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PRESIDENT EDITORIAL 
 

 
 

 
Over the past two decades, although dealing with important 

basic and clinical challenges, the field of red cell biogenesis 

has become neglected among young physicians and the 

scientific community. Thus, the GR-Ex project stemmed from 

the idea to both unite the most talented research groups 

working in the field of erythropoiesis and to attract new 

scientists from other fields to the red blood cells and iron 

metabolism. Today, the GR-Ex consortium has emerged as a 

working force of 18 research groups, including clinicians and 

start up companies, some being new to red cells. The core of 

the GR-Ex is to promote the means to comprehensively investigate physiology and 

pathologies of erythropoiesis, red cells and iron metabolism, and to develop new 

therapeutic protocols capable of providing an added value in terms of innovation and 

collaboration with biotechnological or industrial structures. We are confident that our 

initiative will benefit the red cell community and that our efforts will impact other fields 

of research such as oncology and metabolic and cardiovascular diseases. We anticipate 

that the diverse expertise of the GR-Ex will translate into faster development of new 

therapeutic strategies targeting various red cells pathologies or iron metabolism disorders 

to the benefit of the patient. Ultimately, the success of GR-Ex will be to perpetuate the 

initial investments and to increase awareness of the field of hematology. 

  

©Laurent Attias for Imagine  
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THE GR-EX PROJECT 
 

The French Ministry of Education and Research labeled the GR-Ex project 

Laboratory of Excellence (Labex) in March 2012. The Labex is supported by the PRES 

Sorbonne Paris Cité with an endowment of 8.5 millions Euros for a period of 8 years. 

The funding is part of the program “Investissements d’Avenir” initiated under the 

previous French government to support scientific excellence and innovative research. 

 

The GR-Ex project is a multi-institutional and multidisciplinary project focusing 

its research on anemia, malaria and red blood cell disorders including sickle cell disease 

(SCD), thalassemia, iron-deficiency anemia and myelodysplastic syndromes. It 

assembles an exceptionally cohesive and integrated group of eighteen internationally 

recognized scientific teams that work closely with clinical and epidemiological groups 

and transfusion centers to find effective solutions to manage and solve these major health 

problems.  

 

The project is organized around 4 research/clinical work packages (WP), which focus 

on different aspects of normal and pathologic red blood cells with an emphasis on 

translational research in non-malignant hematology.  

• The WP1 aims at understanding regulation of normal and disordered erythropoiesis at 

the molecular and cellular level to generate knowledge that will be directly applicable 

to a better management of myeloproliferation, myelodysplasia, and inherited and 

acquired anemias.   

• The WP2 will focus on the exploration of the molecular mechanisms involved in 

maintaining body iron balance through the cross-talk between erythropoiesis, hepcidin 

synthesis and iron availability and their applications to tissue hypoxia, anemias of 

chronic disorders and of aging.  
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• The WP3 will focus on two major global health priorities, sickle cell anemia and 

malaria. Major objectives will be the development of new therapeutic strategies based 

on adhesive and rheological properties of the abnormal blood cells. Furthermore, new 

epidemiologic studies will focus on the development of large cohorts of SCD 

individuals in three African countries to evaluate the morbid impact of SCD on 

cardiovascular, renal and neurological functions. 

•  The WP4 will focus on improvement of transfusion practices and development of 

novel blood substitutes. 

The GR-Ex will also develop a “European Red Cell School” tailored to the 

development of high-level early-career hematology scientists. The program will ensure 

sustained high level of competence in the diagnostics and management of red cell 

pathologies through MD and graduate programs. 
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GOVERNANCE 
 

The Scientific Coordinator, Olivier Hermine will be assisted by two Associate Directors, 

Caroline Le Van Kim and Carole Beaumont and a Project Manager, Joël Veiga. The 

Work Package leaders will be in charge of supervising their respective activities, with 

clearly defined tasks. 

 

 The Scientific Coordinator, the Associate Director and all leaders of the four Work 

Package will chair an Executive Committee (EC) that will be the decision-making body 

of the consortium and, in particular, will be responsible for updating the project strategy 

on the basis of achieved results. A Scientific Advisory Board (SAB) composed of five 

internationally renowned scientists from the RBC field will assist the EC by acting as a 

consultation body that will primarily assess and critically evaluate the project’s progress 

and advise on the integration of new research groups. The Director of the New York 

Blood Center Research Institute, the Professor Narla Mohandas will chair the SAB. The 

board will also include the following renowned scientists: the Professor Velia Fowler 

from the Scripps Research Institute in California (USA), the Professor Yves Beuzard 

from the CEA (France), the Professor Ioav Cabantchik from the Hebrew University of 

Jerusalem (Israel) and the Professor Mario Cazzola from the University of Pavia (Italy).  
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THE SCIENTIFIC PARTNERS 
 
The labex GR-Ex is comprised of 18 French based research groups: 7 laboratories 

affiliated with Paris Descartes University, 4 affiliated with Paris Diderot University St-

Denis La Réunion-Antilles-Guyane, 2 affiliated with Pierre et Marie Curie University, 2 

affiliated with Paris Sud 11 University, 1 laboratory at Montpellier 2 University and 1 

laboratory at Bordeaux Segalen University.  

