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EDITO
We are pleased to announce the 4th international SUNRiSE meeting. 
The SUNRiSE network promotes knowledge and interactions between 
researchers and clinicians in order to develop research projects on cancer 
stem cell biology. This edition will be hosted by Institute Curie in Paris 
(Constant Burg amphitheater) the 8th and 9th of June 2022.

The concept of cancer stem cells (CSCs), in which tumor growth is fueled 
by a small number of cancer cells, the CSCs, has evolved over time, medical 
issues and technological advances.

In this edition, we have sought to capture this evolution to make it accessible 
to as many scientists and physicians interested in tumor heterogeneity. 
Our interdisciplinary forum will deal with the most recent insights in the 
CSC field such as metabolic plasticity, CSC maintenance, understanding 
and targeting tumor heterogeneity, or deciphering the interplay between 
CSC and tumor microenvironment.  

Leading speakers from prestigious institutions, chosen from among the 
top international researchers will present and discuss breakthroughs on 
CSC biology to promote basic and applied research in the field. 

This meeting will have a limited number of participants to favorize intensive 
two-day discussion on novel topics.

The Scientific committee 
Christophe Ginestier,  
CRCM, Marseille, France

Emmanuelle Jauffret,  
CRCM, Marseille, France

Chann Lagadec,  
ONCOLille, Lille, France

Océane Martin,  
IBGC, Bordeaux, France

Julie Pannequin,  
IGF, Montpellier, France

Jean-Marc Pascussi,  
IGF, Montpellier, France 

Alain Puisieux,  
Institut Curie, Paris, France

Raphael Rodriguez,  
Institut Curie, Paris, France

Thierry Virolle,  
IBV, Nice, France
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SCIENTIFIC

9h00 Reception of participants and welcoming coffee

9h45 Welcome coffee and Opening session  
by Christophe Ginestier (President of the SUNRiSE network - INSERM, France)  
& Alain Puisieux (Directeur du Centre de Recherche de l’Institut Curie)

10h00 Opening keynote given - Regulation of Carcinoma Cell Phenotype  
by Epigenetic Mechanisms by Robert Weinberg (Whitehead Institute, USA)

11h00 SESSION 1 - Tumor heterogeneity and microenvironment  
(Co-hosted with Institut Cancer et Immunologie (ICI))
Chairs: Emmanuelle Jauffret & Itay Tirosh

11h00 Intra-tumor heterogeneity and cellular hierarchies in glioma, 
Itay Tirosh (Weizmann Institute, Israel)

11h40 Mechanical regulation of stemness in colorectal cancer organoids,  
Carlos Perez-Gonzalez (Institut Curie, Paris, France)

11h55 Role of fibroblast heterogeneity in immunosuppression and resistance  
to immunotherapy, Fatima Mechta-Grigoriou (Institut Curie, Paris, France)

12h15 SYMPOSIUM 10X GENOMICS
Accelerate the understanding of the tumor microenvironment with single cell  
and spatial transcriptomics,  Christophe Fleury (10x GENOMICS)

12h30 Lunch & sponsor exhibition

13h45 Quiescent cancer cells evade T cell attack,  
Judith Agudo (Dana Farber Cancer Institute, USA)

14h30 SESSION 2 - Tumor dissemination 
Chairs: Giorgio Stassi & Julie Pannequin

14h30 EMT and cell plasticity - Driving force and therapeutic target  
in metastasis, Thomas Brabletz (University of Erlangen, Germany)

15h15 Unravelling the role of early dissemination in colorectal cancer,  
Julie Pannequin (Functional Genomic Institute, Montpellier, France)

15h35 Investigating the role of cancer stem cells in oral cancer  
metastasis using a microfluidic chip,  
Alice Scemama (Queen Mary University of London, UK)

15h50 Giorgio Stassi (Palermo, Italy)

16h30 SYMPOSIUM CARCIDIAG BIOTECH
Glycosylation and Cancer Stem Cell Alliance : 
Innovative Cancer Diagnosis and Prognosis Biomarkers, 
Sabrina Blondy (CARCIDIAG BIOTECHNOLOGIES)

16h45 Poster session & “Wine and Cheese”

19h30 Social Program - Dinner at Paris Off Seine - 86 Quai d'Austerlitz, 75013 Paris

18h30
> 20h00

OPENING AWARD CEREMONY OF THE 2ND SUNRISE PRIZE  
Piano Concerto by Célimène Daudet

WEDNESDAY, JUNE 8TH

TUESDAY, JUNE 7TH

Selected 
talk

Selected 
talk
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PROGRAM

THURSDAY, JUNE 9TH

8h45 Welcome Coffee

9h00 SESSION 3 - Metabolic plasticity 
Chairs: Sarah-Maria Fendt & Jean-Emmanuel Sarry

9h00 Metabolic rewiring driving metastasis formation, 
Sarah-Maria Fendt (VIB, Leuven, Belgium)

9h45 Mitochondrial adaptations in therapy resistance of cancer stem cells, 
Jean-Emmanuel Sarry (CRCT, Toulouse, France)

10h05 Glioblastoma Metabolic Symbiosis: When Lactate Takes The Lead,  
Thomas Daubon (CNRS, Bordeaux, France)

10h30 SYMPOSIUM CORNING
A high throughput screening assay for pancreatic 
cancer organoids, Stéphanie Metzger (Corning)

10h45 Coffee break

11h15 SESSION 4 - Tumor heterogeneity and therapeutic resistance 
Chairs: Jean-Christophe Marine & Thierry Virolle

11h15 A developmental cellular hierarchy in melanoma uncouples growth and 
metastatic phenotypes, Jean-Christophe Marine (VIB, Leuven, Belgium)

11h45 PROCR+ mammary stem cells contribute to breast cancer heterogeneity, 
Marion Salvador (University Hospital Basel, Switzerland)

12h00 Smac mimetic as pan-cellular therapy in glioblastoma,  
Aurélie Tchoghandjian (Institut de NeuroPhysiopathologie, Marseille, France)

12h15 Mechanisms of cell plasticity in triple-negative breast cancers,  
Céline Vallot (Institut Curie, Paris, France)

12h50 SYMPOSIUM NANOSTRING
Multi-Omics at any scale with Nanostring solutions,
Jean-Baptiste Penigault (Nanostring) 

13h05 Lunch & sponsor exhibition

14h00 SESSION 5 - Targeting tumor heterogeneity 
Chairs: Chann Lagadec & Hugo Snippert

14h00 Coordinated role of copper and iron in the regulation  
of cell plasticity, Raphael Rodriguez (Institut Curie, Paris, France)

14h20 Learning interpretable clusters and associated signatures in breast  
cancer single cells: a topic modeling approach, 
Loredana Martignetti (Institut Curie, Paris, France)

14h35 Vessel co-option and glioblastoma resistance to therapy is induced  
by a transition to a senescent and slow-cycling cell state,  
Giorgio Seano (Institut Curie, Paris, France)

14h50 Heterogeneity in tumors: a real-time and single-cell perspective, 
Hugo Snippert (Utrecht University, The Netherlands)

15h50 Best poster awards

16h15 Conclusions

Selected 
talk

Selected 
talk

Selected 
talk

Selected 
talk

WEB VERSION



SUNRiSE 
Meeting

Stem Cells and Cancer
4th

4th SUNRISE Meeting  -  8

ABSTRACTS
WEDNESDAY, JUNE 8TH 2022
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REGULATION OF CARCINOMA CELL PHENOTYPE  
BY EPIGENETIC MECHANISMS
Robert A. Weinberg1

1. WHITEHEAD INSTITUTE FOR BIOMEDICAL RESEARCH, MIT DEPARTMENT OF BIOLOGY,  
CAMBRIDGE MA 02142

WEDNESDAY, JUNE 8TH 2022  -  10:00 
OPENING KEYNOTE GIVEN 

The genetic paradigm of cancer progression has 
dominated much of the research of cancer biolo-
gists for half a century. However, over the past two 
decades it has become increasingly apparent that 
non-genetic mechanisms contribute heavily to 
cancer cell phenotype.  Among these are the conti-
nued influence of the differentiation programs of 
the normal cells-of-origin and the acquisition, in 
the case of carcinoma cells, of mesenchymal traits, 
the latter being orchestrated by the cell-biological 
program termed the epithelial-mesenchymal tran-
sition (EMT). Indeed, in the later steps of tumor pro-
gression the actions of this program may dominate 
the behavior of carcinoma cells.

Over the past decade, study of the EMT has led to 
insights into the formation of cancer stem cells 
(CSCs), which we now realize reside in a hybrid/
quasi-mesenchymal phenotypic state created by 
the actions of EMT programs. Movement of qua-
si-mesenchymal cells into fully epithelial or fully 
mesenchymal cells is counterproductive for the 
formation of CSCs.  As we’ve recently found, the 
quasi-mesenchymal CSCs, at least in the context 
of breast cancer cells, preferentially open up chro-
matin to reveal binding sites for members of the 
p53 family of transcription factors, notably p63 
and p73.  P63, as other work has previously shown, 
is associated with a stem cell state, and depriving 
quasi-mesenchymal CSCs of p63 expression causes 
them to lapse into a highly mesenchymal non-CSC 
state.  In addition to losing tumor-initiating proper-
ties, these cells lose an ability to seed metastatic 
colonies. Thus, they can disseminate from prima-
ry tumors and extravasate into the parenchyma 
of distant tissues but fail to proliferate following 
extravasation.  Moreover, as we have found, the 
residence of cells in an epithelial phenotypic state 
depends on the actions of histone-modifying mul-
ti-subunit complexes, whose disruption following 
loss of genes encoding one or another subunit 
results in destabilization of residence in this state 
and a spontaneous movement into quasi-mesen-
chymal states.  Hence, both peripherally acting 
autocrine signaling loops and centrally acting chro-
matin complexes are responsible for maintaining 
cells in specific states along the epithelial-mesen-
chymal spectrum of phenotypes. 

Notes:
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Cellular heterogeneity is a fundamental property of 
glioma that represents a central barrier for effective 
therapies. I will present our studies of glioma by 
single cell RNA-seq, in which we focus on the ma-
lignant cells, define their diversity of cellular states 
and explore the mechanisms that generate hete-
rogeneity and its functional significance. We find 
that glioblastoma tumors consistently contain cells 
in four cellular state and that all four are prolifera-
tive and have previously been proposed to reflect 
glioma stem cells. These four states recapitulate 
expression programs from neural development 
as well as a mesenchymal-like state. We demons-
trate a high degree of cellular plasticity, in which 
cells rapidly transition between those states and 
we further examine the role of macrophages in dri-
ving transitions towards the mesenchymal state. 
Similar single cell analysis of other types of glioma 
(IDH-mutant and histone-mutant) highlight their 
distinct cellular hierarchies and the potential for 
differentiation therapies. Taken together, these re-
sults revise our understanding of glioblastoma, ex-
plain the basis for previously defined subtypes, and 
suggest strategies for future therapies.

Notes:

INTRA-TUMOR HETEROGENEITY AND  
CELLULAR HIERARCHIES IN GLIOMA
Itay Tirosh1

1. DEPATMENT OF MOLECULAR CELL BIOLOGY, WEIZMANN INSTITUTE OF SCIENCE, ISRAEL

WEDNESDAY, JUNE 8TH 2022  -  11:00 
SESSION I  -  Tumor heterogeneity and microenvironment 
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MECHANICAL REGULATION OF STEMNESS 
IN COLORECTAL CANCER ORGANOIDS
Carlos Perez-Gonzalez1, Florence Piastra-Facon1, Sophie Richon1, 
Reda Bouras1, Arianna Fumagalli2, Jacco Van Rheenen2, 
Danijela Matic Vignjevic 1 
1. UMR144, INSTITUT CURIE, PARIS, FRANCE
2. MOLECULAR PATHOLOGY, NETHERLANDS CANCER INSTITUTE, AMSTERDAM, NETHERLANDS

WEDNESDAY, JUNE 8TH 2022  -  11:40  -  SELECTED TALK
SESSION I  -  Tumor heterogeneity and microenvironment 

Colorectal tumors are often hierarchically orga-
nized: cancer Stem Cells (CSCs) fuel tumor growth 
through the production of short-lived Non-Stem 
Cancer Cells (non-CSCs). However, when CSCs are 
depleted, the remaining cancer cells dedifferen-
tiate, replenish the stem cell pool and restore tumor 
growth. While niche biochemical signals indu-
cing stemness are being progressively uncovered, 
mechanical signals remain largely unexplored. We 
are combining mouse tumor models and organoid 
force measurements to explore if mechanics re-
gulate tumor hierarchy and stemness. We follow 
CSCs using a fluorescent reporter of Lgr5 expres-
sion. In vivo, we find that CSCs are often found at 
the edge of primary colon tumors and liver metas-
tases. Interestingly, this spatial distribution is reca-
pitulated in tumor organoid monolayers cultured 
on soft substrates, even if all cells are exposed to 
the same culture media. Subconfluent cancer cells 
are mostly in a fetal-like state, but, as they prolife-
rate, they rapidly become stem cells and establish 
a “homeostatic” hierarchy: a pool of proliferative 
stem cells at the organoid edge produces cells 
that migrate to the monolayer center, differentiate 
and die. Interestingly, small organoid monolayers 
are rich in stem cells but never establish hierarchy 
nor differentiate. Furthermore, physical confine-
ment largely speeds up the appearance of CSCs 
and hierarchy. Force measurements by traction 
force microscopy reveal that the organoid stem cell 
niche is systematically established in mechanically 
compressed regions, suggesting that tissue forces 
may contribute to cancer stemness. We are cur-
rently testing this hypothesis by performing force 
measurements in orthotopic colon tumors and 
liver metastases. Overall, we expect to unravel new 
mechanical components of the cancer stem cell 
niche, which may cooperate with biochemical fac-
tors to robustly regulate cancer cell plasticity and 
tumor growth.

Keywords: 
Cancer cell plasticity, Stem cell niche, 
Colorectal Cancer, Mechanobiology

References: 
Fumagalli, A. et al. Plasticity of Lgr5-Negative Cancer 
Cells Drives Metastasis in Colorectal Cancer. Cell Stem 
Cell 1–10 (2020) doi:10.1016/j.stem.2020.02.008., de Sousa 
E Melo, F. et al. A distinct role for Lgr5 + stem cells in 
primary and metastatic colon cancer. Nature 543, 
676–680 (2017)., Shimokawa, M. et al. Visualization 
and targeting of LGR5 + human colon cancer stem 
cells. Nature 545, 187–192 (2017)., Pérez-González, C. et 
al. Mechanical compartmentalization of the intestinal 
organoid enables crypt folding and collective cell 
migration. Nature Cell Biology (2021) doi:10.1038/s41556-
021-00699-6.

Notes:
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Cancer Associated Fibroblasts (CAF) constitute one 
of the most abundant stromal components in solid 
tumors. By combining various approaches and 
several CAF markers, we identified 4 CAF popula-
tions (referred to as CAF-S1 to CAF-S4) in different 
cancer types (Costa, Cancer Cell, 2018; Givel, Nat. 
Commun, 2018). Two myofibroblastic CAF popu-
lations CAF-S1 (FAP+ SMA+ MCAM-) and CAF-S4 
(FAP- SMA+ MCAM+) accumulate strictly in can-
cer, while the two others are also detected in nor-
mal healthy tissues. CAF-S1 and CAF-S4 display 
pro-metastatic functions through complemen-
tary mechanisms (Pelon, Nat. Commun, 2020; 
Bonneau, Breast Cancer Res., 2020). Indeed, while 
CAF-S1 stimulate cancer cell migration and initiate 
an epithelial-to-mesenchymal transition through 
CXCL12 and TGFβ pathways, highly contractile CAF-
S4 induce cancer cell invasion in 3-dimensions via 
NOTCH signaling.

In addition to their pro-metastatic function, the 
CAF-S1 population also promotes immunosup-
pression through a multi-step mechanism. CAF-S1 
attract CD4+ CD25+ T lymphocytes, enhance their 
survival and stimulate their differentiation into CD-
25High FOXP3High regulatory T cell (Tregs) (Costa, 
Cancer Cell, 2018; Givel, Nat. Commun, 2018). By 
using single cell technology on more than 18,000 
single CAF-S1 fibroblasts from breast cancer, we 
demonstrated that the CAF-S1 population is hete-
rogenous and composed of 8 cellular clusters. We 
validated the most abundant clusters by flow cyto-
metry and in silico analyses in other cancer types, 
highlighting their relevance. Myofibroblasts from 
specific clusters characterized by extracellular ma-
trix proteins (ECM-myCAF), TGFβ signaling (TGFβ- 
myCAF), and wound healing (wound-myCAF), 
respectively, are indicative of primary resistance to
immunotherapies, while other inflammatory 
CAF-S1 clusters are not. The ECM-myCAF clus-
ter up-regulates PD-1 and CTLA-4 protein levels 
at the surface of Tregs, which, in turn, increases 
the TGFβ-myCAF cellular content. Thus, our study 
highlights a positive feedback loop between spe-
cific CAF-S1 clusters and Tregs and uncovers their 
role in immunotherapy resistance (Kieffer, Cancer 
Discovery, 2020).

Recent publications : 
Kieffer Y., Cancer Discovery, 2020 May 20:CD-19-1384
Pelon F., Nature Communications, 2020 Jan 21;11(1):404
Bonneau C., Breast Cancer Research, 2020 Jul 
14;22(1):76
Gentric G., Cell Metabolism, 2019, 29, 156-173
Costa A., Cancer Cell, 2018 Mar 12;33(3):463-479.e10
Givel AM, Nature Communications, 2018, Mar 
13;9(1):1056.

Notes:

WEDNESDAY, JUNE 8TH 2022  -  11:55  
SESSION I  -  Tumor heterogeneity and microenvironment 

ROLE OF FIBROBLAST HETEROGENEITY  
IN IMMUNOSUPPRESSION AND RESISTANCE 
TO IMMUNOTHERAPY
Fatima Mechta-Grigoriou1

1. CANCER, HETEROGENEITY, INSTABILITY AND PLASTICITY - CHIP (U830), INSTITUT CURIE, PARIS, 
FRANCE
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Immunotherapy is a promising treatment for 
Triple-Negative Breast Cancer (TNBC), but pa-
tients relapse, arising the need to understand 
mechanisms of resistance. We discovered that 
in primary breast cancer, tumor cells that sur-
vive T-cell attack are in a quiescent state. Quies-
cent Cancer Cells (QCCs) are found clustering 
together forming regions with reduced immune 
infiltration. QCCs display superior tumorige-
nic capacity and higher expression of stemness 
genes than their proliferative counterparts. We 
adapted single-cell-RNA-sequencing with pre-
cise spatial resolution to profile infiltrating cells 
inside and outside QCC niches. This transcrip-
tomic analysis revealed hypoxia-induced pro-
grams and identified more exhausted T-cells, 
tumor-protective fibroblasts, and dysfunctional 
dendritic cells inside clusters of QCCs. This un-
covered differential phenotypes in infiltrating 
cells based on their specific intra-tumor location. 
Thus, QCCs constitute immunotherapy-resis-
tant reservoirs by orchestrating a local hypoxic 
immune-suppressive milieu that blocks T-cell 
function. Eliminating QCCs holds the promise 
to counteract resistance to immunotherapy and 
prevent disease recurrence in TNBC.

