


 
  
 
 

A word from the organizers… 
 
Dear Colleague, 
Embryo development, cancer progression and tissue regeneration have in common a strong 
dependency on stem and progenitor cells. What are the shared characteristics and differences 
between those embryonic cancer and adult stem cells is still an open question. Are cancer stem 
cells derived from adult stem cells or differentiated cancer cells that acquired stem cell 
properties? What determines the potency of embryonic and adult stem cells? These questions 
and many others await a better understanding of stem cell properties in different contexts. 
 
To address this challenge, the third conference “Stem Cells, Development and Cancer” is aimed 
at bringing together world experts in the fields of embryonic, adult and cancer stem cells. The 
synergy created by the reunion of leaders at the crossroad of those research themes will 
highlight novel approaches to address the important challenges associated with stem cells 
biology and therapeutics. 
 
We are very pleased to welcome you in Montreal! 
 
Best wishes, 
 
The Organizing Committee 
 
Canada (Montreal) 
Maxime Bouchard (GCRC, McGill) 
Colin Crist (LDI, McGill 
 

France (Lyon) 
Véronique Maguer-Satta (CRCL) 
Guy Mouchiroud (INMG) 
Bénédicte Chazaud (INMG) 

 





Program 
THURSDAY OCTOBER 18th 
8h45-9h00: Welcome Address – Maxime Bouchard 

SESSION 1: NORMAL ADULT AND CANCER STEM 
CELLS –  Chair : Véronique Maguer-Satta 
9h00-9h30 : Guy Sauvageau, Université de Montréal, IRIC, Canada.  “New Strategies for 
Targeting Leukemia Stem Cells.” 

9h30-10h00 : Michel Aurrand-Lions, Centre de Recherche en Cancérologie de Marseille, 
Marseille, France. “Adhesive Cues Involved in Normal or Pathological Stem and Progenitor Cell 
Maintenance” 

10h00-10h15 : Short talk:  Boris Guyot, Centre de Recherche en Cancérologie de Lyon, Lyon, 
France. “A CD10-Score Reflects Tumor Content in Stem-like Cells and Predicts Patient 
Outcome in Solid Cancer” 

10h15-10h30 : Short talk:  Heather Duncan, The Research Institute of the McGill University 
Health Centre, Montréal, Canada. “G protein-Coupled Receptor 56 (GPR56/ADGRG1) as a 
Potential Functional Regulator of Normal and Leukemic Human Stem Cells” 

 

10h30-11h00 : Coffee Break 

 

11h-11h30 : Connie Eaves, Terry Fox Laboratory, Vancouver, Canada. “Human Breast Cancer 
– Starting from the Beginning” 

11h30-12h00 : Julie Gavard, Centre de Recherche en Cancérologie et Immunologie, Nantes, 
France. “Paracrine Interactions between Cancer Stem-like Cells and Endothelial Cells in Brain 
Tumors” 

 

12h00-14h00 Lunch Break 

 



 

SESSION 2: ADULT STEM CELLS IN HEALTH AND 
DISEASE – Chair : Bénédicte Chazaud 
14h00-14h30: Peter Dirks, Sickkids, Toronto, Canada.  “Manipulating the Brain Tumour 
Hierarchy“ 

14h30-15h00: Christian Dani, Institut Valrose, Nice, France. “Human Adipose Stem Cells 
Derived from Adipose Tissues and iPSC: Characterization and Therapeutic Potential”. 

15h00-15h15 : Short talk:  Mathieu Tremblay, Goodman Cancer Research Centre and 
Department of Biochemistry, McGill University, Montréal, Canada.  “Normal and Cancerous 
Stemness is Regulated by a Gata3/Bmp Axis in the Prostate”. 

15h15-15h30 : Short talk:  Ryo Fujita, Lady Davis Institute for Medical Research and 
Department of Human Genetics, McGill University, Montréal, Canada.  “The Orphan Adhesion 
G-protein Coupled Receptor GPR116 Regulates Muscle Stem Cell Quiescence and Self-
Renewal”. 

15h30-16h00 : Michael Rudnicki, Ottawa Hospital Research Institute, Ottawa, Canada. 
“Molecular Regulation of Muscle Stem Cell Function” 

 

16h00-16h30 : Coffee Break 

 

16h30-17h00 Freda Miller, Sickkids, Toronto, Canada. “Cellular Mechanisms Underlying Adult 
Mammalian Digit Tip Regeneration” 

17h00-17h30 Alex Gregorieff, Research Institute of the McGill University Health Centre (RI-
MUHC), McGill, Montréal, Canada.  “Role of Yap in Damage-Induced Intestinal Stem Cell 
Plasticity.” 

 

17h30-19h30 : Poster Session/ « Apéritif » 

 

 



FRIDAY OCTOBER 19th 

SESSION 3: DEVELOPMENTAL PROGENITOR AND 
PLURIPOTENT STEM CELLS – Chair: Maxime Bouchard 
9h00-9h30 : Andras Nagy, The Lunenfeld-Tanenbaum Research Institute, Toronto, 
Canada.  “Engineering a Safe and Allo-tolerated Pluripotent Stem Cell Line; a Global Source 
for Off-the-Shelf Therapeutic Cell Products” 

9h30-10h00 :  Majlinda Lako, Institute of Genetic Medicine, Newcastle University, UK. 
“Making Retinal Organoids in the Lab: a Voyage of Discovery” 

10h00-10h15 : Short talk:  Awais Javed, Institut de Recherches Cliniques de Montréal 
(IRCM), Montréal, Canada. “Pou2f1/2 Regulates the Timing of Cone Photoreceptor Production 
by Negatively Repressing the Rod-promoting Factor Nrl”. 

10h15-10h30 : Short talk:  Seerat Elahi, Department of Pathology and Anatomical Sciences, 
State University of New York at Buffalo, USA.  “Differential Expression of Ars2 Guides Germ 
Layer Fate Decisions”. 

 

10h30-11h00 : coffee break 

 

11h00-11h30 : Michael Shen, Department of Genetics & Development, Columbia University, 
New York, U.S.A.  “Progenitor Cells and the Origin of Prostate Cancer” 

11h30-12h00 : Claire Chazaud, GReD – Genetics, Reproduction & Development, Clermont 
Ferrand, France. “Cell Lineage Differentiation in the Blastocyst: the Emergence of the 
Plutipotent Epiblast” 

 

12h00-14h00 Lunch break & Poster session 

 

 

 

 



KEYNOTE LECTURE 
14h00-15h00:  Shahragim Tajbakhsh, Institut Pasteur, Paris, France. “Developmental and 
Postnatal Roles of Stem Cells and Their Niche” 

 

SESSION 4: EMERGING CONCEPTS AND 
INNOVATIVE TECHNOLOGIES – Chair: Colin Crist 
15h-15h30 : Antonio del Sol, University of Luxembourg, Luxembourg. “Single-cell Systems 
Biology Approaches to Stem Cell Research and Regenerative Medicine” 

15h30-15h45 : Short talk:  Carla Frau, Centre de Recherche en Cancérologie de Lyon, Lyon, 
France. “Unveiling the Mechanism of the RNA-binding Protein Musashi1 in Stemness and Drug 
Resistance of Intestinal Stem Cells”. 

15h45-16h00 : Short talk:  Marco Zanini, Institut Curie, CNRS UMR 3347, Orsay, France. 
“Atoh1 Requires Primary Cilia for the Expansion of Granule Neuron Progenitors by Modulating 
Centriolar Satellites”. 

 

16h00-16h30 : coffee break 

 

16h30-17h00 : Carl Ernst, The Douglas Hospital Research Centre, McGill University, Montreal, 
Canada. “Major Boost in Dopamine and Tyrosine Hydroxylase in Ventral Midbrain 
Dopaminergic Cells Derived from Human Skin by L-type Calcium Stimulation” 

17h00-17h30 : Mohan Malleshaiah, Institut de Recherches Cliniques de Montréal (IRCM), 
Montreal, Canada. “Unraveling the Stem Cell State Specific Regulatory Networks” 

 

17h30-17h45 :  Poster awards and closing remarks – Guy Mouchiroud 

 



 

 

 

KEYNOTE LECTURE 

Shahragim Tajbakhsh 

Developmental and postnatal roles of stem cells and 
their niche 
Stem Cells & Development, Developmental and Stem Cell Biology Department, CNRS UMR 
3738, Institut Pasteur, 75015, Paris; France 

In vertebrates, head and axial muscles arise from different mesodermal origins, and their 
development depends on distinct gene regulatory pathways. Tbx1, Islet1 and Pitx2 govern cranial-
derived muscle fates whereas Pax3 and Pax7 are critical for somite-derived muscles. As 
vertebrates have evolved a remarkable diversity of body muscle shapes to accommodate their 
distinct modes of locomotion, feeding and variations in body size and strength, it is unclear how 
the distinct genetic hierarchies have led to this regional specification. Using a combination of 
genetic lineage drivers in the mouse and a variety of imaging approaches, we provided a link 
between key transcription factors, cell fates, and patterning. 

The microenvironment is critical for the maintenance of stem cell populations, and it can be of 
cellular and non-cellular nature, including secreted growth factors, extracellular matrix (ECM) and 
intrinsic regulators. Skeletal muscle satellite (stem) cells are quiescent during homeostasis and 
they are mobilised to restore tissue function after muscle injury. Although certain signalling 
pathways that regulate quiescence have been identified, the mechanisms by which niche molecules 
regulate stem cell properties remain largely unknown. We have identified Notch signalling as a 
major regulator of the muscle stem cell niche through: a) regulation of the ECM in a reciprocal 
signalling mechanism through Calcitonin receptor mediated activity; b) a microRNA pathway that 
is required for stabilizing muscle stem cells in their niche. These studies led us to propose a two-
step mechanism for the regulation of entry and exit from cellular quiescence. 

 
 



 

 
 
 
 
 
 

Abstracts  
 

ORAL PRESENTATIONS 



Guy Sauvageau 
 
New strategies for targeting leukemia stem cells.  
 
Molecular Genetics of Stem Cells Laboratory, Institute of Research in Immunology and Cancer 
(IRIC), University of Montreal, Montreal, QC, Canada. 
 
 
In this presentation, we will document our new strategies for the identification and ex vivo growth 
of primary leukemia stem cells. We will also show how we can exploit these newly developed 
methodologies to screen for compounds that specifically synergize to destroy leukemia stem cells. 
This includes cellular response to compounds and correlations of such responses to genetic 
anomalies found in each leukemia specimen. Redundancy of synthetic lethality between specimens 
appears to be predictable by companion tests which are being developed by our group. 
 
This chemogenomic project has the potential to bring paradigm shifts in the treatment of human 
leukemia.  
 
 
 

  



Michel Aurrand-Lions 
 
Adhesive cues involved in normal or pathological 
stem and progenitor cell maintenance 
 
Cancerology Research Center of Marseille (CRCM) 
Aix-Marseille University, INSERM, CNRS, Institut Paoli-Calmettes, Marseille, France 
 
 
Over recent years, it has become increasingly clear that Hematopoietic Stem Cell (HSC) 
maintenance is dependent on specialized bone marrow micro-environmental sites called “niches”. 
However, it is still debated whether more differentiated progenitors are localized in distinct micro-
anatomical sites. We have found that a unique bone marrow stromal cell subset supports both HSC 
and pro-B cell maintenance. Such stromal cells express number of secreted factors and cell surface 
molecules that can engage with HSC or more differentiated progenitors. Using a newly developed 
bioinformatics pipeline, we have identified a ligand/receptor pair controlling specifically pro-B 
cell maintenance in the niche. In a second aspect, we have identified the adhesion molecule JAM-
C, expressed by HSC, as a key regulator of HSC maintenance in mouse and human (Arcangeli et 
al, Blood, 2011; Arcangeli et al, Stem Cells, 2014). We have therefore addressed the question 
whether JAM-C may identify the leukemic initiating cells (LIC) in de novo acute myeloid 
leukemia (AML) which represent the malignant counter-part of normal HSC. We have found that 
JAM-C expression defines a subset of leukemic cells endowed with leukemia-initiating cell 
activity (LIC) that are enriched at relapse. Stratification of de novo AML patients at diagnosis 
based on JAM-C–expressing cells frequencies in the blood was an independent prognostic marker 
for disease outcome (De Grandis et al, Canc Res, 2017). We have further demonstrated that JAM-
C controls Src family kinase (SFK) activation in LIC, suggesting that JAM-C-expressing 
immunophenotype reflects intrinsic properties of LIC. Our results will be discussed in the context 
of several studies suggesting that LIC do not express a specific immunophenotype, but rather 
correspond to preexisting cells that are selected by micro-environmental pressure during aging or 
treatment. 
 

  



Boris Guyot- Selected poster talk 
 
A CD10-score reflects tumor content in stem-like cells 
and predicts patient outcome in solid cancer 
 
Boris Guyot1,2,3,4,5,§, Flora Clément1,2,3,4,5§, Jean-Philippe Foy1,2,3,5,6§, Xenia 
Schmidt1,2,3,4,5, Youenn Drouet7, Sandrine Jeanpierre1,2,3,4,5,7, ,Helen He Zhu8, Wei-
Qiang Gao8, Pierre Saintiny1,2,3,5,6,7, and Véronique Maguer-Satta1,2,3,4,5§ 
 
1. CNRS UMR5286, Centre de Recherche en Cancérologie de Lyon, F-69000 Lyon, 
France 
2. Inserm U1052, Centre de Recherche en Cancérologie de Lyon, F-69000 Lyon, 
France 
3. Université de Lyon, F-69000, Lyon, France 
4. Department of Tumor Escape Signaling, Lyon, France 
5. Université de Lyon 1, ISPB, F-69000, Lyon, France 
6. Department of Cancer Cell Plasticity, Lyon 
7. Centre Léon Bérard, F-69000 Lyon, France 
8. Stem Cell Research center, Shanghai, China 

§ These authors contributed equally to this work 
 
Cancer stem cells are involved in tumor development, proliferation, metastasis dissemination and 
resistance to treatment. Their identification and quantification within a tumor mass, essential for 
predicting tumor aggressiveness and adapting therapeutic strategies, remains an ongoing challenge. 
Having shown in healthy tissues that the trans-membrane endopeptidase CD10 marks stem cell 
(SC)-containing populations and controls cell fate, we presently reveal that, in breast and prostate 
cancer, stemness properties are conserved in transformed CD10+ SC. Using a new model of human 
luminal breast cancer we observed increasing levels of CD10 membrane expression during the 
transformation process, though its expression is dispensable for transformed characteristics. 
Transcriptomic analysis of CD10+ and CD10- fractions revealed that the CD10-associated gene 
signature in non-transformed cells became predominant after transformation but was no longer 
associated to CD10 membrane expression. Analysis of several databases confirmed that the CD10 
signature was enhanced in primary breast and prostate cancers and that its expression level is 
correlated with poor patient outcome. Furthermore, we unveiled a link between the CD10 signature 
and response of human cancer cell lines to drugs in clinical use or in development. Impressively, 
the CD10 score is overexpressed in other types of solid cancers where a high expression is 
associated with poor prognosis. Our data suggest that CD10 could be considered as a marker of 
cells with immature properties associated with transformation in many solid cancer types. The 
CD10 signature could be used as a prognostic marker and could also improve systemic therapy 
strategies. 



Heather Duncan - Selected poster talk 
 
G protein-coupled receptor 56 (GPR56/ADGRG1) as a 
potential functional regulator of normal and leukemic 
human stem cells 
 
Heather Duncan, MSc1*, Karin G. Hermans, PhD2, Sara Chisling, BSc3, Mark D. 
Minden, MD, PhD4, John E. Dick, PhD4, Kolja Eppert, PhD5 

1Division of Experimental Medicine, McGill University, Montreal, QC, Canada; 2Program 
of Developmental and Stem Cell Biology, Peter Gilgan Centre for Research and 
Learning, The Hospital for Sick Children, Toronto, ON, Canada; 3Faculty of Medicine, 
University of Montreal, Montreal, QC, Canada; 4Princess Margaret Cancer Centre, 
University Health Network, Toronto, ON, Canada; 5Department of Pediatrics, McGill 
University, Montreal, QC, Canada;  

 

Leukemic stem cells (LSCs) sustain acute myeloid leukemia (AML). Improved understanding of 
LSCs is required to improve therapy. We identified G protein-coupled receptor 56 
(GPR56/ADGRG1) among a gene expression signature common to LSCs and normal 
hematopoietic stem cells (HSCs). GPR56 is a novel marker of high LSC frequency in AML 
patients, was shown to accelerate leukemogenesis in mice, and may be involved in murine HSC 
development and regulation. This study aims to establish the functional role of GPR56 in human 
LSCs and HSCs. 
 
