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The Cole Foundation
The Cole Foundation offers fellowships to clinical fellows, postdoctoral residents and
graduate students in PhD programmes to promote research in pre-leukemia, leukemia, and
other leukemia-related diseases in children and young adults, as well as the development of
clinical care for patients affected by these diseases. With the announcement of 2021 Fellows,
the Fellowship programme has supported more than 200 researchers in laboratories and
hospitals situated in the Greater Montreal area through collaborations with l’Université de
Montréal, McGill University, and INRS -Institut Armand-Frappier Research Centre.
Over $12 million has been committed to this programme. The Cole Foundation was
established in 1980 by John N. (Jack) Cole as a private family foundation to provide funds
for medical facilities concerned with child care and research towards a cure for leukemia.
The Foundation also awards grants to worthy community causes. The catalyst for the
Foundation’s creation was the death of his daughter, Penny Cole, from leukemia over a
decade earlier. Through the Foundation, Jack Cole provided millions of dollars for medical
facilities in Montreal. Notable among his achievements was the support of the Penny Cole
Laboratory at the Montreal Children’s Hospital and the establishment of the Jack Cole
Chair in Pediatric Oncology and Hematology at McGill University.
Since his death in 2004, the Foundation has continued to carry on Jack Cole’s mission with
a renewed focus on research and child care for young patients afflicted with leukemia and
leukemia-related diseases.

The Cole Foundation
Mr. Barry Cole l President
Ms Nancy Wells l Secretary/Treasurer
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La Fondation Cole
La Fondation Cole soutient la recherche sur la pré-leucémie, la leucémie et d’autres affections
liées à la leucémie chez les enfants et les jeunes adultes, ainsi que le développement des
soins cliniques pour les personnes atteintes de ces maladies, en offrant des bourses à des
chercheurs-cliniciens, des résidents postdoctoraux et des étudiants diplômés inscrits à
des programmes de doctorat. Avec l’annonce des boursiers 2021, le programme a appuyé
plus de 200 chercheurs répartis dans des laboratoires et des hôpitaux de l’agglomération
montréalaise, à la faveur de collaborations avec l’Université de Montréal, l’Université McGill
et le Centre INRS - Institut Armand-Frappier. Plus de 12 millions $ y ont été consacrés.
La Fondation Cole a été instituée en 1980 par John N. (Jack) Cole à titre de fondation
familiale privée pour subventionner des services de santés’intéressant aux soins et à la
recherche en pédiatrie et à la découverte d’un traitement curatif pour la leucémie. Elle
a été créée à la mémoire de sa fille, Penny Cole, emportée par la leucémie plus de dix
ans avant. La Fondation appuie aussi des causes communautaires louables. Grâce à la
Fondation, Jack Cole a donné des millions de dollars à des services de santé de Montréal.
Parmi ses grandes réalisations figurent son soutien du Laboratoire Penny Cole à l’Hôpital
de Montréal pour enfants et la création de la chaire Jack Cole en oncologie-hématologie
pédiatrique à l’Université McGill.
Depuis le décès de son maître d’oeuvre en 2004, la Fondation poursuit sa mission avec
un intérêt marqué pour la recherche et les soins pédiatriques destinés à de jeunes patients
affectés par la leucémie ou une maladie liée à la leucémie.
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Program

1
New Voices – New Ideas
May 7, 2021 l 2:00 PM EDT
Location: Online, Montreal, Quebec, Canada
The work of the Cole Foundation Transition Award recipients:
c Dr. Sonia Del Rincon, Lady Davis Research Institute— ”Exploring the role of the MNK1/2elF4E axis in the tumour immune microenvironment of Diffuse Large B Cell Lymphoma”
c Dr. Laura Hulea, Research Institute of Maisonneuve-Rosemont Hospital— ”Metabolic
Plasticity and the Translational Dysregulation in Cancer”
c Dr. Natasha Szuber, Research Institute of Maisonneuve-Rosemont Hospital—”Patterns
of care and outcomes in adolescents and young adults with myeloproliferative neoplasms:
a multicenter population-based study”

2
Cole Foundation Research Celebration Webinar
May 14, 2021 l 2:00 PM EDT
Location: Online, Montreal, Quebec, Canada
Featuring Dr. Scott Armstrong on ‘Targeting Chromatin
Complexes as Therapeutic Opportunities in Cancer.’
Dr. Armstrong is Chair of the Department of Pediatric Oncology
at the Dana-Farber Cancer Institute, and the David G. Nathan
Professor of Pediatrics at the Dana-Farber Cancer Institute,
Boston Children’s Hospital and Harvard Medical School.

4

The 2021 – 2023 Cole Foundation Fellows

Hassan Dakik, Post PhD program
Supervisor: Kojla Eppert, Research Institute of the MUHC
Project title: The role of histone-H3-K27M mutation in the progression of acute
myeloid leukemia
Description: Understanding how AML develops is crucial to find promising therapeutic
targets. We are developing a model of early leukemogenesis by overexpressing histone
H3-K27M and co-occurring epigenetic drivers in normal HSCs. Using this model, we will
decipher the molecular mechanisms driving leukemic transformation and provide new
insights to improve therapeutic options.
Weili Sun, PhD program
Supervisor: Hua Gu, The Montreal Clinical Research Institute
Project title: The role of TFEB-mediated autophagy/lysosome biogenesis and
mTORC1 pathway activity in the development of B-cell acute lymphoblastic leukemia
Description: Dysregulation of autophagy/lysosome function and mTORC1 pathway activity
could contribute to the development of B-cell acute lymphoblastic leukemia (B-ALL). TFEB,
acts as an important regulator of autophagy/lysosome biogenesis and mTORC1 pathway
activity, has not been investigated in B-ALL before. The aim of this project is to investigate
the role of TFEB-mediated autophagy/lysosome biogenesis and mTORC1 pathway activity
in the development of B-ALL.
Jessica Wing Lam Tock, PhD program
Supervisor: Christine Maheu, McGill Ingram School of Nursing and Nathalie Johnson,
Lady Davis Institute for Medical Research
Project title: Optimizing the physical and psychosocial health among young adult
survivors of lymphoma with activity tracking m-health technology: A randomized
controlled trial of the LymFit intervention
Description: Prescribed and supervised exercise programs have the potential to
improve quality of life, and to minimize both short- and long-term complications of
oncological treatment. We propose to study whether a tailored exercise program, along
with activity tracking technologies, could motivate physical activities among young adult
cancer survivors who have been treated for diffuse large B-cell lymphoma and Hodgkin
lymphoma.
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Lin Tze Tung, PhD program
Supervisor: Anastasia Nijnik, Research Institute of the MUHC
Project title: p53-Dependent Induction of P2X7 on Hematopoietic Stem and Progenitor
Cells Regulates Hematopoietic Response to Genotoxic Stress
Description: Understanding of the specialized stress response mechanisms of tissue stem
cells is essential to predict and modulate the complex effects of cytotoxic damage on the
organism. In our study, we identified the novel role of P2X7 in regulating hematopoietic stem
cell fitness in response to genotoxic stress. Specifically, we observed a protective effect
of P2X7-deficiency in irradiation-driven hematopoietic failure and in HSC maintenance
following sublethal irritation. Together, this project will explore P2X7 as a drug-target for
modulation of HSC response to genotoxic stress.
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The 2021 – 2023 Cole Foundation Fellows

Émilie Bertrand, PhD program
Supervisor: Daniel Curnier, Département de Kinésiologie
Project title: Altérations de la repolarisation ventriculaire chez les survivants de
cancer pédiatrique : exploration à l’effort et en condition ambulatoire.
Description: Childhood acute lymphoblastic leukemia survivors are at risk of developing
multiple late comorbidities in response to cancer treatments. This project aims to study
the effects of cancer treatments on the cardiovascular system. We use an exercise test
to detect chronotropic and electrophysiological abnormalities to help improve cancer care
and follow-up.
Camille Bourdeau, PhD program
Supervisor: Serge Sultan, CHU Ste-Justine-Hématologie/Oncologie, Département de
Psychologie
Project title: Définition opérationnelle, facteurs explicatifs de la résilience et
perception du rôle du soutien social sur l’ajustement des survivants de leucémie
aigüe lymphoblastique pédiatrique
Description: Les objectifs de ce projet de recherche sont 1) d’opérationnaliser la résilience
dans une cohorte de survivants à long terme de leucémie aiguë lymphoblastique pédiatrique
2) investiguer les facteurs menant à la résilience chez cette cohorte 3) comprendre la
perception des survivants du rôle du soutien social dans leur ajustement.
Juliette Humeau, Post PhD program
Supervisor: Claude Perreault, Institute for Research in Immunology and Cancer (IRIC)
Project title: Molecular definition of cancer peptides cross-presented
by dendritic cells.
Description: For cancer cells elimination by cytotoxic T cells, dendritic cells have to uptake
tumor-specific antigens (TSAs) and present them to CD8+ T cells through a mechanism
called cross-presentation. The objective of this project is to determine the biological
characteristics and origin of hematologic TSAs which can undergo cross-presentation.
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Alice MacDonald, PhD Program
Supervisor: Elie Haddad, Centre de Recherche du CHU Sainte-Justine
Project title: Développement de nouvelles immunothérapies CAR-NK basées sur la
modification génétique de cellules souches pluripotentes induites
Description: Cellular immunotherapy has revolutionized pediatric cancer treatments. To
improve its accessibility and efficiency, we propose to develop therapeutic natural killer
cells derived from an inexhaustible source of standardized cells. Our results allow us to
attest the feasibility of this approach using inducible pluripotent stem cells, opening up
avenues of optimization.
Emilie Ollame-Omvane, PhD program
Supervisor: Michel Duval, Centre de Cancérologie Charles Bruneau, CHU Ste Justine
Project title: Immunothérapie de la leucémie aiguë lymphoblastique par transfert
adoptif de cellules dendritiques plasmacytoïdes différenciées et activées in vitro :
Mécanismes et biomarqueurs.
Description: Notre laboratoire a développé une nouvelle immunothérapie dans le but de
réduire les risques de rechute de leucémie chez les enfants. Mon projet de recherche a
pour objectifs d’identifier les mécanismes d’action et les biomarqueurs d’efficacité de cette
approche. Mes résultats serviront à établir les critères d’inclusion des patients dans le futur
essai clinique.
Mélanie Sagniez, PhD program
Supervisor: Martin Smith, CHU Ste Justine
Project title: Real-time single-molecule sequencing for leukemia diagnosis and
transcriptomic profiling
Description: Leukemia diagnosis is a long and intricate process. This project aims to
provide the first standardized protocol for pediatric leukemia diagnosis using real-time
Nanopore sequencing to generate detailed transcriptomic profiles as a clinical resource for
patient stratification.
Lorne Schweitzer, Clinician program
Supervisor: Jean-Sebastien Delisle, Hôpital Maisonneuve-Rosemont – Immunology
Project Title: Improving the Efficacy and Durability of Antiviral Adoptive Cellular
Therapies in Immunocompromised Patients
Description: Stem cell transplants are lifesaving therapies for leukemia but are often
complicated by severe viral infections. Virus-specific T cells could revolutionize the
treatment of these infections. This project aims to produce more effective cells by making
them less exhausted and longer lasting.

