromatin-immunoprecipitation 
paired with DNA high-throughput sequencing of the PRC1 RING1B factor and the H2AK119ub 
mark, we will characterize the role of PRC1 in the context of paediatric high-grade gliomas and 
obtain further understanding of this disease. Results comparison between histone-mutated 
primary glioblastomas, CRISPR-generated K27M and G34R/V isogenic knock-outs and histone 
wild-type GBMs will allow us to identify the role of PRC1 within pHGGs. 
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Leukodystrophies are a group of inherited brain white matter disorders that run a progressively 
debilitating course, typically leading to death months to years after onset, often in childhood. 
RNA polymerase III-related leukodystrophy (POLR3-HLD), the second most common type of 
hypomyelinating leukodystrophy, is caused by recessive mutations in POLR3A, 
POLR3B, and POLR1C. A retrospective chart review was performed on 5 patients with proven 
mutations and atypical POLR3-HLD phenotypes. MRI of 3 adult patients exhibiting a mild 
phenotype was typical of POLR3-HLD, but less-pronounced. Each patient had a 
homozygous POLR3B mutation (c.1568T>A, p.Val523Glu). MRI of the 2 severe patients revealed 
atypical POLR3-HLD patterns, where both patients had pathogenic heterozygous nonsense 
variants in POLR3A (Patient 1: c.2119C>T, p.Q707*; Patient 2: c.1681C>T, p.R561*), and an 
intronic variant leading to aberrant splicing (c.1771-7C>G). Functional studies were performed 
to explore implications on splicing. RT-PCR of cDNA synthesized from patient fibroblasts 
revealed three transcripts, and Sanger sequencing confirmed the skipping of exon 14, which 
causes a frameshift mutation (p.P591Mfs*9). Treatment of patient fibroblasts with 
cycloheximide, a nonsense mediated decay (NMD) inhibitor, led to an increase in both transcript 
levels, suggesting they are targeted by NMD. Despite both severe patients’ mRNA transcripts 
leading to a premature stop codon and target by NMD, both lived to infancy, suggesting the 
production of some wildtype transcript and therefore that the splicing variant is “leaky”. These 
findings illustrate the expansion of a known phenotype in the era of next generation sequencing 
by demonstrating a spectrum of severity with genotype-phenotype correlations present on each 
end, and shed light on the pathophysiological mechanisms underlying POLR3-HLD. 

 

 

 

 



 

27 - Involvement of Notch signaling between granulosa cells and oocyte at TZP tips 
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Germ cell development depends on bi-directional communication within the ovarian follicle. On 
one hand, the somatic cells which supply the germ cells with nutrients sustain their metabolic 
activity and send signals that regulate their differentiation. On the other hand, the oocyte sends 
signals that regulate the differentiation of the somatic granulosa cells. However, the specific 
signals that mediate this crucial communication are only partly understood. The Jagged-Notch 
pathway is a highly conserved signaling system known to be involved in many developmental 
processes. Being a cell contact-dependent pathway, Notch signaling requires the binding of 
membrane-bound Notch receptors to membrane-bound Jagged or Delta-like ligands on 
neighboring cells. This leads to the transcriptional activation of Notch target genes. Previous 
studies have shown that Jagged-Notch signaling is required for the formation of primordial 
follicles near the time of birth. During follicular growth, the oocyte continues to express Jagged 
while the granulosa cells continue to express Notch. However, because of the abnormal 
development of primordial follicles, it has not been possible to test the potential role of Jagged-
Notch signaling in follicular growth. First, the location of Notch in granulosa cells will be defined. 
The sole site of physical contact between the oocyte and granulosa cells is at the tips of 
specialized filopodia, termed transzonal projections (TZPs), that extend from the granulosa cells 
to the oocyte. As Jagged-Notch signaling requires cell contact, we predict that Notch will be 
localized where the TZP tips contact the oocyte plasma membrane. Next, we will determine 
effects on growth by blocking Jagged-Notch signaling by Jagged siRNA injections. This will 
determine whether depletion of Jagged impairs oocyte growth, communication between the 
oocyte and granulosa cells, or granulosa cell proliferation. Studying cell communication 
pathways such as Notch signaling could help us understand the mechanisms involved in the 
development of the ovarian follicle.  