GPR56 expression was associated with worse survival across three microarray AML cohorts 
(p<0.01). GPR56 expression was higher in samples with worse prognosis (p<0.0001) predicted 
by cytogenetics. We confirmed higher expression of GPR56 in human LSC and HSC fractions 
by qRT-PCR. Colony forming cell assays were conducted to determine effects on progenitor 
proliferation and differentiation. Overexpression of GPR56 increased colony formation in AML 
cell line MOLM-13 (p<0.05) and cultured AML sample 8227 (GPR56dN, p<0.0001), but did not 
significantly alter normal human progenitor cell activity. Long-term xenograft assays were 
performed via intrafemoral injection in immunodeficient mice to determine effects on stem cell 
function. GPR56 overexpression conferred a significant engraftment advantage (p<0.0001) 
maintained in secondary 12-week transplants (p<0.05) with sustained hierarchical organization 
indicating self-renewal of stem cells. 
 
These data suggest that GPR56 enhances HSC function in vivo, and may regulate human 
leukemic progenitors, but not hematopoietic progenitors in vitro. Further functional studies will 
be performed to determine the role GPR56 in LSC function in vivo and chemotherapy resistance. 
 

  

mailto:heather.duncan@mail.mcgill.ca


Connie Eaves 

Human Breast Cancer – Starting from the Beginning 
 
Terry Fox Laboratory, Vancouver, Canada 

De novo models of breast cancer have long been appreciated for the many powerful scientific 
advantages they offer to investigate the development and biology of this heterogeneous and 
complex group of diseases. These advantages include the utility of such models to identify and 
manipulate prospectively, reproducibly, and in a controlled fashion the cell types from which 
different types of breast cancer types can arise, in addition to their application to develop and test 
new diagnostic, prognostic and treatment strategies. At the same time, key to exploiting these 
advantages is adequate knowledge of the starting populations to be used and their anticipated 
ability to replicate relevant changes that enable spontaneously arising human breast cancers to 
evolve along different trajectories. The most commonly used de novo models have started either 
with primary mouse cells or established immortalized, but non-transformed cell lines – in both 
cases because of their accessibility, ease of manipulation and controlled genetic backgrounds. 
The last two decades of progress in isolating, characterizing and genetically manipulating 
different subsets of cells from normal adult human mammary tissue has now made it possible to 
extend this approach to these sources. These studies have revealed numerous properties of 
luminal progenitors that would be expected to heighten their predisposition to transformation. 
They have also enabled the rapid and efficient creation of human cell populations with features 
of different stages of breast cancers that develop in patients, enabling the first analyses of the 
molecular changes these incur. 

 
 

  



Julie Gavard 
 
Paracrine Interactions between Cancer Stem-like Cells 
and Endothelial Cells in Brain Tumors 
  
CNRS, Nantes, France 
 
Glioblastoma multiforme (GBM) is the most common and aggressive type of primary brain 
tumors and among the most lethal forms of human cancer. Current therapeutic approaches 
consist of maximal surgical resection followed by chemo- and radio-therapy. However, these 
remain largely ineffective and GBM almost invariably recur, resulting in a median survival of 15 
months. There is therefore a pressing medical need to increase our basic research knowledge and 
to boost translational and preclinical development on this devastating disease. 
Within GBM, exists a rare population of self-sustaining transformed cells with properties close 
to that of neural stem cells (NSCs). These glioblastoma stem-like cells (GSCs) may emerge from 
a pool of adult pre-malignant NSCs that acquired tumorigenic capabilities. Genetically modified 
mouse NSCs with combination of deletion of tumor-suppressors, such as Trp53 and Pten, 
recapitulated part of gliomagenesis processes in animal models. A great deal of attention has 
been given to GSCs because they are thought to be responsible for tumor initiation and invasion, 
radio- and chemo-resistance, as well as recurrence. GSCs have been found in the vicinity of 
brain endothelial cells, suggesting that functional interactions take place in the tumor vascular 
niche. In this scenario, the endothelium not only supplies oxygen and necessary nutrients, 
but also seeds a protective microenvironment for tumor growth. However, the rapid expansion of 
GBM cells surpasses tumor-induced angiogenesis, which drives a rather inefficient, chaotic 
vascular network that irrigates the tumoral tissue. In this context, our main objectives are to 
explore the mechanisms involved in GSC survival and expansion in interaction with their 
vascular environment. Our laboratory conclusively demonstrated that brain endothelial cells 
positively control the expansion and survival of GSCs. Notably, we found that GSCs are 
addicted to apelin (APLN) secreted by surrounding endothelial cells, and identified 
the APLN/APLNR nexus as a druggable network in glioblastoma. We explore in-depth how this 
signaling axis participates in gliomagenesis, and hence propose novel strategies to efficiently halt 
this pathway. 
  
 
 

  



Peter Dirks 
 
 
Manipulating the brain tumour hierarchy 
 
 
Sickkids, Toronto, Canada. 
 
 
  
Using lineage tracing in mouse models and fate mapping approaches in human cells, we have 
shown that brain tumours are organized as a developmental hierarchy. At the apex of the 
hierarchy are rare quiescent cells that demonstrate stem cell properties which generate 
proliferative progeny that ultimately undergo a differentiation response and do not contribute to 
long term tumour growth. Consideration of this brain tumour cellular  organization suggests 
other strategies for therapeutic intervention. I will discuss recent work along these lines, with 
emphasis on consideration of differentiation approaches which lead to attenuation of 
tumourigenicity of the brain tumour hierarchy.  
  
  



Christian Dani 
Human adipose stem cells derived from adipose 
tissues and iPSC: Characterization and therapeutic 
potential 
 
Institut Valrose, Nice, France 
 
 
Mesenchymal stem cells with a multi-lineage potential have been isolated from human adipose 
tissues. These cells, that we first named human Multipotent Adipose-Derived Stem (hMADS) cells 
and now named Adipose Stem Cells (ASCs) according to the international nomenclature, maintain 
their characteristics with long-term passaging in culture. Transplantation in animal models 
revealed that hMADS/hASCs have a potential in regenerative medicine. We show recently that 
ASCs derived from different human adipose tissue depots display different Hox code and likely 
have different embryonic origins, suggesting that the selection of the fat donor site might be an 
important factor to be considered when applying ASCs in cell-based therapies.  
In mammals, two types of adipocytes coexist, i.e. brown and white, which are both involved 
in the energy balance regulation while having opposite functions. White adipose tissue (WAT) is 
dispersed throughout the body and is mainly involved in energy storage. In contrast to WAT, 
brown adipose tissue (BAT) is specialized in energy expenditure. Activated BAT consumes 
metabolic substrate and burns fat to produce heat via the uncoupling protein (UCP)-1). Brite/beige 
adipocytes were recently described as brown-like adipocytes (BAs) and represent a third type of 
adipocytes recruited in WAT. Therefore, BAs represent promising cell targets to counteract 
obesity. However, the scarcity of BAs in adults is a major limitation for a BA-based therapy of 
obesity, and the notion to increase the BA mass by transplanting BA stem cells in obese patients 
recently emerged. Therefore, the next challenge is to identify an abundant and reliable source of 
BA stem cells. We will describe the capacity of human induced pluripotent stem cells (hiPSCs) to 
generate BA stem cells able to differentiate at a high efficiency in 3D culture. This cell model 
represents an unlimited source of human BAs that in a near future may be a suitable tool for both 
therapeutic transplantation and for preclinical screenings for the discovery of novel efficient and 
safe anti-obesity drugs. 
 

  



Mathieu Tremblay - Selected poster talk 
 
Normal and cancerous stemness is regulated by a 
Gata3/Bmp axis in the prostate 
 
Mathieu Tremblay1, Maxwell Shafer1, Sophie Viala1, Alana H.T. Nguyen1, Maxime 
Bouchard1 

 
1.  Goodman Cancer Research Centre and Department of Biochemistry, McGill 
University  
 
 
Adult stem cells are found in prostate tissue and can act as the cells-of-origin for prostate cancer. 
Loss of the tumor suppressor PTEN is a common occurrence in prostate cancer. We showed that 
the transcription factor GATA3 is progressively lost in Pten-deficient mouse prostate tumors. 
Moreover, 75% of the more aggressive hormone-resistant human prostate tumors show loss of 
active GATA3. Using a genetic approach, we found that the enforced expression of GATA3 delays 
tumor progression. This effect is associated with a correction of the aberrant sphere-forming 
potential of cancerous stem cells to wild-type levels by re-expression of Gata3. Moreover, deletion 
of GATA3 in normal primary prostate stem cells enhanced their long term self-renewal capacities 
both in vitro (serial sphere formation assay) and stem cell frequency in vivo (limiting dilution 
transplantation assay). Using RNAseq, we found that TGFbeta signaling is important for stem cell 
maintenance and loss of GATA3 is associated with an autocrine up-regulation of Bmp5. In 
addition, BMP5 treatment increased normal stem cell potential and numbers in vitro and in vivo 
whereas its inhibition (Noggin) corrects GATA3-deficient sphere forming potential to normal 
levels as well as the aberrant Pten-deficient cancerous sphere forming potential. Moreover, we 
found that loss of Bmp5 in the mouse affect prostate tissue homeostasis via a reduced stem cell 
potential. Together, these data establish GATA3 as an important regulator of normal and cancerous 
prostate stem cells homeostasis through a Bmp5 dependent mechanism.  
 
 
 
 

  



Ryo Fujita - Selected poster talk 
 
The Orphan adhesion G-protein coupled receptor 
GPR116 regulates muscle stem cell quiescence and 
self-renewal 
 
Ryo Fujita1,2, Solene Jamet2,Arhamatoulaye Maiga3, Michel Bouvier3 Colin Crist1,2 

 
1-Department of Human Genetics, McGill University,  
2-Lady Davis Institute for Medical Research, Jewish General Hospital, Montreal, Quebec, H3A 
1B1, Canada,  

3-Institut de Recherche en Immunologie et en Cancérologie (IRIC), Université de Montréal 
 
 
Muscle stem cells reside as quiescent cells, but activate the myogenic program and the cell cycle 
in response to injury. These activated myogenic progenitors amplify before differentiating into 
new myofibers, or self-renew to restore the muscle stem cell pool. The muscle stem cell 
microenvironment is critical for maintaining the muscle stem cell pool, however it is unclear 
how extrinsic cues from the microenvironment transmit intrinsic signaling in the cytoplasm to 
maintain muscle stem cell properties. The adhesion G-protein coupled receptor (GPCR) family 
of GPCRs commonly contain a large adhesion domain in the extracellular region that has been 
shown to interact with multiple adhesin molecules including integrins, cadherins, and laminins, 
as well as convert the external stimuli into internal signaling to regulate cellular homeostasis. 
Amongst the adhesion GPCRS, the orphan receptor GPR116 is highly expressed in quiescent 
muscle stem cells. Here we demonstrated that the conditional deletion of GPR116 from muscle 
stem cells leads to a break in quiescent state and gradual loss of a muscle stem cell pool over 
time. Moreover, GPR116-conditional knockout mice exhibited impaired muscle regeneration 
ability after repetitive muscle injury accompanied with a decreased number of muscle stem cells 
undergoing self-renewal. Thus, our results suggest that GPR116 is an integral bridge connecting 
the extrinsic environment with intrinsic signaling to maintain muscle stem cell quiescence and 
self-renewal.  
 
 

  



Michael A. Rudnicki 
 
Molecular Regulation of Muscle Stem Cell Function 
 
Sprott Centre for Stem Cell Research, Regenerative Medicine Program, Ottawa Hospital 
Research Institute, Ottawa, Canada 
 
mrudnicki@ohri.ca 

 
Satellite cells, the adult stem cells of skeletal muscle located between the basal lamina and 
sarcolemma of the muscle fiber are responsible for postnatal muscle growth and are indispensable 
for muscle regeneration in response to injury. In addition to generating committed myogenic 
progenitors to repair muscle tissue after trauma, a small subset of the satellite cell population, 
termed satellite stem cells, retains long-term self-renewal capacity to ensure homeostatic muscle 
maintenance and manage muscle repair over the lifetime of the organism. For self-renewal, 
activated satellite stem cells can undergo either asymmetric division to generate one committed 
daughter cell while the other daughter cell retains stem cell characteristics, or symmetric division 
to generate two identical daughter stem cells to expand the stem cell pool. Dystrophin protein, 
whose loss of expression underlies the etiology of Duchenne Muscular Dystrophy (DMD), was 
previously thought to primarily contribute to muscle fiber stability as an essential component of 
the large oligomeric dystrophin glycoprotein complex (DGC) at the muscle fiber membrane. 
Challenging this paradigm, dystrophin was found to be highly expressed in satellite cells where it 
plays an essential role in regulating the establishment of satellite cell polarity and hence efficient 
asymmetric division. Asymmetrically dividing muscle stem cells in skeletal muscle give rise to 
committed cells, where the myogenic determination factor Myf5 is transcriptionally activated by 
Pax7. This activation is dependent on Carm1, which methylates Pax7 on multiple arginine residues, 
to recruit the ASH2L:MLL1/2:WDR5:RBBP5 histone methyltransferase complex to the proximal 
promoter of Myf5. Here we found that Carm1 is a specific substrate of p38gamma/MAPK12, and 
that phosphorylation of Carm1 prevents its nuclear translocation. Basal localization of the 
p38gamma/p-Carm1 complex in muscle stem cells occurs via binding to the dystrophin-
glycoprotein complex (DGC) through 1-syntrophin. In dystrophin-deficient muscle stem cells, 
p38gamma/beta1-syntrophin interactions are abrogated resulting in enhanced Carm1 
phosphorylation, reduced Carm1 binding to Pax7, reduced H3K4-methylation of chromatin, and 
reduced transcription of Myf5. Thus, we have defined an epigenetic regulatory pathway that 
mediates commitment during asymmetric division acting downstream of the DGC and polarity 
establishment. We suggest that these signaling pathways represent an additional deficit owing to 
the lack of dystrophin expression in satellite cells, thus impairing the function of satellite cells in 
DMD. 
 
 
 
 
 
 
 



 

Freda D. Miller  
 
Cellular mechanisms underlying adult mammalian 
digit tip regeneration 
 
Hospital for Sick Children and University of Toronto, Canada 
 
 
While mammals are generally thought not to regenerate, one exception to this rule is the adult 
digit tip.  This lecture will describe our recent work defining the cellular mechanisms regulating 
digit tip regeneration, focusing on two potential precursor cell-dependent mechanisms.  First, 
we have recently shown that the injured peripheral nerve is a source of cells that contribute to 
digit tip regeneration, providing both dedifferentiated Schwann cell precursors that provide an 
important source of paracrine growth factors for blastema expansion, and mesenchymal 
precursor cells that ultimately contribute to the regenerated bone and dermis.  Second, using 
single cell RNA sequencing and lineage tracing, we have now characterized the mesenchymal 
blastema cells in the regenerating digit tip, and provide evidence for a model where resident 
mesenchymal cells dedifferentiate to an embryonic mesenchymal precursor state and 
ultimately regenerate mesenchymal tissues without regard to their tissue-of-origin.            
 

  



Alex Gregorieff 
 
Role of Yap in damage-induced intestinal stem cell 
plasticity.  
 
Department of Pathology and Research Institute of the McGill University Health Center. 
McGill University, Montreal 
 
 
The Hippo pathway is a unique signalling module that regulates cell-specific transcription in 
response to a wide range of intrinsic and extrinsic cues. Besides its classical role in restricting 
tissue size during development, Hippo signalling is now recognized as a key regulator of cell 
survival, cell fate determination, epithelial-to-mesenchymal transitions and cellular migration. 
Due to its highly dynamic nature, the intestinal epithelium has served as an exceptional model to 
study the complex roles of Hippo signaling in homeostasis and tumorigenesis. In this talk, I will 
present recent findings implicating the Hippo effector, Yap, as a key regulator of intestinal stem 
cell plasticity during gut epithelial regeneration. 
 
 
 

  



Andras Nagy 
 
Engineering a safe and allo-tolerated pluripotent stem 
cell line; a global source for off-the-shelf therapeutic 
cell products 
 

 
Lunenfeld-TanenbaumResearch Institute, Sinai Health System, Toronto, Canada 
 
 
Pluripotent stem cells have accelerated the development of new avenues for targeting 
degenerative diseases and cancer with cell-based therapies. Numerous human therapies are 
currently on their way to treat devastating conditions. However, concerns about the cell-safety 
hold back the full utilisation of these promising new treatments. Here we introduce a concept and 
show the associated genome engineering strategy that addresses this issue and provides a 
solution for "safe cell" therapies. 
 