8

Clara Soulard, PhD program
Supervisor: Elie Haddad,CHU Ste Justine
Project title: Immunothérapie novatrice basée sur la greffe de cellules souches
hématopoïétiques génétiquement modifiées pour l’expression de récepteurs
d’antigènes chimériques dans la progéniture T
Description : L’utilisation des cellules de patient modifiées pour exprimer un récepteur
chimérique d’antigène (CAR), a émergé comme une thérapie prometteuse dans le
traitement de la leucémie aigüe lymphoblastique. Nous proposons une approche
thérapeutique alternative dans laquelle la transduction des CARs est effectuée, non plus
dans les lymphocytes T, mais dans les cellules souches hématopoïétiques permettant une
apparition plus progressive et continue des cellules CAR-T et évitant ainsi l’épuisement et
la survenue d’un syndrome de relargage cytokinique.
Louis Theret, Post PhD program
Supervisor: Philippe P. Roux, Institute for Research in Immunology and Cancer (IRIC)
Project title: Characterization of acute megakaryoblastic leukemia (AMKL) to
identify novel cell-surface antigens as potential druggable targets
Description: The goal of this project is to better characterize the proteins expressed at the
cell surface of the megakaryocytic cytological subgroup of AML (AMKL) and to evaluate
their potential as novel AMKL biomarkers and/or therapeutic targets. These data will lead
the way for improving the survival of AMKL patients.
Sébastien This, Post PhD program
Supervisor: Heather Melichar, Centre de recherche – Hopitâl Maisonneuve Rosemont
Project title: Functional consequences of asymmetric cell division during T cell
development and its dysregulation during leukemogenesis
Description: This project will investigate the importance of asymmetric cell division in the
balance between differentiation and proliferation of thymic T cell progenitors, in the early
steps of T-cell Acute Lymphoblastic Leukemia (T-ALL) development. Combining a murine
model of T-ALL, high-throughput imaging and a cutting-edge biophysics technology, I intend
to determine if and how the ACD program is dysregulated and the potential consequences
of its dysregulation on disease induction and progression.
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Research abstracts from current Cole Fellows
2019-2021 Fellows

c
A novel FOXKs-ASXLs-OGT axis in transcription
regulation and leukemia development.
Author: Oumaima Ahmed, PhD
Affiliation: Dr El Bachir Affar, Department of Medicine, Maisonneuve-Rosemont research
center (HMR-CR) - University of Montreal.
Keywords: Childhood leukemia, ASXLs, FOXKs, Gene expression, Tumor suppression.
Background information: ASXLs and associated cofactors are among the most frequently mutated genes in myeloid malignancies and are associated with poor prognosis
in childhood leukemia. These epigenetic regulators are identified as mutually exclusive
subunits of the tumor suppressor complex BAP1. BAP1 is a histone deubiquitinase,
involved in the regulation of the E2F target genes, which are central regulators of
mitosis, cell cycle checkpoints, DNA repair, and apoptosis. Inactivation of BAP1/ASXL
complexes in mice result in a striking chronic myelomonocytic leukemia-like phenotype,
suggesting that this complex is a central determinant in leukemogenesis suppression.
On the other hand, BAP1 interacts with other chromatin-binding proteins, such as FOXKs
transcription factors and OGT, a metabolic enzyme that catalyzes a post-translational
modification called O-GlcNAcylation. OGT is upregulated in AML patients and inhibition
of O-GlcNAcylation induces cell differentiation and apoptosis of AML cells in vitro and
in vivo. Moreover, previous studies showed that OGT directly O-GlcNAcylates and
stabilizes ASXL1, indicating that this modification is critical for tumor suppression in the
myeloid compartment. Since FOXKs transcription factors could recruit BAP1-ASXLsOGT to chromatin, we sought to investigate the role of this epigenetic axis in regulating
gene expression and leukemia development.
Purpose of the study: We propose three aims: 1) To identify the FOXKs-ASXLs protein
complex on chromatin. 2) To investigate the role of O-GlcNAcylation in coordinating
ASXLs function on chromatin. 3) To identify the spectrum of ASXLs-FOXKs target genes
deregulated in leukemia cells using genome wide approaches.
Methods: ASXLs-FOXKs protein complex composition is identified using K562 chronic
myeloid leukemia cell model in conjunction with proteomic approaches and mass
spectrometry (MS). Intracellular O-GlcNAcylation is modulated by depleting OGT to study
its impact on FOXKs-ASXLs. Global gene occupancy studies (ChIP-Seq) of FOXKs-ASXLs
complex are also performed. Finally, CRISPR/Cas9 Knockout technology is performed to
deplete FOXKs and ASXLs and conduct transcriptome analysis (RNA-Seq) to identify their
target genes.
Results: We performed immunopurification of FOXK1 proteins in K562 cells and
identified important protein partners that could regulate ASXLs functions. Among these
novel proteins, we identified the nuclear corepressor NCOR1, which is known to regulate
lymphoid differentiation and hematopoiesis and its inactivation delays AML development.
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This data suggests that ASXLs protein acts in concert with both BAP1 and NCOR1
complex to modulate leukemogenesis. Since NCOR1 is also known to be modified by
O-GlcNAcylation, we sought to study its role within the FOXK1-ASXLs complex. We
performed nutrient-deprivation studies on K562 cells to decrease O-GlcNAc levels and
found that, under these conditions, NCOR1 become dissociated from the FOXK1-ASXLs
complex. These results were also confirmed upon depletion of OGT using siRNA. Global
gene occupancy study (ChIP-Seq) in K562 cell line identified numerous target genes
expected to be regulated by FOXKs-ASXLs in concert with NCOR1 complexes. Our data
suggest that: (i) O-GlcNAcylation constitutes an important mechanism of regulation of
the FOXKs-ASXLs interaction with NCOR1 to ensure normal gene expression, (ii) This
epigenetic axis is highly coordinated by cell metabolism.
Conclusion: Our data indicate that FOXKs-ASXLs, in concert with the tumor suppressor
BAP1, ensure the adequate programming of gene expression of hematopoietic cells via
O-GlcNAcylation. We anticipate that our study will provide novel insights into how defects
in epigenetic regulation contribute to childhood hematological malignancies. Targeting of
O-GlcNAcylation might constitute a new therapeutic window for leukemia treatment.

c
Induced pluripotent stem cells display a unique set
of MHC I-associated peptides shared by cancer cells
Author: Anca Apavaloaei
Affiliation: Dr. Claude Perreault, IRIC, University of Montreal
Keywords: pluripotency-associated MHC I-associated peptides, tumor-specific antigens,
induced pluripotent stem cells, cancer stemness, proteogenomics
Background information: A high stem cell frequency in acute myeloid leukemia (AML)
at diagnosis is a predictor of poor prognosis and relapse. It is postulated that the immune
pressure negatively selects for tumor clones capable to mediate immune escape and/
or suppression characteristic to pluripotent stem cells (PSCs). Nevertheless, the
immunotherapeutic potential of the similarity between tumors and PSCs is becoming
increasingly recognized. Studies have shown that vaccinations of mice with irradiated
embryonic stem cells (ESCs) or autologous induced PSCs (iPSCs) can prime CD8+ T
cells to recognize tumor MHC I-associated peptides (MAPs) and kill cancer cells. These
results indicate that cancer cells express a type of immunogenic antigens strictly confined
to the embryonic stage. Being absent from healthy adult tissues and non-mutated, MAPs
derived from pluripotency-associated antigens (paMAPs) would represent ideal targets for
the development of peptide-based vaccines against highly aggressive cancers.
Purpose of the study: This study aimed to identify the nature of pluripotency-associated
TSAs shared between human iPSCs and cancer cells.
Methods: We used a proteogenomic approach combining RNA-sequencing and mass
spectrometry (MS) to study the MHC I-immunopeptidome specific to three human iPSC
samples. This strategy allowed us to sequence iPSC-specific MAPs encoded by coding and
allegedly ‘non-coding’ genomic regions, the latter which would be missed by conventional
MS/MS spectra searches. iPSCs were also analyzed after a 72h treatment with IFN-γ to
boost MHC I levels and increase our chance for paMAP discovery.
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Results: We identified 46 paMAPs which were absent from the RNA-seq of healthy
somatic tissues, adult stem cells and bone marrow progenitors. paMAPs derived from
annotated exons of genes essential for pluripotency maintenance, while 50% derived from
supposedly non-coding genomic regions, primarily from long non-coding RNAs, introns
and intergenic regions, transcribed specifically in PSCs. Of these, 13 paMAPs were shared
between AML samples from The Cancer Genome Atlas (TCGA) and 19 AML samples
from another study in our lab. Bioinformatic analyses revealed that hypomethylation and
aberrant signaling events linked to the establishment of cancer stem cells regulate paMAP
expression across TCGA cancers. However, even though at least two of the paMAPs are
immunogenic, paMAP presentation did not confer a survival advantage in patients from
the TCGA cohort. Indeed, the number of paMAPs was correlated with immune evasion,
which may explain their preferential expression in advanced cancers and their lack of
spontaneous immunogenicity, reinforcing the importance of TSA-based vaccinations.
Conclusion: Our study provides new insights into the molecular underpinnings of stemness
in cancer. The antigens shared by iPSCs and tumor samples represent attractive targets
for immunotherapy of poorly differentiated cancers.

c
Impact of chemotherapy on diet,
gut microbiota and inflammation in children
with acute lymphoblastic leukemia
Author: Abderrahim Benmoussa
Co-authors: Véronique Bélanger, Emile Levy, Caroline Laverdière, Alain Stintzi, Daniel
Sinnett, Valérie Marcil.
Affiliation: Dr. Valérie Marcil’s laboratory, Centre de recherche du CHU Sainte-Justine,
Département de nutrition, Université de Montréal, Montréal, Québec, Canada
Keywords: Acute Lymphoblastic Leukemia, Cardiometabolic Health, Obesity, microbiota,
inflammation
Background information: Children treated for acute lymphoblastic leukemia (ALL)
often suffer serious side effects, including vomiting, diarrhea, severe infections and
cardiometabolic disorders. They may also suffer from chronic inflammation and intestinal
dysbiosis. We propose that deregulations of the gut microbiota, and its metabolites, are
related to treatment side effects and diet, and enhance inflammation and cardiometabolic
disorders in pediatric cancers.
Purpose of the study: We wish to investigate the impact of ALL therapy and diet on gut
microbiota, bacterial metabolites, inflammation and cardiometabolic health.
Methods: We recruited 38 children treated for ALL at the Sainte-Justine UHC. During
therapy, we compiled clinical data, treatments, diet (24H recalls), cardiometabolic status
(anthropometry, blood lipids, glucose, insulin, blood pressure) and collect blood and
stool. We analyze the microbiota by high-throughput sequencing. We measure the level
of bacterial metabolites (SCFA, acyl-carnitines, p-cresol and TMAO) in stool and plasma
by GS-MS and HPLC-MS/MS. Biomarkers of inflammation (CRP, leptin, TNF-α, IL-6) and
oxidative stress (ox-LDL, MDA, 8-OHdG) are measured by ELISA/Bioplex.
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Preliminary results: On admission, 83% of patients with ALL had at least one
cardiometabolic risk factor (59% high CRP, 83% pre/hypertriglyceridemia, 51%
hypertension, 32.5% overweight/obesity, 27.9% hyperglycemia). Hyperglycemia was
associated with choline (β= 0.067) and methionine (β= 10.1), TMAO with clotting capacity
(β= 0.06) and HDL-cholesterol with acylcarnitins (p<0.05). After 31 days of treatment,
some complications improved (-34% pre/hypertriglyceridemia, -4.5% hypertension, -16.6%
hyperglycemia) and others worsened (+7% obesity/overweight, +16% high CRP, +2.2%
diabetes). Concurrently, the levels of choline (x3.7), TMAO (x18.4), and acyl-carnitines
(x1.4 to 3.4) increase.
Conclusion: This project will serve to better understand the development of cardiometabolic
disorders arising in children with cancer during therapy and their link to the gut microbiota.
On the long run, our results might open new interventions to prevent these disorders and
promote remission and long-term health of survivors.