 

 

 

 

 

 

 

 

 

 



 

28 - Intra-individual variation of sperm nuclear DNA integrity in infertile man 
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Background: Assessment of male infertility has mainly been based on the World Health 
Organization manual-based conventional semen parameters. Current literature supports that 
determination of sperm nuclear DNA integrity, as measured by sperm chromatin structure assay 
(SCSA) and TUNEL assay, can provide clinical prognostic values in male fertility status evaluation. 
The objective of our study was to evaluate the intra-individual variation of the results of SCSA 
and TUNEL assays among men who presented with a history of infertility. 

Methods: From January 2012 to June 2016, two semen samples were collected 2-4 months 
apart from a series of 104 men who presented with a clinical history of infertility from a 
university-based reproductive center. SCSA, TUNEL and Annexin-V binding were performed for 
all semen samples. The coefficient of variation (CV) of the assays were calculated using the 
formula (SD/mean) x 100%. We further analyzed the proportion of subjects with variation from 
the visits that switched their diagnostic category based on their diagnostic thresholds of the 
assays (25% for SCSA and 36% for TUNEL).  

Results: The mean CV was 19.96±15.4% for DFI measured by SCSA, 23.48±18.7% for TUNEL 
assays and 20.04±18.2% for annexin-V binding. Among the 104 men who had their semen 
analyzed by SCSA, 15 patients (14.4%) changed their diagnostic category using a cut-off of 25%. 
In parallel, 18 patients (17.3%) changed category as evaluated by the TUNEL assays using a cut-
off of 36%.  

Conclusion: In our cohort of infertile men, the CV’s among SCSA, TUNEL assays and Annexin-V 
binding were similar at about 20%. Interestingly, despite the variations of the assays, over 80% 
of infertile men remained in the same diagnostic categories from two evaluations. Further 
studies with a large sample size are required to determine if factors such as age, co-morbidity, 
conventional semen parameters have an impact on the CV of these assays.  
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Chromosome 17q12-q21 region harbors genetic variants associated with childhood asthma and 
inflammatory bowel disease in humans.  It spans protein-coding genes zona pellucida binding 
protein 2 (ZPBP2), gasdermin B (GSDMB), ORMDL sphingolipid biosynthesis regulator 3 
(ORMDL3), and gasdermin A (GSDMA).  Genetic variants in this region influence their expression 
levels. Therefore, regulatory variation is the likely mechanism by which 17q12-q21 genetic 
variants influence disease risk.  

The circadian rhythm is an important biological system, functioning as the organism’s core 
internal clock that regulates multiple functions, including the sleep-wake cycle, homeostasis, 
and metabolism. It regulates thousands of genes and may, in principle, be modified by genetic 
variation.  

The goals of this study were to determine if (a) the mouse orthologs of the candidate causal 
disease genes of chromosome 17q12-q21 are subject to circadian regulation, and (b) the 
deletion of the Zpbp2 gene that affects lipid metabolism and reduces airway 
hyperresponsiveness also modifies circadian regulation of neighboring genes.  We hypothesize 
that the circadian clock affects transcription and methylation levels of the candidate disease 
gene orthologs Zpbp2, Ormdl3, or Gsdma. Therefore, we analyzed the expression levels of these 
genes in the liver, lungs, and small intestine of adult C57BL/6J mice and found diurnal variation 
in the expression of Ormdl3 and Zpbp2.  The nuclear receptor subfamily 1, group D, member 1 
(Nr1d1) gene, located about 200 kb downstream of Zpbp2 and controls lipid metabolism and 
circadian rhythms, was also tested.  We also examined variation in DNA methylation of the 
Zpbp2 promoter/enhancer (P/E) region.  Finally, using Zpbp2 knockout (KO) mice that carry a 
deletion of the P/E region, we established that the P/E region is important for the diurnal 
expression profiles of Ormdl3 in liver and Nr1d1 in lungs and small intestine.   