To ensure the reliable expression of a suicide transgene system in proliferating cells, we 
transcriptionally linked it to a cell division-essential endogenous locus (CDEL) in a homozygous 
manner. Our prototype suicide gene was the herpes simplex virus-thymidine kinase (HSV-TK), 
and the prototype CDEL was CDK1. The coding regions of these two kinases were connected 
with a viral 2A sequence. Using mouse and human embryonic stem cell lines with the above 
homozygous modification, we showed an extremely efficient and reliable ablation of 
proliferating cells both in Vitro and in vivo by ganciclovir treatment, the pro-drug for HSV-TK. 
 
Using published and our experimental measures of forward mutation rates, we defined the level 
of safety of therapeutic batches of these cells mathematically. Our general approach to assess and 
quantify the safety will be critical to making informed decisions by the regulators, doctors, and 
patients to advance the medicine-transforming cell therapies. 
 
Building on the fail-safe cell technology, we addressed the next hurdle faced by cell therapies 
and provided a solution for induced allograft tolerance. We showed that the expression of eight 
local-acting, immunomodulatory transgenes introduced into embryonic stem cells is sufficient to 
protect cell derivatives against rejection in allogeneic, immune-competent recipients. Allografts 
survive long-term, in different MHC-mismatched recipients, and without immunosuppressive 
drugs. 
 
The combination of the fail-safe and immune tolerance genome editing makes the One4All cell 
line and therapeutic cell development a reality. 
 
 

  



Majlinda Lako  
 
Making retinal organoids in the lab: a voyage of 
discovery 
 
Institute of Genetic Medicine, Newcastle University, UK 
 
Visual impairment affects 285 million globally, with retinal diseases accounting for ~ 26% of 
global blindness. The final impact in many age related and inherited retinal dystrophies is the loss 
of photoreceptors for which no treatments exist to date; hence there is a pressing need for research 
into the replacement and/or reactivation of dysfunctional photoreceptors. The derivation of human 
embryonic stem cells (hESCs) in 1998 and induced pluripotent stem cells (hiPSCs) in 2007 has 
provided the much needed breakthrough as both of these cell types can be expanded indefinitely 
in vitro and have been shown to generate photoreceptors and retinal pigment epithelium (RPE) , 
Seminal work carried out by Sasai’s group first with mouse and later with hESCs, demonstrated 
that a simple three dimensional (3D) culture system enables generation of retinal organoids 
containing high number of photoreceptors developing alongside other retinal neurons and Müller 
glia cells in a laminated structure that resembles the native retina. Generating reproducible 3D 
laminated retina from a large range of human pluripotent stem cells with high efficiency and at 
large scale is crucial for developing ocular disease models and providing a safe test bed for 
bioactive compounds.  
 
To this end, we investigated five different human-induced pluripotent stem cell (iPSC) lines and 
showed a significant variability in their efficiency to generate retinal organoids. Despite this 
variability, by month 5 of differentiation, all iPSC-derived retinal organoids were able to generate 
light responses, albeit immature, comparable to the earliest light responses recorded from the 
neonatal mouse retina, close to the period of eye opening. All iPSC-derived retinal organoids 
exhibited at this time a well-formed outer nuclear like layer containing photoreceptors with inner 
segments, connecting cilium, and outer like segments. The differentiation process was highly 
dependent on seeding cell density and nutrient availability determined by factorial experimental 
design. We adopted the differentiation protocol to a multiwell plate format, which enhanced 
generation of retinal organoids with retinal-pigmented epithelium (RPE) and improved ganglion 
cell development and the response to physiological stimuli. We tested the response of iPSC-
derived retinal organoids to Moxifloxacin and showed that similarly to in vivo adult mouse retina, 
the primary affected cell types were photoreceptors. Following successful generation of retinal 
organoids from plueipotent stem cells, we derived patient specific iPSC from Retinitis Pigmentosa 
patients with mutations in pre-mRNA processing factors (PRPF) 31.  We generated transcriptome 
profiles from RP11 (PRPF31-mutated) patient-derived retinal organoids and retinal pigment 
epithelium (RPE), as well as Prpf31+/- mouse tissues, which revealed that disrupted alternative 
splicing occurred for specific splicing programmes. Mis-splicing of genes encoding pre-mRNA 



splicing proteins was limited to patient-specific retinal cells and Prpf31+/- mouse retinae and RPE. 
Mis-splicing of genes implicated in ciliogenesis and cellular adhesion was associated with severe 
RPE defects that include disrupted apical-basal polarity, reduced trans-epithelial resistance and 
phagocytic capacity, and decreased cilia length and incidence. Disrupted cilia morphology also 
occurred in patient-derived photoreceptors, associated with progressive degeneration and cellular 
stress. In situ gene-editing of a pathogenic mutation rescued protein expression and key cellular 
phenotypes in RPE and photoreceptors, providing proof-of-concept for future therapeutic 
strategies.  
 

  



Awais Javed - Selected poster talk 
 
Pou2f1/2 regulate the timing of cone photoreceptor 
production by negatively repressing the rod-promoting 
factor Nrl 
 
Awais Javed1,2, Pierre Mattar1,#, Kamil Kruzcek3,^, Suying Lu4, Anai Gonzalez-Cordero3, 
Magdalena Kloc3, Rod Bremner4, Robin Ali3 and Michel Cayouette1,2,5,6. 
 
1Cellular Neurobiology Research Unit, Institut de recherches cliniques de Montreal (IRCM), 
Canada. 
2Molecular Biology Program, Université de Montréal, Canada. 
3UCL Institute of Ophthalmology, London, United Kingdom. 
4Lunenfeld-Tanenbaum Research Institute, Sinai Health System, Canada. 
5Department of Medicine, Université de Montréal, Canada. 
6Department of Anatomy and Cell Biology; Division of Experimental Medicine, McGill 
University, Canada. 
#Current address: Ottawa Hospital Research Institute, Canada 
^ Current address: National Eye Institute, Bethesda, USA 
 
 
Retinal progenitor cells (RPCs) alter their competence to generate different cell types during retinal 
development. Although there has been some work done on how RPCs temporally regulate the 
production of early and late born cell types in the retina, not much is known about how the 
competence to produce cone photoreceptors is regulated in multipotent progenitors. Here, we show 
that the POU homeodomain transcription factors Pou2f1 and Pou2f2 (Oct1/Oct2), which are 
homologous to Drosophila pdm, are critical regulators of cone photoreceptor production. Pou2f1 
and Pou2f2 are expressed in both the mouse and human retina in early-stage RPCs during the peak 
of cone genesis, and Pou2f1 expression is subsequently maintained in differentiated cones through 
adulthood. Pou2f1 and Pou2f2 misexpression in late-stage RPCs is sufficient to trigger the 
production of cones beyond their normal developmental window, at the expense of rods. 
Conversely, knockdown of Pou2f1 and Pou2f2 in early RPCs, during the normal period of cone 
genesis, reduces cone production by half. Interestingly, Pou2f1 induces Pou2f2 expression and 
supresses Casz1, a factor that defines mid/late temporal identity in RPCs, suggesting that Pou2f1 
might function in a temporal cascade with Casz1. Pou2f2, in turn, represses expression of the rod-
promoting factor Nrl by binding to a region of its promoter containing a Pou2f2 binding motif. 
Together, these results suggest a model in which Pou2f1 regulates the timing of cone genesis by 
preventing expression of Casz1 in early-stage RPCs and inducing expression of Pou2f2, which in 
turn represses Nrl to promote the cone fate. 
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Differential expression of Ars2 guides germ layer fate 
decisions  
 
Seerat Elahi1, G. Aaron Holling2, Jianmin Wang3 , Scott H. Olejniczak1, 2. 
1Department of Pathology and Anatomical Sciences, State University of New York at 
Buffalo, Buffalo, NY, USA.  
2Department of Immunology, Roswell Park Comprehensive Cancer Center, Buffalo, NY, 
USA. 
3Department of Biostatistics & Bioinformatics, Roswell Park Comprehensive Cancer 
Center, Buffalo, NY, USA. 
 
 
Highly conserved protein Ars2 acts as a sorter of nascent transcripts to maintain gene expression 
fidelity. Because Ars2 deletion is embryonically lethal in mammals little is known about its role 
during embryogenesis. In this study, we set out to investigate Ars2 during peri-implantation mouse 
embryogenesis. Ars2 expression peaked in E5.5 embryos, just prior to germ layer formation, and 
was strongly correlated with endoderm markers in E6.5 embryos. Using day 4 embryoid bodies 
(EB) to recapitulate this developmental time-frame, we found a pattern of Ars2 co-localization 
with endodermal marker Gata4. In agreement, Ars2 inducible knockout (iKO) EBs showed 
reduced expression of endodermal genes, while mesodermal genes were induced. Ars2 knockdown 
also induced mesodermal genes without affecting endodermal genes, suggested that primary 
function of Ars2 is to limit mesodermal differentiation. GSEA analysis of RNA-seq data revealed 
increased epithelial-to-mesenchymal transition gene expression in Ars2 KO EB, which we 
confirmed by examining the E- to N-cadherin switch. Furthermore, mesodermal hematopoiesis 
genes were enriched in Ars2 KO EBs. Reducing expression of Ars2 during reprogramming of 
mouse embryonic stem cells (mESC) to hematopoietic stem cells (HSC) doubled the number of 
ESC-HSCs with a surface and molecular phenotype shared by the most potent HSCs found in vivo. 
These ESC-HSCs formed less differentiated colonies than ESC-HSCs identified using previously 
described surface markers. Overall, our data establish Ars2 as a novel suppressor of mesoderm 
commitment, a role that may be exploited to increase efficiency of in vitro generation of ESC 
derived HSCs for the purpose of tissue engineering.  
 
 
 
  



Michael M. Shen 
 
Progenitor cells and the origin of prostate cancer 
 
Departments of Medicine, Genetics and Development, Urology, and Systems Biology, Herbert 
Irving Comprehensive Cancer Center, Columbia University Medical Center, New York, NY 

 

The cell type that undergoes cancer initiation, or “cell of origin,” plays a key role in 
determining tumor properties such as molecular and histopathological subtype as well as 
treatment response and disease outcome. In the case of prostate cancer, the cell of origin may 
be highly relevant for whether it is indolent or aggressive, and consequently the analysis of cell 
types of origin may lead to identification of biomarkers that can guide therapy. Over the past ten 
years, our laboratory has made considerable progress in understanding prostate cell types of 
origin through studies of the progenitor populations, lineage relationships, and transcriptional 
regulators of the prostate epithelium during normal development as well as cancer initiation and 
progression, using genetically-engineered mouse and organoid models. In particular, we have 
investigated the central role of androgen receptor in modulating the function of epithelial 
progenitors, their ability to serve as cells of origin for prostate cancer, and the ability of luminal 
cells to transdifferentiate into neuroendocrine fates in advanced prostate cancer. In this 
presentation, I will discuss recently published work as well as ongoing studies from my laboratory 
on prostate epithelial progenitors and cell types of origin. 

 

 
 

 
 

 

  



Claire Chazaud 
 
Cell lineage differentiation in the blastocyst: the 
emergence of the plutipotent Epiblast 
 
Laboratoire GReD, INSERM 1103/CNRS 6293, Université Clermont Auvergne 
 

During the first 4 days of development, three cell lineages are differentiating in the mouse 
embryo; the trophectoderm, the epiblast (Epi) and the primitive endoderm (PrE). The Epi and 
PrE cells are specified from common Inner Cell Mass (ICM) precursor cells in an apparently 
random pattern, illustrated by the mixed and complementary expression of the transcription 
factors Nanog and Gata6. Moreover, FGF signalling balances cell fate toward either an Epi or 
PrE identity. Individual ablation of Nanog and Gata6 genes reveals their role in Epi and PrE 
specification respectively. Thus ICM cell differentiation depends on a gene regulatory network 
composed by the interactions between Nanog, Gata6 and the FGF pathway that we have 
mathematically modelled. We will present our novel data on Nanog/Gata6 double mutants 
demonstrating their requirement in the emergence of the Epi state leading to the salt and pepper 
differentiation. Surprisingly, in absence of Nanog, Gata6 and FGF signalling there is still 
heterogeneity among ICM cells.  

 
 

  



Antonio del Sol 
 
Single-cell Systems Biology Approaches to Stem Cell 
Research and Regenerative Medicine 
  
Luxembourg Centre for Systems Biomedicine (LCSB) University of Luxembourg 
 
 
The application of Systems Biology approaches to Stem Cell research is becoming more and 
more necessary in order to address a variety of fundamental questions in this field. In particular, 
with advances in single cell sequencing techniques, it is possible to get a deeper understanding of 
heterogenous cellular populations. However, the identification of optimal gene sets, whose 
perturbations can trigger specific cell population shifts, is a challenge in the application of 
cellular conversion strategies to regenerative medicine. In this talk, I will present computational 
approaches based on single-cell data, developed in our lab for the identification of optimal 
cellular reprogramming and differentiation determinants (transcription factors and signaling 
molecules). In particular, one of the methods, which relies on information theory concepts, aims 
at identifying synergistic transcriptional identity cores characterizing cell subpopulations. 
Perturbations of these core transcription factors is shown to induce transitions between cellular 
subpopulations of heterogeneous stem cell populations. Our computational predictions have been 
experimentally validated in different cellular systems. Finally, I will discuss a recently 
implemented computational method that integrates cellular signaling and gene regulatory 
networks to identify key signaling pathways controlled by the niche to maintain specific cellular 
phenotypes, which could trigger cellular transitions in-vivo. This method can facilitate 
mimicking the niche effect on stem cell states with potential applications in regenerative 
medicine. In summary, our computational predictions not only have been shown to be useful in 
guiding experimental research, but are currently being used in designing strategies for cell 
therapy treatment in patients with Parkinson’s disease, as well as in patients with partial vision 
loss due to depletion of corneal limbus stem cells. 
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Unveiling the mechanism of the RNA-binding protein 
Musashi1 in stemness and drug resistance of 
intestinal stem cells 
 
Carla Frau1, Gabriela Guardia2, Catherine Jamard1, Christelle De La Fouchadiere1, 
Clementine Le Neve1, Matthias Godart1, Joel Uchuya Castillo1, Pedro Galante2, Luiz 
Penalva2, Michelina Plateroti1 
 
1. CRCL/CLB Lyon (France) 
2. University Sao Paulo (Brazil) 
3. Texas University San Antonio (USA) 
 
In colorectal cancer, cancer stem cells (CSC) seem to be not only at the origin of tumor initiation 
but also responsible for recurrence after treatment. The RNA-binding protein Musashi1 (Msi1) is 
a marker of intestinal stem cells (SC) and regulates SC homeostasis. Moreover, Msi1 is 
frequently up-regulated in intestinal cancers and a link between high expression levels and drug 
resistance has also been suggested. Our aim is to elucidate the role of Msi1 in stemness and drug 
resistance. 
Methods 
We studied the effect of 5-FU in animals IN-VIVO and in intestinal organoids EX-VIVO by 
using mouse models with altered Msi1 expression in which SCs are labelled by GFP. 
Results and conclusions 
5-FU in WT mice or organoids strongly decreases the viability of SCs while in Msi1- 
overexpressing condition SCs are marginally affected. In addition, we observed that Msi1 is 
crucial for protecting cells against drug-dependent cytotoxic effects. Finally, Msi1- 
overexpressing mice in an Apc-mutated background showed an accelerated tumorigenesis and 
more advanced lesions compared with single Apc-mutants. In conclusion, our data point to a 
drug-resistant phenotype linked to Msi1 expression levels in SCs and to an acceleration of tumor 
development and progression linked to altered SC biology. Altogether, our results may have an 
important clinical value for the development of new therapies able to target CSCs. To test this 
hypothesis, we are currently collaborating with the Centre Leon Berard to develop human 
intestinal organoids and screen for small molecules to inhibit Msi1 action. 
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Atoh1 requires primary cilia for the expansion of 
granule neuron progenitors by modulating centriolar 
satellites 
 
Chia-Hsiang Chang1,2*, Hamasseh Shirvani3,4*, Marco Zanini3,4*, Jia-Shing Cheng1, Hua Yu3,4, 
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1. Institute of Brain Science, School of Medicine, National Yang-Ming University, Taipei 112, Taiwan. 