Notes:

WEDNESDAY, JUNE 8TH 2022  -  13:45  

QUIESCENT CANCER CELLS EVADE T CELL ATTACK
Judith Agudo1

1. DEPARTMENT OF CANCER IMMUNOLOGY AND VIROLOGY, DANA-FARBER CANCER INSTITUTE 
DEPARTMENT OF IMMUNOLOGY, HARVARD MEDICAL SCHOOL 
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WEDNESDAY, JUNE 8TH 2022  -  14:30  
SESSION 2  -  Tumor dissemination 

EMT AND CELL PLASTICITY - DRIVING FORCE AND 
THERAPEUTIC TARGET IN METASTASISR 
Thomas Brabletz1

1. DEPT. OF EXPERIMENTAL MEDICINE 1, NIKOLAUS-FIEBIGER CENTER FOR MOLECULAR MEDICINE,  
FAU UNIV. ERLANGEN-NÜRNBERG, GERMANY

We have shown, that in particular invading tumor 
cells undergo a partial epithelial-mesenchymal 
transition (EMT) and aberrantly express EMT-asso-
ciated transcription factors (EMT-TFs). The amount 
of such cancer cells strongly correlates with metas-
tasis and poor clinical outcome. Strikingly, metas-
tases show a mesenchymal-epithelial re-transition 
(MET) with a re-differentiated phenotype, indi-
cating high cancer cell plasticity and supporting 
a regulatory role of the tumor-environment. We 
described that the EMT-TF ZEB1 is a key regulator 
of cellular plasticity. At molecular level, ZEB1 is lin-
ked in a double negative feedback loop with the 
miR-200 family and miR-203, which are strong in-
ducers of epithelial differentiation. Moreover we 
detected that ZEB1 controls the Notch pathway 
and directly cooperates with the Hippo-pathway 
effector YAP as well as AP-1 in driving aggressive 
cancer types. Aberrant ZEB1 expression stabilizes 
EMT and stemness, thereby promoting dissemina-
tion, metastasis and drug resistance of cancer cells. 
We have validated the findings, by showing that 
a depletion of ZEB1 in pancreatic cancer models 
counteracts tumor cell plasticity, metastasis and 
therapy resistance. We determined epigenetic mo-
difications conferred by ZEB1 and screened for epi-
genetic drugs to restore expression of its silenced 
target genes to subsequently overcome therapy 
resistance. Despite their potent tumor-promoting 
effects, EMT-TFs are rarely mutated in cancer. This 
likely due to the necessity for a transient expression 
and the associated plasticity of cancer cells, under-
scoring the important role of non-mutated genes 
in cancer progression. 

In summary EMT-coupled cell plasticity allows a 
permanent adaptation of cancer cells to the de-
manding and changing conditions during metas-
tasis. It is also a powerful mechanism to escape 
various types of cancer therapy. Therefore targeting 
EMT/cell plasticity provides a promising therapeu-
tic strategy against cancer.

Notes:
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WEDNESDAY, JUNE 8TH 2022  -  15:15  
SESSION 2  -  Tumor dissemination 

UNRAVELLING THE ROLE OF EARLY DISSEMINATION 
IN COLORECTAL CANCER 
Zeinab Homayed1, Guillaume Belthier1, Tinhinan Lahlou1, Emmanuelle Sidot1, 
Christophe Duperray2, Steve Thirard1, ChenChen Pan3, Moritz Newger3,  
Ali Erturk3, Julie Guillermet-Guibert4, François Gerbe1, Philippe Jay1, 
Jean-François Bourgaux5, Andrei Turtoi6 and Julie Pannequin1

1. IGF, UNIV. MONTPELLIER, CNRS, INSERM, MONTPELLIER, FRANCE
2. CYTOMETRY IRMB, MONTPELLIER RIO IMAGING, MONTPELLIER, FRANCE
3. ITERM, HELMHOLTZ ZENTRUM MÜNCHEN, NEUHERBERG, GERMANY
4. CRCT, U1037, INSERM, TOULOUSE, FRANCE
5. SERVICE D'HÉPATO-GASTROENTÉROLOGIE, CHU CARÉMEAU, NÎMES, FRANCE
6. CANCER RESEARCH INSTITUTE OF MONTPELLIER, INSERM U1194, MONTPELLIER, FRANCE

CMetastasis is the leading cause of cancer death 
but little is known about this phenomenon. In the 
classical model of metastasis, cell dissemination 
occurs at late stages of tumor development. Howe-
ver, some studies performed in different types of 
cancer suggest that rare tumor cells spread to dis-
tant sites much earlier than previously believed. 
Despite colorectal cancer’s (CRC) high incidence 
worldwide, early tumour dissemination has not yet 
been studied.

Here for the very first time, we demonstrate that 
early tumour dissemination process does occur in 
CRC and we decipher the functional impact of ear-
ly-disseminated cells (eDTC) in distant organs.
Using an inducible mouse model that enable us to 
lineage trace tumoral dissemination at very early 
stages of tumoral development, we first demons-
trate the presence of eDTCs using tissue clearing, 
intravital live imaging and immunolabelling in 
the liver, the main organ that is prone to get colo-
nized by metastatic CRC cell. The impact of eDTCs 
was assessed using CyTOF/hyperion and single cell 
RNA sequencing in the liver where we can detect 
a strong enrichment of macrophages, neutrophils 
and cancer associated fibroblast (CAFs) sugges-
ting a microenvironmental remodelling. This liver 
remodelling has a strong impact on metastatic 
colonisation where we have demonstrated that it 
enhances the welcoming of future waves of highly  
mutated cells.

In conclusion, these data functionally validate 
for the first time the existence of an early dis-
semination process in CRC and propose a cau-
sal role of these cells on early pre-metastatic  
niche preparation. 

Notes:
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INVESTIGATING THE ROLE OF CANCER STEM  
CELLS IN ORAL CANCER METASTASIS USING  
A MICROFLUIDIC CHIP
Alice Scemama1, Julien Gautrot2, Adrian Biddle1

1. BLIZARD INSTITUTE, QUEEN MARY UNIVERSITY OF LONDON, LONDON, UNITED KINGDOM
2. SCHOOL OF ENGINEERING AND MATERIALS SCIENCE, QUEEN MARY UNIVERSITY OF LONDON,  
LONDON, UNITED KINGDOM

WEDNESDAY, JUNE 8TH 2022  -  15:35  -  SELECTED TALK
SESSION 2  -  Tumor dissemination 

Introduction and Objectives
300,000 cases of oral squamous cell carcinoma 
(OSCC) are diagnosed every year, and around 30% 
of patients exhibit metastatic spread. Metastasis is 
a complex process by which cancer cells travel to 
a secondary site to form a new tumour. Previous 
work has suggested that cancer stem cells (CSCs) 
are capable of driving metastasis by switching 
between epithelial and mesenchymal states. Fur-
thermore, the tumour microenvironment and sur-
rounding tissues also play a key role in this process. 
For instance, cancer cells can utilise the vascular 
system to travel to a distant site and metastasise. 
However, the role of CSCs in these interactions has 
not been established. Microfluidic devices are a 
promising new in vitro model to study these inte-
ractions, specifically due to their compartmenta-
lised structure. Hence, this project aims to better 
characterise the role of CSCs in these interactions 
with the vascular system using an in vitro microflui-
dic model. 

Methods
Using photolithography and soft lithography tech-
niques, we fabricated 3 channel microfluidic chip 
devices composed of a PDMS block bonded to a 
glass cover slip. We added endothelial cells in one 
side channel and OSCC cells in the opposite side 
channel. We studied the interactions between 
these two cell types within a fibrin gel in the middle 
channel. 

Results
Using this microfluidic chip model, we have unco-
vered a two-way communication between cancer 
cells and the endothelial cells, that greatly alters 
the behaviour of both compartments. Most in-
terestingly, the mode of cancer cell invasion un-
dergoes a marked change. In the presence of 
endothelial cells, invasion is much slower and 
epithelial to mesenchymal transition (EMT) is ab-
sent – instead invasion progresses through chains 
of epithelial cells. We have characterised CSC 
marker expression in these OSCC cell chains via  

immunohistochemistry. Furthermore, we have 
studied the role of the endothelial cells in the for-
mation of these OSCC cell chains. The presence of 
endothelial cells appears to drive significant matrix 
re-organisation, with thicker fibres observed under 
the microscope. Using a new microfluidic chip de-
sign with an additional middle channel, where 
OSCC cells and endothelial cells were seeded fur-
ther apart, no invasive streams of cells were obser-
ved and thicker fibrin fibres were restricted to the 
middle channel most proximal to the endothelial 
cells. This result suggests that endothelial-driven 
matrix remodelling may play a key role in inducing 
this OSCC stream-like invasive phenotype. 

Conclusion
Using microfluidic devices, we have been able to 
uncover a significant change in OSCC invasive 
phenotype, where streams of epithelial cells were 
detected in the presence of endothelial cells. We 
propose that our findings may represent the ge-
neration of a vascular niche that acts to modify the 
CSC phenotype in invasive carcinoma. In future 
work, we aim to establish the role of this endo-
thelial-driven matrix remodelling in inducing the 
observed change in the cancer cell invasive pheno-
type, as well as further characterising these OSCC 
chains of cells and validating this organ-on-a-chip 
model using formalin-fixed paraffin-embedded 
human oral tumour specimens. 

Keywords: 
Metastasis, Oral squamous cell carcinoma, 
Cancer stem cells, Microfluidic devices, 
Endothelial cells
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METABOLIC REWIRING DRIVING  
METASTASIS FORMATION

THURSDAY, JUNE 9TH 2022  -  09:00    
SESSION 3  -  Metabolic plasticity 

Sarah-Maria Fendt1

1. VIB, BELGIUM

Metabolism is a network of biochemical reactions 
that converts nutrients into metabolites needed 
to fuel the biosynthetic and bioenergetic require-
ments of a cell. Since the research of Otto Warburg 
almost 100 years ago it is known that cancer cells 
have increased metabolic needs to sustain un-
controlled proliferation. This dependency allowed 
Sidney Farber to develop the first chemotherapeu-
tic agents against non-solid tumors in the 1940s. 
However, cancer cells not only proliferate but they 
also spread to distant organs in a process called 
metastasis formation. Unfortunately, metastasis 
formation is nowadays the leading cause of death 
in cancer patients.

We discovered that metabolic rewiring is particu-
larly important for metastasis formation beyond 
the mere conversion of nutrients into biomass and 
energy. Therefore, we investigate metabolic signa-
ling in the context of metastasis formation using 
single cell and spatial multiomics techniques in 
mouse models and patient samples. We discove-
red that extracellular remodeling of the metastatic 
niche, a process essential to metastasis formation, 
requires a transcriptional-independent regulation 
via the metabolites. Moreover, we provide unpre-
cedented knowledge on intratumor heterogeneity 
of metabolism and its role in metastasis formation. 
Specifically, we discovered that heterogeneity in 
the metabolic enzyme phosphoglycerate dehy-
drogenase (PHGDH) predicts in cancer patients 
the risk for metastasis formation. Strikingly, loss of 
PHGDH protein expression drives early dissemina-
tion of cancer cells due to a novel mechanism lea-
ding to the posttranslational modification of cell 
surface integrins.

Thus, we study metabolism beyond the classical 
textbook knowledge with the ultimate goal to de-
fine novel therapeutic strategies against metasta-
tic cancers.
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MITOCHONDRIAL ADAPTATIONS IN THERAPY  
RESISTANCE OF CANCER STEM CELLS
Jean-Emmanuel Sarry1
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Despite therapeutic breakthroughs, drug resis-
tance and relapse remain the major barrier for the 
treatment of patients with acute myeloid leuke-
mia (AML). Therefore, understanding and targe-
ting therapy-resistant AML cells responsible for 
relapse (hereafter Relapse-Initiating Cells or RICs) 
represent an urgent need in the development of 
new treatments. In this context, we demonstrated 
that the hyperactivation of mitochondrial oxidative 
metabolism plays a crucial role in drug resistance 
of AML and targeting elevated oxidative phospho-
rylation (OxPHOS) activity with direct and indi-
rect mitochondrial inhibitors sensitizes resistant 
cells to chemotherapy cytarabine (AraC) in AML. 
This high OxPHOS phenotype associated with en-
hanced mitochondrial BCL2 dependency and ROS 
detoxification is the consequence of a mitochon-
drial adaptation driven by inflammatory stress res-
ponses in a cAMP-PKA-ATF4-dependent manner. 
Interestingly, this ATF4-OxPHOS axis is also impli-
cated in the resistance to new targeted therapy 
IDH inhibitors. Furthermore, targeting mitochon-
drial BCL2 with BCL2-selective inhibitor venetoclax 
(VEN) decreases mitochondrial matrix calcium, TCA 
cycle activity and OxPHOS observed upon AraC 
treatment. This regimen primes AML cells to cas-
pases-dependent apoptotic cell death pathway 
and enhances anti-AML effects of AraC in vivo and 
in patients from clinical trials, especially patients 
with a high Mitoscore. Importantly, single cell RNA 
sequencing further uncovers three transcriptional-
ly distinct cell subpopulations with electron trans-
port chain complex (ETC) and TP53 pathway as 
amenable vulnerability. Accordingly, treatment of 
VEN+AraC-resistant AML cells with mitochondrial 
inhibitors such as ETCI inhibitor IACS-010759, pyru-
vate dehydrogenase inhibitor CPI-613 (devimistat) 
or the mitochondrial ClpP protease agonist ONC-
212 significantly extended the time-to-relapse after 
VEN+AraC in vivo. Collectively, our work highlights 
the drug-induced capacity of RICs to undergo mi-
tochondrial adaptations in order to support their 
plasticity and provides a strong scientific rationale 
for innovative alternating combinatory therapies 
with AraC or IDHmi in association with OxPHOSi  
or BCL2i. 
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Lactate is a central metabolite in brain physiolo-
gy, involved in the astrocyte-neuron lactate shutt-
le, but also contributes to tumor development. 
Glioblastoma (GB) is the most common and mali-
gnant primary brain tumor in adults, recognized by 
angiogenic and invasive growth, in addition to its 
altered metabolism. By adapting their glycolytic or 
oxidative metabolism, GB stem-like cells are able to 
resist chemo- and radiotherapy. 

We showed that lactate fuels GB anaplerosis by 
replenishing the TCA cycle in absence of glucose. 
Lactate dehydrogenases (LDH) catalyze the in-
terconversion of pyruvate and lactate. Deletion 
of either LDHA or LDHB did not alter significantly 
GBM growth and invasion, however, ablation of 
both LDH isoforms led to a reduction of stemness 
status, invasion, tumor growth, and, consequent-
ly, to an increase in mouse survival. Comparative 
transcriptomics and metabolomics revealed me-
tabolic rewiring involving high oxidative phospho-
rylation (OxPhos) in the double LDHA/B KO group 
which sensitized tumors to cranial irradiation, mas-
sively improving mouse survival. Survival was also 
increased when control mice were treated with 
the antiepileptic drug, stiripentol, which targets  
LDH activity. 

Taken together, this highlights the complex meta-
bolic network in which both LDH A and B are inte-
grated and underscores that combined inhibition 
of LDHA and B is necessary to impact tumor deve-
lopment. Targeting of these enzymes in combina-
tion with anti-angiogenic and repurposed drugs 
may be of therapeutic benefit, especially when as-
sociated with radiotherapy.
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A DEVELOPMENTAL CELLULAR HIERARCHY 
IN MELANOMA UNCOUPLES GROWTH 
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Despite therapeutic breakthroughs, drug resis-
tAlthough melanoma is notorious for its high de-
gree of heterogeneity and plasticity, the origin and 
magnitude of cell state diversity remains poorly 
understood. Equally, it is not known whether me-
lanoma growth and metastatic dissemination are 
supported by overlapping or distinct melanoma 
subpopulations. By combining mouse genetics, 
unbiased lineage tracing and quantitative mo-
delling, single-cell and spatial transcriptomics, 
we provide evidence of a hierarchical model of 
tumour growth that mirrors the cellular and mo-
lecular logic underlying embryonic neural crest 
cell fate specification and differentiation. Our fin-
dings indicate that tumorigenic competence is 
associated with a spatially localized perivascular 
niche environment, a phenotype acquired through 
a NOTCH3-dependent intercellular communi-
cation pathway established by endothelial cells. 
Consistent with a model in which only a fraction 
of melanoma cells is fated to fuel growth, tempo-
ral single-cell tracing of a population of melanoma 
cells harbouring a mesenchymal-like state revealed 
that these cells do not contribute to primary tu-
mour growth but, instead, constitutes a pool of me-
tastatic-initiating cells that can switch cell identity 
while disseminating to secondary organs. Our data 
provide a spatially and temporally resolved map of 
the diversity and trajectories of cancer cell states 
within the evolving melanoma ecosystem and sug-
gest that the ability to support growth and metas-
tasis are limited to distinct pools of melanoma cells. 
The observation that these phenotypic competen-
cies can be dynamically acquired upon exposure to 
specific niche signals warrant the development of 
therapeutic strategies that interfere with the can-
cer cell reprogramming activity of such microenvi-
ronmental cues. 
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PROCR+ MAMMARY STEM CELLS CONTRIBUTE
TO BREAST CANCER HETEROGENEITY
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Breast cancer, the most frequent tumor type in 
women, is a heterogeneous disease. In Clinics, 
tumor heterogeneity is held responsible for disease 
progression and therapy failure. A current key ques-
tion in breast cancer biology is therefore to eluci-
date the origins of breast cancer heterogeneity. The 
contribution of mammary stem cells (MSCs) to tu-
morigenesis and their clinical implications are still 
unknown and poorly investigated. However, a po-
pulation of MSCs was recently identified based on 
the expression of the Protein C Receptor (Procr) in 
mouse mammary cells. We have analyzed healthy 
breasts by FACS and performed functional assays 
in vitro (mammosphere and organoid assays) and 
in vivo (transplantation in mouse mammary fat 
pads), and discovered that the human breast also 
contains populations of PROCR+ MSCs. Notably, 
these PROCR+ MSCs are multipotent and charac-
terized by a high EMT phenotype. We have also 
assessed in situ the fate of mammary Procr+ cells 
after genetic perturbations. To do so, we have de-
veloped a new transgenic mouse model where 
Procr+ cells express oncogenic and tumor-suppres-
sive pathways. We discovered that Procr+ MSCs are 
cells of origin for mammary tumors. Procr-mutant 
cells can give rise to poorly differentiated mamma-
ry tumors resembling Claudin-low breast tumors of 
poor prognosis. Within these tumors, we characte-
rized populations of Procr+ tumorigenic cells able 
to propagate and maintain tumor heterogeneity. 
Importantly, Procr-derived mammary tumors can 
progress towards metastasis formation.