 

PARIS DESCARTES UNIVERSTITY 

CNRS UMR 8147 ........................................................................................ Olivier Hermine 

INSERM UMR-S1016 ................................................................................ Patrick Mayeux 

 ...................................................................................................................... Sophie Vaulont 

IRD UMR D216 ........................................................................................ Philippe Deloron 

INSERM PARCC UMR-S970 ....................................................................... Xavier Jouven 

 ............................................................................................................. Pierre-Louis Tharaux 

INSERM UMR-S845 ............................................................................. Gérard Friedlander 

 

PARIS DIDEROT UNIVERSTITY 

INSERM UMR-S665 ................................................................ Yves Colin/C. Le Van Kim 

 ............................................................................................................... Catherine Etchebest 

 ....................................................................................................................... Benoît Gamain 

INSERM UMR-S773 ................................................................................ Carole Beaumont 

INSERM UMR-S967 .............................................................................. Paul-Henri Roméo 

 

PIERRE ET MARIE CURIE UNIVERSITY 

INSERM UMR-S938 .......................................................................................... Luc Douay 

INSERM UMR-S945 ....................................................................................... Pierre Buffet 
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PARIS SUD 11 UNIVERSITY 

INSERM UMR-S1009 ....................................................................... William Vainchenker 

INSERM UMR-S779 ................................................................................. Michael Marden 

 

MONTPELLIER 2 UNIVERSITY 

CNRS UMR 5535 ...................................................................... Naomi Taylor/Marc Sitbon 

 

BORDEAUX SEGALEN UNIVERSITY 

INSERM UMR-S1035 ........................................................................... Hubert de Verneuil 
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Partner 1 
 
OLIVIER HERMINE – UMR 8147 
Email: ohermine@gmail.com 
 
Physiopathology and treatment of hematological disorders 
 

The Hematology Department at Necker Children’s Hospital 
covers several aspects of the physiopathology and treatment 
of malignant and benign hematologic disorders, including 
adult patients with primary and secondary 
immunodeficiencies and mastocytosis. The Department is 
associated with a research group (CNRS UMR 8147) that will 
join the Institut Hospitalo-Universitaire (IHU) Imagine, with 
the National Reference Center for Mastocytosis 
(CEREMAST) and the National Reference Center for 
Immunodeficiency (CEREDIH) and hemoglobinopathy. It 
works in close collaboration with the Necker pathology, 
biology, cytogenetics, molecular biology, biotherapy, 
infectious disease, transplantation and pediatric immune 
hematology departments. Our group aims at defining new 

therapeutic strategies for hematologic disorders, on the basis on in vitro and in 
vivo studies of rare diseases. 
 
Erythropoiesis regulation and its clinical applications 
 
We were the first group to demonstrate that while caspase activation is known to be 
important for the apoptosis of erythroid cells, it is also critical for erythroid 
differentiation. In this field, the current projects are (i) deciphering the mechanisms of 
caspase activation and identifying caspase targets and parameters that control caspase 
activity and the availability of their targets during differentiation, (ii) characterizing the 
involvement of caspases in the physiopathology of erythroid disorders such as 
thalassemia, myelodysplastic syndrome and congenital erythroblastopenia, (iii) 
determining the potential therapeutic application of caspases triggering in erythropoiesis 
disorders. By studying iron metabolism in erythroid cells, we have shown that the 
transferrin receptor (TfR) activation induces cell signaling. This finding led to the 
demonstration that TfR could be a target for treatment of cancer cells that express high 
levels of this receptor by inducing the apoptosis and differentiation of leukemic cells, for 
example. In collaboration with the biotech company Inatherys, we are currently 
developing an antibody directed against TfR receptor, with a view to treating malignant 
diseases. 

Research Group 
 
Principal Investigator: 
Olivier HERMINE 
 
Senior Physicians: 
Jean-Benoit ARLET 
Jean-Antoine RIBEIL 
 
Junior Physicians: 
David SIBON 
 
Research Scientists: 
Geneviève COURTOIS 
Francine COTE 
Ivan CRUZ MOURA 
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Our recent findings revealed that unexpectedly 5-HT is of pivotal importance to ensure 
normal erythropoiesis and red blood cell (RBC) survival in mice Tph1−/− mice display 
morphological and cellular features of ineffective erythropoiesis that we will explore. We 
will test whether serotonylation of proteins, interactions with cognate receptors that are 
expressed in erythroblasts, or modulation of the modulation of ROS/TGF-β axis are 
involved in preventing ineffective erythropoiesis. We will investigate whether 5-HT 
expression plays a role in erythroid disorders including thalassemia, MDS and primary 
myelofibrosis (MF) since our preliminary data suggest that old Tph1−/− mice develop 
MF.Our data indicate that Tph1−/− RBCs are damaged or abnormal since they are more 
sensitive to phagocytosis in vitro and have a reduced circulating half-life in vivo. Our 
preliminary results suggest that addition of 5-HT to mouse and human RBCs in vitro, 
extends their shelf live. Mechanisms involved will be studied and hopefully will lead to 
new concepts and techniques regarding RBCs production/survival. 
 
Some epidemiological studies and experimental evidences suggest that old red blood 
cells transfused may be detrimental. We will investigate epidemiologically in patient’s 
cohort the role of transfusion in outcome of hematological malignancies (Leukemia, 
Multiple myeloma, Lymphoma) and in mice models we will try to assess the impact of 
new and old red blood cells treated or not by 5-HT or derivative compounds in the 
development of tumors and or in the control of autoimmune diseases and mechanisms 
involved. 
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Partner 2 
 
YVES COLIN ARONOVICZ and CAROLINE LE VAN KIM – UMR-S665 
Email: yves.colin-aronovicz@inserm.fr and caroline.le-van-kim@inserm.fr 
Website: http://www.u665.inserm.fr 
 

Our group is constituted by researchers of Team 1 of 
the University Paris Diderot /INSERM research unit 
UMR-S665. We are located both in Paris at the 
National Institute of Blood Transfusion and in Pointe-
à-Pitre in the French Caribbean. Our team was 
pioneer in the study of the genetic and biochemical 
aspects of membrane proteins carrying blood group 
antigens that were at the time defined only through 
their serological reactivity. Initial studies mainly 
focused on deciphering the genetic basis of blood 

group systems polymorphisms and the molecular defects 
in red blood cell (RBC) membrane hereditary disorders. 
The need for such studies resided in the fact that many 
blood group antigens are involved in hereditary or 
acquired RBC disorders and in incompatibilities causing 
transfusion accidents or RBC destruction in adults and 
newborn. Recently, we have shown that some of these 
proteins carrying blood group antigens possess gas 
transport activities and cell adhesion properties that can 
play a role in the abnormal adhesion of red blood cells to 
vascular endothelium in a number of pathological 
conditions such as Sickle Cell Disease (SCD), 
Polycythemia Vera (PV) and Hereditary Spherocytosis 
(HS). 
 