2. Taiwan International Graduate Program (TIGP) in Molecular Medicine, National Yang-Ming University 
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University, Taipei 112, Taiwan. ; 10. Lead contact *These authors contributed equally to this work 
 
BACKGROUND: Cerebellar granule neuron progenitors (GNPs) require the primary cilium to 
proliferate in response to Sonic Hedgehog (SHH) during cerebellar development. As aberrant 
proliferation of GNPs may lead to SHH-type medulloblastoma (SHH-MB), a pediatric brain 
tumor, understanding which mechanisms control ciliogenesis in GNPs represents a major interest 
in the field. METHODS: We studied ciliogenesis in GNPs and SHH-MB cells using two main 
approaches: (I) Primary cultures of GNPs from 7 days old mice and SHH-MB cells derived from 
the Ptch1+/- tumor prone mouse model; (II) In vivo electroporation of DNA constructs or si-
RNAs in the mouse developing cerebellum. RESULTS: We report that Atoh1, a transcription 
factor required for GNPs development, controls the presence of primary cilia, maintaining GNPs 
responsive to SHH: loss of primary cilia abolishes the ability of Atoh1 to keep GNPs in 
proliferation. Mechanistically, we showed that Atoh1 controls ciliogenesis by regulating the 
clustering of centriolar satellites (CS) around the ciliary basal body. Knockdown of Atoh1 indeed 
disperses CS, thus impairing ciliogenesis. This activity of Atoh1 is achieved by direct 
transcriptional regulation of a key CS core component, whose ectopic expression in GNPs 
counteracts the effects of Atoh1 silencing on CS and primary cilia, both in vitro and in vivo. 
Interestingly, this Atoh1-CS-primary cilium-SHH pro-proliferative pathway is also conserved in 
SHH-MB, where Atoh1 is overexpressed and acts as a lineage-dependent transcription factor. 
 
CONCLUSION: Our data reveal a mechanism whereby ciliogenesis is regulated in neuron 
progenitors opening new potential avenues for the treatment of cerebellar developmental 
disorders and SHH-MB. 
 

  



Carl Ernst 
 
Major boost in dopamine and Tyrosine Hydroxylase in 
ventral midbrain dopaminergic cells derived from 
human skin by L-type calcium stimulation  
  
 
The Douglas Hospital Research Centre, McGill University, Montreal, Canada 
 
 
Making high quality dopamine-producing cells for basic biological or small molecule screening 
studies is critical for the development of novel therapeutics for Parkinson’s disease.  Currently, 
many ventral midbrain assays have low signal-to-noise ratio due to low levels of cellular 
dopamine and the rate-limiting enzyme of dopamine synthesis, Tyrosine Hydroxylase, 
hampering discovery efforts. Using intensively characterized ventral midbrain cells derived from 
human skin which demonstrate calcium pacemaking activity and classical electrophysiological 
properties, we show that an L-type calcium agonist can increase tyrosine hydroxylase protein 
levels and dopamine content by over 50%.  Live calcium imaging suggests that it is the 
immediate influx of calcium occurring simultaneously in all cells that may drive this 
effect.  Genome-wide expression profiling suggests that L-type calcium channel stimulation has 
a significant effect on specific genes related to dopamine synthesis and decreases expression of 
L-type calcium receptor subunits CACNA1A, 1B, 1C, and 1E. Together, our findings provide a 
significant advance in the ability to increase dopamine and tyrosine hydroxylase levels to 
improve the accuracy of disease modeling and small molecule screening for Parkinson's or 
related disorders.   
 
 
 

  



Mohan Malleshaiah 

Unraveling the stem cell state specific regulatory 
networks 
 

Montréal Clinical Research Institute (IRCM), Department of Biochemistry and Molecular 
Medicine, Université de Montréal. 

 
Stem cells have huge potential for regenerative and therapeutic medicine. Its realization however 
depends on our fundamental understanding of the mechanisms that underpin their cell states and 
heterogeneity. Advances in cell reprogramming have invoked a provocative new concept that cells 
may sometimes exist in a dynamic metastable state. For instance, under similar conditions mouse 
embryonic stem cells exhibit multiple cell states with varying degrees of potency. Similarly, cancer 
progression is highly heterogeneous consisting mosaic of cell states. The molecular nature of cell 
states, the mechanisms for their transitions and the fundamental reasons for the heterogeneity are 
poorly understood. While the traditional inside-out approach has extensively helped map the 
molecular components and understand their role in cellular processes, the outside-in strategy of 
systems and synthetic biology offers novel solutions to predict and control cell behavior. In this 
talk, I will discuss how we are utilizing quantitative experiments in combination with 
computational analysis and models to understand the nature of stem cell states at the individual 
cell level. This systems perspective has allowed us to identify the key regulators, characterize their 
network dynamics and modulate the cell behavior. The resulting knowledge further allows us to 
control and reverse engineer the cell states for potentially useful purposes such as regenerative 
medicine.  
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Elucidating The Role Of Fgf4 In The Transition Of 
Naive To Primed Pluripotency In Mouse Embryonic 
Stem Cells 
 

Abiramy Jeyagaran1, Yojiro Yamanaka1 
 
1- Department of Human Genetics, McGill University, Montreal, Quebec, Canada 
Funding Sources: Supported by NSERC 
 
  
Embryonic stem cells (ESCs) are a great tool to understand early mammalian development and 
have great potential as a source of cells to differentiate to specific cell types for regenerative 
medicine. Recent studies have shown that ESCs exist in two states, defined by the pluripotent 
capacity: naïve and primed. Naïve ESCs can spontaneously differentiate to primed ESCs; 
however, the molecular mechanisms that drive this transition still remain unclear. As FGF4 is 
required by ESCs for the naïve to primed transition, we created a mouse ESC (mESC) line 
lacking FGF4 to study the changes that occur during the naïve to primed transition. Here, we 
show that Fgf4-/- ESCs fail to downregulate naïve pluripotency markers and form epithelial 
cysts when cultured in 3D conditions. The 3D conditions comprise of various extracellular 
matrix (ECM) proteins that are found in the basal membrane, mimicking in vivo conditions. 
Fgf4-/- ESCs were capable of polarizing, but unable to respond to the ECM cues to self organize 
into a rosette structure. This was rescued upon the addition of exogenous FGF4. As integrins are 
responsible for responding to ECM cues, we will investigate whether integrin activity is altered 
in the Fgf4-/- ESCs. This study will aim to further elucidate the molecular mechanisms through 
which FGF4 primes mESCs to respond to extracellular cues and polarize as they exit from their 
naïve pluripotent states. This will allow for a better understanding of how ESC differentiation 
can be controlled to be able to more efficiently direct their differentiation for regenerative 
therapies. 
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Apoptotic Morphogenesis of Urogenital System 
 
You Chi Tang1; Katie Stewart; Maxime Bouchard1 
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Apoptosis is a crucial and tightly regulated process during embryonic development for tissue 
morphogenesis. Previously, or lab has described an exquisite system of apoptosis involved in early 
urogenital system (UGS) maturation, where the elimination of common nephric duct (CND) results 
in ureter-bladder connection. In this system, progressive CND elimination is shown to strictly 
depend on regulated apoptosis, reaching to 50% of cells dying at the CND-bladder connection 
region, to bring the ureter in contact with the bladder. If this apoptotic rate is altered, diseases such 
as ureter obstruction and reflux will be resulted. And importantly, the high rate of apoptotic cell 
death must be compensated by an equally high rate of resolution of the “gaps” created by cell 
removal. Recent observations from confocal analysis of CND cells showed interesting phenotypes 
that the apoptotic bodies (usually small, condensed) lay within other duct epithelial cells containing 
a normal columnar nucleus, surrounded by the same cell membrane (E-cad). Due to the high 
apoptotic rate in the CND, there are usually more than half of the duct epithelial cells showing this 
phenotype. 
Evidence in the literature has demonstrated that the exposure of phosphatidylserine (PtdSer) on 
apoptotic cells signal phagocytes for cell clearance. However, the mechanisms of apoptotic cell 
engulfment by epithelial cells are largely unknown.  
We then hypothesize that apoptotic-cell phagocytosis by epithelial cells act as the main driver 
for tissue morphogenesis in the CND, through PtdSer signaling.  
A series of experiments will be performed to visualize cell behaviors with respect to changes in 
apoptosis levels, and to detect changes in engulfment when blocking PtdSer to further elucidate 
molecular mechanisms for apoptotic cell clearance.  
 
Since inappropriate cell clearance is linked to various diseases, our findings will additionally 
provide better insight for tissue homeostasis. 
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Regulation of Glioma Stem Cell Self-Renewal and 
Tumorigenesis by Carbohydrate Binding Protein 
 
Ahmad Sharanek1, Idris Fatakdawala1, Arezu Jahani-Asl1 
1-Department of Oncology, Integrated Program in Neuroscience, McGill University, 
Lady Davis Institute for Medical Research, Jewish General Hospital, Montreal, Quebec, 
Canada. 
 
  
Glioma Stem Cells (GSC) are a population of malignant self-renewing stem cells in glioblastoma 
(GBM) tumors, the most common and aggressive primary brain tumor in the adult brain. GSC 
promote tumor growth and recurrence and acquire resistance to therapy. Strategies to target GSC 
in the tumor bulk are urgently needed in order to develop more effective therapeutic strategies for 
GBM. EGFRvIII/STAT3 signaling is a major oncogenic pathway in GBM. Here, we report our 
discovery that Galectin1, a family member of carbohydrate-binding proteins with affinity for b-
galactosides, promotes GSC self-renewal and tumor growth in EGFRvIII-expressing subset of 
tumors. Analysis of RNA-Seq data shows that LGALS1, the gene encoding Galectin1, is highly 
expressed in human EGFRvIII-expressing GSC and its expression correlates with the expression 
of transcription factor STAT3. Importantly, STAT3 directly binds the promoter of LGALS1 to 
upregulate its expression and knockdown of STAT3 significantly attenuates LGALS1 mRNA 
levels. Genetic knockdown of LGALS1 impairs the ability of GSC to form spheres, as assayed in 
limiting dilution assay, suggesting that LGALS1-STAT3 signaling regulates GSC fate in 
EGFRvIII tumor subset. Strikingly, we employed genetic and pharmacological approaches in 
patient derived xenografts and found that LGALS1/Galectin1 impairs GSC growth and 
tumorigenesis. Treatment of GSC with OTX008, a specific inhibitor of Galectin-1, significantly 
attenuates the self-renewal ability of these cells and impairs tumorigenesis. Together, our findings 
suggest that targeting LGALS1/Galectin1 in combination with inhibitors of EGFRvIII/STAT3 
pathway may provide an effective strategy for the future treatment of these deadly brain tumors. 
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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 of Clostridium perfringens enterotoxin (C-CPE), which removes Claudin-
3, -4, -6, -7, -8 and -14 from tight junctions.  100-800 µg/ml 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 a >2-fold increase 
in SSC homing efficiency compared to GST-alone control.  Restoration of the BTB occurred 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 
testes.  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 is effect is likely due to 
transient removal of Claudin-8 from the BTB. 
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In vitro blood brain barrier (BBB) models are crucial tools to aid in the pre-clinical evaluation 
and selection of BBB-permeant drugs. Stem cell derived BBB models have recently 
demonstrated a substantial advantage over primary and immortalized brain endothelial cell 
models for BBB modeling and maintenance of BBB phenotype in culture. Coupled with recent 
discoveries highlighting significant species and differences in the abundance and function of key 
BBB transporters further necessitates the development of robust, species specific BBB models 
for improved translational predictability. We have developed a human induced-pluripotent stem 
cell-derived BBB model, composed of iPSC-derived brain endothelial cells (iBECs), employing 
a novel direct monolayer differentiation protocol. These iBECs exhibited high transendothelial 
electrical resistance inducible by astrocyte-derived molecular cues and retinoic acid treatment 
(up to 1500 Ω cm2), polarized expression of functional efflux transporters and receptor mediated 
transcytosis triggered by antibodies against specific receptors. We have also developed and 
validated a microfluidic-based 3D BBB platform that provides a physiologically relevant in 
vitro BBB screening platform. Collectively, this iBEC BBB model discriminates species-
selective antibody- mediated transcytosis mechanisms, is predictive of in vivo CNS exposure of 
rodent cross-reactive antibodies and is actively implemented into pre-clinical CNS drug 
discovery and development processes to facilitate de-risking of CNS drug development 
pipelines.  
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The Human antigen R (HuR), a well-known master regulator of gene expression 
posttranscriptionally, is known to promote muscle fiber formation in vitro, but its role in muscle 
physiology, in vivo, has yet to be explored. Several reports have indicated that the total knockout 
of HuR in mice is embryonic lethal. Therefore, to investigate the in vivo role of HuR in skeletal 
muscle formation and physiology, we used the Cre-LoxP system to generate a HuR 
musclespecific knockout mice (MyoDCre+;Elav1fl/fl). Here we show that muscle specific HuR 
knockout (muHuR-KO) mice have higher exercise endurance that is associated with a significant 
increase in oxygen consumption, carbon dioxide production, and respiratory exchange ratio. 
Histological analysis demonstrates that the absence of HuR significantly enhances the number of 
oxidative type I fibers in several skeletal muscles, indicating that under normal conditions, HuR 
promotes the formation of glycolytic type II fibers. HuR mediates this outcome by acting, 
unexpectedly, as an mRNA destabilizing factor in skeletal muscle, decreasing the expression of 
PGC-1α mRNA, a well-known promoter of type I fiber formation. Furthermore, this oxidative 
phenotype protects muHuR-KO mice against cancer cachexia induced muscle wasting. Together, 
our data uncover a novel role for HuR as a key regulator of muscle fiber type specification and 
provide a proof-ofprinciple that targeting HuR expression in muscle can be used therapeutically 
to combat deadly syndromes, such as cachexia-induced muscle wasting. 
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Retinal progenitor cells (RPCs) alter their competence to generate different cell types during retinal 
development. Although there has been some work done on how RPCs temporally regulate the 
production of early and late born cell types in the retina, not much is known about how the 
competence to produce cone photoreceptors is regulated in multipotent progenitors. Here, we show 
that the POU homeodomain transcription factors Pou2f1 and Pou2f2 (Oct1/Oct2), which are 
homologous to Drosophila pdm, are critical regulators of cone photoreceptor production. Pou2f1 
and Pou2f2 are expressed in both the mouse and human retina in early-stage RPCs during the peak 
of cone genesis, and Pou2f1 expression is subsequently maintained in differentiated cones through 
adulthood. Pou2f1 and Pou2f2 misexpression in late-stage RPCs is sufficient to trigger the 
production of cones beyond their normal developmental window, at the expense of rods. 
Conversely, knockdown of Pou2f1 and Pou2f2 in early RPCs, during the normal period of cone 
genesis, reduces cone production by half. Interestingly, Pou2f1 induces Pou2f2 expression and 
supresses Casz1, a factor that defines mid/late temporal identity in RPCs, suggesting that Pou2f1 
might function in a temporal cascade with Casz1. Pou2f2, in turn, represses expression of the rod-
promoting factor Nrl by binding to a region of its promoter containing a Pou2f2 binding motif. 
Together, these results suggest a model in which Pou2f1 regulates the timing of cone genesis by 
preventing expression of Casz1 in early-stage RPCs and inducing expression of Pou2f2, which in 
turn represses Nrl to promote the cone fate. 
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Cancer stem cells are involved in tumor development, proliferation, metastasis dissemination and 
resistance to treatment. Their identification and quantification within a tumor mass, essential for 
predicting tumor aggressiveness and adapting therapeutic strategies, remains an ongoing challenge. 
Having shown in healthy tissues that the trans-membrane endopeptidase CD10 marks stem cell 
(SC)-containing populations and controls cell fate, we presently reveal that, in breast and prostate 
cancer, stemness properties are conserved in transformed CD10+ SC. Using a new model of human 
luminal breast cancer we observed increasing levels of CD10 membrane expression during the 
transformation process, though its expression is dispensable for transformed characteristics. 
Transcriptomic analysis of CD10+ and CD10- fractions revealed that the CD10-associated gene 
signature in non-transformed cells became predominant after transformation but was no longer 
associated to CD10 membrane expression. Analysis of several databases confirmed that the CD10 
signature was enhanced in primary breast and prostate cancers and that its expression level is 
correlated with poor patient outcome. Furthermore, we unveiled a link between the CD10 signature 
and response of human cancer cell lines to drugs in clinical use or in development. Impressively, 
the CD10 score is overexpressed in other types of solid cancers where a high expression is 
associated with poor prognosis. Our data suggest that CD10 could be considered as a marker of 
cells with immature properties associated with transformation in many solid cancer types. The 
CD10 signature could be used as a prognostic marker and could also improve systemic therapy 
strategies. 
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In colorectal cancer, cancer stem cells (CSC) seem to be not only at the origin of tumor initiation 
but also responsible for recurrence after treatment. The RNA-binding protein Musashi1 (Msi1) is 
a marker of intestinal stem cells (SC) and regulates SC homeostasis. Moreover, Msi1 is 
frequently up-regulated in intestinal cancers and a link between high expression levels and drug 
resistance has also been suggested. Our aim is to elucidate the role of Msi1 in stemness and drug 
resistance. 
Methods 
We studied the effect of 5-FU in animals IN-VIVO and in intestinal organoids EX-VIVO by 
using mouse models with altered Msi1 expression in which SCs are labelled by GFP. 
Results and conclusions 
5-FU in WT mice or organoids strongly decreases the viability of SCs while in Msi1- 
overexpressing condition SCs are marginally affected. In addition, we observed that Msi1 is 
crucial for protecting cells against drug-dependent cytotoxic effects. Finally, Msi1- 
overexpressing mice in an Apc-mutated background showed an accelerated tumorigenesis and 
more advanced lesions compared with single Apc-mutants. In conclusion, our data point to a 
drug-resistant phenotype linked to Msi1 expression levels in SCs and to an acceleration of tumor 
development and progression linked to altered SC biology. Altogether, our results may have an 
important clinical value for the development of new therapies able to target CSCs. To test this 
hypothesis, we are currently collaborating with the Centre Leon Berard to develop human 
intestinal organoids and screen for small molecules to inhibit Msi1 action. 
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Satellite cell function and regenerative myogenesis are tightly regulated by a number of 
extrinsic factors. Among them, we identified Sonic Hedgehog (Shh), a well-characterized 
activator of the cilia-mediated Hedgehog (Hh) signaling. Shh is expressed at day 3 following a 
cardiotoxin-induced muscle injury. Using myofiber culture, we showed that treatment with Hh 
signaling agonists activates Myf5 expression in the committed satellite cell following an 
asymmetric stem cell division. By contrast, inhibiting primary cilia assembly using siRNA for 
Ift88 represses Hh signaling, consequently decreasing Myf5 expression and asymmetric 
divisions. The primary cilium regulates the processing of Gli3, the primary transcriptional 
repressor of Hh signaling. Using mice allowing for tamoxifen-inducible genetic deletion of Gli3 
in satellite cells, we found that tamoxifen-treated Pax7CreER/+:Gli3fl/fl mice show an increased 
number of satellite cells in uninjured muscle, suggesting that the derepression of Hh signaling 
through Gli3 deletion promotes satellite cell activation. In early stages of repair, Gli3 deletion 
drastically increases the number of Pax7-expressing cells, while decreasing myogenin-
expressing cell number. Consistent with these results, Gli3-deficient satellite cells and 
myoblasts proliferate faster, while their differentiation is delayed. Following repair, tamoxifen-
treated Pax7CreER/+:Gli3fl/fl mice display increased muscle mass due to myofiber hypertrophy and 
increased numbers of centrally located nuclei per regenerated myofiber, indicating increased 
satellite cell fusion. Moreover, the regenerated muscles from Pax7CreER/+:Gli3fl/fl mice are 
stronger compared to the Pax7CreER/+ littermate controls. Altogether, our data strengthen the 
idea that cilia-mediated Hh signaling contributes to satellite cell activation, proliferation and 
commitment to the myogenic lineage and its activation improves muscle regeneration. 
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Introduction: ERK3 is an atypical protein kinase belonging to the Mitogen-Activated Protein 
Kinase (MAPK) family whose biological functions remain elusive. ERK3 is overexpressed in 
different types of cancers such as melanoma, breast, lungs, colorectal and gastric cancers. The 
objective of this project is to investigate the role of ERK3 in breast cancer stem cell biology and 
tumor progression.  
Methods and Results: TCGA analysis revealed that high MAPK6 (ERK3 gene) expression levels 
correlates with poor patients’ outcomes in breast cancer. Moreover, ERK3 depletion in triple-
negative breast cancer (TNBC) cell lines markedly inhibits cells migration and invasion. In order 
to understand the mechanisms underlying these observations, a transcriptomic analysis has been 
performed after RNAi silencing of ERK3 in TNBC cells. Interestingly, ERK3 was found to 
regulate the expression of membrane and secreted proteins involved in cancer progression. In 
particular, CD44, a cancer stem cells marker expressed in different cancers types, was identified 
as a candidate ERK3 target gene. The regulation of CD44 expression by ERK3 was validated at 
the protein level in triple-negative breast cancer cell lines.  
Conclusion and Relevance: We show that ERK3 signaling regulates CD44 expression in breast 
cancer cells lines. CD44 has been associated with increased invasiveness, metastatic progression 
through epithelial-mesenchymal transition and chemotherapy resistance. TNBCs are enriched in 
breast cancer stem cells and are often resistant to chemotherapy. Hence, the project will try to 
explore the possible implication of ERK3 in breast cancer progression by sustaining stem cells 
population, namely by enhancing expression of markers such as CD44.  
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Duchenne muscular dystrophy (DMD) is a muscle wasting disease arising from a mutation in the 
gene encoding dystrophin. Muscle stem cells (MuSCs) have extraordinary regenerative capacity 
and can differentiate into mature muscle. In patients with DMD, the MuSC pool is eventually 
exhausted and muscle regeneration is halted. Developing therapies to improve regeneration must 
involve elucidating which molecular pathways regulate MuSC differentiation and self-renewal. 
Key components of the molecular machinery in MuSCs are protein arginine methyl transferases 
(PRMTs). We have shown that PRMT1 effects MuSC fate by regulating the transcriptional 
activation of MyoD. PRMT1 knockout mouse myoblasts have enhanced proliferation but are 
unable to differentiate. We therefore hypothesize that transient PRMT1 inhibition will allow for 
expansion of the MuSC pool, priming the muscle for enhanced regeneration following injury 
once inhibition is de-repressed. We therefore use MS023, an inhibitor of type I PRMTs. We 
observed enhanced proliferation of myoblasts in vitro as well as increased MuSC number on 
cultured muscle fibers. To assess MS023 in vivo, GFP+ MuSCs will be isolated and treated with 
MS023, then engrafted into recipient mice that have been injected with cardiotoxin to induce 
muscle injury 24h prior. Following 3 weeks of regeneration, cross-sections of the injured muscle 
will be assessed for GFP+ fibers and MuSC number. We expect that the mice with MS023-
treated MuSCs will have an expanded MuSC pool and more GFP+ fibers. Inhibition of PRMT1 
is a promising avenue to explore for MuSC pool expansion and ultimately the treatment of 
muscle wasting disease. 
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High-grade serous ovarian carcinoma(HGSC) is the most prevalent and lethal type of ovarian 
cancer. Due to its asymptomatic nature during early disease progression, it is most frequently 
diagnosed at advanced stages. The ovary has traditionally been accepted as the site of origin, 
however, new evidence proposes that premalignant secretory epithelial cells of the fallopian tube 
shed and translocate to the ovary. Identifying and defining the cellular origin for HGSC provides 
significant benefit for early detection, prevention, prognosis and treatment.  