c
eIF4E reprograms cellular vesiculation
in cancer cells.
Author: Esterina D’Asti
Affiliation: Katherine L.B. Borden, Molecular Biology, Institute for Research in
Immunology and Cancer of the Université de Montréal
Keywords: Eukaryotic translation initiation factor 4E, extracellular vesicles, acute
myeloid leukemia, Ribavirin, tumour microenvironment.
Background information: The eukaryotic translation initiation factor 4E (4E) is an
oncoprotein that is dysregulated in many cancers including acute myeloid leukemia (AML).
Indeed, 4E is overexpressed in many AML patients. Our lab pioneered clinical studies
demonstrating that some of these patients respond to treatment with a 4E inhibitor called
Ribavirin. Thus far the mechanisms of action described for 4E highlight a cell intrinsic role
in promoting tumorigenicity.
Purpose of the study: To discover whether 4E plays a non-cell autonomous role in AML
progression by acting as a master regulator of cellular vesiculation.
Methods: We used a U2OS osteosarcoma model of 4E-high AML, comparing
4E-overexpressing (2F4E) to 2FVECT control cells. Scanning electron microscopy
(SEM) was used to analyze cell surface morphology. To isolate EVs we used optiprep
gradient fractionation. EVs were counted and sized using Nanoparticle Tracking Analysis
(NTA) and transmission electron microscopy (TEM). Mass spectrometry and small RNA
sequencing technologies analyzed the global protein and small RNA content of our EVs.
Cells were fractionated for nuclear and cytoplasmic fractions to extract mRNA for nuclear
export assays. For functional assays monocytes were differentiated into macrophages and
polarized into M1 and M2 types.
Results: SEM revealed that 2F4E cells have more foci that indicate significant membrane
curvature compared to 2FVECT. This paralleled increased release of EVs between 30-200
nm in size from 4E-overexpressing cells using NTA and TEM. Export assays demonstrate
that 4E enhances the export of specific vesiculation-related genes, and the levels of total
mRNA were also upregulated for various others. We confirmed a corresponding increase
in their protein expression in cells and/or EVs. We validated the expression of several
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proteins that are increased and microRNAs that are decreased in EVs released from
2F4E cells from our big datasets. Preliminary data shows that Ribavirin can effectively
inhibit 4E-driven vesiculation pathways. Recent studies also show that EVs released from
4E-overexpressing cells may be functional and they may shift macrophage polarization.
Conclusion: We have shown that 4E increases EV release by regulating the expression
of genes involved in their biogenesis and release and profoundly alters their protein and
microRNA cargo. Importantly, these EVs may be functional and may be a means by which
4E alters cell communication in the tumour microenvironment to impact AML progression.

c
The involvement of Dead-Box Helicase 35 (DHX35) in the
DNA damage response and the treatment of lymphoma
Author: Steven Findlay, PhD
Affiliation: Dr. Alexandre Orthwein, Department of Oncology, Lady Davis Institute for
Medical Research (Jewish General Hospital) – McGill University
Keywords: DHX35, CRISPR Screening, Homologous Recombination, Talazoparib
Background information: The DNA damage response (DDR) plays an essential role in
maintaining genomic stability and resolving cytotoxic DNA double strand breaks (DSBs).
Specifically, the DDR remains critical to B-cell development and induced DNA damage is
consistently employed in B-cell malignancies, including Non-Hodgkin’s Lymphoma (NHL).
We described the involvement of SHLD1 and the Shieldin complex as critical in the DNA
repair pathway decision and we believe there remains factors that are involved in the DDR.
We recently identified genetic vulnerabilities that sensitize cells to DNA damaging agents
and uncovered potentially novel genes that may play a role in the DNA damage response.
Thus, we aimed to validate the involvement of each of these genes in the DNA repair
pathway and their subsequent implication in NHL.
Purpose of the study: We hypothesize that selective depletion of DHX35 will affect the
efficiency of DNA repair and synergize cells to DNA damaging agents in NHL.
Methods: The meta-analysis was conducted by overlapping significant hits from various
CRISPR Cas9 genome-wide screens to identify genes that affect the efficiency of DNA
damage treatment on cell viability. To test our hypothesis we used a GFP reporter assay (DRGFP) that enables the quantification of DNA repair via both the homologous recombination
pathway and non-homologous end joining (NHEJ). We also performed Sulforhodamine
B colorimetric survival with different DNA damaging agents(Talazoparib, Phleomycin and
Cytarabine) to observe the effects of deleting DHX35 on cell viability. Finally, we identified
potential DHX35 protein interactors via BioID coupled mass spectrometry.
Results: We compiled data from our own CRISPR Cas9 genome-wide screens along with
previously published data in order to identify genetic disruptions that synergize with DNA
damaging agents leading to cell death. We identified a small subset of genes, including
DHX35 that were not known to play a role in the DNA damage response. Using a GFP
based DNA repair reporter assay, we observed that siRNA knockdown of DHX35 was
sufficient to impair DSB repair via the homologous recombination pathway with limited
effect on the NHEJ pathway. This initial indication correlates with preliminary evidence of
a hypersensitivity to DNA damaging agents (Talazoparib and Phleomycin). Furthermore,
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we have shown that DHX35 is not recruited to irradiation induced sites of DNA damage,
suggesting it may play an indirect role DNA repair. Finally, DHX35 has been shown to be
mutated in a variety of cancers including a 2% alteration frequency in NHLs.
Conclusion: Although DHX35 is currently classified as a putative RNA helicase, few
studies have been conducted to investigate the involvement of DHX35 in cancer biology.
Our data suggests that DHX35 may play a role in the DNA damage response and could be
implicated in the pathogenesis of NHL making it a potential therapeutic target to sensitize
NHL to genotoxic drugs.

c
Synthetic lethal drug combinations in
T-cell acute lymphoblastic leukemia
Author: Ema Flores-Díaz
Affiliations: André Haman, Sami Nourredine, Bastien Gerby, Philipp P. Roux, Pierre
Thibault, Jasmin Coulombe, Thierry Bertomeu, Mike Tyers, Trang Hoang, Hematopoiesis
and Leukemia research unit, IRIC, Graduate program in Molecular Biology and
Department of Pharmacology, Université de Montréal
Keywords: T-ALL, Pre-Leukemic Stem Cells, SCL, MYC, Drug synergy.
Background information: Using a synthetic model of T-cell acute lymphoblastic leukemia
(T-ALL) induced by the SCL and LMO1 oncogenic transcription factors, we previously
showed that the first and most important event is the oncogenic reprogramming of Pro-T
cells in the thymus into self-renewing pre-leukemic stem cells (pre-LSCs) (Tremblay,
Genes Dev, 2010; Gerby et al, PLoS Genet, 2014). More importantly, these cells are
highly dependent on the initiating oncogenes as well as the NOTCH1-MYC signaling axis
that operates in Pro-T cells. Finally, pre-LSCs are drug-resistant and have been shown
to cause relapse. Therefore, there is a dire need for inhibitors that kill pre-LSCs without
affecting normal cells. By high throughput screening with primary pre-LSCs in their niches,
we identified UM011 (Gerby, J Clin Invest, 2016).
Purpose of the study: Here we aim to 1) identify the genetic vulnerabilities in pre-LSCs
that are revealed by UM011 2) build drug combinations that are synthetic lethal towards
pre-LSCs.
Methods and Results: 1) To gain insight into the genetic dependencies revealed by
UM011799, we combined functional pharmacological, genetic and biochemical approaches.
First, UM011 rapidly and dramatically inhibited pMYC, causing a sharp decrease in MYC
half-life. Second, MYC inhibition by UM011799 is rescued by proteasome inhibition. Third,
pre-LSC viability is rescued by ectopic expression of a degradation-resistant MYC mutant
but not wild type MYC. Together, our converging results provide direct evidence that UM011
impairs pre-LSC viability by targeting MYC for proteasomal degradation.
2) cWe then addressed the possibility that UM011 synergizes with two mainstay
chemotherapeutic agents in T-ALL, the glucocorticoid Dexamethasone (Dexa) and the
Topoisomerase 2A inhibitor Daunorubicin (Dauno). Pre-LSC viability was quantitatively
measured through multiparameter flow cytometry analysis to establish dose-response curves
for each agent alone. Next, I combined Dexa or Dauno with UM011 at different dose ratios to
compute the Combination Index and Dose-Reduction Index using Chou-Talalay algorithms
(Chou T.C. Pharmacol. Rev. 58: 621-681, 2006) to quantify the effect of drug combinations.
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This unbiased quantitative approach indicates that UM011 synergizes with Dexa or Dauno
to inhibit drug-resistant pre-LSCs. Importantly, the addition of UM011 allowed for high dose
reduction index of chemotherapeutic agent required to inhibit pre-LSCs
Conclusions: Our multidisciplinary approach has revealed UM011 as a drug capable of
targeting pre-LSCs dependency on MYC. Importantly, our mechanism-based approach has
unraveled novel synthetic lethal drug combinations that efficiently disrupt pre-LSC viability.
These results highlight the benefits of mechanism-based approach for precision medicine
aimed at specifically and efficiently inhibiting pre-LSCs with minimal toxicity associated
with mainstay chemotherapeutic agents.