 
 
 

 
Our projects within the Labex aim to: 
 

• Decipher the molecular, cellular and genetic factors that are involved in the vaso-
occlusion crisis and modulate the severity of the sickle cell disease. 

• Characterize the different activation processes responsible of the abnormal 
adhesion and rheological properties of red blood cells in non hematological, per se, 

Research Group 
 
Principal Investigator: 
Caroline LE VAN KIM 
Yves COLIN ARONOVICZ 
 
Senior Physicians: 
Jacques ELION 
 
Research Scientists: 
Olivier BERTRAND 
Philippe CONNES 
Wassim EL NEMER 
Mélanie FRANCO 
Marie-Dominique HARDY-
DESSOURCES 
Claudine LAPOUMEROULIE 
Isabelle MOURO-CHANTELOUP 
Anne FILIPE 
Mariano OSTUNI 
Marc ROMANA 
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pathologies as diverse as Gaucher disease and Central Retinal Vein Occlusion that 
have in common non-explained ischemic events. 

• Study the expression, assembly and function of major transporters/channels in 
normal and pathological red blood cells (membrane defect-associated anemia, 
Plasmodium falciparum infected RBCs). 

• Use our expertise on membrane proteins function to fully characterize the 
properties of RBC treated with different modifying agents in order to optimize 
RBC blood transfusion. 

 
 

Expertise 
1. Characterization of the adhesion and transport properties in normal and pathological red cells 
2. Privileged access to rare blood banks  
 
Main publications 
1. Wautier MP, El Nemer W, Gane P, Rain JD, Cartron JP, Colin Y, Le Van Kim C, and Wautier JL. Increased 

adhesion to endothelial cells of erythrocytes from patients with polycythemia vera is mediated by laminin 
alpha5 chain and Lu/BCAM. Blood 110: 894-901, 2007.  

2. Sohet F, Colin Y, Genetet S, Ripoche P, Metral S, Le Van Kim C, and Lopez C.Phosphorylation and 
ankyrin-G binding of the C-terminal domain regulate targeting and function of the ammonium transporter 
RhBG. J Biol Chem 283: 26557-26567, 2008. 

3. Bartolucci P, Chaar V, Picot J, Bachir D, Habibi A, Fauroux C, Galacteros F, Colin Y, Le Van Kim C, and 
El Nemer W. Decreased sickle red blood cell adhesion to laminin by hydroxyurea is associated with 
inhibition of Lu/BCAM protein phosphorylation. Blood 116: 2152-2159, 2010. 

4. Mouro-Chanteloup I, Cochet S, Chami M, Genetet S, Zidi-Yahiaoui N, Engel A, Colin Y, Bertrand O, and 
Ripoche P. Functional reconstitution into liposomes of purified human RhCG ammonia channel. PLoS One 
5: e8921, 2010. 

5. Chaar V, Picot J, Renaud O, Bartolucci P, Nzouakou R, Bachir D, Galacteros F, Colin Y, Le Van Kim C, 
and El Nemer W. Aggregation of mononuclear and red blood cells through an {alpha}4{beta}1-Lu/basal cell 
adhesion molecule interaction in sickle cell disease. Haematologica 95: 1841-1848, 2010. 

6. Durpes MC, Hardy-Dessources MD, El Nemer W, Picot J, Lemonne N, Elion J, Decastel M. Activation state 
of alpha4beta1 integrin on sickle red blood cells is linked to the duffy antigen receptor for chemokines 
(DARC) expression. J Biol Chem 286: 3057-3064, 2011. 

7. Laurance S, Lansiaux P, Pellay FX, Hauchecorne M, Benecke A, Elion J, Lapoumeroulie C. Differential 
modulation of adhesion molecule expression by hydroxycarbamide in human endothelial cells from the 
micro- and macrocirculation: potential implications in sickle cell disease vaso-occlusive events. 
Haematologica  96:534-42, 2011. 

8. Wautier MP, Heron E, Picot J, Colin Y, Hermine O, and Wautier JL. Red blood cell phosphatidylserine 
exposure is responsible for increased erythrocyte adhesion to endothelium in central retinal vein occlusion. J 
Thromb Haemost 9: 1049-1055, 2011. 

9. Genetet S, Ripoche P, Picot J, Bigot S, Delaunay J, Armari-Alla C, Colin Y, and Mouro-Chanteloup I. 
Human RhAG ammonia channel is impaired by the Phe65Ser mutation in overhydrated stomatocytic red 
cells. Am J Physiol Cell Physiol 302: C419-428, 2012. 

10. Lamarre Y, Romana M, Waltz X, Lalanne-Mistrih ML, Tressieres B, Divialle-Doumdo L, Hardy-Dessources 
MD, Vent-Schmidt J, Petras M, Broquere C, Maillard F, Tarer V, Etienne-Julan M, Connes P. 
Hemorheological risk factors of acute chest syndrome and painful vaso-occlusive crisis in sickle cell disease. 
Haematologica 2012 
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Partner 3 
 
CATHERINE ETCHEBEST – UMR-S665 
Email: catherine.etchebest@univ-paris-diderot.fr 
Website: www.dsimb.inserm.fr 
 
DSIMB – Dynamics of Structure and Interactions of Macromolecules in Biology 
 

DSIMB is a bioinformatics team in Inserm unit UMR-S665, 
whose focus is the study of membrane proteins involved in 
red blood cell. The long-term scientific goal of DSIMB is to 
elucidate the mechanisms governing important functions of 
proteins of the RBC membrane, using information from 
protein structure and dynamics. Both membrane protein 
structure and dynamics determine RBC function, but they are 
difficult to characterize experimentally. Our expertise in 
structural bioinformatics and molecular simulations enables us 
to tackle both aspects: the prediction of 3D protein structures 
and the exploration of their dynamics.  
Part of our activity is devoted to the development of 
methodologies to characterize membrane systems. These 
methodologies aim at predicting structural and functional 
properties of membrane proteins from sequence and at 

elucidating dynamics and thermodynamics properties starting from 3D structures. We 
also apply those methodologies to specific cases of interest for our unit and for GR-Ex. 
We consider with particular interest systems relevant for diseases studied by GR-Ex 
members, and we plan to contribute to the design of drugs able to interfere with the 
disease mechanisms. 
 
