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Track-record  
• RESEARCH EXPERIENCE AND MAJOR ACHIEVEMENTS 
I studied Cell and Molecular Biology in France. I earned my PhD at the Nice Sophia Antipolis University, where I 
tested the therapeutical efficacy of a NF-κB pathway inhibitor to target the cancer stem cells in Acute Myeloid 
Leukemia. I joined the Cancer Research UK in London under the mentorship of Pr Dominique Bonnet who 
pioneered the field Cancer Stem Cells (CSCs). As a project leader I identified a new independent prognostic factor 
for AML patient, as a team manager, I discovered a new mechanism of drug resistance for the CSCs, consisting 
of the transfer of mitochondria from the tumor microenvironment to the leukemic cells and more recently I 
evidenced that CSC relying on mitochondrial metabolism have a particular lipidome which makes their membrane 
more fragile to cold exposure. Since 2022, I have been carrying out consulting activity with the company BiVictriX 
Therapeutics Ltd., based in the United Kingdom, which is developing an immunotherapy based on a bispecific 
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• Center for Cell-based Therapy, Regional Blood Center of Ribeirão 
Preto University of São Paulo Brazil. “OxPhos-driven leukemic stem 
cells are uniquely sensitive to cold exposure” May 2022  Ribeirão 

Preto, Brazil. 
• MeetOchondrie network May 2017  Hossegor, France. Special 
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mito  (mitochondria transfer)"  

• ESH 2nd Scientific Workshop on The Tumour Environment in 
Haematological Malignancies. Berlin, Germany – April 7-9, 2017 
“Mitochondrial transfer” 

• 37th Congress of the French Society of Haematology- Paris, 
France - April 15-17, 2017  
“Chemotherapy stimulates protective transfer of mitochondria from 
bone marrow stromal cells to acute myeloid leukemia cells" 

• Charles University Faculty of Science, Prague Czech Republic. 
Sept 2016. Milan Hašek Auditorium at Institute of Molecular 
Genetics of the Czechoslovak Academy of Sciences. “Protective 
mitochondrial transfer“ 

• 32ème Annual Congress of the French Society of Hematology 
Avril 2015, Paris La Défense. The ex vivo frequency and dynamic 
behavior of Leukemic Stem Cells predicts the clinical outcome of 
patients with Acute Myeloid Leukemia  

• European School of Haematology- Cancer Stem Cells:
  Malignant Stem Cells and their microenvironment. Second 
Scientific Workshop. Mandelieu, France - April 25-27, 2013 
Investigating and monitoring drug-resistant human Acute Myeloid 
leukemia initiating cells in a niche-based culture system.  
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uniquely sensitive to cold exposure” 

• Seminar EVOTEC-SANOFI Toulouse, France, September 2016. 
Protective mitochondrial transfer from bone marrow stromal to 

Leukemia Initiating Cells during chemotherapy.  

• External seminar of Cancer Research Center of 
Toulouse UMR1037-INSERM Toulouse France, 
October 2012. Ex vivo maintenance human normal 

and leukemia-initiating cells (LICs): Implications for 

studying chemoresistant LICs  

News Release 2-Jun-2016  

Study provides new clues to 
leukemia resurgence after 
chemotherapy  
American Society of Hematology 
(WASHINGTON - June 2, 2016) - For the first time, 
researchers have discovered that some leukemia cells 
harvest energy resources from normal cells during 
chemotherapy, helping the cancer cells not only to 
survive, but actually thrive, after treatment 

Press release from the ABC spanish 
national newspaper (2016) 

Invitation by Cell-Press review 
Trends in Cancer to produce of 
review related to Mitochondria 
Transfer (2017) 

First Study establishing the expansion 
rate of the leukemic progenitor as a new 
pathophysiological criteria and 
prognostic factor (2016). 