LKB1 is a kinase that regulates cell polarity, energy metabolism, apoptosis, cell proliferation and 
cell cycle arrest. Approximately 70% of patients with HGSC show a decrease in LKB1 
suggesting that loss-of-LKB1 plays a role in the mechanism for its initiation and progression. 
Interestingly, a previous study from our lab showed that live epithelial cells spontaneously 
detach from their epithelial layer in Lkb1 null embryos. We hypothesize that loss-of-Lkb1 

facilitates cell shedding in precancerous epithelial cells of the oviduct which then translocate 

to the ovary. 

Using 3D confocal imaging, various mouse transgenic lines and lineage tracing experiments, we 
have detected cellular heterogeneity and changes in oviductal epithelial composition and 
morphology throughout the murine hormonal cycle. Interestingly, under normal homeostasis, 
oviductal epithelial cells can translocate to the ovary over time. Using CRISPR/cas9 and in vivo 
oviduct electroporation methods, we have induced mutations in Lkb1, p53, BRCA1 and PTEN 
restricted to oviductal cells and have detected growths by the ovarian surface 4 months following 
surgery. Clonal patches of the progeny of electroporated cells remain in the oviduct and display 
characteristics of previously defined precursor lesions for HGSC. Further analyses are currently 
in progress. Understanding the normal dynamic nature of this tissue provides critical insight to 
the initiation and progression of HGSC. We introduce a novel method which is easy to 
implement and advantageous in investigating early cancer initiation and progression.  
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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 Claudin3, -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.  
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The protein L-isoaspartyl (D-aspartyl) methyltransferase (PIMT) is an enzyme able to repair 
abnormal L-aspartyl residues in damaged proteins. Among examined tissues, PIMT shows the 
highest level in brain. U87-MG cells are a commonly used grade IV cellular model to study the 
most frequent brain tumor, the glioblastoma. Previously, we reported that PIMT amount increased 
when U87-MG cells were detached from the extracellular matrix. Recently, our laboratory also 
showed that PIMT possessed pro-angiogenic properties. Together, these PIMT features led us to 
postulate that PIMT could play a critical role in glioblastoma growth. To investigate PIMT 
involvement during glioblastoma growth, we analyzed its role in U87-MG cell viability, adhesion, 
migration, invasion, clonogenic properties and the reorganization of the actin cytoskeleton. For 
instance, PIMT inhibition by siRNA reduced cell migration and invasion by different assays: in 
wound healing assay, in Boyden chambers coated with gelatin and in Matrigel invasion assay. 
Conversely, in stably transfected U87-MG cells overexpressing wild-type PIMT, cell migration, 
invasive capacity and colony formation significantly increased. However, in stably transfected 
cells with the gene encoding for the inactive PIMT D83V, in spite of its overexpression, the 
migration and invasion remained similar to that observed in control cells transfected with the 
empty plasmid. In all these conditions, cell viability was unaffected. Finally, the reorganization of 
the actin cytoskeleton is regulated by PIMT protein level. Overall, these data enlighten the 
importance of PIMT level and mainly of its catalytic activity in migration and invasion of 
malignant glioma U87-MG cells and its possible contribution in cancer cell invasion during 
glioblastoma growth. 
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In skeletal muscle, a rare population of Muscle Stem Cells (MuSCs), also called Satellite Cells, 
maintains lifelong regenerative capacity of muscle. Upon a signal from their niche, satellite cells 
can become activated to either maintain the satellite cell pool or differentiate to repair damaged 
tissue. However, aging has a detrimental effect on satellite cells’ regenerative ability. The extent 
to which the age-related defect in satellite cell function is cell intrinsic or is induced by factors of 
the aging niche is poorly understood.  
 
Epigenetic mechanisms play a key role in the aging phenotype of adult tissues. Due to the 
plasticity of epigenetic marks, we hypothesize that the niche is capable of reprogramming the 
transcriptome of satellite cells through modification of the epigenome. 
 
To separate niche-mediated from cell-intrinsic age-related modifications, we perform allogeneic 
muscle stem cell transplantation from old donors to young recipient mice, followed by RNA-seq 
library preparation of donor cells pre- and post- transplantation using Switching Mechanism at 5’ 
End of RNA Template (SMART) technologies. 
Importantly, we found that old satellite cells can repopulate the skeletal muscle of young 
irradiated immunocompromised mice. Donor stem cells also home to the correct sub laminar 
niche location.  
 
Comparative analysis of gene expression in satellite cells before and after transplantation will 
identify niche-induced changes in the transcriptome. Furthermore, mapping changes in the 
pattern of key regulatory histones and the resulting effects on the transcriptome will identify 
reversible age-related pathways that can be used as potential epigenetic drug targets in patients 
with age-related muscle-wasting diseases.     
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A key limitation for bulk tissue engineered scaffold development is the inability to deliver oxygen 
to cells found within scaffolds – which can result in hypoxia and tissue necrosis. The objective of 
this study was to determine the necessary requirements for anoxic MSC survival up to 13 days.  
 
Initially, unmodified and Erythropoietin (Epo)-gene modified mouse bone marrow MSCs were 
cultured for 7 days in normoxic (21%) and anoxic (<1%) oxygen conditions. In the second set of 
experiments, unmodified MSCs were cultured in anoxia for up to 13 days in high (4.5g/L) and low 
(1g/L) glucose media. Cell viabilities were determined for up to 13 days. 
 
We observed from our oxygen experiments, that while both groups of MSCs showed similar 
viabilities (78-88%) when compared to normoxic controls (85-91%), Epo-MSCs showed a 
significantly higher cell count (10.1x104±4.5) compared to unmodified MSCs (7x104±3.8) when 
cultured in anoxia. In anoxia, addition of high glucose media to unmodified MSCs led to a 
significant increase in cell viability percentage when compared to low glucose media at 13 days. 
 
Our results indicate that both groups of MSCs can survive for up to 13 days in the absence of 
oxygen, with higher cells counts seen for Epo-MSCs. Protein production is unaffected by the 
absence of oxygen compared to normoxic controls. Additional glucose allowed for a 37% increase 
in MSC survival in anoxia. These results may lead to future research in scaffold designs that do 
not require vasculature to maintain cell survival for extended periods of time. 
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Although counting of circulating tumor cells (CTC) has attracted a broad interest as potential 
markers of tumor progression and treatment response, the lack of functional characterization of 
these cells had become a bottleneck in taking these observations to the clinic. Our objective was 
to culture these cells in order to understand them and exploit their therapeutic potential to the full.  
Here, hypothesizing that some CTC potentially have cancer stem cell phenotype, we generated 
several CTC lines from the blood of patients with advanced metastatic colorectal cancer (CRC) 
based on their self-renewal abilities. Our CTC lines self-renew, express Cancer Stem Cell (CSC) 
markers and have multi-lineage differentiation ability, both in vitro and in vivo. Patient-derived 
CTC lines are not only tumorigenic in subcutaneous xenografts but are also able to colonize the 
liver after intrasplenic injection. RNA sequencing analyses strikingly demonstrate that drug 
metabolizing pathways represent the most up-regulated feature amongst CTC lines in comparison 
with primary CRC cells grown under similar conditions. This result is corroborated by the high 
resistance of the CTC lines to conventional cytotoxic compounds. 
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Leukemic stem cells (LSCs) sustain acute myeloid leukemia (AML). Improved understanding of 
LSCs is required to improve therapy. We identified G protein-coupled receptor 56 
(GPR56/ADGRG1) among a gene expression signature common to LSCs and normal 
hematopoietic stem cells (HSCs). GPR56 is a novel marker of high LSC frequency in AML 
patients, was shown to accelerate leukemogenesis in mice, and may be involved in murine HSC 
development and regulation. This study aims to establish the functional role of GPR56 in human 
LSCs and HSCs. 
 
GPR56 expression was associated with worse survival across three microarray AML cohorts 
(p<0.01). GPR56 expression was higher in samples with worse prognosis (p<0.0001) predicted 
by cytogenetics. We confirmed higher expression of GPR56 in human LSC and HSC fractions 
by qRT-PCR. Colony forming cell assays were conducted to determine effects on progenitor 
proliferation and differentiation. Overexpression of GPR56 increased colony formation in AML 
cell line MOLM-13 (p<0.05) and cultured AML sample 8227 (GPR56dN, p<0.0001), but did not 
significantly alter normal human progenitor cell activity. Long-term xenograft assays were 
performed via intrafemoral injection in immunodeficient mice to determine effects on stem cell 
function. GPR56 overexpression conferred a significant engraftment advantage (p<0.0001) 
maintained in secondary 12-week transplants (p<0.05) with sustained hierarchical organization 
indicating self-renewal of stem cells. 
 