c
Role of the DDX3X RNA helicase
in Burkitt Lymphoma
Authors: Marion Lacroix1,2, Hugues Beauchemin1, Jennifer Fraszczak1, Peiman
Shooshtarizadeh1, Riyan Chen1 and Tarik Möröy1,2,3
Institut de recherches cliniques de Montréal, 2Division of Experimental Medicine, McGill
University, 3Département de microbiologie, infectiologie et immunologie, Université de
Montréal
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Burkitt Lymphoma (BL) is an aggressive blood cancer representing the majority of childhood
lymphoma. BL is characterized by rapidly multiplying malignant B-lymphocytes derived from
splenic germinal center cells (GC). These cells carry chromosomal translocations between
the immunoglobulin (Ig) loci and the c-Myc oncogene driving malignant transformation. It
has been proposed that the Ig/Myc translocation is initiated by an unresolved R-loop; a
three-stranded nucleic acid composed by a DNA/RNA hybrid and a non-template single
strand DNA. We discovered that DDX3X gene, mutated in 30% of BL patients, encodes an
RNA helicase able to unwind/resolve R-loop. BioID data, validated in RL B-cells, revealed
that DDX3X but not the DDX3XDel320-342 mutant found in the Raji BL cell line binds to TOP3B/
TDRD3 complex known to resolve R-loop around the c-Myc promoter.
I hypothesize that i) DDX3X controls R-loop resolution in B-cells as part of TOP3B/TDRD3
complex, ii) DDX3X mutations lead to unresolved R-loops, initiating c-Myc translocation
driving BL, iii) DDX3X mutations can accelerate lymphomagenesis in the context of
activated c-Myc gene.
DNA-RNA immunoprecipitation and sequencing (DRIP-seq) is under optimization to detect
R-loops and to reveal whether DDX3Xwt or mutants occupy the same region at the c-Myc
promoter as TOP3B/TDRD3. PCR experiments will assess if DDX3X mutants increases
c-Myc translocation in cells. In vivo, a BL-like disease is modeled in a l-Myc mouse model
that mimics the Igλ-Myc translocation found in human BL. I generated l-Myc/DDX3Xflox
mice and crossed them with a Cg1-cre, active in GC cells. To analyze the impact of DDX3X
mutants in tumorigenesis, retroviral vectors will be used to express human DDX3XDel320-342
in DDX3X KO cells.
Using a pan-hematopoietic Vav-cre and DDX3flox mice, I showed that DDX3X depletion
provokes and expansion of B-cells from the Marginal Zone and a loss of GC cells. I obtained
l-Myc/Cg1-cre and l-Myc/Cg1-cre/DDX3flox mice, stimulated the GC reaction and observed
an important splenomegaly specific to DDX3X-depleted mice. This was due to a massive
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B-cell expansion suggesting that DDX3X loss favors B-cell proliferation in presence of a
c-Myc translocation. A similar B-cell expansion was not observed in DDX3X-depleted mice
with a BCL6/Ig translocation; suggesting a potential collaboration between DDX3X loss-offunction and c-Myc but not Bcl6.
My work has the potential to unveil new mechanisms to explain how c-Myc/Ig locus
translocations are initiated in BL. Preliminary data implicate DDX3X RNA helicase in R-loop
resolution and show that BL mutants fail to resolve these structures. My results suggest
that DDX3X loss drives BL development in cells already carrying a Myc/Ig translocation. I
also anticipate the possibility that DDX3X loss eliminates BL-cells in λ-myc model; in this
case, DDX3X could be a therapeutic target for BL, which could be tested with existing
inhibitors in human BL cell lines.

c
DN T cells as a therapeutic for
chronic graft-vs-host disease
Author: Félix Lombard-Vadnais
Affiliation: Dr Sylvie Lesage, Microbiology and Immunology, McGill University
Keywords: Graft versus Host Disease, Leukemia, Bone marrow transplantation,
Immunotherapy
Background information: Allogeneic hematopoietic cell transplantation (AHCT) can
eradicate several blood cancers reported to be incurable by chemotherapy alone. One of
the main side effects of AHCT is the development of chronic graft vs host disease (cGvHD)
which affects between 60 to 80% of long-term survivors. cGvHD is a serious inflammatory
disorder which can target multiple organs. Reminiscent of classical autoimmune disorders,
the immune attack in cGvHD involves not only reactive T cells, but also B cells, which
significantly contribute to the pathophysiology. Current treatments that target all B cells
confer some clinical benefit, but they also increase the susceptibility to infection. The
objective of this study is to explore a new cellular therapeutic approach that specifically
targets activated B cells responsible for cGVHD pathology. Indeed, we and others have
shown that a rare subset of T cells that lack both CD4 and CD8 expression (DN T cells) can
eliminate pathogenic B cells directly within affected tissues, while sparing non-activated
endogenous B cells in mice. With this project, we aim to translate the findings to human
DN T cells.
Purpose of the study: To eventually treat cGVHD with DN T cells, we need to optimize the
in vitro cellular expansion protocol to obtain a sufficient number of cells for application in
a cellular therapy approach. We subsequently need to validate that the immunoregulatory
potential of DN T cells is maintained upon expansion.
Methods: Human DN T cells were isolated from the blood of healthy donors by flow
cytometry cell sorting. Conventional CD4+ and CD8+ T cells were used as controls in all
experiments. The sorted DN T cells were activated in vitro with anti-CD3 and anti-CD28
antibodies, in various media and with different cytokines combinations. Cell expansion was
monitored by cell counts. RNA from DN T cells of three donors was extracted before and
after cellular expansion and subjected to RNA-Seq. The ability of DN T cells to eliminate
activated B cells was assessed by quantifying their phenotypic characteristics as well as
by performing in vitro and in vivo cytotoxicity assays.
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Results: By testing various cell culture conditions, we identified very effective cellular
expansion conditions for human DN T cells. The most effective condition tested included
serum free media together with IL-2, IL-7, IL-15, IL-1β. Interestingly, DN T cells maintained
their immunoregulatory activity, irrespective of the applied cellular expansion protocol.
Specifically, they effectively expressed proteins that can mediate cellular lysis of targets
(granzyme B, perforin), that can reflect an activation status (CD69, CD95, CD45RO), and
do not express proteins that are associated with dysfunction (2B4, PD-1, LAG-3, TIM-3).
We will be able to confirm these phenotypic traits when the RNA-Seq data is available.
Importantly, the expanded DN T cells effectively eliminated activated B cells and tumour B
cell lines both in vitro and in vivo. Finally, the human DN T cells prevented xenograft rejection
in mice, suggesting that they can effectively control aggressive immune responses.
Conclusion: We have established an effective in vitro cellular expansion protocol for DN
T cells. We demonstrate that the DN T cells maintain their immunoregulatory properties,
regardless of the protocol used. This finding is of utmost importance, as clinical-grade
reagents differ slightly from laboratory reagents. Knowing that DN T cells maintain their
function in many different conditions strongly suggests that we will readily be able to
identify effective clinical-grade reagents for efficient human DN T cell expansion for
treating patients. Our findings also show that, in addition to effectively eliminating
activated B cells, DN T cells can eliminate tumour B cell lines. We will expand on these
findings to determine if DN T cells could be used to treat various B cell malignancies in
addition to treating cGVHD.

c
Identification of predisposing genetic factors,
prognostic and diagnostic markers for
Hypopigmented variant of Cutaneous T-Cell Lymphoma
in Hispanic individuals.
Author: Amelia Martínez Villarreal
Affiliation: Ivan V. Litvinov, Division of Experimental Medicine, McGill University,
Research Institute of the McGill University Health Centre
Keywords: cutaneous T-cell lymphomas, mycosis fungoides, biomarkers
Background information: Hypopigmented Mycosis Fungoides (HMF) is a variant of
Cutaneous T-Cell Lymphoma (CTCL), a heterogeneous group of extranodal non-Hodgkin’s
lymphomas. HMF presents as light colored to achromic lesions, as opposed to classic MF
which presents with red scaly patches, plaques and tumors. Older Caucasian patients
often present with the classic MF variant, but for younger patients with Hispanic, AfricanCanadian, Asian or Native American ancestry HMF is more common. Little is known about
CTCL or HMF pathogenesis, often leading to disease progression, due to late or erroneous
diagnosis. Previous research on classic MF identified Cancer- Testis and meiosis specific
genes ectopically expressed, which may contribute to the characteristic genomic instability
of CTCL. Genomic instability is considered a hallmark of cancer and is hypothesized to
enable heterogeneity of CTCL. In addition, previous research in HMF has highlighted the
role the immune system plays during the development of this variant.
Purpose of the study: This project aims to answer the following questions: Are these
variants genetically similar? Can identification of genetic changes in younger patients help
us predict disease progression?

18

Methods: In order to compare these two variants, we are collecting HMF samples from
pediatric patients in collaboration with Dr. Amparo Hernández Salazar from the Instituto
Nacional de Ciencias Médicas y Nutrición Salvador Zubirán and other health institutes in
Mexico City. Samples of classic MF patients are being collected at the McGill University
Health Centre. Through targeted RNA-Seq we will test the expression of previously
identified genes in HMF and classic MF patients, with a specific focus on Cancer-Testis and
meiosis genes. We will compare gene expression patterns with clinical disease outcome
by following these patients prospectively over time. We will correlate gene expression
pattern with clinical disease progression, hospitalization, intensive care unit admission
and/or disease-specific mortality. Finally, we will select a combination of genes with the
highest predictive power.
Results: Approval from the Research Ethics Board from both the Instituto Nacional de
Ciencias Médicas y Nutrición Salvador Zubirán and the McGill University Health Centre
has been obtained. This allowed us to start tissue collection from both populations. Analysis
from publicly available RNA-Seq data of CTCL patients showed a significant differential
expression of the following Cancer- Testis and meiosis specific genes: GTSF1, STRA8,
STAG3, SGO2, SYCP3 and DMC1. Furthermore, the expression of the same genes was
analyzed in samples of classic MF patients demonstrating a heterogeneous expression
pattern.
Conclusion: The ongoing tissue collection from different variants of MF will allow us to
determine the combination of genes that can better predict disease development. Using
high throughput technologies, we will identify differential gene expression patterns that
can explain clinical disease outcome. Results from classic MF points to a heterogeneous
expression of Cancer-Testis and meiosis genes, which may eventually explain disease
heterogeneity. The identification of immune factors that determine the differential clinical
course of HMF vs MF, will allow the development of specific treatments for both variants.