We conclude that circadian rhythms in gene regulation should be taken into account in future 
studies. 
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Mitochondrial leukoencephalopathies are a subcategory of leukodystrophies, a predominately 
white matter neurodegenerative disease of the Central Nervous System. They primarily occur in 
young individuals due to pathogenic mitochondria. The mitochondria are sub-cellular organelles 
that have dual composition, dual functional roles, and dual variant quantifiable levels in the cell, 
all of which can contribute to the etiology of mitochondrial diseases and their heterogeneous 
presentations. Mitochondrial genes are encoded by both nuclear DNA (nDNA), and 
mitochondrial double-stranded circular DNA molecule (mtDNA). Therefore, pathogenic variants 
present in either could contribute to the pathology of mitochondrial diseases. Mitochondria 
function to synthesize ATP via two methods: oxidative phosphorylation in aerobic conditions, 
and from lactic acid in anaerobic conditions. Mitochondria are metabolic hubs for molecules 
such as ATP, acetyl-CoA, cholesterol, citrate, and coenzyme Q. Thus, deficiencies in one 
mitochondrial-specific, biologically active molecule can impact these highly interconnected 
processes. Finally, mitochondrial variants are based on the levels present in the cells, termed 
heteroplasmy and homoplasmy. Homoplasmy means that all nucleotides at a specific position 
are equivalent, whereas heteroplasmy is the ratio of the variant nucleotide over the standard. 
Cellular perturbations occur when these dysfunctional variants accumulate past a tissue’s 
specific threshold level. With the recent developments in next-generation sequencing (NGS), 
unidentified molecular diagnoses have decreased. We have 20 molecularly undiagnosed 
patients with mitochondrial leukoencephalopathies. Our goal is to identify the novel molecular 
etiology of those undiagnosed by combining clinical and NGS approaches to garner a few 
accurate mitochondrial gene candidates. Validation performed by Sanger sequencing for 
segregation, and specific functional studies on patient cells will confirm genetic pathogenicity. 
Combining these steps will allow the identification of novel molecular etiologies for these 
leukoencephalopathy patients. 
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Mechanisms triggering the primary and recurrent expansion of mitotically inactive (dormant) 
primary brain tumour cells are poorly understood, especially in glioblastoma (GBM). Since 
perturbations within the vascular networks are a hallmark of GBM and include extensive 
angiogenesis, vascular hypertrophy, inflammation and activation of the coagulation system 
(micro-thrombosis) their constituent molecular effectors are of interest as regulators of 
dormant/aggressive phenotypes of GBM cells. Such events can be modelled using the human 
indolent glioma cell line, U373, which upon intracranial injection forms viable, but dormant 
microscopic tumour deposits that exhibit no signs of progression over 10 months, or longer, as 
documented by bioluminescent imaging. U373 cells produce negligible amounts of angiogenic 
factors (VEGF) and coagulant effectors, such as tissue factor (TF) suggesting that they are unable 
to mount an effective vascular interface required for growth. Indeed, procoagulant conversion 
of U373 cells by enforced stable expression of TF results in their ability to recruit blood vessels, 
inflammatory cells and in this microenvironment glioma cells gradually progress in vivo to form 
spontaneously tumourigenic variants (PT-U373-TF). The latter cells exhibit a wide spread DNA 
demethylation profile and no longer require TF expression for rapid formation of orthotopic and 
ectopic tumours in vivo. Co-injection of U373 cells with Matrigel containing angiogenic growth 
factors leads to formation of PT-U373 variants without the involvement of TF. Profiling of 
parental, control and PT-U373 cell series for protein expression profiles reveals multiple 
molecular changes associated with the ability of PT-373 variants to escape from dormancy. We 
speculate that epigenetic changes potentially associated with vascular changes linked to with 
old age and comorbidities (hypoxia, stroke or inflammation) may exacerbate glioma cell 
evolution and influence the disease onset, progression, relapse and therapeutic responses in 
GBM patients. 
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Cripto, a member of the TGFβ superfamily, encodes for a cell surface receptor whose role in 
embryonic development and stem cell maintenance has been studied. Cripto mRNA and protein 
have been detected in the human uterus at all stages of the menstrual cycle and its 
dysregulation has been found in placenta creta and endometriosis in humans. To date, there is 
not much known on Cripto’s role in female reproduction.  