These data suggest that GPR56 enhances HSC function in vivo, and may regulate human 
leukemic progenitors, but not hematopoietic progenitors in vitro. Further functional studies will 
be performed to determine the role GPR56 in LSC function in vivo and chemotherapy resistance. 
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Transcriptome profiling in breast tumours has revealed different subtypes, but the underlying 
causes of subtype determination still require further investigation. Using correlation analysis in 
breast tumour datasets, we identified a cluster of highly-correlated luminal genes including 
ESR1, FOXA1 and GATA3. Importantly, expression patterns of these TFs recapitulate 
stratification of luminal (FOXA1high ESR1/GATA3high), molecular apocrine (FOXA1high 
ESR1/GATA3low) and basal-like (FOXA1low ESR1/GATA3low) tumours. Downregulation of 
FOXA1 expression in luminal cells supported a role as a positive modulator of other luminal 
TFs, including ESR1. In molecular apocrine SK-BR-3 cells, which are ERα-negative and 
GATA3low, FOXA1 maintained binding to response elements present in several luminal cluster 
genes, although its binding to ESR1 regulatory regions was reduced and this correlated with the 
presence of repressive chromatin marks. Ectopic ERα expression in these cells resulted in E2-
induced binding of the receptor to estrogen response elements (EREs) as well as pre-bound 
FOXA1 elements, with chromatin opening observed at some EREs with low FOXA1 binding. In 
addition, these cells exhibited activation of an E2-transcriptional response reminiscent of that 
observed in luminal cells, albeit several cell cycle genes were already active in an ERα/E2 
independent manner. Collectively, these findings support transcriptional cooperativity between 
FOXA1 and ERα for expression of luminal genes, and suggest that differential expression of 
these master regulators drives breast tumour subtype specification. 
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The placenta arises in early development alongside the embryo and nurtures fetal development to 
term. First trimester placental villi contain cytovillous trophoblast cells (CTB) that can be cultured 
in vitro to form human trophoblast stem cell (hTSC) lines. The CTB give rise to 
syncytiotrophoblast (SCT) which line the villus structure and produce pregnancy hormones. CTBs 
also differentiate into extravillous trophoblast (EVT) which invade the maternal endometrium, and 
remodel maternal vasculature to allow sufficient blood flow. During these first stages, the blood 
and ambient oxygen supply is very low (~1-2% O2). As EVT invasion progresses, the oxygen level 
in the placenta increases. To recapitulate physiological growth conditions in vitro that mimic 
natural development, we grew TSCs in hypoxia (5% O2). These hypoxic conditions contribute to 
an overall stable maintenance of an ITGA2hi EpCAMhi population of cells, whereas culture in 
atmospheric oxygen (20% O2) causes spontaneous differentiation. Culture in low oxygen has no 
effect on the hTSC potential to differentiate into EVTs and produces a purer differentiation. 
Additionally, we find that the ITGA2hi EpCAMhi TSCs are similar to a highly proliferative subset 
of CTB reported to exist at the base of the cell column in first trimester placenta and may be the 
human counterpart to mouse labyrinth trophoblast progenitors (LaTP). 
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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) 
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Duchenne muscular dystrophy (DMD) is a devastating childhood muscular disease characterized 
by the absence of dystrophin, which is important for muscle fiber stability. We recently observed 
that the absence of dystrophin not only leads to muscle fiber fragility; it also intrinsically 
compromises the function of muscle stem cells (MuSCs), which are responsible for muscle 
healing. Moreover, a chronic inflammation is observed in dystrophic muscles, which further 
reduces the regenerative capacity of MuSCs. So far, glucocorticoids are the only drugs that can 
temporarily slow down muscle degeneration in DMD; however, they directly impair MuSCs 
function and stimulate muscle wasting. Here, we investigate the therapeutic potential of a novel 
class of bioactive lipid analogs having potent anti-inflammatory capacities for the treatment of 
DMD. We showed that the supplementation of different classes of bioactive lipids in vitro 
increases myoblasts growth rate, promote myoblast differentiation (2-fold increase in myogenin-
expressing cells), and increase myotube size and myosin heavy chain content (MyHC) compared 
to control. At the opposite, glucocorticoids (prednisone) decreased MyHC content and reduced 
myotube size. In vivo, daily injection (i.p.) into dystrophic mdx mice showed that bioactive lipids 
dampen inflammation to a similar level than prednisone and promote macrophage switching 
toward their anti-inflammatory phenotype. While prednisone diminished myofiber size, bioactive 
lipids increased the number of differentiated myoblasts, resulting in larger fiber size compared to 
control. Overall, our findings indicate that bioactive lipids dampen inflammation and 
concurrently stimulate MuSC function and myogenesis, which would represent a significant 
improvement compared to the standard-of-care treatment for DMD.  
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Compaction is an essential morphogenetic event for blastocyst formation during preimplantation 
mouse embryo development. This morphological change is recognized an increase in cell-cell 
contact area, minimizing the exposed surface area of an embryo. However, the molecular 
mechanisms driving compaction have not been elucidated.  
 
To identify molecular changes before and after compaction, we investigated the distribution of 
cortical F-actin, a core regulator of cell shape. We observed a reduction of F-actin at cell-cell 
contacts after compaction, suggesting the generation two cortical subdomains within a cell. We 
speculate that the cortical F-actin levels reflect cortical contractility and that the reduction of F-
actin at cell-cell contact areas facilitates the flattening of cells.       
 
What regulates this reduction of F-actin at cell-cell contacts? We investigated the distribution of 
E-cadherin, a calcium dependent adhesion molecule, and its associated catenins. Although E-
cadherin and b-catenin were uniformly distributed before and after compaction, we observed an 
increase of α-catenin at cell-cell contacts during compaction. Since homodimer forms of α-
catenin suppresses actin polymerization by blocking the ARP2/3 activity, we speculate that the 
increased level of α-catenin reflects its homodimer conformation to reduce the level of F-actin at 
cell-cell contacts 
 
Interestingly, E-cadherin null embryos exhibit two phenotypes not related to cell adhesion; 
(1)precocious polarization at the 4-cell stage, (2)polarized 8-cell embryos without F-actin rings. 
These results suggest that E-cadherin has adhesion-independent roles on contact-free surface to 
negatively regulate polarization as well as regulating the actocytoskeletion. 
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The oviduct is a tubular structure in the female reproductive tract connecting the ovary to the uterus. 
It consists of luminal columnar epithelium comprising of at least two types of epithelial cells: 
multiciliated and secretory cells. The distal end of the oviduct(infundibulum-ampulla) comprises 
of predominantly multi-ciliated cells (marked by FOXJ1, acetylated tubulin), while the proximal 
oviduct(isthmus) comprises largely of secretory cells (PAX8, PAX2).  
PAX2 and PAX8 are markers for the Mullerian duct epithelium during the embryonic stage and 
oviduct luminal epithelium after birth. PAX8 is expressed throughout the Mullerian duct and in 
oviduct secretory cells. On the other hand, using a BAC PAX2GFP mouse line, we identified that 
PAX2, previously believed to be expressed by secretory epithelial cells, was not expressed in the 
distal oviduct from the embryonic stage to the adult. Using another lineage tracing mouse line 
PAX8cre(KI); ROSA-LSL-RFP (PAX8creRFP), we noted that Pax8creRFP+ cells localized 
primarily in the distal oviduct epithelium, showing an inverse distribution pattern with respect to 
the PAX2GFP+ cell localization. Taking this into consideration, we hypothesize that the distal and 
proximal regions are distinct in cellular identity and lineage potential. To test this, we optimized 
an organoid growth condition for FACS-sorted oviduct epithelial populations. 
Isolated oviductal epithelial cells organized themselves into cystic organoids within 3-5 days in 
culture, followed by ciliogenesis and epithelial folding within 2 weeks. The cells in the organoids 
maintained PAX8 expression, further inhibition of Notch signaling enhanced ciliogenesis. We 
FACS-sorted PAX2GFP+PAX8creRFP-, PAX2GFP-PAX8creRFP+, double negative, and double 
positive epithelial populations from distal and proximal oviducts. Interestingly, 12 days after 
culturing in our Wnt enriched condition, all organoids formed were RFP+ (100±0%), including 
those formed from PAX8creRFP- cells. On the other hand, GFP expression was re-expressed only 
in 50±7% of organoids derived from proximal oviduct PAX2GFP+ cells.  
Since multi-ciliated cells are mainly observed in the infundibulum and ampulla, we examined 
whether the distal and proximal cells have a difference in multiciliated cell differentiation. Notch 
signalling is important for multi-ciliated cell differentiation. Upon treatment with the -secretase 
inhibitor for 7 days, multi-ciliated cells were observed only in organoids derived from the distal 
(67±15% of organoids had ciliated cells) but not from the proximal oviduct (0±0% of organoids 
had ciliated cells). This result suggests that the distal and proximal oviduct consist of distinct cell 
populations with respect to lineage potential.   
In our study, we have developed a 3-dimensional in vitro model of the oviduct to show that the 
distal and proximal oviduct comprises of distinct secretory cell types. 
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Nephron progenitor cells (NPC) appear in the metanephric mesenchyme by E11.5 and differentiate 
to form nephrons in response to WNT9b from the ureteric bud. However, the specific molecular 
components conferring NPC WNT-responsiveness are unknown. To study this issue, we obtained 
M15 cells to model an early NPC and systematically analyzed WNT-receptor components required 
for a canonical WNT-response. 
 
To measure canonical WNT-responsiveness, we transfected M15 cells with β-catenin/TCF 
reporter plasmid and measured luciferase activity. Exposure to recombinant WNT9b resulted in 
minimal luciferase activity. Upon screening M15 cells for WNT-signalling components, we 
identified Fzd1-6 and Lrp6 transcripts but noted the absence of Rspo1. To ascertain whether the 
absence of Rspo1 accounts for the lack of response, we transfected M15/TOPFlash cells with 
Wnt9b and added recombinant RSPO1, noting a 4.77-fold increase in luciferase activity. We then 
transfected M15 cells with Fzd1-10 in the presence of RSPO1 and observed an additional 5-fold 
increase in the Fzd5 condition. Knockdown of Lrp6 resulted in a 60% reduction in mRNA levels 
which was mirrored by a 60% reduction in luciferase activation. To determine whether our 
candidate genes are expressed in bona-fide NPCs, we isolated CITED1+ NPCs from E15.5 mouse 
kidneys and detected Fzd5, Lrp6 and Rspo1 mRNA transcripts. 
 
These data suggest that early NPCs require a specific receptor complex consisting of FZD5, LRP6 
and RSPO1 to undergo an optimal β-catenin/TCF response to the inductive WNT9b signal during 
nephrogenesis. We speculate that putative NPCs lacking these components are incompetent for 
primary nephrogenesis and/or regeneration of damaged adult kidneys. 
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Imprinted genes (IGs) are monoallelically transcribed, with paternally and maternally expressed 
genes almost equally represented. Most imprinted expression stems from DNA methylation 
(DNAme) marks differentially inherited from the gametes and maintained throughout 
development. In the mouse, most DNAme imprints are of maternal origin and are established 
postnatally in oocytes. Interestingly, de novo DNAme occurs within transcribed regions in 
oocytes. Consequently, most imprints at the CpG island (CGI) promoters of paternally expressed 
genes acquire DNAme because they are embedded within an oocyte-specific transcript. Specific 
families of endogenous retroviruses (ERVs) evade silencing mechanisms and are 
transcriptionally active in oocytes. We recently documented the influence of these ERVpromoted 
transcripts on the species-specific methylome of mouse, rat, and human oocytes. 
To understand the mechanism responsible for the evolution of new IGs, we analyzed genes 
imprinted in the mouse but not in human. For some of these species-specific IGs, de novo 
DNAme at their CGI promoter appears to be a consequence of transcription initiating within an 
upstream ERV. To confirm the importance of ERVs in imprinting, we generated a mutant mouse 
line carrying the deletion of such a retrotransposon upstream of Impact, a mouse-specific 
paternally expressed gene. Our analysis of heterozygous embryos with paternally or maternally 
inherited deletions shows that imprinting is lost at Impact when the deletion comes from the 
oocyte. Our results suggest that ancestral biallelically expressed genes can become imprinted 
during evolution via the insertion of transposable elements transcriptionally active in oocytes and 
guiding de novo DNAme at a downstream gene. 
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Ectopic expression of the SCL and LMO1/2 oncogenic transcription factors activates a self-
renewal gene network that reprograms non-self-renewing DN3 thymocytes into pre-Leukemic 
Stem Cells (pre-LSCs) (Gerby et al, PLoS Genet, 2014). Pre-LSCs have been associated with 
disease onset and relapse.  

We therefore designed a quantitative niche-based assay for pre-LSCs based on our identification 
of the cell of origin of T-ALL and of their dependencies on the NOTCH1-Myc pathway 
activated by the thymic microenvironment. We then conducted high throughput screening with 
known pharmacological inhibitors followed by two counter-screens with cell types that can grow 
in the absence of a niche, acute myeloblastic leukemia cells and normal CD34+ cells. We thus 
identified 2-ME2 as a selective inhibitor of pre-LSC viability that spares normal hematopoietic 
stem cells (HSCs) (Gerby et al, J Clin Invest 2016).  

We demonstrate by quantitative transplantation assays that 2-ME2 abrogates pre-LSC self-
renewal and severely impairs leukemia propagation by primary human T-ALL blasts xenografted 
in immune-deficient NSG mice. Surprisingly, 2-ME2 did not affect the stemness genes that 
operate downstream of SCL and LMO1, nor the mRNA levels of these oncogenes or of Myc. 
Rather, 2-ME2 inhibits MYC translation and SCL protein levels via its capacity to prevent S6 
phosphorylation and ribosome biogenesis, as revealed by proteomic analysis. Finally, 2-ME2 is 
not synthetic lethal with inhibitors of the mTOR pathway. In summary, our results underscore 
the importance of the mTOR pathway for pre-LSC self-renewal activity in vivo and identify 2-
ME2 as an inhibitor compound that distinguishes drug-resistant pre-LSCs from normal HSCs.  
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Glioblastoma (GBM) is one of the most lethal cancers, with recurrences occurring in nearly all 
cases, irrespectively of the tumor responsiveness to the initial treatment. GBM incidence is 
increased in elderly populations, in whom the prognosis is generally poorer.   Since telomere 
shortening is intrinsic to aging, establishing a telomere elongation mechanism is a hallmark of 
tumor cells, which typically involves reactivation of telomerase (up to 85% of GBMs). Telomere 
integrity is a critical factor affecting pluripotency. Both telomere lengthening and shortening can 
affect stemness potential and differentiation ability of mammal cells. Shorter telomeres in old 
patients may affect the cell fate decisions inside the tumor and therefore, the final tumor 
composition. Here, we sought to test whether dysfunctional telomeres might indirectly contribute 
to GBM unresponsiveness to differentiation therapy, particularly in older patients. We disrupted 
telomerase reverse transcriptase (hTERT) gene using CRISPR-Cas9, and generated clones with 
diverse telomere lengths. Responsiveness to differentiation, and expression changes in factors 
known to drive gliomagenesis were evaluated. Despite telomerase activity was only detected in 
mock-targeted clones, we observed no correlation between telomerase activity and telomere 
length in neither mock- or TERT-targeted clones, suggesting additional telomere maintenance 
mechanisms once telomerase activity is no longer present. It was puzzling to define a clear trend 
among the clones after differentiation, with no clear differences between TERT-proficient and 
TERT-deficient clones. We are currently expanding these genetic tools to patient-derived GBM 
stem cells. Our results will shed light on how telomere integrity may affect tumor composition 
and tumor responsiveness. 
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Satellite cells are adult stem cells responsible for muscle regeneration upon injury. The 
transcription factor PAX7 is a critical regulator of satellite cell survival, self-renewal and 
proliferation. However, how PAX7 itself is regulated in satellite cells remains unclear. Using 
mass spectrometry, we identified two novel acetylation sites on the PAX7 protein, that regulate 
its transcriptional activity and chromatin binding. Acetylation does not impact PAX7 protein 
stability, its nuclear localization or its capacity to mediate protein-protein interactions. To study 
the function of PAX7 acetylation in vivo, we employed the CRISPR/Cas9 technology to generate 
mice in which one acetylated residue on PAX7 protein is mutated to an arginine. Abolishing 
PAX7 acetylation in mice impairs muscle regeneration and leads to progressive satellite cell 
exhaustion. We also identified molecular regulators of PAX7 acetylation using 
immunoprecipitation assays in myoblasts. Indeed, we determined that the acetyltransferase 
MYST1 and the deacetylase SIRT2 both interact with PAX7 and control PAX7 acetylation 
levels. In addition, decreasing Myst1 and/or Sirt2 levels by RNA interference perturbs the 
expression of Pax7 target genes.  Finally, we cultured muscle fibers treated with either siMyst1 
or siSirt2 to follow the fate of satellite cells after their first cell division. We discovered that 
MYST1 and SIRT2 are important players in regulating the balance between satellite stem cell 
symmetric vs asymmetric division, therefore controlling satellite cell self-renewal and 
commitment. Our data support a model in which PAX7 acetylation levels regulate its 
transcriptional activity, and consequently its function in satellite cells. 
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Adult stem cells are found in prostate tissue and can act as the cells-of-origin for prostate cancer. 
Loss of the tumor suppressor PTEN is a common occurrence in prostate cancer. We showed that 
the transcription factor GATA3 is progressively lost in Pten-deficient mouse prostate tumors. 
Moreover, 75% of the more aggressive hormone-resistant human prostate tumors show loss of 
active GATA3. Using a genetic approach, we found that the enforced expression of GATA3 delays 
tumor progression. This effect is associated with a correction of the aberrant sphere-forming 
potential of cancerous stem cells to wild-type levels by re-expression of Gata3. Moreover, deletion 
of GATA3 in normal primary prostate stem cells enhanced their long term self-renewal capacities 
both in vitro (serial sphere formation assay) and stem cell frequency in vivo (limiting dilution 
transplantation assay). Using RNAseq, we found that TGFbeta signaling is important for stem cell 
maintenance and loss of GATA3 is associated with an autocrine up-regulation of Bmp5. In 
addition, BMP5 treatment increased normal stem cell potential and numbers in vitro and in vivo 
whereas its inhibition (Noggin) corrects GATA3-deficient sphere forming potential to normal 
levels as well as the aberrant Pten-deficient cancerous sphere forming potential. Moreover, we 
found that loss of Bmp5 in the mouse affect prostate tissue homeostasis via a reduced stem cell 
potential. Together, these data establish GATA3 as an important regulator of normal and cancerous 
prostate stem cells homeostasis through a Bmp5 dependent mechanism.  
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Glioma stem cells (GSC) posses a unique metabolic phenotype in glioblastoma, relying on 
oxidative phosphorylation (OXPHOS) as opposed to aerobic glycolysis seen in the bulk of the 
tumour. The mechanism regulating this metabolic distinction is poorly understood. Here, we 
report a novel role of oncostatin M receptor (OSMR) in the upregulation of OXPHOS in glioma 
stem cells. OSMR has recently been shown as a requisite component of the oncogenic EGFRvIII 
signaling pathway, and RNA seq analysis of OSMR candidate target genes revealed OSMR 
regulation of key metabolic genes. To determine the effect of OSMR signaling on metabolic 
phenotype, we performed bioenergetic analysis using a Seahorse XFe96 flux analyser to measure 
cellular respiration. Interestingly we show that OSMR stimulates OXPHOS in 5 distinct patient-
derived GSC lines. OSM ligand treatment results in a prominent increase in maximal respiration 
(Complex IV activity), while OSMR genetic knockdown displays a global suppression of 
cellular respiration. Intriguingly, we find the effect of OSMR is maintained irrespective of 
EGFRvIII mutation status. To determine the mechanism of OSMR regulation, we observed the 
effect of OSMR signaling on mitochondrial biogenesis. Both OSMR genetic knockdown and 
CRISPRi-mediated OSMR knockdown are correlated with a reduction in mitochondrial DNA, 
and a corresponding loss of PGC-1α expression. Furthermore, the effect of OSMR is consistent 
in post-mitotic primary neurons, suggesting that OSMR regulation of metabolism is independent 
of proliferation. Our data suggests that novel therapeutic interventions for inhibition of OSMR 
signaling in BTSCs can improve outcomes for GB patients via depleting energy supply to 
tumorigenic stem cells. 
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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 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 and drastically 
increased leukemic aggressiveness in vivo. The histone mutations are functionally independent of 
other known alterations. Genome-wide analysis of K27 mutations revealed increased expression 
of genes involved in erythrocyte and myeloid differentiation, the result of a global decrease in 
H3K27 tri-methylation and concurrent gene-specific increase in H3K27 acetylation. These 
findings place H3 mutations alongside ASXL1 and EZH2 mutations as drivers of an altered histone 
epigenome in pre-leukemia and secondary AML.  
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The deleterious consequences of aging are associated with a progressive decline of stem cell 
function. In mammalian stem cells, telomerase activity and telomere maintenance decreases in an 
age-dependent manner ,and mice lacking the telomerase reverse transcriptase mTert exhibit 
telomere erosion and phenotypes associated with accelerated aging. mTert-deficient embryonic 
stem cells (mESC) with critically short telomeres can proliferate but exhibit differentiation 
defects, principally due to unsuccessful repression of the pluripotency genes Nanog and Pou5f1 