Our team has contributed to: 
 

• The development of bioinformatics tools for predicting structural and dynamics 
properties of proteins. Tools are available on www.dsimb.inserm.fr 

• A better understanding of Duffy Antigen/Receptor for Chemokines (DARC): 
These chemokine receptors are erythrocyte transmembrane receptors for 
Plasmodium knowlesi and Plasmodium vivax merozoites, two major agents of 
malaria. We elaborated 3D structural models for DARC using experimental data 
provided by partner 2. These models were further used to predict potential binding 
zones between DARC and CXCL8 natural ligand and P. vivax partners. Once 
identified, these zones could be targeted with new designed molecules preventing 
interaction.  

Research Group 
 
Principal Investigator: 
Catherine ETCHEBEST 
 
Research Scientists: 
Alexandre DE BREVERN 
Frédéric CADET 
Fabrice GARDEBIEN 
Jean-Christophe GELLY 
Luca MONTICELLI 
Pierre POULAIN 
Oumarou SAMMA 
 
Engineers: 
Sylvain LEONARD 
Hubert SANTUZ 
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• DARC VHHs: We modelled the structure of VHH sequences able to bind 
Nterminus of DARC and we identified important amino acids involved in VHH 
binding. This work was conducted in collaboration with O. Bertrand  (Team 1) and 
Dr. Mr. Czerwinski, Wroclaw, Poland, on camel VHHs. This model system allows 
the development of new tools in transfusion medicine (agglutination tests in 
routine) and could serve as blocking agents against P. vivax and HIV.  

 
We will study transporter proteins in red blood cells with the aim at providing an insight 
into substrates transport mechanisms, understanding inhibition and predicting impact of 
mutations involved in pathological diseases, at an atomistic level. We will explore 
adhesion proteins in RBC in particular, integrins for gaining a molecular view on 
pathological cell adhesion to design anti-adhesive molecules.  
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Partner 4 
 
BENOÎT GAMIN – UMR-S665 (ATIP AVENIR) 
Email: benoit.gamain@inserm.fr 
 

P. falciparum is the main cause of disease and death from 
malaria. An important difference between P. falciparum 
and other human malaria parasites is the way in which P. 
falciparum modifies the surface of the erythrocyte so that 
PEs can adhere to host cells. Adherence protects the 
parasite from destruction, as non-adherent mature PEs are 
cleared rapidly in the spleen. Parasites sequester in 
various organs including heart, lung, brain, liver, kidney, 
subcutaneous tissues and placenta. 

 
The various endothelial cells in these organs and 
syncytiotrophoblasts in placenta express different and 
variable amounts of host receptors. To successfully adhere 
to these cells, parasites express diverse members of the 
variant PfEMP1 family that mediate binding to the various 
receptors present on those cells. The overall objective of 
our project is to comprehend the functional and 
immunological characteristics of PfEMP1 variants 
expressed by placental parasites and parasites associated 
with major clinical outcomes in children including cerebral 
malaria. Such knowledge is essential for providing a 
rational basis for accelerating vaccine and therapeutic 
developments to combat severe forms of malaria.  
 
 

 
Adhesive and post-adhesive mechanisms associated to pregnancy associated malaria  
 
Over 50 million women are exposed to the risk of malaria in pregnancy every year. 
Pregnancy associated malaria (PAM) results in substantial maternal and especially fetal 
and infant morbidity, causing up to 200 000 infant deaths every year. P. falciparum 
infection causes adverse pregnancy outcomes, including anaemia and the risk of 
hypertension in first-time pregnant mothers, but also low birthweight due to preterm 
delivery and fetal growth restriction. PAM is coupled with massive accumulation of PEs 
and monocytes in the placental intervillous blood spaces. Adhesion of PEs to placental 
chondroitin-4-sulfate (CSA) has been linked to the severe disease outcome of PAM. A 

Research Group 
 
Principal Investigator: 
Benoît GAMAIN 
 
Post-doctoral fellows: 
Jean-Philippe SEMBLAT 
Arnaud CHENE 
Stéphane GANGNARD 
Célia DECHAVANNE 
 
Graduate student: 
Ana Sofia NUNES DA SILVA 
 
Engineer: 
Dominique DORIN SEMBLAT 
 
Technician: 
Sébastien DECHAVANNE 
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large body of evidence strongly suggests that var2CSA, a member of the P. falciparum 
Erythrocyte Membrane Protein 1 (PfEMP1) family, has an important role in PAM 
disease and immunity. Although var2CSA is the main candidate for a pregnancy malaria 
vaccine, experimental evidence suggests that antigenic polymorphism, the lack of 
structural information and gaps in our understanding of placental sequestration as well as 
gaps in our understanding of placental immunopathology may pose a challenge for 
vaccine and therapeutic development. Accordingly, we will focus our research activities 
on the identification and the deciphering of the interactions involved during pregnancy 
associated malaria. 
 
Adhesive mechanisms associated to severe malaria in children 
 
The World Health Organization reported an estimated 216 million cases of malaria 
worldwide in 2010 and 655,000 subsequent deaths from the disease, mostly among 
children below five years of age and pregnant woman. Recent works have demonstrated 
that some var genes belonging to the group A and B such as ITvar19 are particularly 
relevant in the context of the severe malaria pathogenesis as their expression is 
associated with major clinical outcomes in children including cerebral malaria. These 
studies have also highlighted the existence of a novel and still unidentified endothelial 
receptor likely implicated in a new parasite sequestration mechanism. The aim of the 
current study is to decipher the detailed molecular mechanisms involved in the binding of 
the var group B/A encoded PfEMP1-ITvar19 to the brain endothelium.  
 