c
The association study between genetic factors
and long-term treatment related complications in survivors
of childhood acute lymphoblastic leukemia.
Author: Kateryna Petrykey, PhD
Supervisor, Affiliation: Maja Krajinovic, Department of Pharmacology and Physiology,
Department of Pediatrics, Université de Montréal, CHU Sainte-Justine Research Center
Keywords: anthracycline-induced cardiotoxicity, genetic association studies,
pharmacogenomic markers, childhood acute lymphoblastic leukemia, late adverse
effects, cancer survivors.
Background information: Acute lymphoblastic leukemia (ALL) is the most frequent
childhood cancer and represents approximately 25% of all pediatric tumors. Due to the
optimization and combination of multi-agent risk-adapted protocols, the 5-year survival rate
of childhood ALL is currently greater than 85%. However, the exposure to chemotherapeutic
agents and/or cranial radiation therapy during a vulnerable period of child development
has been associated with treatment related late-adverse effects (LAEs). Among LAEs,
cardiovascular disease represents one of the main causes of secondary morbidity and
mortality in patients treated for childhood cancer.
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Purpose of the study: 1. To identify common and rare germline genetic variations associated
with late treatment-related cardiovascular complications in childhood ALL survivors. 2. To
validate the effect of the identified genetic variants in independent replication cohort.
Methods: To further address this issue, using two different approaches - a candidate
genes and an exome-wide association study, we analyzed cardiovascular complications
in relation to common and rare genetic variants derived through whole-exome sequencing
from childhood ALL survivors (PETALE cohort). Additionally, top-ranking associations were
assessed through stratified and multivariate analyses. Analysis of common variants was
performed using Quantitative trait association and allelic model based on Wald statistic,
and linear regression implemented in PLINK and SPSS software. The effect of rare variants
was evaluated using the SKAT-O test.
Results: Significant associations were detected between left ventricle ejection fraction
(LVEF) and fractional shortening (FS), and common variants rs3829747, rs2303838
and rs72648998 in the TTN gene derived through candidate gene approach (p≤0.0007).
An association between LVEF and rare variants enrichment in the NOS1 and ABCG2
of doxorubicin pathway (p=0.002 and p=0.003) was also noted, whereas exome-wide
approach detected contribution of rare variants in NOD2 gene in relation to LVEF (p=2x106
), and NOD2 and ZNF267 in relation to FS (p=1x10-6 and p=2x10-6, respectively). Following
stratification according to risk groups, we also detected the modulatory effect of the CBR1,
ABCC5 ABCG2 and AKR1C3 genes. The association with common TTN variants in
the independent St. Jude Lifetime Cohort was not significant. For the 46 rare variants
requested for replication, none of the 8 non-monomorphic rare variants passing SJLIFE
quality control were replicated.
Conclusion: Current findings may help to understand the influence of genetic factors on
long-term treatment-related cardiovascular complications. In addition, the reported genetic
markers along with other known risk factors can lead to prediction models identifying
patients at increased risk for these complications.

c
Apoptotic Blocks in Primary Non-Hodgkin B Cell
Lymphomas Identified by BH3 Profiling
Authors: Ryan Rys (1,2), Nathalie Johnson (2,3)1. Department of Physiology, McGill
University, Montréal, QC, 2. Lady Davis Institute, Montréal, QC, 3. Department of
Medicine, McGill University, Montréal, QC
Background: Aggressive Non-Hodgkin lymphomas (NHL) such as DLBCL are curable
by frontline chemotherapy in most patients but roughly 40% are prone to relapse and
poor clinical outcomes. BCL2 is a protein involved in the intrinsic apoptosis pathway,
where it serves to bind pro-apoptotic proteins and prevent the initiation of apoptosis in
the mitochondria. It also serves an important pathogenic role in NHL, as high expression
of BCL2 is correlated with poor prognosis and genetic aberrations to the BCL2 gene are
common. Venetoclax is a targeted BCL2 therapy that has been approved for use in chronic
lymphocytic leukemia (CLL). While it has shown to be effective in CLL, similar efficacy has
yet to be demonstrated in related lymphomas, despite the expression of the BCL2 target.
Purpose: We hypothesized that additional anti-apoptotic proteins such as MCL1 were
contributing to venetoclax resistance in DLBCL and other high-grade lymphomas. We set
out to identify the causes of apoptotic block in primary NHL samples using an assay called
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BH3 profiling. Assessment of apoptotic resistance had not yet been carried out on a large
number of primary NHL tumor samples, and as such we aimed to highlight the overall state
of apoptosis in several lymphoma subtypes.
Methodology: BH3 profiling assesses the balance of pro- and anti-apoptotic proteins by
exposing cells to different BH3 mimetics, which include synthetic pro-apoptotic peptides,
as well as small molecule inhibitors that target anti-apoptotic proteins like BCL2 and MCL1.
The ability of a cell to undergo apoptosis in response to different BH3 mimetics is evaluated
by measuring the release of cytochrome c from the mitochondria, which leads to subsequent
caspase activation and cell death. To determine the causes of apoptotic resistance in NHL,
particularly in response to venetoclax, we used BH3 profiling to analyze 124 primary NHL
samples from multiple lymphoma subtypes, both indolent and aggressive.
Results: We noted that more pro-apoptotic signaling defects were seen in high-grade
lymphoma samples (32.4%) in comparison to low-grade NHL (3.4%), an underreported
functional consequence. Inhibition of BLC2 was mostly effective in CLL, reflecting clinical
data. However, dual inhibition of BCL2 and MCL1 resulted in cytochrome c release in 83%
of all samples, highlighting MCL1 as a significant contributor to apoptotic resistance in
NHL. Moreover, profiling of DLBCL cell lines treated with chemotherapy agents showed
that microtubule inhibitors reduced the expression of MCL1 and increased venetoclaxrelated apoptosis.
Conclusion: BCL2 and MCL1 are the primary contributors to apoptotic resistance in most
NHL, while a subset of patients displays significant pro-apoptotic defects that warrant
further study. Dynamic BH3 profiling highlights a potential benefit in combining venetoclax
and microtubule inhibitors in the treatment of these malignancies.

c
Inhibition of JAK/STAT signaling sustain
stem-like exhausted CD8+ T lymphocytes with
enhanced antitumor effects
Authors: Mitra Shourian1,2, Alexis Vallée1,2, Clemence Ruisseaux1,2, Benoîte Bourdin1,
Hélène Decaluwe1,2
CHU Sainte-Justine Research Center, Cytokines and Adaptive Immunity Laboratory,
Montreal, Canada, 2University of Montreal, Microbiology and Immunology, Montreal,
Canada
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T-cell exhaustion and reduced memory potential is an obstacle to successful adoptive
cell therapy (ACT) of cancer. Ex-vivo expansion protocols require sustained TCR and
cytokine stimulation that limit ACT efficacy and long-term persistence. We have shown
that IL-2 and IL-15, JAK-STAT dependent-cytokines used in ACT expansion protocols,
induce CD8+ T-cell exhaustion both in vitro and in vivo following chronic viral infection.
We hypothesized that blocking JAK-STAT signaling during ex-vivo expansion protocols
will limit T-cell exhaustion and sustain stemness of adoptively transferred cells, to induce
better tumor control. In the current study, we mimicked current ex-vivo expansion protocols
using purified murine T-cells stimulated by tumor antigens in the presence of IL-2 or IL15 and evaluated the impact of adding distinct inhibitors of the JAK-STAT pathway on
expanded T cells. We observed that JAK-STAT inhibitors reduced CD8+ T-cell exhaustion
and increased the number of Ly108+ TCF1+ stem-like progenitors. The reduction in T-cell
exhaustion was observed by decreased expression of exhaustion markers, changes in
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specific transcription factors, and increased expression of effector cytokines using flow
cytometry. Adoptive transfer of ex-vivo expanded T-cells to tumor-bearing mice indicated
that CD8+ T-cells expanded in the presence of JAK-STAT inhibitor significantly reduced
tumor size and increased mice survival after ACT. RNA-seq analysis identified a reduced
exhaustion signature in JAK/STATi treated T-cells. These results suggest that targeting
JAK-STAT signaling sustains potent antitumor reactivity of adoptive-transferred cells and
may enhance the ex-vivo generation of stem-like progenitor CD8+ T cells for long-term
survival in the host.
Research funding: This work is supported by the Canadian Institutes of Health Research,
as well as research scholarship from the Cole Foundation to SM.
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Inflammatory macrophages exploit
unconventional pro-phagocytic integrins
to broaden anti-tumor immunity
Author: Zhenghai Tang
Affiliation: André Veillette, Laboratory of Molecular Oncology, Institut de recherches
cliniques de Montréal (IRCM)
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Background information: Blockade of inhibitory checkpoint SIRPa-CD47 promotes
the ability of macrophages to phagocytose cancer cells, making it a promising avenue
in anti-cancer therapy. Productive phagocytosis is predicated on co-engagement of prophagocytic receptors, namely Fc receptors (FcRs), integrin CD11b or SLAMF7, by ligands
on cancer cells.
Purpose of the study: If macrophages have the capacity to harness additional prophagocytic receptors to broaden the scope of phagocytosis.
Methods: Phagocytosis assays, intra-peritoneal tumor clearance assays, western blot,
confocal microscopy, flow cytometry, In vivo mouse models of lymphoma.
Results: We found that inflammatory stimuli, including cytokines and Toll-like receptor
(TLR) ligands, augmented phagocytosis efficiency and alleviated the requirement of FcRs,
CD11b and SLAMF7 for phagocytosis. These effects were mediated by harnessing of
unconventional pro-phagocytic integrins, CD11a and CD11c, which acted with CD18
to initiate phagocytosis. Some inflammatory stimuli enabled phagocytosis even in the
absence of SIRPa-CD47 blockade. Higher CD11c expression in macrophage-enriched
tumors correlated with improved patient survival in clinical studies.
Conclusion: Inflammatory macrophages can exploit unconventional pro-phagocytic
integrins for broadened phagocytosis and anti-tumor immunity

22

2020-2022 Fellows

c
Characterization of metabolic rewiring
and identification of potential therapeutic targets in
CBFA2T3-GLIS2-dependent AMKL
Author: Caroline Capdevielle
Affiliation: Laura Hulea and Frederick A. Mallette, Division of Immunology-Oncology,
Maisonneuve-Rosemont Hospital Research Centre; Department of Biochemistry and
Molecular Medicine, Université de Montréal.
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Background information: The CBFA2T3-GLIS2 (CG2) fusion is associated with
aggressive (5-year survival less than 20 %) pediatric acute megakaryoblastic leukemia
(AMKL; excluding Down syndrome). CBFA2T3 is normally express in hematopoietic
cells and has an important role in stem cells maintenance and self-renewal. In contrast,
GLIS2, a member of GLI-family transcription factor, is associated with hedgehog pathway
activation but is not expressed in normal hematopoietic cells. Several studies demonstrate
the importance of metabolic adaptation for the survival of acute myeloid leukemia cells, but
also the therapeutical potential of metabolic vulnerabilities. However, the potential role of
CG2 fusion in metabolic alterations occurring in AMKL remains unexplored.
Purpose of the study: We propose to investigate how metabolic defects associated to
CG2 gene fusions contribute to malignant transformation in order to identify and validate
new metabolic therapeutic target.
Methods: A mouse model of AMKL was successfully generated by using mouse
hematopoietic stem and progenitor cells (HSPC) expressing CG2 gene fusion. To find
metabolic pathways altered, metabolic gene expressions were analyzed by RNAseq
associated with GC-MS analyses to quantify metabolite levels. Because GLIS2 gene is
abnormally expressed in CG2-positive pediatric AMKL cells, we generated GLIS2-positive
HSPC to understand its contribution into metabolic rewiring. Furthermore, Inhibition of
GLIS2 using GANT61, an inhibitor of GLI-family members, was performed in CG2-positive
human AMKL cell line and analysis of metabolite levels then performed using GC-MS.
Results: Transcriptomic analyses in CG2-positive mouse HSPC identified numerous genes
pertaining to several metabolic pathways altered by the expression of CG2. Such genes
include all three subunits of pyruvate dehydrogenase complex (Dlat, Pdha1, Dld), regulators
of PDH activity (Pdk2, Pdpd2), pyruvate carboxylase, lactate transporter Slc16a1, glycine
decarboxylase, aspartate aminotransferase and succinate dehydrogenase. All these genes
and enzymes regulate closely interconnected metabolic pathways. Steady-state metabolite
levels analysis by GC-MS showed a global reduction in glycolysis and TCA cycle metabolites
but an increase of pyruvate, aspartate and GABA metabolites in these same cells expressing
CG2. GLIS2 expression promotes an expression profile similar to CG2 in data generated by
RNA-seq. Similarly to what was observed in CG2-positive mouse HSPC, pyruvate, aspartate
and GABA levels were affected by GANT61 treatment in a human AMKL cell line.
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Conclusion: In conclusion, we propose that CG2 induces metabolic rewiring of hematopoietic
cells to promote leukemogenesis. Altered metabolism of cancer cells could create metabolic
vulnerabilities that are targetable using pharmacological inhibitors of metabolic enzymes.
Using murine models, in combination with patient-derived cell lines, we seek to identify and
validate therapeutic metabolic targets for CG2-positive pediatric AMKL. These results will be
further investigated by cellular bioenergetics analysis (Oxygen Consumption or Extracellular
Acidification Rate measured by Seahorse) to confirm whether the cells are dependent on
glycolysis or TCA cycle for their growth. Using 13C stable isotope tracing, we will analyze
how metabolic pathways related to pyruvate, aspartate and GABA are dysregulated in
CG2-dependent cells. All these experiments could lead to the discovery of new metabolic
vulnerabilities of AMKL tumors and to improved therapeutic strategies for pediatric AMKL.