Patent to distinguish measure and 
kill OXPHOS versus 
GLYCOLYTIC cells (2020) 

First article reporting an ex-vivo method 
equivalent to the xenograft model 
allowing study the leukemic stem cells. 
(2014) 

Press release from the American 
Association for the Advancement of 
Science AAAS Blood newsroom (2016) 

Guest Seminar Invitation at the 
Instituto do Câncer do Estado de 
São Paulo (2022). 
 

Press release from the American 
Association for Cancer Research In the 
Spotlight August 01 2023: “Turning 
Down the Temperature on Leukemia 
Stem Cells” by Courtney L. Jones. 
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Review

Mitochondrial Transfer in the Leukemia
Microenvironment
Emmanuel Griessinger,1,* Ruxanda Moschoi,1 Giulia Biondani,1 and Jean-François Peyron1,*

The bone marrow microenvironment (BMME) is a complex ecosystem that
instructs and protects hematopoietic stem cells (HSCs) and their malignant
counterparts, the leukemia-initiating cells (LICs). Within the physical and
functional crosstalk that takes place between HSCs, LICs, and the BMME,
the transfer of organelles and of mitochondria in particular is an important
new intercellular communication mode in addition to adhesion molecules,
tunneling nanotubes (TNTs), and the paracrine secretion of cytokines,
(onco)metabolites, and extracellular vesicles (EVs). In this review we dis-
cuss the functional roles of mitochondrial transfer between BMME and
leukemic cells, and give insights into this new mechanism of drug resis-
tance whose understanding will open the way to innovative anticancer
adjuvant treatments.

The Bone Marrow: A Cradle for Normal Hematopoietic and Leukemic Cells
The bone marrow (BM) is the source of blood and immune cells generated by HSCs which are
the best-characterized adult stem cells in mammals. HSCs simultaneously self-renew to
maintain their pool and, owing to their multilineage differentiation capacity, also produce
mature specialized blood cells via a series of lineage-restricted progenitors and precursor
intermediates [1]. One single HSC is able to fully reconstitute the entire hematopoietic system of
a lethally irradiated recipient [2]. The concept of a BM niche that controls the stemness identity
of HSCs was introduced in the early 1970s by John Trentin [3,4] and Raymond Schofield [5].
Acute leukemia arises from [446_TD$DIFF]LICs that also reside in the BM. The leukemic cell population is
organized in a hierarchical architecture with LICs at its apex. LICs represent an infrequent cell
population that self-renews and gives rise to an immature progeny recapitulating the bulk
leukemic population, invading and perturbing normal hematopoietic tissues [6]. Because of
their shared properties with normal HSCs, LICs were also named leukemic stem cells. HSCs
and LICs physically and functionally interact with the BM niche [7]. Leukemic patient samples
cannot be maintained ex vivo over an extended period of time unless they are seeded on
established BM stromal cells or in conditions recapitulating BM support [8–12].

These interactions take place through adhesion molecules, paracrine communication via
secreted cytokines and chemokines, and exchanges of EVs, nutrients, and (onco)metabolites
[13,14] (Figure 1). Stemness gene expression signatures for HSCs [15] or LICs [16] encompass
genes involved in cell–cell and cell–matrix contacts. Moreover, the capacity to interact with the
BMME is a genuine trait of LICs that is linked to the clinical outcome of patients (Box 1), and
targeting LIC homing capacity in vivo with a monoclonal antibody to the hyaluronan binding
receptor CD44 can affect their survival [17]. Leukemic cells modify their niche into an abnormal
[447_TD$DIFF]but favorable environment, although this can be detrimental for HSC development [18,19]. LICs
eventually outcompete and overcome HSCs, particularly during relapse [20]. The leukemic

Trends
Organelle exchanges between leuke-
mic cells and the BM niche shape the
microenvironment and contribute to
leukemia resistance to chemotherapy.

Mitochondria transfer between bone
marrow mesenchymal stem cells and
leukemic cells is increased by
chemotherapy.