As Cripto null Knockout (KO) is embryonic lethal, we created a conditional KO (cKO) mouse 
model in which Cripto is deleted only in the reproductive tissues using a Cre-loxP system. 
Pregnancy rate and number of pups/litter were evaluated as general fertility indices. We 
observed a significant decrease in pregnancy rate (cKO 62% vs Control 100%) and litter size (cKO 
7.68 vs Control 9.51 pup/litter) with loss of uterine Cripto. Even though no significant effects 
were detected in the pre-implantation period, assessment of the post-implantation period 
showed that 20% of cKO females fail to establish pregnancy and an additional 20% of females 
undergo full litter loss after implantation (between day 5.5 postcoitum and d8.5). By means of 
histology (d5.5, d7.5), quantitative PCR (d5.5) for assessing expression of important uterine 
remodeling and decidualization factors (Wnt4, Bmp2, Hoxa10, Hoxa11, components of notch 
signaling pathway, etc.) and artificial induction of decidualization, we showed this is due to 
defects in uterine decidualization, remodeling and luminal closure. 

During placental development period, the size of implantation sites (d10.5) and fetal weight 
(d16.5) were significantly lower, while the number of fetal deaths was significantly higher in 
Cripto cKOs compared to controls. Histological examination of the placenta on d12.5pc, revealed 
abnormal labyrinth development; showing significant increase in cellular density and decrease in 
fetal vasculature in the labyrinth of the developing placenta in Cripto cKO mothers compared to 
controls. 
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Preterm birth remains the major cause of perinatal mortality and morbidity worldwide, affecting 
up to 12% of pregnancies and accounting for approximately 75% of neonatal deaths. However, 
the mechanisms and causes that underlie it are still largely unknown. Our lab has been studying 
the role of the Nodal signaling pathway during pregnancy. Nodal is a morphogen that belongs to 
the (TGF-b) superfamily. Nodal has been shown to play critical roles during embryonic 
development and our lab has shown that it is also required for implantation and proper timing 
of parturition. We have used a conditional uterine-specific deletion to generate a Nodal 
heterozygous mouse model to evaluate the role of Nodal during late pregnancy. We 
demonstrated that Nodal heterozygous mice have reduced fertility and an increased sensitivity 
to LPS. Injection of a low dose of LPS caused 50% of pregnant Nodal heterozygous mice to give 
birth preterm whereas this dose had no effect on controls. This increase sensitivity to LPS 
appears to be due to the increase in basal levels of proinflammatory cytokines IL-1β, IL-6, IL-12p, 
TNF-α, and IFN-γ which also corresponded to an increase in the number of uterine NK cells and 
macrophages in the maternal tissue in Nodal heterozygous mice. Finally, using Bone Marrow 
Derived Macrophages, we demonstrated that pretreatment with recombinant Nodal reduces 
proinflammatory gene expression when these cells are challenged with LPS. Our results 
demonstrate that Nodal expressed in maternal tissues prevents proinflammatory cytokine 
expression and its absence leads to a precocious increase in proinflammatory cytokines leading 
to an increased risk for preterm birth. 
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Tight junctions are highly dynamic, multi-protein complexes that must undergo constant 
remodelling to coordinate changing cell and tissue behaviours. An example of this is during 
neural tube closure, when junctional proteins must synchronously disassemble and assemble in 
order to convert a flat neural plate into a closed tube. Yet, surprisingly, we know very little 
about the molecular signals regulating tight junction remodelling.We hypothesise that 
extracellular vesicles, nano-sized membranous structures that are important mediators of 
intercellular communication, cargo claudins between cells to remodel tight junctions. To test 
this, first we isolated extracellular vesicles secreted by MDCK cells, a well-characterised 
epithelial cell line with endogenous claudin protein expression, using ultracentrifugation. We 
analysed vesicle populations using nanoparticle tracking analysis and transmission electron 
microscopy, and identified both exosomes (50-150 nm) and microvesicles (>150 nm), though we 
found that the vast majority (91.4%) of MDCK cell-secreted extracellular vesicles are 
microvesicles. Next, we characterised the protein signature of these vesicles using immunoblot, 
and found that they expressed many claudin proteins, which are the backbone of the tight 
junction, including claudins 1, 3, 4 and 7. Moreover, the extracellular vesicles also expressed 