In conclusion, we identified a new population of 
multipotent MSCs in the breast explaining better 
the origins of breast cancer heterogeneity. Espe-
cially, we could find a new source for Claudin-low 
breast tumors. We engineered a novel mouse 
model suitable for translational research and de-
monstrated tumoral Procr+ cells have cancer stem 
cell properties.

Ultimately, our research will bring new knowledge 
on basic mechanisms of breast cancer initiation 
and progression, and could open innovative precli-
nical studies for improving patient care.
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breast tumor heterogeneity, mammary stem cell, 
cancer stem cell, Procr
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SMAC MIMETIC AS PAN-CELLULAR
THERAPY IN GLIOBLASTOMA
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GBs are composed of different tumoral cell types, 
mainly tumor cells, cancer stem cells, endothelial 
cells, and immune cells. The GB immune landscape 
starts to be better understood and GBs are mainly 
invaded by Tumor-Associated Macrophages (TAMs) 
associated with a lymphopenia. However, the role 
of immune cell subsets in GB growth and drug 
response needs to be better analyzed and mostly 
the role of local versus recruited immune cells. We 
postulate that the use of a “pan-cellular” molecule 
which could kill tumor cells, normalize tumor vas-
cularization, and promote an immunocompetent 
environment would be a therapy of choice to im-
prove GB treatment. We identified Smac mimetic 
GDC-0152 as a potential “pan-cellular” molecule. 
We previously showed that GDC-0152 can kill 
tumor cells and differentiate tumor stem cells1–3. 
To analyze the tumor microenvironment, we per-
formed 2-photon imaging, brain clarification and 
light sheet microscopy, and mass cytometry in an 
immunocompetent GB mouse model4. The re-
sults demonstrate that GDC-0152 increase immune 
cell infiltration, promote an anti-tumoral immune 
response, and normalize tumor vascularization 
(Figure 1). 

Smac mimetic GDC-0152 appears as a promising 
“pan-cellular” drug candidate. Further analyses 
are ongoing to determine the specific target and 
mode of action of GDC-0152 in GB, and to boost its 
cytotoxic properties towards cancer stem cells.
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The dynamic nature of chromatin and transcriptio-
nal features are expected to participate to tumor 
evolution. Our group focuses on the study of the 
dynamics of histone modifications in cancer cells 
upon cancer treatment as well as during the initial 
steps of tumorigenesis. We develop experimental 
and computational approaches to map histone 
marks at single-cell resolution, enabling the in-
vestigation of the dynamics of chromatin marks 
in tumor samples (Grosselin et al. Nat Genet 2019; 
Prompsy et al. Nat Comm 2020). 

We have recently combined single-cell epigenomic 
and transcriptomic approaches to lineage tracing 
strategies to reveal the initial epigenomic events 
driving tolerance to chemotherapy in triple-ne-
gative breast cancer (Marsolier & Prompsy et al., 
Nat Genet 2022). We show that the repressive his-
tone mark H3K27me3 is a lock to the activation of 
a drug-persistent expression program in breast 
cancers. Under chemotherapy, very few cells can 
survive the treatment, and these cells have a re-
modeled repressive epigenome, with targeted loss 
at key promoters. Using demethylase inhibitor in 
combination to chemotherapy, we improve the 
response rate and delay recurrence both in vitro 
and in vivo.
 
We also study mechanisms of cell plasticity in early 
breast tumorigenesis in vivo. We have recently 
mapped state transitions during Brca1-tumorige-
nesis in the mouse. We discovered that luminal 
progenitor cells undergo a partial epithelial to 
mesenchymal transition at the onset of tumorige-
nesis (Landragin &Saichi, unpublished 2022).
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COORDINATED ROLE OF COPPER AND IRON 
IN THE REGULATION OF CELL PLASTICITY
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CD44 is a plasma membrane glycoprotein asso-
ciated with recirculation and homing, hemato-
poiesis, lymphocyte and macrophage activation 
as well as tumor metastasis. Although often refer-
red to as a cell-surface or a cancer stem cell mar-
ker, the functional regulatory role of CD44 remains 
elusive. We discovered that CD44 mediates the 
uptake of metals including copper and iron bound 
to hyaluronates in erythroblasts, activated T cells, 
inflammatory macrophages and cancer cells in 
the mesenchymal state. This glycan-mediated 
metal endocytosis mechanism is enhanced du-
ring macrophage and T cell activation as well as in 
cancer cells undergoing epithelial–mesenchymal 
transition. We found that copper catalyzes a pre-
viously uncharted chemical reaction in mitochon-
dria required for the production of α-ketoglutarate 
and acetyl-CoA. In contrast, we found that iron in-
creases in the nucleus and exacerbates the activity 
of iron- and α-ketoglutarate-dependent demethy-
lases. Together, these metals orchestrate metabo-
lic and epigenetic reprogramming underlying cell 
plasticity in cells of various tissues types and dis-
tinct species, establishing CD44 as a cell plasticity 
marker. Importantly, we developed new classes of 
drug-like molecules that selectively interfere with 
these metal-mediated processes. LCC-12 specifical-
ly targets mitochondrial copper, thereby blocking 
epithelial–mesenchymal plasticity in cancer cells 
and macrophage activation in vivo. Ironomycin tar-
gets lysosomal iron and promotes ferroptosis spe-
cifically in the mesenchymal state of cancer cells. 
These findings illuminate a universal metal uptake 
mechanism and the critical role of metals as mas-
ter regulators of cell plasticity. This paves the way 
towards the development of next generation the-
rapeutics in the context of cancer and inflammato-
ry diseases.
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LEARNING INTERPRETABLE CLUSTERS AND 
ASSOCIATED SIGNATURES IN BREAST CANCER 
SINGLE CELLS: A TOPIC MODELING APPROACH
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In machine learning and natural language pro-
cessing, topic modeling is widely used to classify 
a corpus of text documents into themes, or topics, 
based on word frequency. Recently, this approach 
has been successfully applied to various biological 
data to discover useful structures [1], for example 
for highly accurate prediction of cancer subtypes 
[2] and for simultaneous identification of genes / 
enhancers and stable cell types from sparse single 
cell epigenomics data [3]. The interest of a topic 
model is that it is not only a clustering algorithm 
but can also interpret clustering results by the gene 
probability distributions over clusters.

Here, we apply a network approach to topic mo-
deling called hierarchical stochastic block model 
(hSBM) to study the transcriptional heteroge-
neity of breast cancers and the role of protein-co-
ding RNAs and long non-coding RNAs (lncRNAs) 
in contributing to this heterogeneity. We applied 
hSBM to analyze expression profiles of breast can-
cer single cells from a PDX model of acquired resis-
tance to chemotherapy [4] to reveal clusters of cells 
in drug-sensitive and resistant tumors and to in-
vestigate their associated coding and non-coding 
transcriptional features.

Keywords: 
Gtopic modeling, single cell clustering,  
breast cancer, cancer heterogeneity
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Introduction
Glioblastoma (GB) is one of the deadliest types of 
human cancer. Despite a very aggressive treat-
ment regime – including resection of the tumor, 
radiation and chemotherapy – its recurrence rate 
is more than 90%. Recurrence is mostly caused by 
the regrowth of highly invasive and resistant cells 
spreading from the tumor bulk, which are not re-
moved by resection. To develop an effective thera-
peutic approach, we need to better understand the 
underlying molecular and cellular mechanisms of 
chemoradiation resistance and tumor spreading  
in GB.

Materials and methods
To dynamically follow the changes occurring in 
GB post-therapy and track the chemoradiation 
resistant cells, we employed multiple bulk and sc-
RNA-Seq, in vitro and in vivo real-time imaging, 
organotypic cultures and functional assays, digi-
tal pathology on patient material and preclinical  
models of GB.

Results and discussion
We demonstrated that a quiescent and invasive GB 
cell functional state, though already partly present 
in tumor cells, is further stimulated by both chemo-
radiation and perivascular niche. A better cell sur-
vival, G2M arrest and upregulation of senescence 
pathways make this YAP1-driven GB state more re-
sistant to therapy. Notably, these resilient GB cells 
are highly invasive and vessel co-opting allowing 
homing to the perivascular niche, that in turn in-
creases reprogramming towards this cell state.

Conclusion
These findings demonstrate how perivascular 
niche and GB cell plasticity jointly generate a vi-
cious loop leading to resistance to therapy and 
brain infiltration during GBM recurrence.

Keywords: 
Cell plasticity, chemotherapy, radiotherapy, vessel 
co-option, senescence
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HETEROGENEITY IN TUMORS:  
A REAL-TIME AND SINGLE-CELL PERSPECTIVE
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Cells within a cancer are highly heterogeneous 
with respect to their phenotype and can manifest 
distinct morphological, molecular and functional 
features. As a consequence, it is challenging to de-
sign treatment therapies that target all cancer cells 
as effectively.

Using human samples of colorectal cancers, the 
Snippert lab studies the causes and consequences 
of heterogeneity in cellular behavior during tumor 
growth, tumor evolution and the emergence of 
therapy resistance.

Primarily, we study tumor cells using cancer or-
ganoids and live-cell imaging experiments to 
assess changing cell states, real-time signaling dy-
namics and evolving genomes, all with single-cell 
resolution. From a genetics point of view, I will dis-
cuss our work on the extent and patterns by which 
genetic diversity is generated per cell division in tu-
mors. Regarding cell fates, I will highlight the cause 
and consequence of phenotypic plasticity during 
metastasis formation.

Notes:
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INFLUENCE OF IMMUNOSUPPRESSIVE MYELOID 
CELLS ON CANCER STEMNESS PROMOTION
Thomas Boyer1 

1. UNIVERSITÉ DE BORDEAUX, CNRS UMR 5164, IMMUNOCONCEPT, BORDEAUX, FRANCE, BORDEAUX, 
FRANCE

Compelling evidence has indicated that cells of 
myeloid origin represent major components of 
the complex immunosuppressive tumor microen-
vironment. These myeloid cells such as tumor-as-
sociated macrophages, neutrophils and so-called 
“myeloid-derived suppressor cells” (MDSC) among 
others have been widely described for their immu-
nosuppressive properties and their ability to inhibit 
anti-tumor immune responses. They thus repre-
sent major obstacles for efficient immunothera-
peutic approaches. However, beyond this cardinal 
immunosuppressive function, MDSC are also en-
dowed with a broad array of “non-immunological” 
tumor-promoting functions. Indeed, accumula-
ting evidences has demonstrated that these cells 
can directly promote primary tumor cell survival 
and proliferation and promote local tissue invasion 
among others. Importantly, MDSC play a key role in 
the preparation of the pre-metastatic niches before 
the arrival of cancer cells, thus contributing to the 
preparation of the “soil” for seeding by metastatic 
tumor cells. The role of cancer-induced myeloid 
cells in resistance to chemotherapy and immuno-
therapy has also been described. Evidence has also 
emerged that tumor-induced immunosuppressive 
myeloid cells may impact cancer stem cells (CSC), 
a subpopulation of cancer cells within the tumor, 
defined by self-renewal, asymmetrical division and 
differentiation properties, giving rise to more or less 
differentiated cells composing the tumor mass. 
Using 3-D tumorsphere formation assays in we 
demonstrate that monocyte-derived suppressor 
cells are endowed with the capability to promote 
stemness features in different types of cancer cells 
in a contact-dependent manner. Moreover, these 
interactions confer to cancer cells chemotherapy 
resistance properties. Finally, our data provide in-
sights into the ability of mouse-derived MDSC to 
increase tumorsphere formation.

Keywords: 
Immunosuppressive myeloid cells,  
cancer stem cells 
 
 

Notes:
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CDKN1A-DRIVEN EXPRESSION OF TELOMERASE 
IS IMPROVING OBESITY ASSOCIATED SENESCENCE 
PHENOTYPE IN ADIPOSE TISSUE
Laura Braud1, Clara Rouquairol1, Dmitri Churikov1,  
Manuel Bernabe1, Vincent Geli1

1. CENTRE DE RECHERCHE EN CANCÉROLOGIE DE MARSEILLE (CRCM), CNRS, MARSEILLE, FRANCE

Accumulation of senescent cells within the white 
adipose tissue (WAT) has been described as key 
factor in the development of obesity-associated 
metabolic disorders, especially insulin resistance. 
Telomere shortening has been long recognized as 
one of the factors leading to cellular senescence, 
mainly by activating the p21-p53 pathway (Wang 
et al., 2021a). More specifically, it has been reported 
that telomere attrition in adipocyte progenitors 
predisposes to metabolic disease (Gao et al., 2020). 
While clearance of p21high (Cdkn1a) cells has been 
reported to improve WAT inflammation and in-
sulin sensitivity in obese mice (Wang et al., 2021b), 
nothing is known about whether counteracting 
telomere shortening would have the same be-
neficial effects. We generated two mouse model 
called p21+/Tert and p21+/TertCi that expresses either the 
telomerase reverse transcriptase (Tert) or a cataly-
tically inactive Tert (TertCi) under the control of the 
p21 (Cdkn1a) promoter. Using these mouse models, 
we report that p21 promoter-driven expression of 
telomerase prevents the accumulation of p21 ex-
pressing cells in the WAT and mitigates insulin re-
sistance in p21+/Tert and p21+/TertCi mice fed in high fat 
diet compared to controls. However, this protective 
effect is greater in p21+/Tert mice. We show that both 
Tert and TertCi both induce the mobilization of stem 
cells whithin the WAT, however only Tert promotes 
their efficient differentiation. These findings reveal 
unique insights by which active telomerase could 
improve metabolic disorders and provide a mecha-
nistic link between ageing, obesity and diabetes.

References: 
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A., et al. (2020). Age-associated telomere attrition 
in adipocyte progenitors predisposes to metabolic 
disease. Nat. Metab. 2: 1482–1497.

Wang, B., Wang, L., Gasek, N.S., Zhou, Y., Kim, T., Guo, 
C., et al. (2021a). An inducible p21-Cre mouse model 
to monitor and manipulate p21-highly-expressing 
senescent cells in vivo. Nat. Aging 1: 962–973.
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Martin, D.E., et al. (2021b). Targeting p21Cip1 highly 
expressing cells in adipose tissue alleviates insulin 
resistance in obesity. Cell Metab.
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ROLE OF CALCIUM SIGNALING IN GLIOMA CANCER 
STEM CELLS IN A 2D ET 3D ENVIRONMENTS
Nadine Déliot1 

1. CS, (4 CNRS UMR4061), POITIERS, FRANCE

Introduction
Glioblastoma (GBM) is the more frequent and ag-
gressive brain cancer. The treatment of this cancer 
is based on radiotherapy, chemotherapy and sur-
gery but the median survival is around 15 month. 
The tumor recurs in approximately 90% of the pa-
tient and the relapse has been linked to the pre-
sence of cancer stems cells. This subpopulation of 
stem cells shares the same proprieties such as pro-
liferation and self-renewal. Glioblastoma stem cells 
(GSC) respond to microenvironment signals and 
among them the calcium is a very subtle messen-
ger that regulates many signaling pathways and 
cellular functions. Moreover, GSC transcriptome 
is enriched in calcium signaling genes. Therefore, 
this work studied the variation of calcium influx in 
human GSC and its impact on cellular functions. 
In non-excitable cells, the main calcium entry is 
via calcium channels called “store operated chan-
nels” (SOC). Molecules from the microenviron-
ment bind to their receptors and induced the 
activation of cellular signaling pathways leading to 
the reduction of reticulum endoplasmic calcium 
concentration that opened SOC. In GBM, GSC are 
involved in the relapse of the disease, so GSC have 
to proliferate, migrate and invade brain tissue. To 
investigate the impact of calcium signaling to GSC, 
tridimensional environments have been used to 
mimic the different substrates that GSC will find 
in the brain. Biocompatible polyacrylonitrile nano-
fibers have been developed in « Institut Européen 
des Membranes » in Montpellier by the team of Pr 
Cornu to study the role of the microenvironment 
on GSC functions

Material and methods
The pharmacological inhibition of SOC (YM-58483 
and GSK-7975A) were used in calcium imaging, 
brdU proliferation assay, sphere I and II self renewal 
assay in 2D or 3D substrats.
The « Institut Européen des Membranes » in 
Montpellier by the team of Pr Cornu develops 
biocompatible polyacrylonitrile nanofibers with 
two nanofibers organizations (aligned and criss-
cross) and two rigidity (3 kPa and 166 kPa). GSC 
sphere migration on nanofiber was measured  
with microscopy. 

Results
The pharmacological inhibition of SOC induced 
the decrease of proliferation, impaired self-renewal, 
and reduced expression of the stem cell marker 
SOX2 in GSC in a 2D substrate.
To mimic the different 3D environment that GSC 
could bind to in brain, GSC (isolated cells or sphere) 
are lay down on the different nanofibers and the 
impact of rigidities and organization on calcium in-
flux has been measured as well as proliferation and 
migration. 
So calcium signaling plays a role in GSC working 
and so could be an interesting therapeutically  
target of GSC regulation.

Keywords: 
Glioma stem cells calcium; migration; proliferation
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ONCOGENIC COOPERATION IN FGF19-DRIVEN  
HEPATOCELLULAR CARCINOMA
Guillaume Desandre1, José Ursic-Bedoya1, Carine Chavey1,  
Anthony Lozano1, Eric Assenat1, Urszula Hibner1, Damien Gregoire1 
1. INSTITUT DE GÉNÉTIQUE MOLÉCULAIRE DE MONTPELLIER, UNIVERSITY OF MONTPELLIER,  
CNRS, MONTPELLIER, FRANCE

Fibroblast Growth Factor 19 (FGF19) is a postpran-
dial hormone that acts through FGFR receptors 
to regulate multiple metabolic processes, inclu-
ding bile acid synthesis and glucose homeostasis. 
In addition, FGF19 is emerging as a possible on-
cogenic driver and a potential therapeutic target 
in different cancers and notably in hepatocellular 
carcinoma (HCC), the main primary liver tumor. 
Focal amplifications of chromosome locus 11q13, 
spanning FGF19 and cyclinD1 (CCND1), have been 
identified among the most frequent amplification 
events in HCC and are associated with poor pro-
gnosis. However, much remains to be learned of 
the oncogenic properties of FGF19 independent-
ly of CCND1 as well as of the hormone metabolic 
functions.
Here, we investigated FGF19 involvement in hepa-
tic carcinogenesis using mouse model of FGF19 
overexpression through in vivo stable transfection 
of hepatocytes. We performed hydrodynamic gene 
transfer (HGT) to combine FGF19 overexpression 
with distinct oncogenic events commonly found 
in HCC, including p53 inactivation, CCND1, c-MYC, 
RasG12D and β-cateninS33Y overexpression. We 
show that FGF19 alone has weak oncogenic pro-
perties in HCC, but displays strong tumorigenic 
cooperation with specific oncogenes. We used 
serial hydrodynamic injections, which give rise to 
distinct sets of hepatocytes being transfected with 
different oncogenes, to demonstrate that FGF19 
acts in a paracrine fashion. Moreover, stable trans-
fection of hepatocytes with a constitutively active 
FGFR4 mutant (FGFR4V547L) mimics FGF19 ove-
rexpression effects. Histological analyses of FGF19-
driven tumors reveal that the hormone modulates 
the tumor microenvironment, resulting notably 

in highly efficient neo-angiogenesis. Transcripto-
mic analyses are underway to investigate the mo-
lecular mechanisms involved in the tumorigenic 
effects of the FGF19/FGFR4 pathway activation. 
Our results depict FGF19 as a central player of he-
patic carcinogenesis. Detailed characterization of 
its oncogenic effects will be of great interest for 
the ongoing development of HCC therapeutic ap-
proaches based on targeting of the FGF19/FGFR4 
pathway.