c
Translation initiation factor eIF4E reprograms
alternative polyadenylation in cancer
Author: Mehdi Ghram, Post PhD
Affiliation: Katherine Borden, Molecular Biology, IRIC
Keywords: eIF4E, Alternative polyadenylation, AML
Background information. Acute Myeloid Leukemia (AML) is considered as the most
aggressive forms of infant and adult Leukemia, especially due to the fast evolution of the
disease, resistance issues and a poor prognosis after the relapse. The translation initiation
factor eIF4E (4E) an oncoprotein mainly known to regulate mRNA export and translation, has
been demonstrated to promote tumorigenesis in different types of cancer, including specific
subtypes of AML. Recently, our lab made a major discovery highlighting the involvement
of 4E in the 3’ Cleavage and PolyAdenylation (CPA) of a specific subset of mRNAs. CPA is
a regulatory process that leads to the addition of a poly(A) tail to a messenger RNA. Most
human genes have multiple sites at which CPA can occur. The differential selection of the
CPA site is called Alternative PolyAdenylation (APA), and determine the fate of the targeted
transcripts. APA regulation has already been discovered to be highly involved in Acute
Leukemia. Investigating the link between 4E and APA will yield better insights into the
involvement of 4E in cancer progression, providing opportunities to aid in the development
of accurate biomarkers and more targeted therapies.
Purpose of the study. This study aims to characterize the effect of 4E on the APA
landscape in Cancer, investigate the impact of 4E-related APA on the targeted transcripts
and finally elucidate the biochemical foundations for 4E-dependant APA.
Methods. In order to get a global view of eIF4E’s effects on APA, we used Next Generation
sequencing and subsequent bioinformatic analyses to compare on a genome-wide level
the 3’ends of transcripts in various biological models. In Osteosarcoma cell lines, 4E
overexpressing cells (2FLAG-eIF4E) were compared to vector control cells (2FLAGVector). 4E Knockdown (4E-KD) in these cells was done using CRISPR and compared to
the control cells (Neg). To explore the possibility that 4E could drive aberrant APA in AML,
we selected 11 AML patients specimens with the highest 4E levels and 11 with normal
4E. Subsequent RNA-seq Data analyses was done to compare the APA profile between
these two groups. Analyses by METASCAPE were done to assess the biochemical impact
of 4E-dependant APA. The potential targets identified from the different datasets were
validated using semi-quantitative and quantitative PCR methods.
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Results. Based on all the APA analyses made in the different models we used, our results
show that 4E reprograms alternative polyadenylation of specific subsets of transcripts and
doesn’t have a global effect on the transcriptome. Interestingly, 4E overexpression tends
to induce 3’UTR shortening of the targeted transcripts. Conversely, 4E knockdown triggers
a 3’UTR lengthening in general. Process enrichment analysis of 4E-APA targets found
them to be highly involved in development, metabolic processes, apoptosis, cell adhesion,
senescence, and RNA metabolism. Specifically, as expected, these targets are also highly
involved in mRNA transport, protein localization and modification, thereby pointing to the
importance of 4E in functional protein production. Interestingly, a comparison between
4E-OE shortened targets and 4E-KD lengthened targets, found 44 common transcripts.
These common targets point to the tight network of genes dependent on eIF4E expression.
Specific targets from these common targets were validated by RT-PCR and RT-qPCR.
Analysis of the AML dataset show a large APA reprogramming in correlation with 4E
levels. 4E-correlated APA targets from the AML dataset have poor overlapping with the
osteosarcoma cell lines datasets. However, the biological processes targeted by 4E-APA
in both models have a strong connection.
Conclusion. Our results show that altered levels of 4E reprograms APA of specific subsets
of transcripts involved in the regulation of oncogenic pathways. eIF4E levels seem to be
highly correlated with APA reprograming among AML patient specimens as well, suggesting
a specific 4E-APA signature in AML. Our goal is to further investigate the molecular
underpinnings of this process to get better insights into the involvement of 4E in cancer
progression, providing opportunities to aid in the development of accurate biomarkers and
more targeted therapies.

c
Identification of small molecules for
genotype-specific targeted therapies in high-fatality
pediatric leukemia
Author: Verena Gress
Affiliation: Sonia Cellot, Immune Diseases and Cancer Axis, CHU Sainte-Justine
Research Center
Keywords: AMKL, synthetic mouse models, high-throughput chemical screen, apoptosis,
targeted therapies
Background information: Acute megakaryoblastic leukemia (AMKL) is a rare subtype
of acute myeloid leukemia (AML) and is only found in 1% of adult and in up to 15% of
pediatric AML patients. AML is genetically heterogeneous, however patients are treated
with the same regimens, which is reflected in stagnated cure rates and increased morbidity.
Recurrent and mutually exclusive oncogenic fusions are detected in a high proportion of
cases and are considered one of the critical transforming events in this disease. Therefore,
the development of targeted therapies is urgently needed but greatly limited by the paucity
of primary sample material. Our research group has established synthetic human models
of relevant high fatality pediatric AML with different oncogenic fusions. These models
mimic the human disease in a patho-physiological relevant context in mice. We utilized
our recently established synthetic models and patient-derived xenografts (PDX) in a highthroughput chemogenomic screen (HTS) that highlighted vulnerabilities of pediatric AML
against anti-apoptotic proteins of the BCL-2 family.
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Purpose of the study: Here we propose that high fatality pediatric AMKL is dependent on
oncogenic pathways that are distinct from other pediatric AML and that this provides novel
opportunities for targeted therapy.
Methods: This project is separated into two parts with a primary emphasis on validating
the results from the HTS. The first objective will focus on dissecting in vitro which members
of the BCL-2 family are relevant for survival and leukemic properties of our synthetic AMKL
models. In the second objective, we will investigate the potential and cross-toxicity of our
drug candidates as novel treatments of high fatality AMKL in vivo. In an initial unbiased
HTS, our AMKL models were tested against 12,000 small molecules (including 2,000 FDAapproved compounds). For comparison, other AML subtypes and normal hematopoietic
stem and progenitor cells (HSPC) were screened alongside. Compounds were considered
hits when they inhibit viability in AMKL cells of more than 75% while simultaneously sparing
HSPC (less than 30% of cell death).
Results: Preliminary results indicate an exploitable vulnerability of AMKL cells towards
inhibition of pro-survival proteins of the BCL-2 family. Selected compounds were further
validated by single-dose response experiments to establish the half-maximal inhibitory
concentrations (IC50) for each compound in AMKL models as well as in HSPC. These
results showed fusion-specific dependencies for different members of pro-survival proteins
in AMKL. In addition, genetic depletion by shRNA-mediated knock-down or drug-mediated
inhibition of these specific pro-survival proteins resulted in a significant increase in
apoptosis in our AMKL models in comparison to healthy control cells. Furthermore, one of
our selected drug candidates showed promising in vivo activity with a significant decrease
in bone-marrow and spleen infiltration of leukemic cells after drug treatment in comparison
to vehicle-only controls.
Conclusion: In summary, we showed that high-fatality AMKL are dependent on distinct prosurvival proteins compared to other pediatric AML or healthy HSPC. Furthermore, this project
highlights the importance of human synthetic models of high-fatality AMKL with relevant
oncogenic fusions for the detection of novel drug candidates. Taken together, this project will
bring mechanistic insight into the role of apoptotic pathways in AMKL and greatly accelerate
the identification of novel options for the treatment of high-fatality infant AML.

c
Immunotherapy in acute lymphoblastic leukemia:
Investigation of a novel cytotoxicity pathway used by
NK cells to kill pre-B leukemic blast
Author: Vincent Guitard, PhD
Affiliation: Élie Haddad, Microbiology, Infectiology and Immunology Department,
Université de Montréal; Charles-Bruneau Cancer Center, CHU Sainte-Justine Research
Center, Montreal; Department of Pediatrics,Université de Montréal
Keywords: leukemia; natural killer; cytotoxicity; immunotherapy; resistance
Background information: NK cell-based immunotherapy is a promising therapeutic
avenue to prevent precursor-B acute lymphoblastic leukemia (ALL) relapse. Infusions
of activated NK cells are safe, well tolerated and do not induce Graft-vs-Host disease.
However, ALL are known to be resistant to NK-cell mediated killing. To circumvent this
resistance, we have developed an approach based on NK cells obtained ex vivo from the
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NK cell Activation and Expansion System (NKAES). We have found that these expanded
NK cells are able to overcome ALL resistance and kill ALL cell lines, after a prolonged
contact, via a novel mechanism that has not been reported yet.
Purpose of the study: We want to characterize thoroughly this novel NK cell-lytic pathway
in order to ultimately harness this mechanism to design new therapies based on the
adoptive transfers of expanded NK cells in ALL patients.
Methods: We performed degranulation assays and assessed via flow cytometry NK cell
activation. We used cytotoxicity assay to evaluate the ability of NK cells obtained from
perforin-deficient patients to kill ALL cells. We also investigated the ability of healthy NK
cells to kill ALL cells expressing a FADD-dominant negative. We performed a transwell
cytotoxicity assay to assess the need for contact between target and effector cells in this
new mechanism. Finally, fluorescent-labelled inhibitors of caspases probe assays allowed
us investigate intracellular activation of specific caspases.
Results: We found that exposure of NKAES cells to leukemic blast resulted in efficient killing
of ALL via a new pathway of cytotoxicity. Indeed, we found that these expanded NK cells do
not use the classical degranulation/perforin and/or death receptors cytotoxic pathways to kill
ALL cells since (1) degranulation assays did not result in the expression of CD107 on NK
cells; (2) expanded NK cells obtained form perforin-deficient patients killed ALL cells; and (3)
expanded NK cells killed ALL cells expressing a FADD-DN. We found that expanded NK cellmediated killing was contact dependent and involved caspases in ALL.
Conclusion: Our data challenge the established dogma of ALL resistance to NK cell
immunotherapy and open a new therapeutic avenue for refractory ALL patients. The
understanding of this new cytotoxic pathway would represent a real breakthrough in
the field of cytotoxic cells’ biology and cancer immunology. It will allow the design of
innovative strategies to enhance the efficacy of NK-cell immunotherapy. Once well
understood and mastered, this immunotherapy could be used for the treatment of several
other hematologic malignancies.