several GTPases of the Rho family known to be involved in claudin signalling, including RhoA and 
Cdc42. Strikingly, treating cells with the C-terminal domain of Clostridium 
perfringens enterotoxin (C-CPE), which selectively removes a subset of claudins from cell 
membranes, significantly increased the expression of claudins 1, 3, 4 and 7 within extracellular 
vesicles up to 3-fold. Lastly, we are performing mass spectrometry to pinpoint novel proteins 
that may be implicated in claudin remodeling, and thus far have identified 760 differentially 
regulated vesicle-bound proteins following C-CPE treatment. Together, our data show 
that extracellular vesicles may mediate claudin trafficking between cells, which suggests that 
vesicle-mediated intercellular communication may be a novel regulator of tight junction 
remodeling. 
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Acute myeloid leukemia (AML) is an aggressive form of blood cancer. This disease occurs when 
the bone marrow produces excess abnormal blood cells that result in hematopoietic or organ 
failure. Therapy for AML exists, but the compounds used have not changed in the last 30 years 
and includes extremely aggressive and toxic treatments with chemotherapeutic drugs or the 
patients undergo hematopoietic stem cell (HSC) transplantation. Unfortunately, many patients 
do not respond to therapy or, if they do and seem to be cured, the leukemia returns later. 
Currently, up to 70% of adults and 30% of children do not survive beyond 5 years post-diagnosis 
due to treatment failure or relapse. This is partially driven by the chemo-resistant nature of the 
leukemic stem cells (LSCs), evading treatment and sustaining the disease. In addition, LSCs have 
similar biology to normal blood stem cells (HSCs). Hence, therapies specifically targeting LSCs 
while sparing HSCs are desperately needed but difficult to come by. In addition, new treatments 
that are less toxic but more effective are also needed. Thus, we have previously used in silico 
and screening approaches and identified 12 candidate compounds that can eliminate LSCs when 
tested in vitro, while sparing HSCs. Our goal is to further investigate these compounds ex vivo 
and in multiple AML cell lines to establish their efficacy, safety for clinical use and mechanism of 
action to eventually be used for treatments. Since most of these molecules have been FDA 
approved and are being used to treat other diseases, the candidates identified from this project 
have a high potential to be used in the clinic. Drug repurposing is an advantageous strategy as 
the toxicology and pharmacological properties are already well-known, accelerating regulatory 
approval and reducing costs for drug discovery. 
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Pediatric high-grade gliomas (pHGGs) and bone malignancies such as Giant Cell Tumors of the 
bone (GCTB) harbor recurrent somatic mutations at specific residues in histone H3 genes. 
pHGGs carry mutations of Lysine 27 to methionine (K27M) and Glycine 34 to Arginine or Valine 
(G34R/V). On the other hand, Glycine 34 to Tryptophan or Leucine (G34W/L) mutations are 
found in 92 % of GCTB and Lysine 36 to Methionine (K36M) mutation are found in 95 % of 
chondroblastomas. The oncogenic mechanism and cancer-specific preference for G34 mutations 
is poorly understood. Mass Spectrometry of histone post-translational modification in H3 G34W 
GCTB and H3 G34R pHGGs showed loss of K36me3 on mutant peptide. However, unlike G34R 
pHGGs, G34W GCTB displayed loss of K36me1 and gain of K36me2 and K27me3 on mutant 
peptide. To have a better insight into the role of H3 G34 mutations, we used CRISPR/Cas9 to 
correct the G34W mutation to wildtype in patient-derived GCT cell lines. The correction of the 
G34W mutation to wildtype (WT) in GCT cells resulted in reduced proliferation and clonogenicity 
in vitro. Subcutaneous and tibial injections of CRISPR-edited WT clones did not yield tumors in 
SCID mice, whereas clones carrying the G34W mutation formed aggressive tumors both when 
injected in subcutaneous and tibial tissues. Importantly, G34W and WT GCT cells have distinct 
gene expression signatures. Moreover, G34W GCT lines show increased sensitivity to EZH1/EZH2 
inhibition compared to CRISPR-edited WT GCT cells; suggesting EZH1/2 inhibitors as possible 
therapeutic targets for GCTB. In summary, the H3 G34W mutation plays a pivotal role in the 
tumorigenic potential of GCTB. Further investigation could elucidate the pathways and 
epigenetic mechanism(s) through which the G34W mutation confers its tumorigenic properties. 
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Study question: Wnt signaling as a target for treatment of endometriotic lesions in vivo and in 
vitro. 