Keywords: 
HCC, FGFRs, FGF19, cooperation,  
microenvironment

Notes:

SESSION I  -  Tumor heterogeneity and microenvironment POSTER 4



SUNRiSE 
Meeting

Stem Cells and Cancer
4th

4th SUNRISE Meeting  -  38

MICROENVIRONMENT EDUCATION BY TUMOR CELLS 
IN CHRONIC LYMPHOCYTIC LEUKEMIA:  
A METABOLIC AND MORPHOLOGICAL PERSPECTIVE
Jordan Ferreira1, Imane Mihoub1, Antonin Oudar1,  
Gregory Lazarian2, Fanny Baran-Marszak2, Nadine Varin-Blank1,  
Dominique Ledoux1, Laura Gardano1

1. 93, UMR INSERM U978, BOBIGNY, FRANCE
2. 93, UMR INSERM U978, APHP HÔPITAL AVICENNE, BOBIGNY, FRANCE

Chronic Lymphocytic Leukemia (CLL) is a lym-
phoproliferative disorder characterized by the ac-
cumulation of tumor B lymphocyte in the blood, 
bone marrow and lymph nodes. The development 
and the maintenance of CLL strongly depends on 
the cross-talk of tumor cells with their microen-
vironment. In this study, we inquired how CLL B 
cells are able to modify the microenvironment to 
gain a proliferative advantage that contributes to 
tumor maintenance. Using a co-culture model, we 
observed that, when bone marrow stromal cells 
(HS-5) are co-cultured with CLL B cells, their meta-
bolic activity increases whereas their proliferative 
capacity decreases. Moreover, the co-culture with 
tumor cells leads to a morphological change of 
stromal cells. In parallel, we observed a change in 
the amount of Rho-GTP and the activation of the 
Hippo signaling pathway, both known to control 
cell morphology and proliferation in response to 
mechanical cues. These results are particularly in-
teresting because the cross-talk between tumor 
cells and the stromal component is not only based 
on secreted molecules but it is also affected by 
the dynamic contacts between tumor and stro-
mal cells. The dissection of how CLL cells are able 
to shape the microenvironment will contribute to 
define therapeutic strategies to alter the cross-talk 
between tumor and stromal cells to counteract the 
survival signals that lead to the expansion of the 
tumor bulk.

Keywords: 
CLL, microenvironment, stromal, education,  
hippo pathway
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Maria Elena Fernandez-Sanchez1

1. 75005, INSTITUT CURIE, PARIS, FRANCE

MECHANICAL INDUCTION OF COLON STEM CELLS  
BY SPONTANEOUS PULSATILE STRESSES AND 
OVER-STIMULATION BY TUMOR GROWTH PRESSURE 
IN CANCER PROGRESSION

How mechanical stress actively impacts the phy-
siology and pathophysiology of cells and tissues 
is little investigated in vivo. The colon is constantly 
submitted to multi-frequency spontaneous pul-
satile mechanical waves, which highest frequency 
functions, of 2 s period, remain poorly understood. 
We have found in vivo that high frequency pulsa-
tile mechanical stresses maintain the physiologi-
cal level of mice colon stem cells (SC) through the 
mechanosensitive Ret kinase. When permanent-
ly stimulated by a magnetic mimicking-tumor 
growth analogue pressure, we find that SC levels 
pathologically increase and undergo mechani-
cally induced hyperproliferation and tumorigenic 
transformation. To mimic in vivo the high frequen-
cy pulsatile mechanical waves, we used a ge-
nerator of pulsed magnetic force stimulation in 
colonic tissues pre-magnetized with ultra-magne-
tic liposomes (1). To mimic in vivo the permanent 
1KPa tumor growth pressure, we magnetically 
loaded the mesenchymal conjunctive tissue with 
ultra-magnetic liposomes and we submitted the 
tissue to a permanent magnetic field gradient 
thanks to a millimetric magnet sub-cutaneous 
localized in front of the colon (2). We thus found 
that the specific pharmacological inhibition of Ret 
mechanical activation induces the regression of 
spontaneous formation of SC, of CSC markers, and 
of spontaneous sporadic tumorigenesis in Apc mu-
tated mice colons. Consistently, in human colon 
cancer tissues, Ret activation in epithelial cells in-
creases with tumor grade, and partially decreases 
in leaking invasive carcinoma. High frequency 
pulsatile physiological mechanical stresses thus 
constitute a new niche that Ret-dependently fuels 
mice colon physiological SC level. This process is 
pathologically over-activated in the presence of 
permanent pressure due to the growth of tumors 
initiated by pre-existing genetic alteration, leading 
to mechanotransductive self-enhanced tumor pro-
gression in vivo, and repressed by pharmacological 
inhibition of.

Keywords: 
mechanotransduction, beta-catenin pathway, 
colon cancer stem cells
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MODELING THE TUMOR MICROENVIRONMENT 
WITH SECRETED AGR2: A NEW TARGET  
FOR CANCER TREATMENT
Delphine Fessart1 
1. BRIC, INSERM U1312, BORDEAUX, FRANCE
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Cancer cells multiply abnormally fast and there-
fore produce protein molecules faster than normal 
cells. To avoid becoming stressed by this overpro-
duction, cancer cells make use of proteins that fold 
new proteins inside the cell. One of these protein 
folders is called Anterior Gradient-2 (AGR2) and has 
been shown to be highly overexpressed in diverse 
human cancers and involved in cell transformation, 
drug resistance and metastatic growth. Previous 
research has shown that Endoplasmic Reticulum 
(ER)-resident AGR2 can also be found outside cells, 
such as in the blood or urine of cancer patients. 
Therefore, it has been suggested that measuring 
the levels of AGR2 in body fluids may be a useful 
marker for detecting cancers. Thus, we hypothe-
sized that – apart from becoming a promising dia-
gnostic tool – the AGR2 protein itself, specifically 
when found outside cells, might make cancer cells 
more aggressive. To test this hypothesis, healthy 
lung cells were grown into lung organoids, and in a 
key experiment, the addition of extracellular AGR2 
(eAGR2) in the microenvironment was enough to 
convert healthy organoids into tumoroids. Further 
experiments then revealed that AGR2 plays a dual 
role in cancer development, first by exerting its ex-
pected protein quality control functions in the ER 
and second through gain-of-function extracellular. 
We have elucidated this gain-of-function as a novel 
extracellular regulator of epithelial morphogenesis, 
tumorigenicity and pro-inflammatory phenotypes. 
Therefore, understanding the extracellular AGR2 
(eAGR2) molecular and cellular mechanisms points 
towards the identification of novel potential the-
rapeutic target. Indeed, in preclinical studies and 
ongoing clinical trials, targeting tumor micro-en-
vironmental signals has shown promises in halting 
tumor progression in various human cancers.

Keywords: 
AGR2, Organoids, PDI, cancer,  
microenvironment
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Julie Giraud1 , Lara Boissieras2, Quentin Denost2,  
Domitille Chalopin1, Maya Saleh1

1. 33, IMMUNOCONCEPT, BORDEAUX, FRANCE
2. 33, HAUT LÉVÊQUE HOSPITAL, PESSAC, FRANCE

RESOLVING THE IMMUNE AND CANCER STEM CELL 
LANDSCAPE OF RECTAL CANCER UNRESPONSIVE TO 
THERAPIES USING SINGLE-CELL TRANSCRIPTOMICS

Issues
Colon and Rectal Cancer (RC) ranks among the 
most common malignancies worldwide. RC is at 
a high risk of metastasis diffusion and local recur-
rence. Curative surgery for local recurrence, oc-
curring in 10% of patients, requires multi-visceral 
resections which are associated with significant 
postoperative morbidities. The response to neoad-
juvant treatments which consist of conventional 
radio-chemotherapies (RCT) is assessed by magne-
tic resonance imaging and allows the surgical 
procedure to be adjusted according to the tumor 
response. There is an urgent unmet clinical need 
for RC particularly in relation to distinguishing 
which patients will relapse to RCT and defining the 
mechanisms of resistance.
The therapeutic resistance is hypothesized to stem 
from the phenotypic and intra-tumoral heteroge-
neity of RC, which is fostered by cancer stem cells 
(CSC), subclone evolution and TME reprogram-
ming [1]. CSCs are characterized by their ability to 
fueled tumor growth and represent the root of tu-
mour recurrence and treatment resistance [2]. They 
are spatially distributed in dedicated niches and in-
teract with cells and factors in the TME that recipro-
cally regulate stemness properties. Moreover, due 
to their high degree of plasticity instructed by ge-
netic and epigenetic changes, they adapt rapidly to 
changes in the TME [3]. 

Objective
We hypothesize that TME and especially immune 
cells-CSC reciprocal interaction are determinants 
of therapeutic efficacy, and predictive biomarkers 
therein are lacking. Therefore, in this proposal, we 
aim at characterizing the CSC and immune cells 
landscape in patient with RC, responsive (R) and 
non-responsive (NR) to RCT using single-cell trans-
criptomics approach.

Methods and results
A total of 4 RCT-NR patients and 3 RCT-R patients 
were included in this study. Fresh biopsies were 
obtained from surgical resections at relapse and 
processed immediately for tissue dissociation, im-
mune cells (CD45+) and CSC (EPCAM+CD44+) sor-
ting following by scRNAseq (10x Genomics). First, 
we showed that RC tissues from RCT-NR patients 
are enriched in CSC as compared to RCT-R. Then, 
following 10x libraries preparation and sequencing, 
data filtering, we obtained the transcriptome of 
around 70.000 immune cells and 20.000 CSC.

Perspectives
A deep analysis of cell subpopulations and CSC-im-
mune cell interactions, using CellChat [4] that 
predict engaged intercellular signaling pathways 
according of pair/ligand receptor expression, is un-
dergoing. The proximity of CSC and immune cells 
defined in this step will then be validated using 
mIF (OPAL system). In fine, this project will lead to 
the identification of novel therapeutic targets and 
biomarkers in RC refractory to conventional radio-
chemotherapy.

Keywords: 
Immunity, CSC, rectal cancer, scRNAseq
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PROGNOSTIC VALUE AND ROLE OF THE 
TRANSCRIPTION FACTOR ASCL2 IN BREAST CANCER 
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Achaete-scute-like 2 (Ascl2) is a transcription factor 
of the basic helix-loop-helix family associated with 
tumor processes. Its overexpression induces intes-
tinal stem cell hyperplasia and depletion leads to 
their loss. We studied the expression of Ascl2 in a 
cohort of 189 patients with breast cancer of Alge-
rian origin.

Ascl2 expression was studied by immunohisto-
chemistry (IHC) on 189 micro-biopsy samples from 
patients with breast cancer and its transcript level 
by quantitative RT-QPCR on 38 cyto-puncture 
samples from the primary tumor and/or the me-
tastatic lymph node. Relative transcript expres-
sion was related to its expression in colorectal lines 
SW620 and SW480 known for high and low/nega-
tive expression, respectively. The data were ana-
lyzed by the SPSS tool (Statistical Package for the 
Social Sciences) aiming to define whether there are 
correlations between the expression of Ascl2 and 
the clinicopathologic characteristics of subjects. 
We performed in silico analyses on the correlation 
of Ascl2 expression and survival rate in people with 
breast cancer.
IHC results show that the Ascl2 protein is more 
expressed in triple negative cancers (88.6%) com-
pared to luminal A and luminal B type cancers 
where expression is found respectively in 41.4% and 
50% of cases. In line with these data, the RT-QPCR 
results show a heterogeneous relative expression 
of Ascl2 in the cytopunctures with low expressions 
close to the SW480 line or high expressions close 
to the SW620 line. A great heterogeneity was also 
observed in the metastatic lymph nodes. Statisti-
cal analysis using SPSS software and through the 
Pearson Ki-2 test shows that high Ascl2 expression 
is associated with a low level of estrogen receptors 
(p<0.001) and progesterone receptors (p<0.001) 
as well as with the molecular subtypes of breast 
cancer (p<0.001). However, no association was ob-
served between Ascl2 expression and tumor size 
(p=0.5) or proliferative activity assessed by Ki67 ex-
pression (p=0.938) or with the presence of metasta-
tic lymph nodes (p=0.246). In Silico analysis by RNA 

Microarray (Kaplan Meier Plot platform) show that 
probability of survival of subjects with high expres-
sion of Ascl2 is reduced compared to those with 
low expression (p=6.10-6).
Ascl2 expression is associated with hormonal re-
ceptors expression in breast cancer in an Algerian 
cohort. In addition, this expression is higher in 
triple-negative cancers, suggesting that Ascl2 ex-
pression could be a marker of aggressiveness and a 
therapeutic target.
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Glioblastoma (GBM) is the most common and ag-
gressive tumor of the central nervous system. Since 
2005, the Stupp protocol has been followed for the 
treatment of GBM (surgery, radiotherapy/chemothe-
rapy)(1) but no significant improvement has been 
achieved in the last 20 years. The high intra- and in-
ter-tumor molecular heterogeneity of GBM is partly 
responsible of this failure. The existence of cancer 
stem cells (CSCs) and their molecular plasticity wit-
hin GBMs has opened new therapeutic perspectives. 
The impact of the microenvironment is recognized 
as an important factor in tumor progression. The 
existence of niches favoring the maintenance of 
these CSCs will influence their oncogenic potential. 
Thus, this project focuses on the study of a thera-
peutic target, integrin α5β1, whose expression is asso-
ciated with resistance to therapy and poor prognosis 
(2,3,4). It aims to characterize the impact of the mi-
croenvironment and plasticity on integrin α5β1 ex-
pression in CSCs both in vitro and in vivo. The study 
of the influence of this expression on the tumor phe-
notype will confirm its interest as a therapeutic tar-
get for specific populations and will allow to propose 
therapeutic alternatives for a personalized medicine.

A cohort of 10 patient-derived glioma CSC lines was 
studied. Cell culture in stem cell medium (neuros-
pheres) or differentiation medium (adherent cell 
monolayer) was performed in normoxia (21% O2) or 
hypoxia (1% O2). Integrin expression was verified ki-
netically at the protein level. Tumor growth and in-
volvement of α5 integrin are evaluated after injection 
in Nude mice of CSCs differentially expressing α5 in-
tegrin in vitro. Non-invasive time course monitoring 
is performed by PET imaging. To elucidate the mo-
lecular mechanisms involved in the induction of in-
tegrin α5 expression we used different antagonists of 
hypoxia-induced factors (HIFs) and siRNAs directed 
against these HIFs to determine if they have a direct 
impact on integrin expression. 

No CSC line expressed α5β1 integrin in normoxia. 
Interestingly, only half of them did so after diffe-
rentiation suggesting a first level of heterogeneity.  

A second level of heterogeneity was observed under 
hypoxic conditions causing induction of α5β1 integrin 
expression in only few CSC lines. Three categories of 
GBM CSCs were thus characterized: one expressing 
the integrin in hypoxia and after differentiation, one 
never expressing it and the third only after differen-
tiation. Initial in vivo results seem to confirm a faster 
tumor growth of lines able to express the integrin 
in vitro. The use of irinotecan (inhibitor of both HIFs) 
confirmed the role of HIFs in the induction of in-
tegrin α5β1 expression in stem cells under hypoxia. 
The results obtained with siRNAs and relationships 
between integrin and HIF2α expressions allow us to 
suggest that HIF-2α is involved in this induction. 

The data suggest that integrin α5β1 expression can 
be induced by different signaling pathways. Molecu-
lar changes can occur either when stem cells diffe-
rentiate into tumor cells and/or directly into stem 
cells in hypoxic niches. Characterization of the drivers 
of integrin α5β1 expression may help to find new the-
rapeutic targets and determine the subpopulation of 
patients to benefit from an anti-integrin strategy.
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B-CATENIN IN THE DIALOGUE BETWEEN TUMOR 
B CELLS AND MICROENVIRONMENTAL CELLS IN 
CHRONIC LYMPHOID LEUKEMIA
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Chronic lymhocytic leukemia is a lymphoprolife-
rative disorder characterized by an accumulation 
of CD19+CD5+B-cells in the blood, bone marrow 
and lymphoid organs. The B CLL survival and the 
maintenance is largely dependent on the cross-
talk beween tumor B cells and the microenviron-
ment. In this study, we focused our attention on 
β-catenin as an effector of the cross-talk between 
CLL B cells and the microenvironment using a co-
culture model of tumor cells with a human bone 
marrow stromal cell line, HS-5. β-catenin is a known 
regulator of cell adhesion but it also behaves as a 
transcriptional co-activator in signal transduction 
cascades induced by different stimuli, including 
Wnt and the BCR.
When B CLL and HS-5 are co-cultured, a fraction of 
CLL B cells adhere to HS-5 whereas another frac-
tion remain in suspension. We observed that the 
amount and distribution of β-catenin is different 
in adherent versus suspension, which suggests 
a different role of β -catenin in these two cell frac-
tions. By Image stream, we observed that in sus-
pension cells, β-catenin is found in the nucleus, 
whereas in adherent cells β-catenin is mainly in 
the cytosol/membrane compartments. To inves-
tigate the rôle of β-catenin in microenvironment 
crosstalking, we mutated β-catenin to induce its 
accumulation in B-CLL cells and observed that, 
overexpression of β-catenin, increase cell adhe-
sion to the stroma. However, the stabilized form 
of β-catenin did not increase its transcriptional 
activity, suggesting that the adhesion properties 
of β-catenin are enhanced in presence of stromal 
cells. Analysis migration properties of B-CLL cells 
overexpressing β-catenin did not show a signifi-
cant induction of cell migration towards the CXC12 
a known ligand of CXCR4 expressed on B-CLL cells. 
Thus, the co-culture with the stromal cells HS-5 
induce the stabilization of β-catenin in B-CLL cells 
inducing a strong adhesion of these cells to the 
stromal component. This interaction is important 
to regulate the survival of B-CLL cells and interefe-
ring with this mechanism represent an interesting 
strategy to control the progression of this tumor.