The results generated during our project will have direct implications for the 
development of a malaria vaccine that would ease this burden of death and debilitation in 
sub-Saharan Africa and Asia. 
§ In the case of PAM, the results that we obtained during the last two years have been 

the basis to initiate a vaccine development program (PRIMALVAC project) with the 
European Vaccine Initiative (EVI). The PRIMALVAC project’s main objective is to 
obtain proof of concept that a var2CSA based vaccine inducing long lasting or rapidly 
boosted cross reactive and inhibitory antibodies can be designed. Multiple forms of 
the var2CSA protein are being generated and their activity as immunogens that elicit 
functional and cross-reactive antibodies against placental parasite forms will be 
assessed. The best candidate will then be transitioned to preclinical and clinical 
development.  

 
Expertise 
1. Strong expertise in malaria parasite cytoadhesion mechanisms 
2. Collaborative projects with European and American academic partners and with Biophysicians (Xray 

crystallography and Cryo electron microscopy)  
3. Access to a flow cyto-adhesion platform to screen inhibitory activities of drugs and vaccine candidates  
4. Strong internal and external collaborations for developing camelidae nanobodies (VHH)  
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Main Publications 
1. Srivastava, A., Gangnard, S., Dechavanne, S., Amirat, F., Lewit Bentley, A., Bentley, G. A., and Gamain, B. 

(2011) Var2CSA minimal CSA binding region is located within the N-terminal region, PLoS One 6, e20270. 
2. Avril, M., Hathaway, M. J., Srivastava, A., Dechavanne, S., Hommel, M., Beeson, J. G., Smith, J. D., and 

Gamain, B. (2011) Antibodies to a full-length VAR2CSA immunogen are broadly strain-transcendent but do 
not cross-inhibit different placental-type parasite isolates, PLoS One 6, e16622. 

3. Srivastava, A., Gangnard, S., Round, A., Dechavanne, S., Juillerat, A., Raynal, B., Faure, G., Baron, B., 
Ramboarina, S., Singh, S. K., Belrhali, H., England, P., Lewit-Bentley, A., Scherf, A., Bentley, G. A., and 
Gamain, B. (2010) Full-length extracellular region of the var2CSA variant of PfEMP1 is required for 
specific, high-affinity binding to CSA, Proceedings of the National Academy of Sciences of the United 
States of America 107, 4884-4889. 

4. Bentley, G. A., and Gamain, B. (2008) How does Plasmodium falciparum stick to CSA? Let's see in the 
crystal, Nat Struct Mol Biol 15, 895-897. 

5. Viebig, N. K., Levin, E., Dechavanne, S., Rogerson, S. J., Gysin, J., Smith, J. D., Scherf, A., and Gamain, B. 
(2007) Disruption of var2csa gene impairs placental malaria associated adhesion phenotype, PLoS ONE 2, 
e910. 

6. Gamain, B., Smith, J. D., Viebig, N. K., Gysin, J., and Scherf, A. (2007) Pregnancy-associated malaria: 
parasite binding, natural immunity and vaccine development, Int J Parasitol 37, 273-283. 

7. Viebig, N. K., Gamain, B., Scheidig, C., Lepolard, C., Przyborski, J., Lanzer, M., Gysin, J., and Scherf, A. 
(2005) A single member of the Plasmodium falciparum var multigene family determines cytoadhesion to the 
placental receptor chondroitin sulphate A, EMBO Rep 6, 775-781. 

8. Gamain, B., Trimnell, A. R., Scheidig, C., Scherf, A., Miller, L. H., and Smith, J. D. (2005) Identification of 
multiple chondroitin sulfate A (CSA)-binding domains in the var2CSA gene transcribed in CSA-binding 
parasites, J Infect Dis 191, 1010-1013. 

9. Gamain, B., Smith, J. D., Avril, M., Baruch, D. I., Scherf, A., Gysin, J., and Miller, L. H. (2004) 
Identification of a 67-amino-acid region of the Plasmodium falciparum variant surface antigen that binds 
chondroitin sulphate A and elicits antibodies reactive with the surface of placental isolates, Mol Microbiol 
53, 445-455. 

10. Gamain, B., Gratepanche, S., Miller, L. H., and Baruch, D. I. (2002) Molecular basis for the dichotomy in 
Plasmodium falciparum adhesion to CD36 and chondroitin sulfate A, Proc Natl Acad Sci U S A 99, 10020-
10024. 
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Partner 5 
 
CAROLE BEAUMONT and LAURENT GOUYA – UMR-S773 
Email: carole.beaumont@inserm.fr and laurent.gouya@inserm.fr 
 

Our group works in strong interaction with several 
referent hospital structures and network that 
provide national and European readability, 
expertise, technologies and unique ability to 
recruit patients and biological samples. It 
includes: the national reference center for rare 
diseases Porphyrias (Director J.C. Deybach and H. 
Puy) and the European network EPNET 
(European Porphyria Network, President 

J.C;Deybach), the reference laboratory for diagnosis of rare 
microcytic anemia (B. Grandchamp and C. Kannengiesser) 
and the reference laboratory for the management of the 
Diamond-Blackfan anemia (L. Da Costa). 
  
Heme synthesis requires the fine-tuning of protoporphyrin 
production and iron bioavailability. This pathway is highly 
active in bone marrow erythroblasts, and to a lesser extent in 
liver and kidney. Besides being the prosthetic group of 
hemoproteins, heme is a transcriptional as well as post-
transciptional regulator and can exert pro- or anti-
inflammatory effects, according to circumstances.  
Mutations in enzymes of heme biosynthetic pathway lead to 
porphyrias, symptoms resulting mostly from accumulation 
of heme precursors, in hepatocytes or erythroblasts 
according to the defect. Reduced heme synthesis may 
underlie the erythroid-specificity of Diamond-Blackfan 
anemia, a ribosomopathy. Defective iron bioavailability 
leads to microcytic anemia, or can contribute to the anemia 

of inflammation, mostly because of upregulation of hepcidin, the negative regulator of 
iron homeostasis. Both liver and kidney contribute to a tight control of serum hepcidin 
levels.  
Two members of our group have launched a start-up called RedoxyLab to explore 
markers of oxidative stress and the levels of anti-oxidant defence in normal and 
pathological conditions. 
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Identification of candidate gene in rare microcytic anemia and in DBA 
 
In recent years, our team has contributed to the identification of new genes involved in 
rare anemia, in non-classical EPP and in Diamond-Blackfan anemia (DBA). However, 
for up to 30 % of these patients, the causative gene remains to be identified. 
The specific objectives of this project are to identify known or unknown genes involved 
in the disorder of iron acquisition and heme synthesis by erythroid cells, and/or in the 
regulation of hepcidin. We will then perform functional studies of the newly identified 
causative genes. We have developed cultures of erythroid progenitors from CD34+ cells 
isolated from circulating blood of patients and are now able to characterize heme 
synthesis, iron uptake, as well as erythroid cell proliferation and differentiation. 
 