Summary answer: Wnt signaling is auto-activated in endometriotic lesions and appears to play a 
role in the development of endometriosis lesions.  

Background: Endometriosis is a chronic condition defined by the presence of endometrial tissue 
outside the uterine cavity. Our lab has shown that Wnt signaling plays a role in the development 
of endometrial glands and in stromal cell proliferation and this pathway appears to be 
aberrantly activated in lesions of endometriosis patients.  

Study design, size, duration: For in vivo experiments, we used 5 control and 5 mutant mice for 
each of the 3 time-points of disease development, and 10 mice for the in vitro mouse 
experiments. 

For the in vitro patient study, we almost reach 30 human endometriosis samples and  we plan to 
treat them with different Wnt signaling inhibitors. We are measuring proliferation rates, 
investigating gene expression changes and expect to observe  reduction in proliferation 
following treatment.  

Participants/materials, setting, methods: Auto-transplantation mouse model with a Wnt 
reporter strain to look at Wnt signaling activation in vivo, as well as a uterine-specific Porcupine 
conditional knock-out strain to study the role of Wnt signaling in endometriosis. We are 
comparing the in vitro proliferation of endometriotic cells in controls and mutants. 

Peritoneal endometriosis lesions are obtained by physicians from the MUHC-RVH Department of 
OBGYN from women of reproductive age presenting the disease.  

Results: Canonical WNT signaling activation in the lesions of reporter mice, but not in Porcupine 
knock-out mice. We assume that the activation of Wnt signaling must be due to uterine Wnt 
ligands. Additionally, mutant mice developed smaller lesions after the induction of 
endometriosis. This suggests that Wnt signaling is involved in endometriosis this mouse model. 
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Histone proteins are essential in not only compacting and protecting DNA but they also play a 
major role in gene regulation.  

It was found that H3.3 loss in vitro triggers cell cycle suppression and cell death and that total 
depletion of H3.3 in mice leads to developmental delays and early embryonic death. Common 
deleterious mutations of histone H3.3 in pediatric patients include; G34W (bone cancer), G34R 
(glioblastoma), K36M (chondroblastoma), and K27M (diffuse intrinsic pontine glioma). The 
consequences of these mutations during embryogenesis and mouse development has not been 
tested.  