Keywords: 
B-catenin,CLL,microenvironment,BTK

Notes:

SESSION I  -  Tumor heterogeneity and microenvironment POSTER 11



SUNRiSE 
Meeting

Stem Cells and Cancer
4th

4th SUNRISE Meeting  -  45

INVESTIGATING EARLY NEOPLASTIC EVENTS  
DURING COLITIS
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1. CRUK/ONCOLOGY, UNIVERSITY OF CAMBRIDGE, CAMBRIDGE, UNITED KINGDOM

Inflammatory Bowel Disease is a known risk factor for 
colorectal cancer, however the sequence of events 
leading from chronic inflammation to neoplasia is 
not yet understood. Increased clonal expansion has 
been described in ulcerative colitis patients. Studies 
done by our lab and others have shown that such 
modification of the behaviour of epithelial stem cells 
can prime the tissue for cancer development.

In this study, the Muc2 KO murine model was used 
in which impairment of the mucus barrier results 
in chronic colonic inflammation. We find that ad-
vanced pathology, as seen through high-grade 
dysplasia and early invasive lesions, is found at spe-
cific sites along the colon of Muc2-/- mice. Such sites 
are sensitive to chemical mutagenesis, with inflam-
mation promoting the formation of β-catenin-posi-
tive tumours. Using the confetti reporter system as a 
multicolour lineage tracing tool, we quantified clone 
sizes in these colonic regions and report significantly 
increased clonal expansion. Molecular characterisa-
tion at these sites using Bulk RNA sequencing re-
vealed upregulation of a foetal signature previously 
linked with regeneration after epithelial damage. In-
terestingly, in our model the foetal marker Trop2 was 
present sporadically in dysplastic and invasive cells 
and expressed strongly in tumour glands, underli-
ning the complexity of chronic inflammatory patho-
logy and suggesting the existence of both beneficial 
clonal expansions necessary for tissue repair and 
detrimental ones stemming from cancer-driver-mu-
tated cells.
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DEVELOPMENT OF AN IN VIVO MODEL  
OF TUMORAL PROGRESSION TO INVESTIGATE  
THE ROLE OF THE IMMUNE NICHE 
 IN THE ANORECTAL TRANSITION ZONE
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At different sites in the body is found the junction 
between two types of epithelium, called Transition 
Zone. Previously, the lab has characterized a novel 
stem cell population at the anorectal transition zone 
where meet the glandular epithelium of the rectum 
and the stratified epithelium of the anal canal in nor-
mal and in wounded-states (Mitoyan et al., 2021). We 
know the anorectal transition zone is highly asso-
ciated with cancer since 85% of anal cancers are lo-
cated at this site. However, the mechanisms behind 
the tumorigenesis at the anorectal transition zone 
remain unknown. Moreover, we have beforehand no-
ticed that normal anorectal transition zone is an im-
mune niche that contains an intra-epithelial T cells 
population, but there are few understandings about 
the interaction between immune cells and epithe-
lial cells during tumor initiation. Our hypothesis is 
that a specific T cells population could be implied 
into the cancer development at this transition zone. 
In order to understand the mechanisms behind the 
anorectal transition zone precancerous develop-
ment, we have developed a mouse model that reca-
pitulates the different stages of cancer progression:  
normal, hyperplasia, low grade dysplasia and  
in situ carcinoma. 

Associated with a single cell RNA sequencing ap-
proach, this model offers the possibility to un-
derstand the cellular and molecular mechanisms 
responsible of the precancerous development at 
the anorectal transition zone by the characterization 
of the crosstalk between epithelial tumor cells and 
immune cells and the establishment of an immune 
cells ATLAS at the different cancer stages at the 
anorectal transition zone.

Keywords: 
Tumor progression ; Immune niche ; In vivo model ; 
Epithelial Stem Cell ; Anorectal transition zone

References: 
Mitoyan L, Chevrier V, Hernandez-Vargas H, Ollivier A, 
Homayed Z, Pannequin J, Poizat F, De Biasi-Cador C, 
Charafe-Jauffret E, Ginestier C, and Guasch G. A stem 
cell population at the anorectal junction maintains 
homeostasis and participates in tissue reg,

Notes:

SESSION I  -  Tumor heterogeneity and microenvironment POSTER 13



SUNRiSE 
Meeting

Stem Cells and Cancer
4th

4th SUNRISE Meeting  -  47

UNRAVELLING THE ROLE OF EARLY DISSEMINATION 
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Zeinab Homayed1, Guillaume Belthier1, Tinhinan Lahlou1,  
François Gerbe1, Philippe Jay1, Andrei Turtoi2, Julie Pannequin1

1. PHYSIOLOGY AND CANCER, IGF, MONTPELLIER, FRANCE
2. IRCM, MONTPELLIER, FRANCE

Introduction 
Over 8 million people die from cancer every year al-
most invariably due to metastasis but despite more 
than 100 years of research, tumor dissemination 
remains poorly described. In the classical model of 
metastasis, tumor cell dissemination occurs at late 
stages of tumor development. However, some stu-
dies performed in different types of cancer such as 
in melanoma, breast and pancreatic cancers; sug-
gest that rare tumor cells spread to distant sites 
much earlier than previously believed. Despite co-
lorectal cancer’s CRC high incidence and mortality, 
worldwide, early tumor dissemination has not yet 
been studied in this cancer.

Objectives 
Our aims are first to demonstrate that early tumor 
dissemination process occurs in CRC using a gene-
tically engineered mouse model, to assess the role 
of early disseminated cells eDTC in distant organs 
as well as to validate data on patient blood samples

Material and methods 
We have generated an inducible mouse model 
that enables us to lineage trace dissemination at 
very early stages of tumoral development thanks 
to the expression of tdTomato and deletion of 
APC gene specifically in the intestinal epithelium. 
eDTCs were searched in the liver, the main organ 
that is prone to get colonized by metastatic CRC 
cells, using tissue clearing, intravital live imaging 
and immunolabelling. The impact of eDTCs in the 
liver was assessed using CyTOF/hyperion and vali-
dated with immunostainings and confirmed with 
in vivo using adapted assays.

Results and discussion 
In the liver of these mice, we first demonstrate the 
presence of eDTCs along with a strong infiltration 
of macrophages and different immune cells sug-
gesting a microenvironmental remodeling. Conco-
mitant with the theory of seed and soil, this liver 
remodeling has a strong impact on metastatic 
colonization where we have demonstrated that it 
enhances the welcoming of future waves of metas-
tatic cells harboring powerful mutations.

Conclusion 
In conclusion, this project functionally validates for 
the first time the existence of an early dissemination 
process in CRC in mice and proposes a causal role of 
these cells in an early pre-metastatic niche prepara-
tion. Further studies to deeply characterize the liver 
remodeling are ongoing in order to identify potential 
actionable targets to prevent this early pre-metasta-
tic niche preparation.
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IDENTIFICATION OF ATYPICAL CIRCULATING TUMOR 
CELLS WITH PROGNOSTIC VALUE IN METASTATIC 
BREAST CANCER PATIENTS
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Circulating tumor cells (CTCs) have a strong potential 
as a quasi-non-invasive tool to set up precision medi-
cine strategy for cancer patients. Tremendous efforts 
have been made to develop the second-generation of 
“filtration-based” technologies to isolate CTCs. This re-
vealed a surprising heterogeneity among CTCs found 
in the blood of cancer patients. Here, we performed 
the largest and simultaneous analysis of all atypical 
circulating tumor cells (aCTCs) isolated with a filtra-
tion-based technology from the blood of metastatic 
breast cancer (mBC) patients and we correlated their 
presence with clinicopathological and survival data.

The PERMED-01 study enrolled patients with mBC, 
refractory to systemic therapy. We prospectively ana-
lyzed aCTCs present in the blood of 91 patients at the 
time of inclusion in the study, using the Screencell®-
Cyto device. Subsets cut-offs were established using 
a two-component Gaussian finite Mixture Model and 
evaluated for correlation with clinicopathological data, 
including progression-free survival (PFS) and overall 
survival (OS). For 23 out of 91 analyzed patients, this 
was completed with advanced immunofluorescence 
staining of aCTCs.

The median number of aCTCs found in mBC was 8.3 
per mL of blood. Three subsets of aCTCs, absent from 
controls, were observed in mBC patients: single (s-aC-
TCs), circulating tumor micro-emboli, and giant-aCTCs 
(g-aCTCs). The presence of g-aCTCs was associated 
with shorter PFS and OS in multivariate analyses. 
For 23 cases, we showed that the circulating tumor 
micro-emboli and g-aCTCs, but not the s-aCTCs,  
were mostly hybrid for epithelial and mesenchymal 
markers.

This study highlights the heterogeneity of aCTCs in 
mBC patients both at the cytomorphological and mo-
lecular levels when using a Screencell®Cyto device. In 
addition, it suggests the usefulness of the g-aCTC sub-
set as a prognostic factor and a potential stratification 
tool to orientate late-stage mBC patients and improve 
their chance to benefit from early clinical trials. Most 

intriguing is the nature of these giant cells, which have 
been identified in patients with cancers but not in 
healthy donors. Different names were however given 
to them: giant epithelioid cells, fusion-derived epithe-
lial cancer cells, tumor-macrophage fusion cells or can-
cer-associated macrophage-like cells. This shows that 
the origin of g-aCTCs is still unclear. Some studies attri-
bute their formation to cellular fusion between tumor 
cells and other tumor cells (homotypic) or with non-tu-
morous cells (heterotypic) while others have identified 
these large cells as cells related to the macrophage 
lineage, that contain phagocytosed epithelial debris. 
In both cases, further investigations are still needed 
to address important questions about the nature of 
the aforementioned subset of CTCs: their origin, their 
functional traits and which are the pathways allowing 
them to survive to stressful conditions. In the future, 
we want to use single-cell RNA sequencing approach 
to further clarify the inference of each cell subsets. For 
this, we will use the Parsortix™ Cell Separation System 
(ANGLE plc, UK) to enrich viable CTCs in a range com-
patible with further downstream extensive molecular 
applications. With this approach, we are expecting to 
shed light on mechanisms activated by the tumor to 
encourage tumor cells broad dissemination.
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SLAP FUNCTIONS IN TUMORIGENESIS  
AND INTESTINAL HOMEOSTASIS
Dana Naim1, Kévin Espie1, Cécile Naudin1, Valerie Simon1,  
Zeinab Homayed2, Michael Hahne3, Serge Roche1 , Audrey Sirvent1 
1. CRBM, MONTPELLIER, FRANCE
2. IGF, MONTPELLIER, FRANCE
3. IGMM, MONTPELLIER, FRANCE

The tyrosine kinase and signaling protein, SRC, is 
an important player of tumorigenesis and metasta-
sis, found deregulated in 80% of colorectal cancer 
(CRC). SRC deregulation induces intestinal cancer 
stem cell proliferation and dissemination, it is also a 
marker of poor prognosis in CRC patients. However, 
SRC is rarely mutated and the mechanisms behind 
its role in promoting cancer progression and disse-
mination are poorly understood. Interestingly, we 
identified an important mechanism controlling 
SRC tumor activity in CRC that implicates the SRC-
Like Adaptor Protein SLAP. In normal conditions, 
SLAP is gradiently expressed in the crypts of the 
intestine, with the highest expression level in the 
differentiated part, and it is inversely correlated to 
the SRC and Wnt activities. Interestingly, we found 
that SLAP is frequently down regulated in CRC and 
displays important tumor suppressive functions 
via controlling the oncogenic activity of SRC. In 
line with this, SLAP silencing leads to an increased 
tumor growth and liver metastasis, as well as well 
as cancer stem cells properties. Furthermore, low 
SLAP expression levels are associated with an en-
hanced SRC oncogenicity and a higher sensitivity 
to SRC inhibitors. To further investigate the onco-
suppressive function of SLAP, we developed consti-
tutive and conditional SLAP knockout (KO) mouse 
models. The total KO of SLAP increases the colonic 
epithelium thickness, the number of proliferative 
cells and the intestinal stem cell marker LGR5. We 
want now to take advantage of these mouse mo-
dels to better understand the SLAP functions in tu-
morigenesis and stemness. 
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Introduction
DNA damage and genome instability contribute 
to non-small cell lung cancer (NSCLC) malignancy. 
However, their therapeutic exploitation is disap-
pointing. CTC-derived eXplants (CDX) offer systems 
for mechanistic investigation of CTC metastatic po-
tency and biology-driven therapeutic testings. We 
perform in-depth molecular and functional cha-
racterization of CDX models and demonstrate that 
targeting DNA damage response (DDR) defects 
impedes CTC-driven metastasis in NSCLC.

Material and Methods
CTCs were enriched from 30mL blood samples of 
56 advanced NSCLC patients and implanted sub-
cutaneously into Nod/Scid-IL2Rγ-/- (NSG) mice. Tu-
mors were palpable within a median of 108 days. 
Among the 4 CDX models established, 3 CDX-de-
rived cell lines (GR-CDXL1, GR-CDXL3, GR-CDXL4) 
were obtained. CDX and cell lines were characte-
rized by immunofluorescence (IF), immunohisto-
chemistry and whole-exome sequencing (WES). 
Chromosomal instability (CIN) and DDR activity 
were evaluated by IF and western blot. Tumorige-
nic potential of CDX-derived cell lines was assessed 
in the chick embryo CAM and NSG mice. IC50 was 
assessed using CellTiter-Glo®.

Results and Discussion
Four CDX models and three CDX-derived cell lines 
were established from NSCLC CTCs and recapi-
tulated patient tumor histology and response 
to platinum-based chemotherapy. WES analysis 
showed considerable mutational landscape si-
milarity between the CDX, corresponding patient 
tumor biopsy and single CTCs. Truncal alterations 
in key DDR genes were prevalent across models 
and assessed as therapeutic targets in vitro, in ovo 
and in vivo. GR-CDXL1 presented homologous re-
combination deficiency linked to bi-allelic BRCA2 
mutation, FANCA deletion and unrepaired DNA  

lesions post-mitosis. GR-CDXL1 cells were sensitive 
to PARP inhibitor (PARPi) olaparib, despite che-
moresistance, challenging the current clinical ratio-
nale claiming that chemosensitive NSCLC patients 
should respond to PARPi. Centrosome clustering 
promoted targetable CIN in GR-CDXL3 cells. In GR-
CDXL4, olaparib sensitivity was dictated by SLFN11 
overexpression, which also correlated with neu-
roendocrine marker expression in patient tumor, 
suggesting a predictive value of SLFN11 in histologi-
cal transformation of NSCLC into SCLC.

Conclusion
This study unravels distinct DDR profiles as a cen-
tral mechanism underpinning CTC metastatic po-
tency. Our CDX models provide a robust platform 
for ex vivo drug testing of DDR-targeted strategies 
to expand patient categories that may benefit 
from precision medicine in metastatic NSCLC. 

Keywords: 
Circulating tumor cell (CTC), CTC-derived explant 
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DNA damage response (DDR), genome integrity  
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METABOLIC HETEROGENEITY AND PLASTICITY 
IN HIGH-GRADE GLIOMA STEM CELLS
Chloé Bernhard 1
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Glioblastomas (GBMs) represent the most com-
mon malignant brain tumors. Since 2005, the 
standard treatment consists in a combination of 
surgery, chemotherapy (Temozolomide, TMZ) and 
radiotherapy, known as the Stupp protocol. Des-
pite this treatment, all patients relapse. Molecu-
lar heterogeneity of GBM and existence of glioma 
stem cells (GSCs) may be linked to therapy resis-
tance and tumor relapses. Indeed, GSCs have been 
implicated in tumor initiation, development and 
recurrence regarding their high plasticity and tu-
morigenic properties. Targeting GSC metabolism 
represent a promising therapeutic approach to 
improve clinical care and overcome therapy re-
sistance. The metabolic status of GSCs is not yet 
fully defined and controversial results appear in 
the literature. Further multiparametric studies of 
metabolic heterogeneity are therefore necessary 
to propose actionable personalized metabolic tar-
geted therapies for each patient's tumour. In this 
context, we cultured a panel of 10 patient-derived 
GSCs lines in stem cell medium (neurospheres) or 
differentiation medium (adherent cells in mono-
layer culture) in normoxia (21% O2) or hypoxia (1% 
O2). Energy production and pathways (glycolysis 
and OXPHOS) were evaluated through Seahorse 
XFp analysis. Metabolome of GSCs at stem-like or 
more differentiated states was characterized by 
HRMAS NMR spectroscopy. Using an algorithm 
that evaluates metabolite changes, called ADEMA, 
the most regulated pathways in stem-like and 
differentiated glioma cells were characterized. Mo-
reover, proliferation and sensitivity to TMZ were 
evaluated by Incucyte® technology. A wide range 
of metabolic phenotypes with significant diffe-
rences between conditions (stem/differentiated, 
normoxia/hypoxia) was observed, highlighting the 
complexity and plasticity of tumor metabolism. In 
normoxia, GSCs consume either more glucose and 
produce more lactate (glycolytic cells) or consume 
more oxygen and maintain a higher ATP produc-
tion (oxidative cells). In hypoxia, lactate production 
is increased to satisfy energy demands. In GSCs, 
sensitivity to TMZ was linked to energy metabolism 
profile. Indeed, glycolytic GSCs were more resistant 
to TMZ. Metabolomic analysis confirmed a statis-
tically significant difference in the glucose/lactate 
pathway between TMZ-resistant and TMZ-sensitive 
cells but the most statistically significant change 

was related to the Aspartate/Asparagine/Acetate/
Threonine/NAA/NAAG metabolite group. Metabo-
lic data show that TMZ resistant GSCs have lower 
NAA metabolite level compared to sensitive GSCs. 
This project aims to include the notion of metabolic 
heterogeneity as an important criterion of thera-
peutic response. By integrating transcriptomic and 
metabolomic data, key metabolic pathways and 
gene signature for each GBM cell state will be cha-
racterized. Identifying metabolic vulnerabilities will 
allow to propose new specific therapeutic strate-
gies for personalized medicine.
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Acute myeloid leukemia (AML) is a heterogeneous 
hematological malignancy with a poor prognosis 
due to frequent relapse caused by tumor regrowth 
initiated by therapy-resistant leukemic cells (RLCs). 
We and others have shown that residual disease 
is not necessarily enriched in dormant CD34+C-
D38low/- leukemic stem cells (LSCs) in vivo. Indeed, 
pre-existing and persisting RLCs transiently require 
oxidative metabolism in vivo (Farge et al. 2017; Boyd 
et al. 2018). We further demonstrated that the ec-
tonucleotidase CD39 maintains high mitochon-
drial activity by inducing an adaptive mitochondrial 
stress response (MSR) to chemotherapy cytarabine 
(AraC) in a cAMP-PKA and ATF4 dependent man-
ner (Aroua et al. 2020). A recent study also showed 
that the ATF4-mediated stress response is restric-
ted to LSCs as compared to more differentiated 
AML cells (Van Galen et al. 2018). Accordingly, we 
hypothesized that AraC-persisting CD39high cells 
are enriched in LSCs with a distinct transcriptional 
program of drug tolerance and oxidative state from 
therapy-naïve LSCs. To address this, we purified Lin 
neg CD39low and Lin neg CD39high cell subpopu-
lations from AML patient and PDX samples before 
and after AraC treatment ex vivo and in vivo. Then, 
we assessed several key LSC characteristics which 
include LIC frequency, LSC gene signature, CD34+ 
and senescence-like phenotype or ROS content. 
We first showed that AraC-persisting CD39high 
cell subpopulation was enriched in CD34+ cells 
with an increased cell granulosity and senescence 
gene signature. However, this cell fraction with 
high OxPHOS metabolism did not display a low 
ROS content as previously shown in therapy-naïve 
LSCs at diagnosis (Lagadinou et al. 2013; Jones et 
al. 2018). Interestingly, the ROSlow cell population 
was depleted post-AraC in favor of the ROShigh 
cell population with an increase in CD39 expression 
in vivo. Similarly, limiting dilution assay of FACS-
sorted cell fractions coupled to single cell RNAseq 
and CyToF analyses revealed that AraC quantita-
tively reduced CD39low cell population while selec-
ted/enriched CD39high cell population with gene 
signatures related to mitostress and inflammatory 
response in two PDX models in vivo. Furthermore, 
AraC increased LSC frequency in CD39high cell 
population at a greater extent than in CD39low 
population. Finally, LSC gene signatures and the 

naïve LSC frequency were enriched and higher in 
CD39low cell population compared to CD39high 
cell population before treatment, respectively. Col-
lectively, these results indicate that the cell sur-
face CD39 marker might discriminate populations 
of therapy-naïve and resistant LSCs with distinct 
transcriptional, phenotypical, metabolic and oxi-
dative states. Accordingly, we will develop a novel 
therapeutic solution combining mitochondrial in-
hibitors that do not induce an adaptive MSR with 
an anti-CD39 antibody to eradicate therapy-resis-
tant LSCs and overcome relapse in AML.
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REFINING THE ROLE OF PYRUVATE DEHYDROGENASE 
KINASES (PDHKS) IN GLIOBLASTOMA DEVELOPMENT
Claire Larrieu 1