Uptake of mitochondria [445_TD$DIFF]by leukemic
cells increases oxidative phosphoryla-
tion and favors survival.
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Frequency and Dynamics of Leukemia-Initiating
Cells during Short-term Ex Vivo Culture Informs
Outcomes in Acute Myeloid Leukemia Patients
Emmanuel Griessinger1,2, FernandoAnjos-Afonso3, JacquesVargaftig2, DavidC.Taussig4,
François Lassailly2,†, Thomas Prebet5,V!eronique Imbert1, Marielle Nebout1, Norbert Vey5,
Christian Chabannon5, Andrew Filby6, Frederic Bollet-Quivogne7, John G. Gribben4,
Jean-François Peyron1, and Dominique Bonnet2,3

Abstract

Acute myeloid leukemia (AML) is sustained by a subpopula-
tion of rare leukemia-initiating cells (LIC) detected in the xeno-
graft assay by their capacity to self-renew and to generate non-LICs
in vivo. The xenotransplantation model captures functional prop-
erties of LICs that have clinical prognostic value. However, the
long duration of this in vivo assay has hampered its use as a
prognostic tool. Here, we show, using an ex vivo coculture system,
that intermediate and poor risk AML patient samples at diagnosis
have a 5 to 7 times higher frequency of leukemic long-term
culture-initiating cells (L-LTC-IC) compared with the good risk

group. We defined a fluorescence dilution factor (FDF) parameter
that monitors sample proliferation over 1 week and established a
strong correlation of this parameter with the L-LTC-IC frequency.
A higher FDF was found for poor prognostic AMLs or for samples
capable of engraftingNSGmice comparedwith good risk AMLs or
nonengrafters. Importantly, FDF could classify normal karyotype
intermediate risk patients into two groups with a significant
difference in their overall survival, thus making this nongenetic
and non-in vivo approach a new clinically relevant tool for better
diagnosis of AML patients. Cancer Res; 76(8); 2082–6. !2016 AACR.

Introduction
Leukemia-initiating cells (LIC) are functionally defined as SCID

leukemia–initiating cells (SL-IC; ref.1) in the xenograft assay by
their capacity to initiate, propagate, and maintain bulk leukemia
in vivo (2). Functional studies of SL-ICs showed a correlation
between the xenograft capacity of a sample as well as "stem cell
gene signature",withpoorer overall survival (OS) of the respective
patient (3, 4).

In addition, an acute myeloid leukemia (AML) mathematical
modeling of LIC proliferation was also separately shown to
correlate with the clinical outcome of the patients (5). Thus, LIC
quantification and their monitoring could have strong clinical
applications, especially for intermediate-risk normal karyotype
AMLs that account for approximately 60% of all AML patients.
However, the recently described heterogeneous SL-IC phenotypes
(4, 6–8) combinedwith the long duration of the in vivo assay have
prevented the use of the xenograft assay as a prognostic tool. We
have recently optimized a niche-like coculture system capable of
maintaining SL-IC ex vivo and demonstrated that the frequency of
leukemic long-term culture-initiating cells (L-LTC-IC) is a reliable
functional readout for monitoring the activity of LICs (9). Here,
we combine this assay with a cell proliferation analysis to dem-
onstrate that the expansion rate of L-LTC-ICs in this culture system
strongly correlates with patient clinical outcome.

Materials and Methods
Cells

AML cells were obtained at St Bartholomew's Hospital
(London, United Kingdom) and from the Institutional Tumor
Bank at Institut Paoli-Calmettes (Comprehensive Cancer Centre,
Marseille, France). For both sources, ethical approvals have been
granted (via the East London Ethical Community or under autho-
rization #AC-2013-1905 granted by the French Ministry of
Research, respectively). Details of patient samples are listed in
Supplementary Table S1. Coculture experiments were performed
as described previously (9) on confluent MS-5 monolayers. The
stromal cell line MS-5 was purchased from German Collection of
Microorganisms andCell Cultures (http://www.dsmz.de) in 2012
andweremaintained in IMDM10%FCSþ 2mmol/L L-glutamine
and used between passage 3 to 5.
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A Niche-Like Culture System Allowing the
Maintenance of Primary Human Acute Myeloid
Leukemia-Initiating Cells: A New Tool to Decipher
Their Chemoresistance and Self-Renewal
Mechanisms