[Pucci et al., Cell Stem Cell 2013]. To determine whether this failure was due to incomplete 
differentiation or true reversion to a pluripotent state, we tracked cell populations using a 
Pou5f1-GFP reporter. While a portion of mTert-deficient mESC failed to fully differentiate and 
remained GFP+ upon differentiation induction, we also observed a subpopulation of 
differentiated (GFP-) cells that reverted to an undifferentiated state (GFP+) after re-stimulation 
with the growth factor LIF. Concurrently, we observed a global DNA hypomethylation 
associated with a downregulation of the de novo DNA methyltransferases Dnmt3a/b, and a 
global increase of H3K27 trimethylation. Chemical probes that specifically inhibited H3K27 tri-
methylation or demethylation exhibited a marked exacerbation or partial rescue, respectively, of 
the mTert-deficient mESC differentiation defect. Our results establish a compelling role of two 
well-known hallmarks of aging and cancer in ESC fate in vitro: critically eroded telomeres and 
epigenetic regulation of the genome. One future goal is to assess if eroded telomeres also drive 
perturbations in epigenome homeostasis and stem cell function during aging or cancer 
development in vivo. 
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Diffuse intrinsic pontine gliomas (DIPGs) are very aggressive and fatal early childhood 

tumors arising in the pons. Tumor location and its diffusive nature precludes surgery, and 
radiotherapy is the only treatment available. 80% of DIPGs harbor mutations in histone 3 genes: 
H3F3A or HIST1H3B replacing lysine 27 by methionine (H3.3K27M or H3.1K27M). In 
addition, 30% of DIPGs carry point mutations in ACVR1 gene encoding ALK2, member of the 
bone morphogenic protein receptors. To better understand the role of ACVR1 in K27M-induced 
tumorigenesis, we used CRISPR-Cas9 either to knock out ACVR1 in DIPG007 cells harboring 
ACVR1 R206H mutation (complete KO), or to remove the R206H residue (R206H KO). Both 
strategies attenuated ALK2 signaling. Selected clones and control cells were injected in the pons 
of immunocompromised mice. DIPG007 control and R206H KO clone form tumors within 10-
12 weeks, which was delayed in DIPG007 complete KO mice, denoting that R206H alone has a 
milder effect on tumorigenicity. Preliminary in vitro data show that R206H and complete KO 
cells had decreased proliferation and lower clone formation. In addition, potential candidate 
drugs were identified in a screen of ALK inhibitors in DIPGs. Combination of ALK inhibitors 
with EZH2, histone acetyltransferase, or histone deacetylase inhibitors, has a synergistic effect 
on cell viability.  

Hence, ACVR1 potentiates the effect of K27M in DIPGs although R206H could have a milder 
effect on tumorigenicity. In addition, targeting epigenetic as well as ACVR1 mechanisms 
constitutes an effective therapeutic strategy. Understanding the role of different ACVR1 
mutations in DIPGs requires further investigation.  
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The regenerative capacity of skeletal muscle is dependent on the robust activation of resident 
muscle stem cells. Muscle stem cells undergo asymmetric cell division in order to ensure the 
simultaneous maintenance of the stem cell pool and to generate the myogenic progenitors 
required to repair damaged muscle tissue. These asymmetric cell divisions are regulated by the 
establishment of cell polarity within the stem cell, a process that is mediated by the dystrophin 
glycoprotein complex (DGC). We identified a signaling pathway downstream of the DGC, 
involving the arginine methyltransferase Carm1 and the MAP kinase p38-gamma, which mediate 
the epigenetic activation of myogenic commitment genes during asymmetric muscle stem cell 
division. Importantly, this regulation is lost in the context of Duchenne muscular dystrophy 
(DMD), a severe and fatal muscle degenerative disease that results from the loss of dystrophin 
expression. We found that the p38-gamma/Carm1 axis is perturbed in muscle stem cells from 
mdx mice, a mouse model for DMD, ultimately leading to impaired activation of myogenic 
commitment genes. These findings provide insights into the mechanisms of stem cell 
dysfunction in DMD and provide new strategies for therapeutic approaches that aim to correct 
the stem cell dysfunction and stimulate endogenous muscle repair.  
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The growth of embryonic tissues is under strict control to ensure that they attain their 
characteristic size. The Drosophila Ste20-family kinase, Slik, controls the rate of developmental 
tissue growth and has distinct catalytic and non-catalytic functions. Slik directly phosphorylates 
Moesin, favouring cross-linking of the actin-based cytoskeleton to the plasma membrane and 
promoting epithelial integrity. Slik also regulates tissue growth through a non-catalytic 
mechanism, stimulating both Slik-expressing cells and neighboring cells to proliferate. How 
these activities of Slik are regulated remains unclear. Through a BioID/mass spectrometry screen 
aimed at identifying effectors of the small GTPase RhoA in mammalian cells, we identified SLK 
(Slik ortholog) as an active RhoA interacting protein, a result confirmed by co-
immunoprecipitation in mammalian and Drosophila cells. Consistent with Rho GTPase 
regulating SLK/Slik activity, activated Drosophila Rho1 causes a Slik-dependent increase in 
Moesin phosphorylation. Reducing/inhibiting Rho1 activity in the developing fly wing induces a 
non-autonomous proliferation phenotype similar to Slik overexpression and suppresses defects in 
slik mutants, suggesting that Slik may feed back to inhibit Rho1 activity. Our results suggest that 
Slik acts both as a conserved effector regulated by Rho1 and in a negative feedback loop, as a 
Rho1 inhibitor, to control localized growth of epithelial tissues.  
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The formation of skeletal muscle during prenatal development, post-natal growth or regeneration 
is ensured by muscle stem cells. The myogenesis process is highly regulated and is characterized 
by the activation of quiescent muscle stem cells, which become proliferating myoblasts that 
eventually exit cell cycle to self-renew or to differentiate and fuse to form myotubes. However, 
the mechanisms regulating muscle stem cells progression during myogenesis are still elusive. 
Recent studies have shown that the cell fate decision of different stem cell types is regulated by 
lipid mediator class switching, an auto-regulatory mechanism during which poly-unsaturated 
fatty acids, beforehand transformed into pro-inflammatory lipid mediators, are replaced by pro-
resolving mediators. This substitution is the consequence of a switch in the enzymatic profile, 
leading to the replacement of pro-inflammatory enzymes COX-2 or 5-lipoxygenase (Alox5) by 
anti-inflammatory enzymes, 12- and 15- lipoxygenase (Alox12, Alox15). Here, we hypothesize 
that bioactive lipid class switching is a key regulator of myogenesis progression. Our qPCR and 
western blot experiments indicate that myogenic cells express the enzymes responsible for 
bioactive lipids biosynthesis as well as their receptors. Furthermore, our in vitro analysis show 
that the enzymatic switch occurs when myoblasts exit the cell cycle to differentiate. Using mice 
deficient in the different bioactive lipid enzymes our in vivo experiments investigate the 
physiological importance of this switch on myogenesis. In summary, our study will provide a 
better comprehension on the mechanisms regulating muscle stem cells during myogenesis, which 
is could open new therapeutic avenues for skeletal muscle growth and regeneration.  
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Lymphocyte development from hematopoietic stem cells (HSCs) is accompanied by a loss of self-
renewal capacity and a progressive restriction of developmental potential. Although the molecular 
mechanisms for generation of mature B or T lymphocytes are beginning to be revealed, a major 
unanswered question is how the multipotent progeny of HSCs initiate commitment toward 
lymphoid fate. Increasing evidence indicates that specialized assemblies of ATP-dependent 
SWI/SNF chromatin remodeling complexes perform lineage-specific roles in hemopoiesis. Our 
studies show that the Smarcd1 SWI/SNF subunit is specifically required for establishing lymphoid 
cell identity and function in the hematopoietic system. Acute deletion of Smarcd1 in adult 
hematopoiesis causes lymphopenia with near complete absence of mature B- and T-lymphocytes, 
whereas the myeloid and erythroid lineages remain largely unaffected. Lymphoid primed 
multipotent progenitors (LMPP) and common lymphoid progenitors (CLP) are severely reduced, 
indicating a role in early lymphoid priming. Genome-wide expression studies revealed that 
Smarcd1 functionally collaborates with the bHLH E2A transcription factor in multipotent 
progenitors to establish the lymphoid-restricted program of gene expression. Mechanistically, we 
show that Smarcd1 directly interacts wit E2A and is required for its recruitment to the promoter 
of essential regulators of lymphoid specification. Altogether, these studies identified Smarcd1 as 
a lineage-specific chromatin remodeler that collaborates with E2A to specify cell fate and enforce 
developmental checkpoints in the lymphoid lineage.  
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Background 
Cell therapy (CT) has been proposed for patients with critical limb ischemia (CLI). Pre-clinical 
studies based on hindlimb ischemia models (HLIM) generally focus on blood flow but do not 
evaluate muscle repair. This is a gap since CLI induces a post-ischemic myopathy. Mesenchymal 
stem cells (MSCs) are good candidates as they combine angiogenic, high differentiation potential 
and immunomodulatory properties. This led us to evaluate the effect of two types of MSCs: 
undifferentiated MSCs and endothelial-like MSCs (MELs) obtained from CLI-patients in 
comparison with currently used autologous Bone marrow derived cells (BMCs).  
Methods 
HLIM was performed on 135 BALB/c Nude mice and cells (5x105) (or vehicle) were injected into 
the Gastrocnemius muscle. MSCs and MELs were obtained by specific culture from CLI-patients’ 
BMCs. Hindlimb perfusion and functional tests were assessed. Muscle histological analysis was 
performed at day 28. 
Results 
MELs and MSCs induced complete perfusion restoration whereas BMCs did not. The complete 
flow recovery was significantly earlier with MELs in comparison with MSCs. Both MSCs and 
MELs improved functionality more efficiently than BMCs. Interestingly, complete limb salvage 
was observed in the MELs treated group exclusively. In muscles, MELs induced the highest rate 
of CD31+ and αSMA and the best muscle repair as shown by the presence of regenerated 
myofibers. 
Discussion-Conclusion  
A CT product candidate should provide blood flow recovery along with muscle regeneration. Pre-
clinical studies should therefore pay attention to the analysis of muscle repair. Our study brings 
evidence that MELs obtained from CLI-patients combine both properties. 
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Muscle stem cells reside as quiescent cells, but activate the myogenic program and the cell cycle 
in response to injury. These activated myogenic progenitors amplify before differentiating into 
new myofibers, or self-renew to restore the muscle stem cell pool. The muscle stem cell 
microenvironment is critical for maintaining the muscle stem cell pool, however it is unclear 
how extrinsic cues from the microenvironment transmit intrinsic signaling in the cytoplasm to 
maintain muscle stem cell properties. The adhesion G-protein coupled receptor (GPCR) family 
of GPCRs commonly contain a large adhesion domain in the extracellular region that has been 
shown to interact with multiple adhesin molecules including integrins, cadherins, and laminins, 
as well as convert the external stimuli into internal signaling to regulate cellular homeostasis. 
Amongst the adhesion GPCRS, the orphan receptor GPR116 is highly expressed in quiescent 
muscle stem cells. Here we demonstrated that the conditional deletion of GPR116 from muscle 
stem cells leads to a break in quiescent state and gradual loss of a muscle stem cell pool over 
time. Moreover, GPR116-conditional knockout mice exhibited impaired muscle regeneration 
ability after repetitive muscle injury accompanied with a decreased number of muscle stem cells 
undergoing self-renewal. Thus, our results suggest that GPR116 is an integral bridge connecting 
the extrinsic environment with intrinsic signaling to maintain muscle stem cell quiescence and 
self-renewal.  
 