1. IBGC CNRS 5095, BORDEAUX, FRANCE

Glioblastoma (GB) are the most frequent brain 
cancers and among the most aggressive ones. Be-
sides their highly proliferative and invasive proper-
ties leading to bad prognosis and treatment, GB 
cells also show cancer-associated metabolic fea-
tures such as aerobic glycolysis (Warburg effect). 
Moreover, both glycolytic and oxidative cells are 
present in the tumor to allow the establishment of 
an intratumoral metabolic symbiosis which seems 
to favour tumor survival and progression. In this 
context, pyruvate dehydrogenase (PDH), very fi-
nely regulated by pyruvate dehydrogenase kinases 
(PDHK), is a key enzyme at the crossroads between 
glycolytic and oxidative pathways. 
Growing amount of literature (1,2) and bioinforma-
tics studies confirmed PDHK1 and 2 modulation in 
different tumoral tissues, including GB. In order to 
disturb this protumoral aerobic glycolysis and to 
force a metabolic switch towards OXPHOS system, 
we modulated PDH activity through genetic or 
pharmacological inhibition of PDHKs and studied 
the consequences on GB metabolism and progres-
sion of patient derived stem-like cells.
Metabolic disturbances, that result in ROS produc-
tion, have indeed been observed in our study when 
PDHKs are disrupted. Moreover, in vitro spheroid 
analysis showed a decrease in proliferation and in-
vasion, even more pronounced in hypoxic condi-
tions. This data has been confirmed in vivo with a 
clear reduction in tumor size and a better survival 
of mice implanted with PDHK1 and PDHK2 knock-
out cells. The hypothesis of a metabolic redirection 
towards mitochondria led us to the addition of a 
radiotherapeutic protocol, which indeed lowers 
tumor development and improve mice survival in 
our model. 
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Introduction. Glioblastomas (GB) are brain tumors 
with the poorest prognosis despite treatment by 
surgery and radio/chemotherapy. There is therefore 
an urgent need to develop new therapies and to 
increase the effectiveness of radio/chemotherapy. 
For this purpose, we have previously described that 
a clinically-relevant ionizing radiation (IR) dose po-
tentiates at long term dedifferentiation of GB cells 
into a more stem-like phenotype, with increased 
expression of stemness markers and higher self-re-
newal and tumorigenic abilities (Dahan et al 2014). 
Objectives. In this work, we were particularly inte-
rested in the identification of the early mechanisms 
which could drive this plasticity process in response 
to IR and particularly in the metabolic adaptation, 
since tumor metabolism could be involved in the 
development of adaptive mechanisms to therapies 
and thus sustain recurrence. Methods & Results. 
Here we demonstrated that the early increase of 
stem markers after IR exposure is concomitant 
with elevated oxygen consumption rate (OCR), 
mitochondrial-dependent ATP production and ex-
tracellular acidification rate (ECAR), as measured 
by Seahorse flux analyzer. However, we did not ob-
serve any significant increase in glucose uptake 
and lactate production during this process. This 
shift to oxidative mitochondrial metabolism asso-
ciated to extracellular acidosis, previously described 
as a way to promote a GB-initiating cells (GIC) phe-
notype, is combined to the overexpression of a spe-
cific Carbonic Anhydrase (CA), an enzyme whose 
activity is known to produce extracellular H+ to 
buffer intracellular pH. The down-regulation of this 
CA by shRNA reduces extracellular acidification 
and also blocks some phenotypic characteristics 
of the IR-induced dedifferentiation process such 
as neurosphere formation and stem markers ove-
rexpression. Conclusion. Our study strengthens the 
therapeutic potential of targeting the IR-induced 
early metabolic shift in GB differentiated cells to 
improve radiotherapy efficiency by reducing tumor 
cell plasticity.
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A DRUGGABLE COPPER SIGNALING PATHWAY 
THAT REGULATES INFLAMMATION
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Excessive inflammation can occur in response to 
infection and is a hallmark of several diseases. Ef-
fective drugs against acute forms of inflammation 
are scarce. Here, we report that the pro-inflamma-
tory cell surface marker CD44 promotes copper 
uptake in inflammatory macrophages. This metal 
regulates metabolic and epigenetic plasticity un-
derlying the expression of genes involved in inflam-
mation. Targeting mitochondrial copper selectively 
with a rationally-designed small molecule inter-
feres with these processes, leading to a transcrip-
tionally distinct macrophage state, characterized 
by reduced expression of genes driving inflamma-
tion. Furthermore, this first-in-class drug improves 
survival and wellbeing in murine models of infec-
tion, performing better than the clinically-appro-
ved glucocorticoid dexamethasone. These findings 
unveil a strategy to control acute inflammation. 
Such a strategy could have an impact on the field 
of oncology, by understanding and modulating in-
flammation that can be involved in the etiology of 
cancer. 

Keywords: 
CD44, copper, mitochondria, macrophage,  
inflammation

Notes:

   
SESSION 3  -  Metabolic plasticity POSTER 22



SUNRiSE 
Meeting

Stem Cells and Cancer
4th

4th SUNRISE Meeting  -  56

Context & objectives
Cancer is known to be regulated by genetic and 
epigenetic events, but other factors have an impact 
on gene expression including RNA epigenetics. So 
far, more than 150 chemical modifications have 
been described in all RNA subtypes: messenger 
RNA (mRNA), transfer RNA (tRNA), ribosomal RNA 
(rRNA), and non-coding RNA. RNA modifications 
and their regulators are known to be implicated in 
all steps of post-transcriptional regulation. As such, 
dysregulation of this complex yet delicate balance 
can contribute to disease development including 
cancer. 
Our lab is interested in the involvement of RNA 
modifications in colorectal cancer phenotype. In 
particular, we seek to discover RNA modifications 
involved in cancer cell adaptation to stress and in-
hospitable environment, a peculiar feature of can-
cer stem cells (CSC). We have recently shown that 
an increase in one particular RNA modification, the 
N6,2’-O-dimethyladenosine (m6Am) adjacent the 
mRNA cap, concurs with acquisition of stem-like 
properties in colorectal cancer cells, such as che-
moresistance and tumor initiation potential [1].
Currently, we aim to identify other RNA marks in-
volved in cancer cell adaptation to suspension 
culture, which is often used as a surrogate to eva-
luate tumorigenic potential. Non-adherent condi-
tions with low cell density and depleted nutrients 
favors CSC survival that seed microtumor–like 
spheroids. 
Our goal is to exploit multiplex targeted mass spec-
trometry in order to establish RNA modification 
patterns (1) according to the RNA subtype and, (2) 
depending on the enrichment of CSC.

Methods 
We established a dedicated experimental pipe-
line combining RNA species purification, LC-MS/
MS and statistical analysis. Two patient-derived 
colon cancer cell lines (CRC1, primary tumor, and 
SW620, metastatic human tumor) were cultured in 
adherent condition (2D) or in colonospheres condi-
tion (3D) to enrich the culture in CSC. Total RNA 

was extracted, then enrichment of different RNA 
substype were performed: polyA+ mRNA (oligo-dT 
purification), rRNA (agarose gel) and tRNA (polya-
crylamide gel). After RNA digestion and nucleotide 
dephosphorylation, the nucleosides were injected 
into LC-MS/MS. 
Statistical analyses were used to emphasize varia-
tion of RNA modifications patterns in our dataset 
(using Principal Component Analysis (PCA)), as well 
as to determine a minimal signature allowing dis-
tinct separation of samples depending either on 
RNA subtype or on culture condition.

Results
Among the 40 RNA modifications implemented 
in our LC-MS/MS method, we successfully detec-
ted 28 RNA modifications in total RNA and tRNA, 
19 in mRNA and 21 in rRNA. As expected, we could 
correlate the expression of certain RNA modifica-
tions with the enrichment of corresponding RNA 
species. Several RNA modifications were strikingly 
altered according to culture condition. A such, we 
were able to discriminate CSC enriched culture 
based on a minimal signature of 8 nucleosides. 

Conclusion 
This study allowed us to identify epitranscriptomic 
signatures discriminating both RNA species and 
culture conditions. This study emphasizes the dy-
namics of RNA modifications according to growth 
environment and the potential of exploiting RNA 
marks for cell state/subtype characterization
In the coming years, cancer studies in the blosso-
ming field of epitranscriptomics will definitively 
translate into opportunities for clinical applications 
such as disease diagnosis as well as therapy deve-
lopment.
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JMV7048, FIRST-IN-CLASS PROTAC 
DEGRADER OF PXR
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Colorectal cancer is the second deadliest cancer 
in the world and tumor recurrence have been re-
ported in 30 to 50 % of patients. Therapeutic failure 
is now explained by the existence of a subpopula-
tion of cancer cells called cancer stem cells (CSCs). 
Notably, these CSCs over-express the transcription 
factor PXR, controlling the expression of a large 
gene network involved in drug metabolism and 
detoxification, including ALDH1A1 and CYP3A4. In 
a xenograft model, we previously shown that PXR 
knockdown by shRNA inhibits tumor relapse of pa-
tient derived cells after chemotherapy treatment. 
To date there is no clinically relevant PXR antago-
nist. PROteolysis TArgeting Chimeras (PROTACs) 
have become a promising and appealing tech-
nology for modulating a protein of interest (POI) 
by degradation, including undruggable targets. 
PROTACs are hetero bifunctional molecules that 
connect a POI ligand to an E3 ubiquitin ligase re-
cruiting ligand with an optimal linker. They give 
multiple advantages such as a long-lasting ef-
fect, because it requires a de novo protein synthe-
sis, and a catalytically mode of action due to their 
successful dissociation after promoting polyu-
biquitination of the POI. Our first innovative de-
monstration consists in turning a high PXR affinity 
agonist (JMV6945, Kd< 1nM) into a PXR PROTAC. 
By TR-FRET competitive and gene reporter as-
says we first identified a JMV6945-linker scaffold 
able to bind to the ligand binding domain (LBD) 
(kd50= 18.36nM) and activates PXR. X-ray crystallo-
graphy studies reveal that the core of the molecule 
resides within the ligand binding cavity while the 
linker tail emerges from the LBD surface. Based 
on this scaffold we synthetized and tested several 
PROTACs targeting a variety of E3 ubiquitin ligases 
(CRBN, IAP, VHL, etc.). We finally identified mole-
cules, including out lead molecule JMV7048, lea-
ding to a significant PXR protein degradation and 
PXR-signaling pathway in colon cancer cells. The 
use of ubiquitin E3 or 26S proteasome inhibitors 
confirmed its mode of action. Finally, despite poor 
pharmacokinetic properties (Tmax<5 minutes and 
AuCt=5189 ng/mL*h), we observed that intravenous 

injections of JMV7048 (25mg/mg) in SCID mice re-
duced the PXR expression in human xenografted 
tumours. The final objective is to improve JMV7048 
bioavailability and test this molecule as an adjuvant 
strategy in preclinical studies to prevent tumor re-
lapse after chemotherapy.
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Background and Aims 
Hepatoblastomas, the most frequent pediatric 
liver cancers, are characterized by high histological 
heterogeneity. Cisplatin-based neo-adjuvant 
chemotherapy and surgery lead to >80% long-term 
survival, however resistance to chemotherapy can occur 
during the initial treatment or after tumor recurrence, 
and the molecular determinants of cisplatin resistance 
are yet to be discovered.

Method
We performed an integrated genomic analysis of 
104 hepatoblastoma samples from 65 patients, 
including 24 patients with multiple samples (pre/
post-chemotherapy primary tumors, relapses and 
metastases), through whole-genome or whole-exome 
sequencing, RNAseq and methylation analysis. We 
screened 8 hepatoblastoma cell lines to identify new 
therapeutic targets and tested one drug in mouse 
xenograft experiments.

Results 
Most hepatoblastomas share driver alterations of 
CTNNB1 and the 11p15.5 imprinted locus, but we also 
identified rare recurrent driver mechanisms, including 
new targetable genes. Transcriptomic and methylation 
analysis of spatial and longitudinal heterogeneity 
showed an important plasticity between ‘Hepatocytic’, 
‘Liver Progenitor’ and ‘Mesenchymal’ molecular 
subgroups. Mutational signature analysis revealed 
that ‘Liver Progenitor’ cells specifically accumulate 
massive loads of cisplatin-induced mutations during 
chemotherapy, and can later give rise to heavily 
mutated relapses and metastases. Among genes 
overexpressed in ‘Liver Progenitor’ hepatoblastomas, 
we selected 3 key targetable genes (PLK1, CHEK1 and 
BIRC5) and showed that hepatoblastoma cell lines 
are sensitive to their inhibitors even though most are 
resistant to cisplatin. Finally, we performed mouse 
xenograft experiments as a proof of concept and 
showed that the PLK1 inhibitor BI-2536 can reduce 
tumor growth in vivo compared to cisplatin treatment.

Conclusion 
Hepatoblastomas are deadly when they resist to 
chemotherapy, with limited alternative treatment 
options. Here, we identified the cellular phenotype at 
the origin of cisplatin resistance and validated new 
treatments targeting these molecular features in cell 
lines and xenografts.

Notes:

MOLECULAR PLASTICITY OF HEPATOBLASTOMA  
UNDERLIES CISPLATIN RESISTANCE AND TUMOR  
RECURRENCE
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CAVEOLIN-1/EPIREGULIN (EREG)/YAP  
AXIS IN THE TREATMENT RESISTANCE  
OF CAVEOLIN-1-EXPRESSING HEAD AND  
NECK SQUAMOUS CELL CARCINOMA
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Head and neck cancers affected nearly 890.000 
people and caused about 450.000 deaths in 2018 
worldwide. These cancers rank 6th among the 
most frequently observed cancers and the inci-
dence of these cancers is expected to increase by 
30% by 2030 (Globocan, 2020). Locally-advanced 
head and neck squamous cell carcinoma (LA-
HNSCC) (stage III/IV according to the TNM clas-
sification of head and neck cancers 8th edition) 
represents about 60% of patients at diagnosis. 
They require a combination of therapies including 
a primary surgery followed by radiotherapy or 
chemoradiation in patients at high risk of relapse. 
The epithelial growth factor receptor (EGFR)-tar-
geting antibody Cetuximab combined with radio-
therapy is the only targeted therapy that has been 
proven effective for the treatment of LA-HNSCC. 
Relapses arise in 50% of patients with HNSCC in 
the 5-years following treatment. In clinico-patho-
logical practice, it is difficult to assign patients 
into classes of risk since no reliable biomarkers are 
available to predict the outcome of Human Papil-
lomavirus-unrelated HNSCC. A body of evidence 
suggests that caveolin-1 (Cav1) may be involved in 
the resistance of HNSCC to anti-EGFR therapies. 
In the present study, we showed that Cav1 overex-
pressing cells exert better surviving capacities and 
remain proliferative and motile when exposed to 
chemo-radiotherapy. Resistance to the standard 
chemo-radiotherapy regimen is mediated by the 
Cav1/Epiregulin (EREG)/YAP axis. In addition, pa-
tients whose tumour overexpress Cav1 relapsed re-
gionally few years after treatment. Altogether our 
observations suggest that high expression of Cav1 
might be prognostic and predictive of locoregio-
nal relapse of LA-HNSCC due to resistance to the 
standard chemo-radiotherapy regimen (++++). To 
go further, we developed HNSCC patient-derived 

tumoroids expressing heterogeneous levels of Cav1 
within the tumour. These self-organized 3D struc-
tures deriving from stem/progenitor cells replicate 
the tumour and the microenvironment from which 
they were harvested. Tumoroids are considered as 
promising tools for personalized and precision me-
dicine. HNSCC patient-derived tumoroids will be 
used to validate Cav1 as a biomarker able to predict 
the resistance of tumours to Cetuximab but also to 
identify alternative therapies for Cetuximab-resis-
tant tumours. 

Keywords: 
Head and neck cancers, Caveolin-1/Epiregulin 
(EREG)/YAP axis, Cetuximab resistance, Tumoroids,  
Prognostic and predictive biomarker 
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Recent genome sequencing studies have shown that 
genetic alterations in the genes encoding epigenetic 
regulators are highly frequent and common in 
cancer. This constitutes a “genetic smoking gun”, 
whereby epigenetic mechanisms lie at the very heart 
of cancer biology and that altered epigenetic states 
are not just a consequence of cancer but likely play a 
key role in its onset and progression. This was further 
confirmed and extended by our pan-cancer genome, 
transcriptome and methylome analyses of epigenetic 
regulator genes’ (ERGs) deregulations showing high 
rates of alterations in specific ERGs within and across 
cancer types, including breast cancer (BC)1. However, 
the functional importance of disruption of ERGs in 
tumorigenesis, cancer progression and phenotypes is 
still poorly understood. 