We hypothesize point mutations in H3.3 will result in delayed growth and abnormal 
morphogenesis. To test this hypothesis conditional mouse models will be generated using 
CRISPR to insert a construct containing one of the G34R, G34W, K27M, or K36M mutations 
flanked by LoxP sequences. Currently a GFP-tagged construct for the G34W mutation has been 
created and the plasmid will be used to generate the other mutations through quick change 
mutagenesis. Two Mice carrying the GFP portion of the G34W construct have been identified 
through PCR and GFP expression. Confirmation of the intact insertion of the G34W point 
mutation through Sanger sequencing is underway. Different Cre lines, specifically expressed in 
bone and brain, will be used to examine the effects of the mutation in mice development.  
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Cerebro-costomandibular Syndrome (CCMS) is a very rare autosomal dominant disorder where 
patients mostly have craniofacial abnormalities and rib defects.  SNRPB, which codes for a 
common core component of the spliceosomal small nuclear ribonucleoproteins (snRNPs) is 
mutated in patients with CCMS. As patients have abnormalities in specific tissues due to 
mutation in SNRPB, it is possible that a subset of transcripts in those tissues is sensitive to the 
level of SNRPB during development. Exome sequencing of patients revealed mutations occur 
mostly in the highly conserved alternative exon 2 (AE2) of the gene, where it plays an 
instrumental role in autoregulating SNRPB.  Using Crispr/Cas9 system, we generated a mutant 
mouse line with a 61 base-pair (bp) intronic deletion upstream of the AE2. A subset of 
heterozygous and homozygous mice and embryos for this deletion show phenotypic 
abnormalities seen in CCMS patients such as reduced size of face and head, rib abnormalities, 
and limb defects. Intriguingly, heterozygous and homozygous embryos show reduced SNRPB 
protein levels, suggesting that this 61 bp sequence plays a critical role in regulating SNRPB 
levels. Our preliminary data suggests the deletion of the intronic sequence changes splicing of 
the gene, where the mutants preferentially include AE2 in the transcript. Future studies will 
elucidate the mechanism by which this small intronic sequence regulates SNRPB.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



40- Hyperactivity with Impaired Neurotransmitters and Myelination Defect of Pex7 Deficient 
Mouse Model of Rhizomelic Chondrodysplasia Punctata Type1 (RCDP1) 
 
Wedad Fallatah1, Wei Cui1, Erminia Di Pietro1, Grace Carter1, Brittany Pounder1, Fabian 
Dorninger2, Nancy Braverman1 
 
1Department of Human Genetics, McGill University-Montreal Children’s Hospital Research 
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Introduction: RCDP1 is a peroxisome biogenesis disorder caused by autosomal recessive 
mutations in PEX7, the cytosolic receptor required to import PTS2 enzymes into the peroxisome, 
lead to impairment in plasmalogen (PL) biosynthesis and phytanic acid oxidation. PL is an 
essential constituent of cell membrane phospholipids and myelin sheath in the nervous system. 
The clinical manifestations of RCDP include congenital cataracts, skeletal dysplasia, and 
profound growth deficiency. Most of RCDP patients also manifest neurological abnormalities in 
the form of seizure, behavioral issues and severe intellectual disability. Brain MRI often showed 
delayed myelination and progressive cerebellar atrophy. PL deficiency is the main hallmark of 
RCDP1 manifestation and the disease severity directly correlates with the residual PL levels. A 
milder form of RCDP1 also reported in which patients have higher PL and better growth and 
cognitive development. We generated a series of Pex7 deficient mice (mild, intermediate and 
severe) that mimic the human RCDP1 spectrum and classified according to disease severity and 
PL levels. Mice in the milder form of RCDP1 had 90% survival compared to only 20% survival in 
the severe form. Erythrocyte and brain PL levels in mice with mild form are 17-25% of wild type 
and almost undetectable in mice with the severe form. 
 