EMMANUEL GRIESSINGER,a FERNANDO ANJOS-AFONSO,a IRENE PIZZITOLA,a KEVIN ROUAULT-PIERRE,a

JACQUES VARGAFTIG,a DAVID TAUSSIG,b JOHN GRIBBEN,b FRANÇOIS LASSAILLY,a DOMINIQUE BONNETa

Key Words. Acute myeloid leukemia x Leukemia initiating cells x
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ABSTRACT

Acute myeloid leukemia-initiating cells (LICs) are responsible for the emergence of leukemia and re-
lapse after chemotherapy. Despite their identification more than 15 years ago, our understanding of
the mechanisms responsible for their self-renewal activity and their chemoresistance remains poor.
The slow progress in this area is partly due to the difficulty of studying these cells ex vivo. Indeed,
current studies are reliant on xenotransplantation assays in immunodeficient mice. In this paper,
we report that by modeling key elements of the bone marrow niche using different stromal feeder
layers and hypoxic culture conditions, we can maintain LICs over at least 3 weeks and support their
self-renewal properties demonstrated through primary and secondary successful xenograft. We pro-
vide a proof of principle that this niche-like culture system can be used to study LIC chemoresistance
following in vitro cytarabine treatment similarly to the xenograft chemotherapy model. We found
that although LICs are believed to be more chemoresistant than non-LICs, functionally defined LICs
are not enriched after cytarabine treatment, and heterogeneity in their resistance to treatment
can be seen between patients and even within the same patient. We present a culture system that
can be used as an in vitro surrogate for xenotransplantation and that has the potential to dramatically
increase the throughput of the investigation of LICs. Thiswould further provide themeans bywhich to
identify and target the functionality of the different signaling pathways involved in the maintenance
and resistance of LICs to improve acute myeloid leukemia treatments. STEM CELLS TRANSLATIONAL

MEDICINE 2014;3:1–10

INTRODUCTION

Acutemyeloid leukemia (AML) is characterized by
the infiltration of leukemic myeloid blasts in the
bone marrow that have been arrested at various
maturation steps. Although 50%–75% of patients
respond to induction chemotherapy and enter re-
mission, the majority relapse, and only 20%–30%
of patients can achieve long-term survival [1].
One established paradigm of leukemogenesis is
that leukemia arises from themalignant transfor-
mation of a single cell and ismaintainedby a small
populationof leukemia-initiating cells (LICs) [2, 3].
It is commonly admitted that LICs are typically
chemoresistant due to intrinsic and extrinsic pro-
perties [4]. Efficient DNA repair pathways, high
levels of drug efflux pumps, and quiescence ac-
count for intrinsic drug resistance, whereas
environment-mediated drug resistance arises from
a complex interplay between soluble factors and cell
adhesion-mediated drug-resistance mechanisms

[5, 6]. Chemoresistant LICs are responsible for
AML relapse and represent the targets for future
innovative therapies [7].

Techniques currently available for culturing
primary AML samples have been adapted from
standardized protocols for culturing normal he-
matopoietic cells. Although in vitro short-term
liquid culture and colony assays allow quantifica-
tion of leukemic precursors, the identification of
LICs is still dependent on in vivo xenograft assays
in which LICs can self-renew and have the ability
to recapitulate the disease. Although new immu-
nodeficient mice strains and xenograft chemo-
therapy protocols are being defined [8], the
AML xenograft assay still requires a time frame
of 8–20 weeks before analysis and remains pro-
spectively blindwith little ability tomonitor prog-
ress. These limitations make its use difficult for
routine drug screening and investigation of the
role of specific genes and pathways involved in
LIC maintenance. The recently established LIC
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