Recent reports revealed that a sub-population of 
(breast) cancer cells, known as cancer stem cells 
(CSCs), plays a major role in the development, and 
aggressiveness of tumours. These CSCs have a distinct 
epigenome and phenotype, therefore their emergence 
and defining features may be governed by epigenetic 
mechanisms. Because many ERGs are frequently 
altered in (breast) tumours and since the epigenome 
of a cell tightly regulates its identity and functions, we 
hypothesize that ERGs are candidates to be drivers 
(“epidrivers”) of the acquisition of CSC states and their 
associated phenotypes.

To identify epidrivers of breast CSCs, we first applied 
an in-silico data analyses and revealed ERGs that are 
highly altered in all BCs and in BC subtypes. The latter 
suggests that these ERGs may play a driver role in the 
emergence of BC subtypes in which they are altered 
and their associated phenotypes (i.e. aggressiveness 
in triple negative breast cancers enriched in CSCs). 
We further applied a CRISPR-Cas9 loss-of-function 
screening approach1 using a library of guide RNAs 
(gRNAs) targeting all 426 ERGs. These approaches 
identified epidriver candidates of CSC’s emergence 
and aggressive phenotypes, such as the histone 
deubiquitinase BAP1. Interestingly, our results show 
that BAP1’s loss in mammary cells alters the expression 
of CSC and epithelial-to-mesenchymal transition 
markers. This gene and other candidate epidrivers 
are currently under validation and characterization 
through phenotypic, transcriptomic and epigenomic 
assays in CRISPR-disrupted 2D and organoid models. 
Our study will provide critical insights into the 
mechanisms of tumorigenesis notably in BC by 

identifying epidrivers that reshape the (epi)genome 
and drive cancer cell plasticity. This might be exploited 
as prognostic markers and for the development of 
personalized therapeutic approaches.

1 Halaburkova, A. et al. Pan-cancer multi-omics 
analysis and orthogonal experimental assessment 
of epigenetic driver genes. Genome Res 30, 1517-1532, 
doi:10.1101/gr.268292.120 (2020).
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TARGETING EPIGENETIC REMODELERS  
FOR LUNG CANCER THERAPY
Sonia Inès Mimoune1
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Lung tumor is the deadliest cancer-type world-
wide, with non-small cell lung cancer (NSCLC) 
representing ~ 85% of all diagnosed lung cancer 
cases. 

To maintain oxidative homeostasis and promote 
tumor growth, ~30% NSCLCs acquire mutations in 
the KEAP1/NRF2 pathway, the major regulator of 
cells’ antioxidant program. In patients, mutations of 
this pathway correlate with higher degree of tumor 
heterogeneity (TH), which supports tumor progres-
sion as well as resistance to chemo- and radio-the-
rapy.
In this context, histone lysine demethylase en-
zymes (KDMs) have been found to be key drivers of 
TH in lung cancers. These enzymes modulate gene 
expression by modifying histones methylation 
patterns and chromatin dynamics. In particular, al-
terations of KDM5 subfamily sustain tumorigenesis 
by promoting tumor growth and dissemination, 
cancer cell stemness and immune-invasion. 

Recently, I discovered that some members of the 
KDM5 family are targeted for degradation through 
the Ubiquitin-Proteasome System (UPS). Moreover, 
my data indicate that KDM5s turnover may be de-
regulated in NSCLC cells.

To investigate the role of the KDM5-UPS pathway in 
these cancers, my research aims to : (i) Determine 
the mechanisms by which KDM5 are degraded via 
the UPS ; (ii) Characterize the role of this pathway in 
lung cancer pathogenesis ; (iii) Design new strate-
gies to target the KDM5-UPS for therapy.

To achieve my goals, I use a broad range of expe-
rimental approaches, including biochemical and 
molecular biology tools, as well as proteomics and 
mouse genetics.

Keywords: 
Lung cancer, Histone Lysine Demethylase, Tumor 
Heterogeneity, Drug resistance, Ubiquitin-Protea-
som System 
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Introduction and Objectives: Glioblastoma (GB), 
a grade IV glioma, is the most common and mali-
gnant subtype of glioma with a very poor prognosis 
despite extensive surgery and radio/chemotherapy. 
In the tumor microenvironment, oxidative stress 
promotes cancer cell invasion and glioma stem 
cell (GSC) maintenance which is responsible for 
therapeutic resistance and tumor recurrence. The 
nuclear factor erythroid 2-related factor 2 (Nrf2), a 
master transcription factor of antioxidant defenses, 
is overexpressed in several malignancies, including 
human GBM tissues. The nrf2-keap1 pathway act as 
a switch for malignancy in gliomas, enhancing cell 
proliferation and resistance. Temozolomide (TMZ) 
is gold standard systemic treatment used along 
with radiation for GBM treatment, but resistance 
to this treatment is often caused by GSC popula-
tion. However, the role of Nrf2 and redox homeos-
tasis in glioblastoma development and therapy 
resistance is yet to be mechanistically determined. 
In this study, using GB 2D and 3D models, we first 
aim to assess Nrf2 regulation and downstream tar-
gets under normal and hypoxic conditions. Second, 
to decipher the role of Nrf2 in GSCs maintenance, 
proliferation, and radio/ temozolomide (TMZ) re-
sistance. Finally, to investigate the therapeutic 
potential of blocking Nrf2 in inhibiting GSC mainte-
nance and overcoming TMZ resistance using NrF2 
knockout by CRISPR-cas9 or SiRNA silencing tech-
niques. Conclusion: Therefore, our work will provi-
de a substantial benefit by identifying the role of 
Nrf2 in GB progression and therapeutic resistance 
which may improve the outcomes of GB cancer 
therapy. 

Keywords: 
GSCs, oxidative stress, Nrf2, TMZ, resistance
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CHARACTERIZATION OF NRF2 ROLE IN  
THE DEVELOPMENT AND THERAPEUTIC  
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Cancer chemoresistance and tumor recurrence are 
often attributed to cancer stem cells. We previously 
demonstrated that down-regulation of Pregnane 
X Receptor (PXR, NR1I2) decreases the chemore-
sistance of cancer stem cells and could prevent 
colorectal cancer recurrence. However, currently, 
there are no pharmacological means to down-re-
gulate PXR expression or activity. Here, we identify 
key targetable elements upstream of PXR signaling 
in cancer stem cells. We first confirmed that PXR is 
downregulated by the microRNA, miR-148a, which 
when over-expressed decreased PXR expression in 
cancer stem cells and impaired their relapse after 
chemotherapy in mouse tumor xenografts. We 
then developed a fluorescent reporter screen for 
miR-148a activators among the 1280 known drugs 
in the Prestwick library. In vitro validation of the 
ten most promising candidates confirmed the an-
ti-helminthic drug niclosamide as by far the most 
potent inducer of miR-148a expression. Niclosa-
mide also decreased PXR expression and cancer 
stem cell numbers in colorectal cancer patient-de-
rived cell lines. Furthermore, xenograft studies 
demonstrated that niclosamide synergizes with 
classic colorectal cancer chemotherapeutic agents 
to downregulate PXR and prevent cancer stem 
cell chemoresistance and tumor recurrence. Our 
study provides the first evidence that small mole-
cule-mediated up-regulation of miRNAs is a viable 
strategy to down-regulate target proteins with no 
known pharmacological inhibitor, and illuminates 
niclosamide as a viable neoadjuvant repurposing 
strategy to block PXR activity in cancer stem cells 
and prevent tumor relapse in colon cancer. 

Keywords: 
cancer stem cell, miRNA, PXR, chemoresistance,  
colon cancer
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NUCLEAR TRANSPORT INHIBITION IN GLIOMA  
STEM CELL: A NEW THERAPEUTIC STRATEGY  
INDUCING GLIOMA STEM CELL DIFFERENTIATION
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Glioblastoma multiform (GBM) is the most aggres-
sive type of brain tumor characterized by a low 
survival rate and a high resistance to radio-che-
motherapy. This heterogenous cancer harbors 
glioma stem cells (GSC) which are responsible for 
clonal amplification, invasiveness, and relapse. In 
response to specific signals, these GSC can diffe-
rentiate and lose their tumorigenic property while 
becoming more sensitive to chemo- and radiothe-
rapy. GSC express stem cell and pluripotency mar-
kers like SOX2 and NANOG, which must translocate 
into the nucleus to promote aggressive and stem-
like gene program. The conventional treatment 
consists in surgery, when possible, followed by a 
radio-chemotherapy. Unfortunately, this conventio-
nal treatment is limited and tumors relapse due to 
the selection and the persistence of resistant GSC 
after stop of treatment. To overcome this pheno-
menon due to the cytotoxic pressure, we sought 
to develop an original therapeutic strategy based 
on the promotion of a more differentiated and in-
dolent phenotype. In this context we have iden-
tified a new compound, the DV188, which induce 
to patient derived GSC a differentiated phenotype 
accompanied by the loss of stemness markers, the 
loss of clonal proliferation while sensitizing the cells 
to the chemotherapy of reference. Most important-
ly, DV188 prevents tumor initiation and progression 
in vivo without affecting mouse survival after mon-
ths of treatment. We further found that DV188 can 
bind the nuclear transporter KPNB1. Importantly, 
this binding prevents the interactions between 
NANOG and KPNB1 thus inhibiting NANOG trans-
port into the nucleus. Altogether, these results 
demonstrate that targeting stem-like properties 
by repressing nuclear transport constitutes a pro-
mising approach for novel therapeutic strategies 
against GBM.
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The treatment of glioblastoma (GB) remains a 
major clinical challenge because these very ag-
gressive tumors are resistant to chemo and radio-
therapy. Inhibitor of apoptosis proteins (IAPs) are 
interesting targets because they are endogenous 
caspase inhibitors overexpressed in GB and anta-
gonists of IAPs called SMACs mimetics (SMs) are 
available. We previously showed that GDC-0152, a 
SM, increased apoptosis and survival in mice bea-
ring GB1 and IAPs were involved in glioblastoma 
stem-like cell fate2. In addition, we have identi-
fied the Melanoma Inhibitor of Apoptosis (ML-IAP) 
protein as a marker of poor prognosis in patients. 
The objective of this study is to decipher the role of 
ML-IAP protein in GB progression and response to 
GDC-0152.

To this end, ML-IAP expression was down-regu-
lated by shRNA in human GB stem-like cells and 
glioma murine cells (GL261-GFP). In vitro, viability, 
proliferation, cell death and self-renewal were as-
sessed in GDC-0152- or vehicle-treated cells. The 
selectivity of GDC-152 towards Ml-IAP was attested 
by performing shcIAP and shXIAP. A four-arms 
survival study was performed by orthotopic graft 
of shControl and shML-IAP GL261-GFP cells in im-
munocompetent mice treated with GDC-0152 (i.v. 
20mg/kg) or with vehicle once a week.

In vitro, ML-IAP down-regulation decreased signifi-
cantly proliferation and self-renewal, and increased 
cell death of GB stem-like cells. GDC-0152 de-
creased cell viability, proliferation and self-renewal 
of shControl cells, interestingly, it was less efficient 
on shML-IAP cells, reflecting cell resistance towards 
GDC-0152 when ML-IAP is down-regulated. In com-
parison, shcIAPs and shXIAP did not modify GDC-
0152 response and sensitivity. 

Among the IAPs, ML-IAP appears to be a key 
protein supporting GB proliferation and its role in 
GB stem-like cells maintenance is particularly inte-
resting and need to be further studied. Moreover, 
ML-IAP expression sensitizes GB cells to GDC-0152, 
suggesting that ML-IAP could be used as a biomar-
ker to predict GDC-0152 therapeutic response. 

Keywords: 
glioblastoma stem cells, inhibitor of apoptosis 
proteins, ML-IAP, smac mimetics
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ORIGIN OF DRUG TOLERANT PERSISTER CELLS 
IN A BREAST CANCER MODEL
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These last two decades have revealed the mole-
cular complexity of breast cancer, leading to the 
expansion of targeted therapy portfolio, and ul-
timately improving cancer care. Despite a furni-
shed therapeutic arsenal, oncologists faced the 
emergence of multi-resistant relapsing tumors. It 
is now clear that a single cancer genome can ge-
nerate multiple phenotypic states and cancer cells 
can switch in-between to overcome treatment. 
The goal of this work is, therefore to unravel the 
cell plasticity and tumor heterogeneity involve-
ment in driving breast cancer chemoresistance via 
non-genetic mechanisms. To this end, we mapped 
tumor phenotypic heterogeneity in SUM159 triple 
negative breast cancer cell line, using scRNAseq. 
We identified four cell clusters presenting a spe-
cific signature of cell surface markers. Using cell 
sorting by flow cytometry, we demonstrated that 
each clusters was self-maintained when cultivated 
separately. To model cell-state transition dyna-
mics during and after treatment, we administrated 
high-dose chemotherapy to SUM159 cells and fol-
lowed clusters behavior by flow cytometry. Very few 
cells survived the treatment by entering a Drug-To-
lerant Persister (DTP) cell state, characterized by 
a phenotypeswitch. After a recovery period, cells 
leave theDTP-state and relapse, returning the phe-
notype to the initial steady-state. Interestingly, only 
two of the four SUM159 cell cluster are able to enter 
DTP-state and relapse efficiently, while the other 
two relapsed to a lesser extent. These observations 
suggest that entry to DTP-state is mandatory for 
residual cells to generate relapse. Moreover, when 
SUM159 cells were subjected to multiple chemo-
therapy cycles, they displayed a decreasing che-
mosensitivity with each relapse, even though they 
had a similar cluster architecture. All these data 
suggest that SUM159 cells may have developed a 
memory after being challenged to repeated cycle 
of chemotherapy. A coupled RNA-ATAC seq ap-
proach on SUM159 naive, DTP and relapsed cells 
will help us to identify DTP and relapse master re-
gulators in breast cancer to improve patients care.
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The mutation of genes involved in tyrosine kinase 
receptor-operated signaling pathways play an im-
portant role in colorectal cancer (CRC) patients. 
Particularly, the BRAF V600E mutation, present in 
5 to 10% of colorectal tumors, induces constitutive 
activation of the Mitogen-Activated Protein Kinases 
signaling pathway and participates in tumor pro-
gression and aggressiveness. Patients with CRC 
carrying the BRAF V600E mutation are refractory 
to conventional therapies and develop metastases 
more frequently. Moreover, cancer recurrence is de-
vastating and almost 60% of patients will die before 
receiving a second-line treatment.

It is therefore essential to identify alternative thera-
peutic strategies to treat these patients and improve 
their quality of life. However, a major obstacle re-
mains to overcome: tumor cells bearing this muta-
tion remain poorly characterized.

Since a strong correlation between BRAF V600E 
mutation and a high percentage of cancer stem 
cells (CSC) exists, we hypothesize that this mutation 
could promote a CSC phenotype. In addition, CSC 
exhibit various capabilities making them resistant to 
conventional treatments, thus responsible for tumor 
recurrence.

To validate our hypothesis, we have used different 
strategies (protein overexpression, pharmacologi-
cal and genetic inhibitions and phosphoproteomic 
analysis) to modulate BRAF V600E expression and 
activity in CRC cell lines and we have assessed the 
modulation impact on tumor cell phenotype.

Our results allow us to validate our initial hypothe-
sis and to demonstrate that targeting BRAF V600E 
mutation increases the activity of resistance signa-
ling pathways by promoting CSC phenotype.In pers-
pective, new strategies targeting cancer stem cells 
in combination with conventional chemotherapy 
could be given to CRC patients with a BRAFV600E 
mutation in order to increase their lifespan.
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HEXOKINASE 2 FAVOURS TUMOUR PROGRESSION 
AND DRUG RESISTANCE BY REGULATING CANCER 
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Elevated glucose uptake is one of the main hall-
mark of cancer cells. This metabolic reprogrammi-
ng is mainly due to the increased expression and 
activity of glycolytic enzymes, especially Hexoki-
nase 2 (HK2). De novo or over-expression of HK2 
has been reported in many cancers and often cor-
related with poor prognosis due to chemotherapy 
resistance and metastasis occurrence [1]. Nume-
rous studies have highlighted that HK2 is an in-
teresting target for cancer therapy as it fuels cells 
with key metabolites required for proliferation and 
dissemination. Moreover, it was shown that HK2 
deletion impairs tumour growth in different gene-
tically-engineered mice model of cancer [2]. Never-
theless, blocking HK2 activity in cancer remains a 
challenge and chemical inhibitors targeting its ca-
talytic activity have not been proven efficient and 
safe in clinical trials. There is thus a need to better 
understand the functions of HK2 to find ways to 
block its oncogenic action. 

To address this challenge we sought to describe in 
deep the cellular and molecular functions of HK2. 
Using the poorly tumorigenic bone cancer cells 
U2OS, we demonstrated that HK2 over-expression 
is sufficient to enhance the tumorigenic proper-
ties of the cells. Over-expression of HK2 promotes 
cell proliferation, colony formation, anchorage-in-
dependent growth and HK2 over-expressing cells 
grow bigger tumour masses than control cells 
when engrafted in zebrafish embryos. At the cellu-
lar level, within the HK2 over-expressing cell popu-
lation, we identified that a subset of cells exhibits 
molecular and functional features of cancer-stem 
cells (CSCs). HK2 over-expression promotes the 
formation of 3D-spheroids enriched for OCT4 plu-
ripotency factor expression. Moreover, by flow cy-
tometry, we identified that a subpopulation with 
a high multi-drug efflux activity relying on ABCG2 
transporter has emerged after HK2 over-expres-
sion (the side population). Thus, our data show that 
HK2 regulates cancer cell plasticity and CSCs emer-
gence.

Then, we characterized the molecular changes 
triggered by HK2 over-expression using a proteo-
mic approach. We identified that HK2 over-ex-
pressing cells exhibit a negative regulation of cell 
membrane proteins involved in mechanical signal-
ling and a positive regulation of nuclear proteins 
and pathways important for tumour progression 
and stemness, such as the RAP1-Interacting Fac-
tor (RIF1), a key regulator of DNA replication dy-
namics involved in CSCs maintenance [3] and the 
Aryl Hydrocarbon Receptor (AHR) signalling re-
gulating stem cell homeostasis [4]. Moreover, we 
highlighted that HK2 may directly regulate the 
abundance of some of these factors as we identi-
fied direct interactions between HK2 and RIF1 as 
well as proteins belonging to signalling pathways 
deregulated upon HK2 over-expression. By com-
bining confocal microscopy and single-cell ima-
ging flow cytometry, we further observed that HK2 
shuttle between the cytoplasm and the nucleus 
and identified that this process may be dependent 
on phosphorylation by oncogenic kinases. We 
finally document that chemotherapeutic treat-
ments differentially affect the cells over-expressing 
HK2 compared to control cells. 