Reappraisal of the role of kidney in iron homeostasis, hepcidin synthesis and control 
of erythropoietin (EPO) production in the anemia of inflammation, in hemolysis 
and in ineffective erythropoiesis 
 
As a prerequisite to these studies, we are developing a mass spectrometry-based assay for 
mouse serum and urine hepcidin 

1. Anemia of inflammation 
Anemia of inflammation (AI) is characterized by functional iron deficiency due to 
increased serum hepcidin level, ineffective bone marrow erythropoiesis and impaired 
production of EPO by the kidney. AI is partially resistant to EPO therapy. The 
interactions between kidney hepcidin production and EPO regulation in inflammation are 
not known. Iron deficiency has been shown to stimulate EPO synthesis and since, the 
medullar interstitial fibroblasts that produce EPO are immersed in an environment faintly 
vascularized, we presume that their iron content may be modulated by the degree of iron 
reabsorption in the tubular cells. We have shown that hepcidin tightly control renal 
handling of iron but the possibility that this hormone exerts a feedback control on Epo 
production during AI remains to be determined. We plan to explore physiological 
relationship between hepcidin, Epo and iron metabolism during anemia of inflammation, 
using several mouse models lacking normal expression of hepcidin (constitutive and 
renal Hamp-/-, Hjv-/-, Hfe-/-) in order to study the effect of inflammation and hepcidin on 
EPO synthesis and on HIF1α /Hif2α pathways in kidney.  

2. Intravascular hemolysis and ineffective erythropoiesis 
Both intravascular hemolysis and ineffective erythropoiesis are known to suppress liver 
hepcidin expression and increase intestinal iron absorption. In the former situation, this is 
barely sufficient to compensate urinary iron losses whereas in the latter situation it leads 
to hepatocyte iron overload. Using mouse models of regenerative anemia following 
hemolysis, of intermediate or major thalassemia, and of sickle cell disease with or 
without intravascular hemolysis, we plan to i) evaluate red cell half-life, bone marrow 
and spleen erythropoiesis and the degree of apoptosis of erythroid progenitors, ii) 
evaluate the iron balance between intestinal absorption, tissue iron distribution between 
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hepatocyte, macrophage and kidney epithelial cells, and finally urinary iron losses, iii) 
assess hepcidin synthesis in liver and kidney, in response to ineffective or regenerative 
erythropoiesis in the presence of iron overload or not.  

 
New therapeutic approaches of erythropoietic protoporphyrias (EPP) 
 

a. Antisense oligonucleotide therapy 
Deleterious accumulation of protoporphyrin IX (PPIX) in erythroid cells can result from 
a partial deficiency in ferrochelatase (FECH) or from induction of ALAS2. Most EPP 
patients present in trans to a FECH gene mutation an IVS3-48C hypomorphic allele due 
to a splice mutation. The aberrantly spliced mRNA is degraded and contributes to a low 
FECH enzyme activity allowing EPP phenotypic expression. We have identified an 
antisense oligonucleotide (V1-ASO) which allows redirecting splicing from the cryptic to 
the physiological site. This V1-ASO-mediated redirection allows reducing by 60% the 
PPIX overproduction in primary cultures of EPP erythroid progenitors. We plan to 
improve the targeting of the V1-ASO to erythroid progenitors, either using lentiviral 
particles in cultured erythroid progenitors, in collaboration with Hubert de Verneuil 
(partner 18) or by linking the V1-ASO to peptides with high affinity to transferrin 
receptor 1, highly expressed in erythroid cells.  

b. Inhibitors of heme synthesis 
Inhibiting ALAS2, the first enzyme of the pathway, would be another therapeutic 
approach to reduce PPIX accumulation, which could also be beneficial in thalassemia 
where reduced heme biosynthesis is known to improve the clinical phenotype. We 
propose to screen a chemical databank using a fluorescent test at the “Plateforme de 
Chimie Biologie Intégrative” in Strasbourg. The fluorescent test is based on the induction 
of ALAS2, the erythroid isoform of the first enzyme of the heme biosynthetic pathway 
and the accumulation of easily detectable porphyrins in erythroid cell lines, MEL or 
K562.  
 
Diamond-Blackfan anemia (DBA), a ribosomopathy with an erythroid tropisms. 
 
Pathophysiology of DBA remains poorly understood. Mutations of ribosomal protein 
(RP) genes induce a maturation defect in ribosomal RNA followed by defective assembly 
of ribosomal subunit.   Animal models and cultures of primary CD34+ cells from patients 
or infected with RP-sh RNAs have shown that activation of the p53 pathway is 
responsible for apoptosis and cycle cell arrest at the G0/G1 stage. In addition, an 
alternate splicing of the FLVCR mRNA, coding for a heme exporter, has been observed 
in DBA patients and in K562 cells infected with RPS19-shRNA leading to reduced 
expression of this transporter at the cell membrane. FLVCR1-deficient mice develop a 
DBA-like phenotype; however, no mutation in this gene has been reported so far in DBA 
patients.  
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Aim: Test the hypothesis that the heme exporter FLVCR could act as a modifier gene, 
responsible in part for the phenotypic variability of the DBA patients and/or that 
defective heme export is an aggravating factor by inhibiting globin transcription or 
mRNA translation.  
1-  We will study heme and iron metabolism as well as oxidative stress (in collaboration 
with RedoxyLab) in cord blood CD34+ cells infected with RPS19-, RPL5- or RPL11-sh 
RNAs. We will also try to reverse the phenotype by overexpressing FLVCR in these 
cells (in collaboration with Janis Abkowitz, Seattle, USA).  
2- We have developed FLVCR shRNA to see the consequences of FLVCR inhibition on 
cell proliferation, differentiation and apoptosis as well as on the p53 pathway. The results 
will be confirmed on primary cultures of erythroid progenitors from DBA patients. 
3- At odds with the above-mentioned hypothesis, it has been recently suggested, using 
cultured erythroid progenitors from patients, that exogenous heme can revert the DBA 
phenotype. We will test whether we can confirm these data and if this is so, we will test 
the possibility to treat the anemia of DBA patients using Normosang® . 
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Partner 6 
 