 

  



                    Poster # 42 

GRHL2 as a master regulator of the epithelial cell fate 
in breast cancer cell lines 
Salwa Haidar1, Eric Audemard1, Sylvie Mader1,2 

(1) Institute for Research in Immunology and Cancer (IRIC), University of Montreal, 
Montreal, Canada 

(2) Biochemistry Department, University of Montreal, Montreal, Canada 

 
  
Breast cancer is a heterogeneous disease with different molecular subtypes. "Luminal" and "HER2 
+" tumors benefit from targeted therapies, while "basal-like" and "claudin-low" tumors do not 
currently benefit from targeted therapies and are treated by chemotherapy. It is therefore important 
to better understand the molecular causes underlying the emergence of different subtypes of breast 
cancer in order to improve existing treatments. 
The transcription factor (TF) GrHL2 controls normal mammary epithelial differentiation and 
inhibits the epithelial-mesenchymal transition (EMT) observed in the claudin-low subtype. In 
order to elucidate the role of GrHL2 in EMT and in breast epithelial differentiation, we stably 
expressed it in the claudin-low MDA-MB-231 cells. Our RNA-seq results demonstrate the 
induction of epithelial genes (CDH1, CLDN4, RAB25), including the EMT suppressors 
OVOL1/OVOL2 but also induction of the basal transcriptional cofactor VGLL1. Conversely, 
GrHL2 knockdown by shRNAs in the HCC70 basal-like cells leads to induction of an EMT 
phenotype including increased expression of vimentin and downregulation of VGLL1. RNA-seq 
profiling identified 100 common genes positively regulated in both cell lines. Our ChIP-Seq results 
show that GrHL2 binds to regulatory regions of genes involved in the maintenance of an epithelial 
phenotype, and directly regulates OVOL1/OVOL2 and VGLL1. These results suggest a role of 
GrHL2 in the regulation of basal and luminal mammary epithelial differentiation, possibly 
modulated by the expression of TFs specific to each phenotype. This project elucidates the role of 
GrHL2 in the control of the EMT and emphasizes its role as a master regulator of the epithelial 
cell fate.  
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Highly conserved protein Ars2 acts as a sorter of nascent transcripts to maintain gene expression 
fidelity. Because Ars2 deletion is embryonically lethal in mammals little is known about its role 
during embryogenesis. In this study, we set out to investigate Ars2 during peri-implantation 
mouse embryogenesis. Ars2 expression peaked in E5.5 embryos, just prior to germ layer 
formation, and was strongly correlated with endoderm markers in E6.5 embryos. Using day 4 
embryoid bodies (EB) to recapitulate this developmental time-frame, we found a pattern of Ars2 
co-localization with endodermal marker Gata4. In agreement, Ars2 inducible knockout (iKO) EBs 
showed reduced expression of endodermal genes, while mesodermal genes were induced. Ars2 
knockdown also induced mesodermal genes without affecting endodermal genes, suggested that 
primary function of Ars2 is to limit mesodermal differentiation. GSEA analysis of RNA-seq data 
revealed increased epithelial-to-mesenchymal transition gene expression in Ars2 KO EB, which 
we confirmed by examining the E- to N-cadherin switch. Furthermore, mesodermal 
hematopoiesis genes were enriched in Ars2 KO EBs. Reducing expression of Ars2 during 
reprogramming of mouse embryonic stem cells (mESC) to hematopoietic stem cells (HSC) 
doubled the number of ESC-HSCs with a surface and molecular phenotype shared by the most 
potent HSCs found in vivo. These ESC-HSCs formed less differentiated colonies than ESC-HSCs 
identified using previously described surface markers. Overall, our data establish Ars2 as a novel 
suppressor of mesoderm commitment, a role that may be exploited to increase efficiency of in 
vitro generation of ESC derived HSCs for the purpose of tissue engineering.  
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Branching morphogenesis is the developmental process by which an epithelial cell layer, including 
multipotent stem cells, reorganize and differentiate to form a complex three-dimensional structure. 
Studying the interaction between cells during this process is crucial to understand how branched 
organs form. Claudins, a family of integral membrane proteins located in tight junctions, are 
expressed in several branching organs during development, e.g. the kidneys and the lungs. 
Previous results from my laboratory showed that removing a subset of claudins using the non-toxic 
protein reagent C-CPE (a truncated form of Clostridium perfringens enterotoxin) resulted in 
decreased branching in mouse embryonic kidney explants. 
To determine if claudins are required for branching morphogenesis in other organs, I examined 
their role during lung branching morphogenesis. Using immunofluorescence, I showed that Cldn1, 
-3, -4, -5 and -10 are expressed in the chick lung buds during branching morphogenesis. When I 
treated embryonic chick lung explants with C-CPE, a significant decrease in the perimeter of the 
epithelial airway structures and the lumen volume was observed after 48h of culture (P = 0.05). 
Cldn3 immunofluorescence data suggest that the effects on lumen area in the C-CPE-treated lungs 
could be due to a reduction of C-CPE-sensitive claudins at the apical cell surface. These results 
suggest that the internal hydrostatic pressure is affected caused by a change in the number of ions 
and solutes inside the lumen. This project is important to improve our knowledge on the different 
roles of claudins during development and on branching morphogenesis, a crucial developmental 
process. 
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During development, trunk and limb skeletal muscle are derived from segmented blocks of somatic 
mesoderm. As the somite matures, the dorsal dermomyotome compartment of the somite maintains 
an epithelial structure, and is composed of multipotent progenitors that express Pax3, a 
transcription factor of the paired homeodomain family. Pax3 plays important roles in both the 
survival of the multipotent progenitor cells and activation of the myogenic program, but 
mechanisms guiding Pax3 transcriptional activity within these two contexts remain unclear. 
Transcription factors commonly interact with cofactors to activate or repress gene expression. We 
used BioID, an in situ proximity biotinylation assay to identify proximity interactors of Pax3 
within the context of driving mouse embryonic stem (mES) cells into the myogenic program. Mass 
spectrometry analysis of proximity dependent biotinylated proteins revealed candidates enriched 
within functional categories of chromatin binding, transcriptional corepressors, transcription 
regulatory region binding, signal transduction and mRNA splicing. We further characterize Jmjd1c, 
a member of the Jumonji domain containing JmjC family, which we show overlaps with Pax3 
expression within the multipotent progenitor cells in the dorsal dermomyotome component of E9.5 
and E10.5 somites, but not in activated myogenic progenitors expressing Myf5 or MyoD within the 
emerging myotome. We will use genetic analyses in the developing mouse embryo to further 
characterize the role of the Pax3-Jmjd1c interaction for activation of gene expression within the 
myogenic program. 
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Intracellular drug distribution is critically important to drug efficacy against diseases. Therefore, 
researchers have exerted many approaches to have a better understanding of drugs in regard to 
their interactions and responsiveness with cancer cell. Arsenic trioxide (ATO) is approved for the 
treatment of promyelocytic leukemia clinically. The study of effect of intracellular ATO against 
promyelocytic leukemia is highly dependent on arsenic probe such as Biotin-As, FIAsH and 
ReAsh. However, there raises a critical question that whether these arsenic derivatives have 
exactly identical function as ATO. 
In this presentation, I tried to explain the interaction between ATO and leukemia cells from 
another pharmacokinetics’ prospective of view in a subcellular level by detecting arsenic signals 
using Nano Scale Secondary Ion Mass Spectrometry (NanoSIMS) technic.  
Nucleolus has been long known for its ribosome subunits biogenesis ability. Recent researches 
also indicate it has other functions such as control cell cycle. Interesting, we find out that the 
nucleolus also has ability in participating intracellular biogenesis of protein dependent arsenic 
accumulation. It confers a strong implication that nucleolus may participate drug induced cell 
death in either direct or indirect manner. Protein enriched arsenic accumulation is a key factor in 
the process of pharmacokinetics but PML does not participate in this process directly. Even 
though the precise mechanism is still unclear, but our preliminary results have an indication that 
the arsenic accumulates are likely to prevent leukemia from being damaged by arsenic, and this 
accumulation also has certain connection with nucleolus as well.  
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During prostate development, basal and luminal cell lineages are generated through symmetric 
and asymmetric divisions of bipotent basal stem cells. However, the extent to which spindle 
orientation controls the symmetry of divisions and tissue architecture, and the upstream factors 
regulating this process, are still elusive. Using mouse genetics and microscopy, we show that 
loss of Gata3 in the developing prostate leads to a mis-localization of PRKCZ, which results in 
mitotic spindle randomization during progenitor cell division. Inherently proliferative 
intermediate progenitor cells accumulate, leading to an expansion of the luminal compartment. 
These defects ultimately result in a loss of tissue polarity and defective branching 
morphogenesis.  
Those observations led us to further investigate the role of spindle orientation in the developing 
prostate. We use a genetic approach to specifically target mitotic spindle regulators identified in 
other tissues. Analysis of these mutants leads us to the identification of spindle regulators in the 
developing prostate stem/progenitor cells. It also suggests that spindle orientation affects tissue 
architecture. Additional techniques, such as ex-vivo live-imaging of tissue sections, lineage 
tracing and sphere-forming assays, will be used to explore the role of spindle orientation on cell 
fate and stem cell potential. 
Together, these results advance our understanding of spindle orientation regulation in the stem 
and progenitor cells of the developing prostate. This project will also improve our 
comprehension of the connection between oriented cell division and lineage specification, cell 
fate and tissue architecture.  
 
 
 
 

 
  



                    Poster # 48 

Monoavidin Engineered CRISPR proteins show 
increased rate of Homology Directed Repair 
 
Philip J.R. Roche1*, Heidi Gytz2*, Faiz Hussain1, Christopher J.F. Cameron1, 3, 4, Jessica 
Cinkornpumin1, Ishtiaque Hossain1, Denis Paquette1, William A. Pastor1, Mathieu 
Blanchette4, Josée Dostie1, 3, Bhushan Nagar2, Uri David Akavia1, 3  
 
1. Department of Biochemistry, McIntyre Medical Building, Room 815, 3655 Promenade 
Sir William Osler, Montreal, Quebec H3G 1Y6 
2. Department of Biochemistry and Groupe de Recherche Axé sur la Structure des 
Protéines, Francesco Bellini Life Sciences Building, Room 464, 3649 promenade Sir-
William-Osler, Montreal, Quebec H3G 0B1 
3. Rosalind and Morris Goodman Cancer Research Centre, 1160 Pine Avenue, 
Montreal, QC Canada H3A 1A3 
4. School of Computer Science and Centre for Bioinformatics, McConnell Engineering 
Building. Room 318, 3480 University, Montreal, QC, Canada, H3A 0E9 
 
  
Homology directed repair (HDR) induced by site specific DNA double strand breaks (DSB) with 
CRISPR/Cas9 is a precision gene editing approach that occurs at low frequency compared to the 
common indel forming non homologous end joining (NHEJ). In order to obtain high HDR 
percentages in mammalian cells, we engineered Cas9 protein fused to a high-affinity monoavidin 
domain to deliver biotinylated donor DNA to a DSB site. This strategy improved HDR 
percentages of up to 90% in three tested loci (CXCR4, EMX1, and TLR) in standard HEK293 
cells. We have also achieved effective mutagenesis in induced Plurtipotent Stem Cells (iPSCs) 
and are presently using HDR to generate catalytic mutants of the enzyme DNMT3B in iPSCs.  
 
A specific protein from the CRISPR family can cut the genome in specific locations with the 
appropriate target sequence. For example, Cas9 protein from the bacteria Strep pyogenes 
(SpCas9) can cut those specific sites in the genome which are GC-rich and begin with GG. 
Regions which do not comply with these rules can be cut with other CRISPR proteins, which 
ordinarily have low frequency of HDR. In order to be able to target more regions in the genome 
locations with high frequency HDR, we have generated monomeric avidin fusions of AsCpf1, 
VQR SpCas9, xCas9, and High Fidelity SpCas9. Our approach offers a cost effective, simple and 
broadly applicable gene editing method, thereby expanding the usability of the CRISPR/Cas9 
genome editing toolbox.  
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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 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.  Osr1+/ - newborn pups have decreased 
collagen in the bladder by Van-Gieson staining. Collagen I was decreased in mutant bladders by 
immunofluorescent and western blot analysis.  
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Naïve and primed pluripotent hESCs bear transcriptional similarity to pre- and post- implantation 
epiblast and thus constitute a developmental model for understanding the earliest pluripotent 
stages in human embryo development. To identify new transcription factors that differentially 
regulate the unique pluripotent stages, we mapped open chromatin using ATAC-Seq and found 
enrichment of the AP2 transcription factor binding motif at naïve-specific open chromatin. We 
determined that the AP2 family member TFAP2C is upregulated during primed to naïve 
reversion and becomes widespread at naïve-specific enhancers. TFAP2C functions to maintain 
pluripotency and repress neuroectodermal differentiation during the transition from primed to 
naïve by facilitating the opening of enhancers proximal to pluripotency factors. These naïve-
specific enhancers also show openness in human pre-implantation embryos, supporting their 
functionality in vivo. Additionally, we identified a previously undiscovered naïve-specific 
POU5F1 (OCT4) enhancer enriched for TFAP2C binding. Taken together, TFAP2C establishes 
and maintains naïve human pluripotency and regulates OCT4 expression. 
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Many developmental defects arise from inadequacy to carry out processes that direct tissue 
morphogenesis such as apoptotic elimination of excess progenitor cells.  Cellular signaling 
involved in both the initiation of apoptosis, and clearance of dead cells, is still poorly 
understood.  In urogenital system development, rapid apoptotic elimination of the common nephric 
duct (CND) connects the ureter to the primordial bladder. This very important process is associated 
with certain congenital anomalies of the kidney and urinary tract (CAKUT), affecting many people 
worldwide. This elimination requires LAR-family receptor tyrosine phosphatases, which we show 
act through regulation of cellular inhibitor of apoptosis protein 1 (cIAP1). Inactivation of cIAP1 
results in elevated CND apoptosis and can revert the reduction of apoptosis observed in LAR-
RPTP-deficient mice. Characterization of cIAP1-mediated apoptosis will provide a deeper 
understanding of the signaling which initiates elimination of the CND. Furthermore, we show that 
elimination of the apoptotic cells in our system is carried out by neighboring epithelial cells. We 
hypothesize that phagocytosis of dying cells by these non-professional phagocytes is governed by 
phosphatidylserine (PS) exposure on apoptotic cells. Using a dominant negative construct of the 
milk fat globule-EGF factor 8 (MFGE8) molecule, shown to block PS-mediated phagocytosis, we 
will study the dynamics of our system. By examining upstream and downstream signaling of the 
apoptotic events, we hope to provide a better understanding of the complex mechanisms of tissue 
morphogenesis and gain deeper insight into the genes that play a role in CAKUT diseases. 
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Background: c-MYC, or MYC, is a transcription factor important for regulating genes involved 
in fundamental cellular processes, such as proliferation and apoptosis, in hematopoietic cells, as 
well as other cell types. Dysregulation of MYC is common in hematological malignancies, with 
Myc alterations present in ~80% of Burkitt lymphoma cases and ~5-14% of diffuse large B-cell 
lymphoma cases. As MYC-driven tumours depend on MYC for survival, this transcription factor 
has been an appealing therapeutic target; however, without a substrate-binding site, MYC proves 
to be a difficult drug target. Due to the high prevalence of MYC abnormalities in hematological 
malignancies, it is crucial to explore other strategies to counteract the effects of MYC 
dysregulation.  

Our lab and others have characterized MYSM1 as a nuclear protein required for 
maintaining hematopoietic stem cells (HSCs) and blood cell production in mice and humans. Loss 
of MYSM1 is associated with dysfunctional HSCs and decreased lymphocyte numbers, both of 
which are mediated through p53 upregulation. As such, we investigated an indirect approach of 
targeting MYC in B-cell lymphoma via inhibiting Mysm1 and activating p53.  
Methods and Results: Our data explores the cellular and molecular mechanism of MYSM1 
activity in MYC-driven tumours and characterizes the outcome of deleting Mysm1 on disease-
progression in a MYC-driven B cell lymphoma mouse model. Conclusion and Significance: This 
work elucidates the mechanism underlying the effects of inhibiting MYSM1 in MYC-driven 
lymphoma and suggests new strategies for treatment of MYC-driven hematological malignancies. 
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Skeletal muscle development, growth, and regeneration rely on muscle stem cells, called satellite 
cells. Specific transcription factors, particularly PAX7, are key regulators of the function of these 
cells. Complete knockout of this factor in mice leads to poor post-natal survival of homozygous 
animals; however, the consequences of lack of PAX7 in humans have not been established. Here 
we report on five individuals from four unrelated families of consanguineous parents with 
myopathy of variable severity. Exome sequencing identified homozygous splice site, missense or 
nonsense variants in the PAX7 gene. Affected individuals were characterized by hypotonia, ptosis, 
muscle atrophy, scoliosis, mildly dysmorphic facial features and normal cognitive development. 
The disease is progressive and the spectrum ranged from mild to severe. Analysis performed on 
skeletal muscle tissue revealed a severe decrease in PAX7 expression and the exhaustion of the 
muscle stem cell pool. However, the presence of residual desmin-positive myoblasts together 
with embryonic myosin heavy chain-positive fibers indicates signs of muscle regeneration, albeit 
incomplete. Induced-pluripotent stem cells-derived myoblasts generated from these patients are 
currently used to comprehend the mechanism of action of PAX7 on human myogenesis and 
investigate new therapeutic avenues. Overall, our findings have identified a new class of 
myopathy, which affects the master regulator of muscle stem cell survival, leading to the 
exhaustion of the muscle stem cell pool, and impaired skeletal muscle growth and regeneration. 
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Venue 
The conference will be held at McGill University’s New Residence Hall, a short walk from 
McGill University, downtown Montréal, and Mont Royal park. 
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