Our work highlights that HK2 subcellular localiza-
tion might regulate key oncogenic processes. We 
report novel insights into the function of HK2 in 
cancer cells by identifying unsuspected targets of 
HK2 important for tumour progression, chemothe-
rapy resistance and cancer stemness, opening the 
door to new therapeutic approaches. 
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Introduction and Objectives 
Cancer stem cells (CSCs) undergo epithelial-mesen-
chymal transition (EMT) to drive metastatic disse-
mination in experimental cancer models. However, 
tumour cells undergoing EMT have not been ob-
served disseminating into the tissue surrounding 
human tumour specimens, leaving the relevance 
to human cancer uncertain. Therefore, we wished 
to explore the utility of CSC experimental models in 
making predictions that have clinical relevance to 
human disease. Here, we demonstrate a suite of in 
vitro human tumour models and validate their use 
in developing new methods for targeting tumour 
heterogeneity. Using these models, we identify a 
partial-EMT CSC population that expresses both 
epithelial and mesenchymal markers. We validate 
our models and the clinical importance of par-
tial-EMT CSCs by demonstrating their utility in de-
velopment of a prognostic CSC signature that has 
clinical utility in head and neck cancer.

Methods
We have developed a suite of models: 1) A collec-
tion of human oral squamous cell carcinoma cell 
lines that accurately recapitulate tumour heteroge-
neity. 2) A 3D matrigel-collagen invasion model that 
can be used to isolate invasive CSCs. 3) A metasta-
sis-on-a-chip model that can be used to study CSC 
interactions with the tumour microenvironment 
(TME). 4) Machine learning based techniques for 
training and testing prognostic CSC signatures. 5) 
High content imaging of human oral squamous cell 
carcinoma pathological specimens.

Results 
We identify a CD44highEpCAMlow/+CD24+ par-
tial-EMT CSC in oral squamous cell carcinoma cell 
lines that is enriched in the invasive population in 
the 3D matrigel-collagen invasion model. In human 
tumour specimens, these CSCs were specific to the 
invasive edge of metastatic tumours and were pre-
dictive of outcome in machine learning procedures 

applied to TCGA data and both imaging and RNA 
data from FFPE human tumour specimens. The 
high predictive accuracy in head and neck tumour 
specimens presents the possibility of clinical utility.

Discussion/Conclusion 
In vitro human tumour models possess great uti-
lity for development of new methods of targeting 
tumour heterogeneity, as evidenced by the clinical 
predictive accuracy of CSC signatures derived from 
these models. We now aim to use these in vitro 
human tumour models to understand how CSCs 
interact with the TME during metastasis and for the 
development of CSC-targeted therapeutics.
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Tumor organoids (tumoroids) capture disease 
and tissue heterogeneity and provide a platform 
for basic cancer research, drug screening, and 
precision medicine. By combining bioinformatic 
analyses and the design of innovative pediatric 
tumoroid models, we showed that targeting in-
tra-tumor heterogeneity could help identify new 
drug combinations for childhood cancers. Moreo-
ver, we demonstrate that pediatric tumoroids are 
amenable to gene editing and image-based high-
content screening for drug discovery. 
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Cancer is not a homogeneous entity but rather a 
collection of functionally distinct neoplastic cells. 
This intratumoral heterogeneity is of particular in-
terest in the evolution of the disease, as certain cell 
states may be associated with therapeutic resis-
tance or recurrence, leading to disease progression 
and fatal metastasis. Treatments can shape these 
different states and the interconversion from a tole-
rant to a resistant state or vice versa. Understanding 
the dynamics of cellular states within the tumour is 
therefore of particular interest.

The epigenome appears to be a key determinant of 
the cancer cell state but its role in the dynamics of 
intratumour heterogeneity remains to be clarified. 
This led us to study the impact of therapy-induced 
epigenomic changes on the stability of tumor po-
pulation states, and its potential for sensitization to 
therapy.

Using single-cell RNA sequencing, we identified in-
tratumoral heterogeneity in the SUM 159 triple-ne-
gative breast cancer cell line. We discriminated 
specific surface markers for different intratumoral 
populations, allowing the identification of cell clus-
ters and sorting of these cells by flow cytometry. 
Different clusters within the same cell line showed 
functional differences in term of sphere-formation 
efficiency and resistance to radiotherapy. Spon-
taneous transitions between cell clusters were not 
observed in the absence of radiation, leading to the 
conclusion that cell plasticity is only observed under 
treatment.

In this study, we aim to determine how epigenetic 
changes might facilitate dynamic of cell-state tran-
sition by monitoring the evolution of cell phenotype 
under treatment with epigenetic drugs. We screen 
a library of 152 compounds targeting a large panel 
of epigenetic enzymes. We found that inhibition of 
DNMT by 5-azacytidine or decitabine caused a phe-
notypic conversion between usually self-maintained 
clusters. This conversion is supported by functional 
changes, with a decrease in sphere-formation effi-
ciency and radioresistance.

This work provides proof of concept that we can 
bypass epigenetic barrier to induce plasticity direc-
ted towards pre-existing radiosensitive cell states, 
opening up new therapeutic possibilities. The 
mechanistic aspects of this induced plasticity and 
the extrapolation to other breast cancer models 
need to be further investigated.
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Proprotein convertases or PCs are known to re-
gulate the malignant phenotype of colon cancer 
cells by different mechanisms, but their effects on 
cancer stem cells (CSCs) have been less widely in-
vestigated. Here, we report that PCs expression is 
altered in colon CSCs, and the inhibition of their 
activity reduced colon CSCs growth, survival, and 
invasion in three-dimensional spheroid cultures. 
In vivo, repression of PCs activity by the general PC 
inhibitors α1-PDX, Spn4A, or decanoyl-RVKR-chlo-
romethylketone (CMK) significantly reduced tumor 
expression levels of the stem cell markers LGR5 and 
NANOG that are associated with reduced tumor 
xenografts. Further analysis revealed that reduced 
tumor growth mediated by specific silencing of 
the convertase Furin in KRAS or BRAF mutated-in-
duced colon tumors was associated with reduced 
expression of LGR5 and NANOG compared to wild-
type KRAS and BRAF tumors. Analysis of various 
calcium regulator molecules revealed that while 
the calcium-transporting ATPase 4 (ATP2B4) is 
downregulated in all the Furin-silenced colon can-
cer cells, the Ca2+-mobilizing P2Y receptors, was 
specifically repressed in BRAF mutated cells and 
ORAI1 and CACNA1H in KRAS mutated cells. Taken 
together, our findings indicate that PCs play an 
important role in the malignant phenotype of 
colon CSCs and stem cell markers' expression and 
highlight PCs repression, particularly of Furin, to 
target colon tumors with KRAS or BRAF mutation.
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IDH-mutant Diffuse Low-Grade Gliomas (LGG, 
grade-II) are primary rare brain cancers arising from 
glial cells. They are subdivided into two main groups: 
oligodendrogliomas and astrocytomas. They grow 
at a slow rate but often degenerate into high grade 
gliomas (grade III or secondary glioblastoma). In 
70% of cases, these tumours carry a missense mu-
tation on isocitrate dehydrogenase 1 (IDH1) gene or 
IDH2 gene. The IDH1R132H mutation occurs in more 
than 90% of cases. Oligodendrogliomas additional-
ly have a co-deletion between chromosomes 1 and 
19 (1p/19q) whereas astrocytomas most often have 
ATRX and TP53 mutations. Previous studies show an 
important intratumoral cellular heterogeneity and a 
hierarchal and plastic cell state architecture in glio-
mas1. These tumours are composed by at least two 
cell subpopulations. One population have astrocyte 
phenotype whereas the other have oligodendro-
cyte phenotype2. Moreover, it was shown that wit-
hin these two states, there is a population of cycling 
cells, with stem-cell like properties, driving tumour 
growth3. 

This cellular heterogeneity defeats current thera-
pies. Despite surgery, radiotherapy and temozolo-
mide treatment, overall survival of patients remains 
poor. Furthermore, there are few cellular tools to 
study LGG in vitro. Development of these tools is es-
sential to find markers which will allow the isolation 
and the targeting of each subpopulation present 
within tumour. 

We have standardized methods to derive cells lines 
from patients tumoral resections. We were able by 
this method to generate a biobank of cell lines from 
patients affected by grade-II, grade-III gliomas or se-
condary glioblastomas. We first focused our studies 
on one cell line named LGG275 showing some cha-
racteristic of outer radial glial cells, a main progeni-
tor population of the developing human brain.
 
We hypothesize that 1) The LGG275 is composed by 
different subpopulations reflected in vitro the cel-
lular heterogeneity found in gliomas and 2) within 
LGG275 cell line, there are cells with stem-like pro-
perties allowing the maintenance of heterogeneity 
a hierarchical plastic states architecture in vitro. 

To investigate these hypothesises, we performed a 
single-cell RNA analysis on the LGG275 cell line. We 
have identified at least three cell subpopulations. 
As observed on tumours resections, we find an as-
trocyte-like subpopulation expressing markers such 
as CRYAB and APOE and an oligodendrocyte-like 
subpopulation expressing OLIG1 and OLIG22. A third 
population was constituted by cells in “proliferative” 
state expressing KI67 and PCNA. We confirmed by 
immunostaining the presence of these markers. 
Single-cell RNA analysis reveals that in these three 
main subpopulations, some cells express radial glial 
cells markers, such as HOPX, FABP7, and SCL1A34. 
Unexpectedly, GFAP (known to be an astrocyte and 
radial glial marker) transcript levels were not detec-
ted in single-cell RNA sequencing, but immunostai-
ning show that the protein was found in many cells. 
From this data, our first objective is to isolate each 
subpopulation. Then, we will study their ability to 
restore the initial heterogeneous population and 
test the hypothesis of a hierarchical plastic state ar-
chitecture existence in vitro. Finally, we will identify 
molecular pathways controlling the fate of cells
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Introduction and objectives
The oncogenic histone lysine methyltransferase 
SETDB1 is overexpressed in non-small cell lung 
cancer (NSCLC), but its role in the different cel-
lular subtypes is unknown. Indeed, tumors are a 
heterogeneous cellular population with different 
disease-fueling potentials, including cancer stem 
cells (CSCs) that are responsible for drug resis-
tance and cancer relapse. We and others showed 
that SETDB1 is essential for stemness; its KO is le-
thal in embryonic and adult stem cells but not in 
committed cells. We have confirmed that SETDB1 
is overexpressed in NSCLC (Cancers, 2019, Ref n°1), 
where its inhibition reverses the tumorigenic phe-
notype via unexpected mechanisms (NAR, 2022, 
Ref n°2). Our hypothesis is that SETDB1 partici-
pate in tumorigenesis and drug resistance mainly 
through the maintenance of CSCs.Methods
We used as a model A549 cells of lung adenocar-
cinoma. The main steps to assess whether SETDB1 
may have specific roles in the regulation of CSCs 
compared to non-CSCs are: 
1. CSCs enrichment: We used FACS sorting and a 
specific medium maintaining stemness of CSCs.
2. CSCs characterization: After the enrichment 
of CSCs we assessed the expression of stemness 
genes with RT-qPCR or the stemness with pheno-
typic assays such as tumorsphere and colony for-
mation assays; 
3. SETDB1 silencing: To study the role of SETDB1 we 
induce a loss of function of the protein with diffe-
rent techniques CrispR and siRNA, against SETDB1. 

Results
FACS sorting using EpCAM and CD44, and ALDH 
marker, leads to the enrichment of a subpopula-
tions of cells overexpressing the stemness genes 
Nanog, Oct-4, KLF4 and Sox2. We validated that a 
commercial media mTeSR or a home-made media 
containing growth factor (bFGF and hEGF) allow 
the sorted cells to maintain a high level of expres-
sion of stemness genes over time. We observed 
that SETBD1 loss of function induced a reduced nu-
mber of colonies in soft agar colony formation as-
says, and also a reduced number of tumorspheres 
and correlated this behavior with specific gene ex-
pression patterns. 

Discussion / Conclusion
SETDB1 expression is markedly increased in diffe-
rent types of cancers such as melanoma, lung 
(NSCLC and SCLC) and breast cancer. Currently, 
SETDB1 is considered as a potential therapeutic 
target in lung cancer treatment. Thus, a better un-
derstanding of the molecular mechanisms me-
diated by SETDB1 in lung cancer progression could 
be a valuable strategy for improved cancer therapy. 
We showed here that SETDB1 loss of function affect 
cancer stem cell properties, correlated with specific 
gene expression patterns. We are now investiga-
ting the role of SETDB1 in drug-resistance and CSC 
maintenance in three drug-resistant cell models. 
Identifying specific changes affected by altered 
SETDB1 expression in lung CSCs will be instrumen-
tal to design CSCs-targeted therapies in combi-
nation with conventional therapies which affects 
more the non-CSLCs
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Introduction and Objectives
Adult gliomas represent 40% of all brain tumors and 
are classified in 3 grades of malignancy with glioblas-
tomas, the deadliest. Among them, Diffuse IDH-mu-
tant Low-Grade (LGG) are slowly-growing tumors 
which often progress into secondary glioblastomas 
(GBM). These glial tumors are characterized by speci-
fic mutations such as a recurrent missense mutation 
in IDH1/2 gene coding for the isocitrate deshydroge-
nase, recurrent mutations in ATRX gene or a 1p/19q 
codeletion. Recently, our group has unveiled the 
presence of 2 non-overlapping tumoral cell popu-
lation, Sox9+ astro-like and Olig1+ oligo-like cells in 
IDH1-mutant tumors. We also highlighted the role of 
Notch signaling in their generation (1). This tumoral 
heterogeneity observed in patients may defeat cur-
rently used therapies. Further exploration of the mo-
lecular mechanisms and pathways underlying the 
generation of this cellular diversity are thus needed.
The endothelin signaling system encompassing 
cytokines (ET1-3) secreted by vessels and two recep-
tors (EDNRA and EDNRB) is highly expressed in the 
CNS (2). In the normal brain, this signaling is known 
to regulate stem cell properties such as maintenance 
and proliferation (3) but its role in gliomas and LGG 
is still ill-defined (4). We thus interrogated whether 
IDH-mutant gliomas and high grade express endo-
thelin receptors and explored whether this pathway 
influences tumoral proliferation and fate. 

Material and Methods
Here, we used cultures of low and high-grade glio-
mas to explore the expression and role of EDNRA 
and EDNRB by RNA-seq, RT-qPCR, Western blot and 
immunofluorescence. We used immunohistoche-
mistry to study the expression of these receptors on 
IDH1-mutant patient tumor cryosections. We inves-
tigated whether the expression of these receptors 
is regulated during differentiation of glioma cancer 

stem cells. Moreover, as these receptors are known 
to be coupled with G-protein and generate calcium 
flux, we studied them with HTRF technology (Ho-
mogeneous Time Resolved Fluorescence) based on 
FRET (Fluorescence Resonance Energy Transfer).

Results
We found that the EDNRB is the main receptor ex-
pressed in IDH1-mutant low-grade glioma and 
high-grade gliomas cells. Stainings performed on 
live and fixed cells showed that this receptor is dis-
tributed between the membrane and intracellular 
compartments in glioma cells. By treating low-grade 
glioma cells with ET-1 and ET-3, we found that these 
cytokines reduce proliferation in two IDH1-mutant 
low grade and two non-IDH1 high-grade glioma cell 
lines whereas no effect was observed in one high-
grade IDH1-mutant cell line which barely expresses 
EDNRB. HTRF showed that stimulation of EDNRB in-
duced Ca2+ intracellular signalling. 

Conclusion
Endothelin receptors are present in low- and high-
grade gliomas and regulate properties of glioma 
cells. Our current work aims at deciphering the 
downstream signaling cascade and target genes 
mediating endothelin effects on glioma cells.
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Therapeutic resistance remains one of the 
main challenges in the oncology field, despite a 
constantly evolving therapeutic arsenal. Numerous 
studies converge to show that cancer stem cells 
(CSCs) drive cancer development, tumor recur-
rences and metastases. The development of new 
therapies targeting specifically CSCs is therefore a 
major issue in oncology. In this study we screened a 
library of 1200 FDA-approved molecules to repurpo-
se old drugs as new anti-CSC therapy. We identify 
an antibiotic, the Nifuroxazide (NIF), as a promi-
sing anti-CSCs compound in breast, colon, gastric 
and pancreatic cancers. Using click chemistry, we 
demonstrated that NIF is stabilized in the nucleus 
of CSCs but not in mature cancer cells following a 
specific metabolisation of NIF by the aldehyde de-
hydrogenase (ALDH) exclusively express in bCSCs. 
NIF metabolites bind to DNA and generate toxic 
DNA interstrand crosslink. To explore the potential 
of repurposing NIF as a new therapeutic approach 
to treat cancers we perform a pre-clinical trial using 
our living biobank of patient derived xenografts 
(PDX). Treatment with NIF alone or in combination 
with chemotherapy (docetaxel) decreases the pro-
portion of CSCs in residual tumors post-treatment. 
NIF may represent a new class of anti-CSC therapy 
with a specific bio-activation in CSC leading to 
generation DNA damaging metabolites. Further 
pre-clinical validation will be needed to propose 
this repurposing strategy for the treatment of solid 
tumors. 

Keywords: 
Breast cancer, Cancer stem cell, Drug repurposing, 
Click chemistry, Inter crosslink
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Cell plasticity is a hallmark of cancer, which enables 
tumors to adapt to transient biochemical and phy-
sical changes. In tumors of mesenchymal origin this 
process is called epithelial-mesenchymal plasticity 
(EMP). This includes both epithelial-mesenchymal 
transition (EMT) and its reverse counterpart called 
mesenchymal-epithelial transition (MET). EMP has 
been shown to be implicated in metastasis forma-
tion and resistance to chemotherapy. We have re-
cently shown that during EMT, the mesenchymal 
state of cells is maintained by iron through oxida-
tive demethylation of the histone mark H3K9me2. 
However, the fundamental mechanisms that regu-
late the epithelial state of cells during EMT as well 
as the mechanisms underlying MET remain unde-
rexplored. Here we investigate the role of iron in the 
regulation of EMP and show that iron is required for 
the epigenetic regulation of epithelial genes during 
EMT through oxidative demethylation of H3K4me3. 
We show that during MET, iron acts as a regulator 
of mesenchymal genes by promoting their trans-
criptional repression through H3K4me3 demethyla-
tion. By combining transcriptomics and quantitative 
proteomics, we uncover the iron-dependent epige-
netic signature of EMP that involves a distinct set of 
iron-dependent demethylases, previously shown to 
be dysregulated in cancers. Collectively, our study 
provides the mechanistic rationale of how epigenetic 
changes are regulated during EMP by iron, providing 
new means of therapeutic intervention targeting 
this metal in canceret genes mediating endothelin 
effects on glioma cells.

Keywords:  
Cell plasticity, Iron metabolism, epigenetic, cancer, 
small molecule
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