PATRICK MAYEUX – UMR-S1016 
Email: patrick.mayeux@inserm.fr 
 
Study of normal and pathological erythropoiesis 
 

The team studies the regulation of the erythropoiesis with a 
special emphasis concerning the mechanism of action of 
erythropoietin. We have largely contributed to the identification 
of the intracellular relays activated downstream the 
erythropoietin receptor (EpoR), the mechanisms leading to their 
activation and their role in erythropoiesis. Duration of the 
activation of the receptors and their intracellular relays after 
hormone stimulation is often as important as the specificity of 
the intracellular relays that are activated to determine the 
cellular response to growth factor stimulation. We have shown 
that EpoR activation is rapidly turned off after Epo stimulation 
and we have identified a mechanism involving the ubiquitin 
ligase b-TRCP that plays a key role in EpoR down-regulation 
by inducing the proteasome-mediated degradation of its 
intracellular domain while the activated receptor is still in the 
plasma membrane. More recently, the team has shown that the 
EpoR associates with the type 2 transferrin receptor (TfR2) 
during its maturation in the endoplasmic reticulum to constitute 
a multimeric receptor. TfR2 is well known to constitute the iron 

sensor in hepatic cells allowing to regulate hepcidin production to circulating iron levels. 
The team now studies the role of this unexpected association of these two important 
receptors in erythroid cells. 
 
Another important research focus of the team concerns the mechanisms leading to 
pathological erythropoiesis in myelodysplastic syndromes (MDS). Erythropoiesis in low 
grade MDS is characterized both by an increased apoptosis even in presence of high 
doses of erythropoietin and by dyserythropoiesis with maturation defects of erythroid 
progenitors. We have shown that increased apoptosis is mainly due to the overexpression 
of Fas and its ligand (FasL) during the terminal differentiation of erythroid progenitors. 
More recently, we have shown in collaboration with the team directed by O. Hermine, 
that dyserythropoiesis in MDS is at least partly due to a defect of HSP70 nuclear 
localization during the terminal differentiation steps leading to GATA1 degradation and 
maturation defects. Lastly, the team has developed tools to study erythropoietin structure, 
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biological efficiency, mechanisms of action and degradation and the presence of Epo 
antibodies in patients treated with recombinant Epo. 
 
Expertise 
1. Cell culture methods, starting from human primary cells, to analyze both normal and pathological 

erythropoiesis. 
2. Lentiviral vectors expression to inducibly or constitutively knockdown/increase specific proteins in primary 

human erythroid cells. 
3. Strong experience in biochemistry including: proteomics, cytokine mode of action, receptor expression and 

structure, apoptosis and intracellular signaling.  
 
Main publications 
1. Gobert S, Chrétien S, Gouilleux F, Muller O, Pallard C, Dusanter-Fourt I, Groner B, Lacombe C, 

Gisselbrecht S, Mayeux P. Identification of tyrosine residues within the intracellular domain of the 
erythropoietin receptor crucial for STAT5  activation. The EMBO Journal. (1996);15:2434-2441. 

2. Verdier F, Walrafen P, Hubert N, Chretien S, Gisselbrecht S, Lacombe C, Mayeux P. Proteasomes regulate 
the duration of erythropoietin receptor activation by controlling down-regulation of cell surface receptors. J 
Biol Chem. (2000);275: p18375-18381. 

3. Casadevall N, Nataf J, Viron B, Kolta A, Kiladjian JJ, Martin-Dupont P, Michaud P, Papo T, Ugo V, 
Teyssandier I, Varet B, Mayeux P. Pure red-cell aplasia and antierythropoietin antibodies in patients treated 
with recombinant erythropoietin. N Engl J Med. (2002);346:469-475. 

4. Claessens YE, Bouscary D, Dupont JM, Picard F, Melle J, Gisselbrecht S, Lacombe C, Dreyfus F, Mayeux 
P, Fontenay-Roupie M. In vitro proliferation and differentiation of erythroid progenitors from patients with 
myelodysplastic syndromes: evidence for Fas-dependent apoptosis. Blood. (2002);99:1594-1601. 

5. Bouscary D, Pene F, Claessens YE, Muller O, Chretien S, Fontenay-Roupie M, Gisselbrecht S, Mayeux P, 
Lacombe C. Critical role for PI 3-kinase in the control of erythropoietin-induced erythroid progenitor 
proliferation. Blood. (2003);101.:3436-3443. 

6. Claessens YE, Park S, Dubart-Kupperschmitt A, Mariot V, Garrido C, Chretien S, Dreyfus F, Lacombe C, 
Mayeux P, Fontenay M. Rescue of early-stage myelodysplastic syndrome-deriving erythroid precursors by 
the ectopic expression of a dominant-negative form of FADD. Blood. (2005);105:4035-4042. 

7. Walrafen P, Verdier F, Kadri Z, Chretien S, Lacombe C, Mayeux P. Both proteasomes and lysosomes 
degrade the activated erythropoietin receptor. Blood. (2005);105:600-608. 

8. Meyer L, Deau B, Forejtnikova H, Dumenil D, Margottin-Goguet F, Lacombe C, Mayeux P, Verdier F. beta-
Trcp mediates ubiquitination and degradation of the erythropoietin receptor and controls cell proliferation. 
Blood. (2007);109:5215-5222. 