Aim: to investigate the baseline neurological phenotype of Pex7 deficient mouse models using 
histology analysis as well as biochemical and behavioral assessments in order to understand the 
role of PL in the development of nervous system pathology. 
 
Results: baseline histology analysis of sagittal brain sections using H&E staining showed a slight 
reduction in the number of Purkinje cells in the cerebellum of Pex7 deficient mice compared to 
littermate controls. Further characterization and quantification of Purkinje cells using Calbindin-
D28K IHC staining revealed significant and progressive loss of Purkinje cells over time in Pex7 
deficient mice. IHC staining of myelin basic protein (MBP) revealed decreased myelination in the 
cerebral cortex and cerebellar white matter of severe (at 4 months of age) and intermediate (at 
12 months of age) Pex7 deficient mouse series. In terms of brain function, Pex7 deficient mice - 
compared to controls - exhibit a hyperactive behavior in the open field environment as 
measured by increased total distance traveled (P<0.001) and activity time (P<0.0001). 
Neurotransmitters analysis of the brain conducted via HPLC MS/MS showed significant 
reduction in dopamine, noradrenaline, serotonin and GABA in the brain of Pex7 deficient mice 
compared to controls (P < 0.0001). Impairment in neurotransmitters was strongly correlated 
with hyperactivity phenotype of Pex7 deficient mice. These results confirm the critical role of PL 
in Purkinje cells maintenance and highlight a novel mechanism for the influence of PL deficiency 
in neurotransmitter pathophysiology and behavior in the nervous system. 
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Background: Genetic risk for diabetes is mostly a polygenic trait. However, in a small 

percentage of cases, it is inherited as autosomal dominant, due to mutations in one of 

several known genes. These monogenic cases vary in severity and are often misdiagnosed 

as type 1 or 2 diabetes (T1D-T2D). Correct diagnosis has therapeutic implications, 

particularly in cases diagnosed as T1D—most cases are amenable to therapeutic 

alternatives to insulin. In the Norwegian T1D registry, 4% of autoantibody-negative 

(aAbneg) patients (or 0.8% of the total)  were found mutated in known monogenic 

diabetes genes (Johansson et al., Diabetologia 2017 60:625–635). T1D incidence is 

several-fold lower in East Asians than in European-descent (EuD) populations (Weng et 

al., BMJ 2018;360:j5295), while there is no reason to expect that monogenic cases will 

also be.   

Hypothesis: With a lower denominator, a several-fold larger portion of aAbneg Chinese 

“T1D” patients will carry such mutations.  

Methods: In the exomes of 82 aAbneg Chinese patients clinically diagnosed as T1D, we 

sought variants in known monogenic diabetes genes, ACMG category 1-3, and with 

frequency <0.001 in any population in ExAC or gnomAD. We based a global FDR q 

value on the maximal aggregate frequency, in each gene, of database variants with equal 

or lower frequency in East Asians.  

Results: We found such variants in 20 of the 82 patients (24.4%, overall q=0.049). As 

29% of Chinese diagnosed as T1D are aAbneg, (Liu et al., Sci China, Life Sci 2016) our 

best estimate of misdiagnosed cases is 7.3%, an order of magnitude higher than in EuD. 

Cases included five with mutations in HNF1A (also most commonly mutated in EuD) 

and three in ABCC8, both known to respond well to oral secretagogues. Two had 

mutations in INS, and two in GCK (mild diabetes, doesn’t require insulin). Notably, we 

found four cases of recessive syndromic diabetes, apparently lacking the other syndromic 

manifestations: four with diallelic mutations in WFS1 (Wolfram syndrome) and one 

homozygote for EIF2AK3 deletion (Wolcott-Rallison syndrome).  

Conclusion: These results justify routine screening of all Chinese (likely also Korean and 

Japanese) patients, clinically diagnosed as T1D, for genetic forms amenable to treatments 

other than insulin.  

 
 
 
 



 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 