c
CRISPR-based identification of novel cytarabine
modulators in acute myeloid leukaemia: deciphering the
role of the E3 ubiquitin ligase HERC1.
Author: Maja Jankovic
Affiliation: Dr. Francois Mercier, Lady Davis Institute (Jewish General Hospital),
Department of Medicine (McGill University), Dr. Alexandre Orthwein, Lady Davis Institute
(Jewish General Hospital), Department of Oncology (McGill University),
Keywords: CRISPR-Cas9 screening, HERC1, E3 Ubiquitin ligases, chemoresistance,
acute myeloid leukemia
Background: The current standard of care for eligible AML patients is a chemotherapeutic
regimen composed of several DNA damaging agents, including the pyrimidine nucleoside
analog cytarabine (Ara-C), which target rapidly diving cells. Ara-C is converted to its active
triphosphate form and incorporated into the DNA during the S phase of the cell cycle.
Problematically, Ara-C containing chemotherapy is effective in curing only ~30% of AML
patients, highlighting the need to develop biomarkers that can predict chemotherapy
resistance and identify novel drug targets that could improve treatment outcome. Potential
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targets for pharmacological intervention are E3 ubiquitin ligases, which are part of the
ubiquitin-proteasome system (UPS). E3 ubiquitin ligases are highly substrate specific and
play major roles in regulating several aspects of cellular homeostasis. However, the role of
E3 ligases in regulating response to Ara-C remains largely unknown.
Purpose of the study: The objective of our project is to map the landscape of genes
modulating Ara-C response in AML, with a primary focus on delineating the contribution
of the E3 ubiquitin ligase HERC1. Our overarching goal is to translate these data into the
clinic as biomarkers and/or therapeutic targets.
Methods: We performed a genome-wide CRISPR-Cas9 screen in two murine AML cell
lines MLL/AF9 and HoxA9-Meis1. Leukemic cells were transduced in vitro with a small
guide RNA (sgRNA)-based library targeting 20,611 genes (6 sgRNA/genes). Cells were
exposed in vitro to Ara-C for a total of 4 days. Pre- and post-treatment, genomic DNA
(gDNA) was extracted, amplified by PCR using primers specific to the CRISPR library,
and subjected to next-generation sequencing (NGS). The sequencing data was analyzed
using two statistical approaches: Model-based Analysis of Genome-wide CRISPR/
Cas9 Knockout (MAGeck), and DrugZ, an algorithm specifically developed to identify
chemogenetic interactions.
Results: Genome-wide CRISPR-mediated screening in two murine AML cells identified
the E3 Ubiquitin ligase HERC1 as common modulator of Ara-C response. CRISPR-based
targeting of HERC1 enhanced sensitivity to both pyrimidine analogs Ara-C and gemcitabine
in MLL/AF9 cells. Interestingly, genetic targeting of HERC1 also sensitized to the purine
analogue fludarabine, highlighting a possible class effect. Importantly, we confirmed these
findings in the human cell line U937. Caspase-3 and cell cycle assays revealed that loss of
HERC1 increased apoptosis in MLL/AF9 cells. Finally, gene expression datasets of patientderived AML samples showed that high expressors of HERC1 have a poorer survival,
providing clinical relevance to therapeutic targeting.
Conclusion: Using CRISPR-Cas9 based genetic screening coupled with murine models
of AML, we identified HERC1 as a synergistic driver to nucleoside analogues in vitro and
a predictor of AML patient outcome. HERC1 has been involved in the modulation of the
p53 signaling pathway and our preliminary data suggest this may be an avenue by which
HERC1 impacts Ara-C response. We are currently developing proteomic approaches to
characterize the interacting partners of HERC1 in response to Ara-C.

c
Expression and function of endogenous
retroelements in the developing thymus with
single-cell RNA-seq
Author: Jean-David Larouche
Affiliation: Claude Perreault, molecular biology department, IRIC.
Keywords: Endogenous retroelements, thymus, self-tolerance, scRNA-seq
Background: The development of T cell self-tolerance is mediated by several types
of antigen-presenting cells of the thymus: fibroblasts, medullary thymic epithelial cells
(mTEC), dendritic cells (DC), and B cells. Even though the expression of protein-coding
genes in tolerance induction has been abundantly described, little is known about the
role of non-coding sequences on T cell development. We previously showed that some
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non-coding sequences named endogenous retroelements (ERE), which are repetitive
sequences of the genome associated with several pathologies, are highly expressed in
mTECs, suggesting a role in the establishment of T cell self-tolerance. As thymic antigenpresenting cells are heterogenous populations with distinct gene expression profiles, we
decided to use single-cell RNA-seq (scRNA-seq) to precisely describe ERE expression in
thymic cells and better understand their role in T cell maturation and tolerance induction.
Purpose of the study: Expression and function of non-coding regions of the genome in
the thymus have historically been overlooked. As mTECs are a highly heterogeneous cell
population, where different mTEC subsets have distinct roles in T cell development and
have different transcriptional profiles, we decided to use scRNA-seq to draw an exhaustive
profile of ERE expression during the thymus development.
Methods: scRNA-seq data of thymi from donors aged between 7 post-conception weeks
and 40 years old were downloaded and ERE expression was quantified with kallisto.
Analyses of ERE expression were performed with the scater, scran and Seurat packages
in R, whereas trajectory analyses were performed with the TSCAN package in R.
Results: Hierarchical clustering revealed that the expression of most EREs is restricted
to specific embryonic stages and negatively correlated with cell proliferation. Moreover,
diversity analysis revealed that DCs and mTECs express a more diverse repertoire of ERE
sequences than most thymic cell populations, with the specific expression of more than 30%
of EREs by these two cell types. Interestingly, comparison of ERE expression between the
different subsets of thymic epithelial cells (TECs) shows that ERE expression is associated
with high levels of MHC. Finally, trajectory analysis revealed dynamic transcription of EREs
during TEC differentiation, with distinct sets of ERE sequences expressed by the different
TEC lineages.
Conclusions: Our results suggest that the impact of EREs on T cell development is not
restricted to mTECs and more complex than anticipated. Indeed, EREs are expressed in
all cell types of the thymus, with cell type and age both affecting ERE expression.

c
Investigate the role of Cbl family proteins
in B cell tumorigenesis
Author: Xin Li, post PhD
Affiliation: Dr. Hua Gu, Montreal Clinical Research Institute (IRCM)
Keywords: Cbl family proteins, post-translational modification, DLBCL
Background information: B cell lymphoma accounts for about 85% of clinic diagnosed
non-Hodgkin lymphoma (NHL). The disease can be further classified into many subtypes
based on the developmental origins, histopathology, and molecular signatures such as
mRNA profiling. While it has been reported that several genomic mutations and epigenetic
alterations are directly causative or correlated with B cell lymphoma genesis, we still do not
fully understand the complex mechanisms leading to different subtypes of B cell lymphoma.
Previous studies were mainly focus on understanding the dynamic regulation of mRNA
expression that lead to B lymphoma genesis. The Cbl family protiens, including Cbl and
Cbl-b, plays critical roles in hematopoietic linage development and function through their
E3-ubiqutin ligase functions. Our research proposal will focus on another layer of regulatory
mechanism of protein expression, post-translational regulatory mechanism, in ABC-DLBCL.
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Purpose of the study: The aims of our study are to provide new insights into the
understanding of post-translational modification mechanism in B cell lymphoma genesis
and identify potential therapeutic targets for ABC-DLBCL.
Methods: To investigate the role of Cbl family proteins function in B lymphoma genesis,
we generated two different genetic mouse models (Cbl-dKOMb1 and CblMb1KOCblbC373A). We
evaluated the tumor incidence in both models under different conditions (T-dependent
antigen challenge and T-independent antigen challenge). We analyzed the expression
of surface receptors, immunoglobulins, transcription factors and key signaling molecules
on all the tumor samples. We further did secondary transfer of those tumor samples to
wild-type controls to monitor the tumor incidence and the dynamic change of key surface
proteins. Meanwhile, we are also collaborating Dr.Riccardo Dalla-Favera to determine the
transcriptomic pattern between our tumor samples with human ABC-DLBCL.
Results: We observed both Cbl-dKOMb1 and CblMb1KOCblbC373A developed spontaneous B cell
lymphoma, suggesting that Cbl family proteins-mediated post-translational modification is
critical for suppression of B cell lymphoma genesis. Tthe development of B cell lymphoma
was only observed in T-dependent antigen immunization, not T-independent antigen. The
B lymphoma cells derived Cbl-dKOMb1 from showed ABC-DLBCL phenotype, including
B220lo/-IgM+IgD-CD86+CD40+CD138lo/-Bcl6-. Furthermore, we observed upregulation of
IRF4 protein and increased mTOR1 activity in all the tumor samples. The secondary transfer
of tumor samples derived Cbl-dKOMb1 mice to WT mice all developed B cell lymphoma
within 2months. Interestingly, some of the tumor samples gradually developed into B220IgM-IgD-CD138hiIRF4hi phenotype, indicating that the clonality of original B cell lymphomas
was very heterogeneous.
Conclusion: Altogether, our results suggest Cbl family proteins plays critical role in the
suppression of ABC-DLBCL type of lymphoma genesis through their post-translational
modification function against multiple pro-oncogenic pathways. Next steps including
identifying candidate genes involved in the differential transformation from activated B cells
to ABC-DLBCL. We will also determine the biological relevance of our identified potential
target in the setting of ABC-DLBCL humanized mouse model.

c
Integrative epigenomic analysis to identify
potential biomarkers in KMT2A translocated acute
myeloid leukemia
Author: Thomas Milan
Affiliation: Dr Brian Wilhelm, Institute for Research in Immunology and Cancer,
Department of Medicine, Université de Montréal
Keywords: Acute myeloid leukemia, epigenetics, chromatin, KMT2A-MLLT3
Background information: Acute leukemia is characterized by abnormalities affecting
the self-renewal of hematopoietic stem cells and differentiation of myeloid or lymphoid
lineages. Our lab is focused on developing a better understanding of the biology of acute
leukemias involving the KMT2A-MLLT3 (KM3) fusion that is commonly found in pediatric
leukemias. The t(9;11)(p21;q23) translocation is a well-known epigenetic regulator and is
part of a DOT1L complex that leads to an aberrant expression of specific targeted genes
by depositing a methyl group on H3K79 for instance. However, the complete mechanisms
involving this oncogenic fusion are still unclear.
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Purpose of the study: The aim of this study is to identify new potential genes that are
epigenetically regulated and important in the process of leukemogenesis.
Methods: By transducing healthy CD34+ cord blood cells with the KM3 fusion and
xenografting them into immunodeficient mice, we can generate human acute leukemias
where the genetic background of the initial donor is known. More specifically, we investigated
changes in DNA methylation, histone modifications, and chromatin accessibility at each
stage of our model system and correlated these with expression changes.
Results: We observe that KM3-AMLs exhibit a profound hypomethylation phenotype while
expression changes after KM3 addition highlighted the loss of stem cell associated genes
and alterations in other genes implicated in leukemogenesis such as S100A8/9 in the
early stages of leukemic transformation. Remarkably, our ATAC-seq data showed that
there were relatively few leukemia-specific changes and the vast majority corresponded
to open chromatin regions and transcription factor clusters previously observed in other
cell types. Lastly, examination of ChIP-seq data for active histone marks revealed that
leukemia specific expression of the chemokine CCL23 can enable autocrine signalling
through its cognate receptor, CCR1.
Conclusion: Together, our results suggest that KM3 induces subtle changes in the
epigenome while co-opting the normal transcriptional machinery to drive leukemogenesis,
and also highlight novel biomarkers that are of potential clinical interest.

c
Improving the Expansion Efficiency of
MiHA Specific CD8+ T Cell for the Treatment
of Hematological Malignancies
Author: Annabelle Minguy, PhD Student
Affiliation: Denis Claude Roy, CRHMR, Université de Montréal
Keywords: minor histocompatibility antigen, T lymphocyte, dendritic cell, graft-versusleukemia, hematological malignancies
Background information: Allogeneic hematopoietic stem cell transplantation represents
the sole curative treatment for high risk and relapsing leukemia. The presence of donor
T cells in the graft mediates the powerful graft-versus-leukemia (GvL) effect. Recognition
of minor histocompatibility antigens (MiHA) by T cells forms the basis of this GvL effect.
MiHAs are small major histocompatibility antigen-restricted peptides encoded by germline
polymorphisms. Their preferential tissue restriction and their germ-line nature makes them
excellent targets for adoptive T cell therapy against hematological malignancies. A phase
I clinical trial is currently investigating the therapeutic advantageous of the infusion of
MiHA specific ex vivo expanded T lymphocytes in patient relapsing from hematological
malignancies. This strategy is advantageous as it permits targeting multiple MiHA antigens
and hypothetically bypass immune editing. However, the 42-day expansion protocol is not
only elaborated and costly, but also consist of precious time to which patient status could
rapidly deteriorate.
Purpose of the study: There is thus an urgent need to reduce manufacture time and cost.
Here we propose to shorten the generation time of monocyte-derived dendritic cells from
9 days (DC9) to 3 days (DC3). We are aiming to reduce the time of production, reduce the
risk of contamination and reduce the cost of the manufacture.
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Methods: Dendritic cells were generated in a three-day protocol from monocytes, isolated
from peripheral blood mononuclear cells. Immature dendritic cells were treated with the
gold standard maturation cocktail, along with toll-like receptor (TLR) agonists. Dendritic
cells were pulsed with MiHA peptides and co-cultured with T cells for 21 days. MiHA
reactivity was assessed by dextramer staining, and their functionality by pro-inflammatory
cytokines production, and degranulation.
Results: DC3 were fully matured as quantified by their expression of CD11c, CD83, CD86,
HLA-DR and CD40, and by their antigen uptake and processing capacity. Moreover, DC3
primed and expanded functional and cytotoxic MiHA specific CD8+ T cells. Finally, the
gene signature of DC3 was compared to DC9. Interestingly, thousands of genes were
differentially expressed including CCL4, IL-19, IL-24 and CSF2.
Conclusion: In conclusion, matured DC3 have strong T cell priming and expansion
capacity, resulting in the generation of functional and cytotoxic MiHA specific CD8+ T cells.
Generating DC in 3 days reduces time of manufacturing, reduces risk of contamination and
reduces cost of production. Three important factors for a successful clinical trial.

c
A Mouse Model of Acute Megakaryoblastic
Leukemia Reveals Novel Therapeutic Vulnerabilities
Author: Mathieu Neault
Affiliation: Mallette, Frédérick A. and Melichar, Heather J., Division of ImmunologyOncology, Maisonneuve-Rosemont Hospital Research Centre, Université de Montréal
Keywords: Pediatric AMKL, fusion oncoproteins, mouse model, cellular signalling,
therapeutic targets
Background information: The CBFA2T3-GLIS2 fusion oncoprotein is frequently
recovered in paediatric, non-down syndrome acute megakaryoblastic leukemia (AMKL;
AML-M7 FAB classification). Furthermore, current standard protocols for treating AML
have proven unsuccessful in children with CBFA2T3-GLIS2+ AMKL. This is likely due to
the lack of understanding of the specific molecular mechanisms by which CBFA2T3-GLIS2
drives tumorigenesis.
Purpose of the study: We generated a CBFA2T3-GLIS2-driven preclinical mouse model
of AMKL to i) investigate genes/pathways involved in the development of the disease, ii)
identify novel therapeutic targets leading to growth suppression of CBFA2T3-GLIS2 AMKL
cells and iii) develop and trial targeted therapies in vivo.
Methods: We co-transduced HSPC harvested from E13.5-14.5 C57BL/6 mouse fetal liver
with a retroviral vector encoding for a mCherry-labeled CBFA2T3-GLIS2 oncoprotein and a
vector encoding for Luciferase to monitor leukemogenesis via peripheral blood sampling and
bioluminescent imaging. HSPC expressing CBFA2T3-GLIS2 were introduced into lethally
irradiated (8Gy) syngeneic recipients (B6SJL) via tail vein injection. Disease progression
was followed by peripheral blood analysis using flow cytometry and bioluminescence
monitoring over the course of 6 months following injection.
Results: Most importantly, our model mimics many aspects of human disease, principally
characterized by a drastic accumulation of megakaryocytic blasts in the peripheral blood
and bone marrow, as well as infiltration into extramedullary organs such as the spleen.
Furthermore, blasts in the spleen and bone marrow express many megakaryocytic (CD41,
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CD61, CD42, factor VIII) and immature megakaryocyte progenitors (c-Kit+/CD41+), and
the morphology of bone marrow and spleen cells is reminiscent of megakaryoblasts.
Moreover, genome-wide RNA sequencing of leukemic blasts revealed genes overexpressed
in paediatric AMKL patients (ITGA2B/CD41, BMP4, GLIS2, ERG, MPL), while gene set
enrichment analysis exposed Wnt/ß-catenin and apoptosis signalling signatures. Finally, in
vitro validation in CBFA2T3-GLIS2+ human cell lines allowed the identification of candidate
therapeutic drugs, which are currently tested in vivo using our preclinical AMKL mouse
model.
Conclusion: The prognosis of children with this fusion is significantly worse when
compared to CBFA2T3-GLIS2 negative patients in general. Overall, our model now serves
as a tool to study molecular pathways involved in the disease and allows the identification
of genes/pathways that may be targeted by therapeutic drugs.Ultimately, this project will
directly support the advance of optimized and efficient clinical protocols specific to this lifethreatening subset of AML.

c
NR4A3 deficiency enhances the anti-tumor
activity of CD8 T cells
Author: Livia Odagiu, PhD
Affiliation: Nathalie Labrecque, Maisonneuve-Rosemont Hospital Research Center,
University of Montreal
Keywords: CD8 T cells; NR4A3, transcription factor; adoptive cell therapy (ACT)
Background information: An effective strategy for tumor treatment is adoptive T cell
therapy (ACT), which relies on using specific anti-tumor CD8 T cells to target and eliminate
tumor cells. ACT is widely used for human leukemia treatment and is very effective for most
of the patients. However, there are a fraction of patients that relapse and in these cases, the
ACT ineffectiveness is correlated with the poor in vivo therapeutic CD8 T cell persistence
as well as their loss of function and exhaustion. Thus, we need to better understand the
factors that affect CD8 T cell differentiation during an anti-tumor immune response in
order to increase the effectiveness of ACT and prevent tumor relapses. Our group recently
showed that deficiency in the transcription factor NR4A3 enhances both memory T cell
generation as well as cytokine production. These unique proprieties of Nr4a3-/- CD8 T cells
led us to hypothesize that Nr4a3-/- CD8 T would be highly effective for ACT of leukemia.
Purpose of the study: (1) To determine the effect of NR4A3 deletion on ACT effectiveness
for the treatment of leukemia and solid tumors in mouse models (2) To gain insight into the
molecular mechanism of action of NR4A3 by identifying NR4A3 target genes.
Methods and results: As a first step, we have shown that the adoptive transfer of in vitro
generated Nr4a3-/- effector CD8 T cells into melanoma bearing mice provides a better
tumor control than their wild-type counterpart, the effect of which is drastically increased
by anti-PD-L1 therapy. Moreover, Nr4a3-/- effectors presented an increased anti-tumor
response as well as a decreased exhausted state compared to Nr4a3+/+ effectors.
Together these results point to the fact that NR4A3 is a good molecular target for ACT
effectiveness improvement and its efficiency will now be tested into a leukemia model.
Secondly, to identify NR4A3 target genes, we cloned NR4A3 into a retroviral vector and
added a molecular tag (3xFLAG) in order to perform a chromatin immunoprecipitation
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experiment and sequencing (ChIPseq). Then, we have validated the biological activity of
the tagged form of NR4A3 by showing its ability to restore the wild-type phenotype in
Nr4a3-/- CD8 T cells. This established system will be used to identify NR4A3 target genes
using ChIPseq.
Conclusion: NR4A3 deletion in therapeutic CD8 T cells not only enhanced the anti-tumor
immune response but also increased the effectiveness of already existing therapy such
as immune checkpoint blockade. Modulation of NR4A3 activity represents a promising
strategy to generate long-lived and highly functional T cells for ACT.

c
Targeting senescence to limit
therapy-induced toxicity and improve immune
function in pediatric leukemia survivors
Author: Clémence Ruisseaux, PhD program
Supervisor: Hélène Decaluwe, CHU Ste-Justine-Pediatrics
Chemotherapy and radiotherapy are currently used to cure leukemia in pediatric patients.
Despite their efficacy, these treatments increase the risk of developing secondary cancers
or persistent infections years after the initial treatment, reducing the long-term survival of
patients. Some studies have proven that chemo/radiotherapy induces premature aging of
cells through senescence mechanisms. Senescence is beneficial to protect the organism
against damaged cell expansion, but the accumulation of senescent cells leads to the
development of aging-associated diseases such as cardiovascular diseases and arthritis.
The aim of this project is to evaluate the importance of senescent cells induced by chemo/
radiotherapy on immune responses against cancer cells and chronic viruses, with the
objective of targeting these senescent cells thanks to senolytics drugs to restore potent
immune responses. Thanks to a model of prematurely aged mice infected by LCMV-Cl13,
our preliminary data showed that the T CD8 lymphocytes presents less proliferation and
functional capacities of killing infected-cells during the infection. This mechanism, called
T cell exhaustion, are increasing in mice treated with radiotherapy. Furthermore, we also
showed that senolytics treatment is efficient to reduce the number of exhausted T CD8. Our
results are promising and show us that the killing of senescent cells induced after radio/
chemotherapy could be one way to avoid cancer or persistent infections development after
leukemia cure for survival patient.
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