9. Forejtnikova H, Vieillevoye M, Zermati Y, Lambert M, Pellegrino RM, Guihard S, Gaudry M, Camaschella 
C, Lacombe C, Roetto A, Mayeux P, Verdier F. Transferrin receptor 2 is a component of the erythropoietin 
receptor complex and is required for efficient erythropoiesis. Blood. (2010);116:5357-5367. 

10. Frisan E, Vandekerckhove J, de Thonel A, Pierre-Eugene C, Sternberg A, Arlet JB, Floquet C, Gyan E, 
Kosmider O, Dreyfus F, Gabet AS, Courtois G, Vyas P, Ribeil JA, Zermati Y, Lacombe C, Mayeux P, 
Solary E, Garrido C, Hermine O, Fontenay M. Defective nuclear localization of Hsp70 is associated with 
dyserythropoiesis and GATA-1 cleavage in myelodysplastic syndromes. Blood. (2012);119:1532-1542. 
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Partner 7 
 
SOPHIE VAULONT – UMR-S1016 
Email: sophie.vaulont@inserm.fr 
 
Iron, oxygen and energy sensing in pathophysiology 
 
Erythropoiesis and iron metabolism are inextricably linked. The goal of our group 
is to identify the molecular mechanisms responsible for the regulation of iron 
metabolism since both iron deficiency and iron excess are deleterious to the body. 
 

Iron supply for erythrocyte precursors comes 
predominantly from iron recycling of senescent 
erythrocytes by macrophages and iron absorption 
from the diet by the duodenal enterocytes. These 
two iron delivery pathways are tightly regulated 
by hepcidin, the iron regulatory hormone. 
Hepcidin is a 25 amino acid peptide hormone 
synthesized primarily by hepatocytes and 
released into blood circulation.  

Upon reaching its target tissues (enterocytes and 
macrophages), hepcidin binds to the cell surface iron exporter 
ferroportin and causes its internalization and degradation, 
leading to decreased serum iron. Our group has identified the 
function of hepcidin and has greatly contributed to the 
characterization of its specific regulation by iron, hypoxia and 
inflammation. We first showed that, during anemia, hypoxia 
and increased erythropoiesis, hepcidin repression was 
required to ensure iron mobilization necessary for increased 
erythropoiesis and that increased hepcidin levels in the setting 

of infection and inflammation was contributing to the hypoferremia of these conditions.  
 
We recently highlighted the role of HIF (Hypoxia Inducible Factors), locally, in the 
regulation of duodenal iron absorption, and systemically through the regulation of EPO 
synthesis, a negative regulator of hepcidin synthesis. In addition, we established the 
pathway of the liver serine protease matriptase 2 (MT2) signaling to down-regulate 
hepcidin synthesis. Finally, our recent observations have revealed an unexpected role for 
AMP-activated protein kinase (AMPK), a serine/threonine protein kinase that functions 
as an intracellular energy sensor, in the clearance of mitochondria during reticulocyte 
maturation and the maintenance of erythrocyte membrane elasticity. Furthermore, recent 
evidences suggested that during metabolic shift of cancer cells to aerobic glycolysis 
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(Warburg effect), AMPK activation levels are reduced leading to diminished expression 
of the iron transporter DMT1. 
Our objectives are to (1) better characterize the pathophysiological roles of HIF, AMPK 
and hepcidin in different key organs involved in maintaining body iron homeostasis (2) 
identify hepcidin regulatory pathways, in particular to characterize the signal(s) that 
communicate(s) the level of erythropoiesis to the liver allowing hepcidin repression and 
to determine whether MT2 is required to convey the erythroid signals (3) develop new 
hepcidin-based diagnosis and therapeutic approaches (4) demonstrate that HIF and 
hepcidin are at the crossing points between infection and iron metabolism and (5) 
decipher the mechanism governing AMPK activation and its role in the selective 
autophagy of mitochondria during erythropoiesis. 

 
Expertise 
1. Generation of transgenic mouse models 
2. Cellular biology (primary culture of hepatocytes, macrophages, adipocytes and muscle cells and 

immortalized cell lines) 
3. Molecular biology and physiology 
4. Generation and in vivo injection of recombinant adenovirus  
5. Models of infection and inflammation 
 
Main Publications 
1. Deletion of HIF-2α in the enterocytes decreases the severity of tissue iron loading in hepcidin knockout 

mice. Mastrogiannaki M, Matak P, Delga S, Deschemin JC, Vaulont S, Peyssonnaux C. Blood. 2012 Jan 
12;119(2):587-90. 

2. Iron-deficiency anemia from matriptase-2 inactivation is dependent on the presence of functional Bmp6. 
Lenoir A, Deschemin JC, Kautz L, Ramsay AJ, Roth MP, Lopez-Otin C, Vaulont S, Nicolas G. Blood. 2011 
Jan 13;117(2):647-50.  

3. The AMPKγ1 subunit plays an essential role in erythrocyte membrane elasticity, and its genetic inactivation 
induces splenomegaly and anemia. Foretz M, Hébrard S, Guihard S, Leclerc J, Do Cruzeiro M, Hamard G, 
Niedergang F, Gaudry M, Viollet B. FASEB J. 2011 Jan;25(1):337-47. 

4. Maintenance of red blood cell integrity by AMP-activated protein kinase alpha1 catalytic subunit. Foretz M, 
Guihard S, Leclerc J, Fauveau V, Couty JP, Andris F, Gaudry M, Andreelli F, Vaulont S, Viollet B. FEBS 
Lett. 2010 Aug 20;584(16):3667-71. 

5. HIF-2alpha, but not HIF-1alpha, promotes iron absorption in mice. Mastrogiannaki M, Matak P, Keith B, 
Simon MC, Vaulont S, Peyssonnaux C. J Clin Invest. 2009 May;119(5):1159-66.  

6. Regulation of iron homeostasis by the hypoxia-inducible transcription factors (HIFs). Peyssonnaux C, 
Zinkernagel AS, Schuepbach RA, Rankin E, Vaulont S, Haase VH, Nizet V, Johnson RS. J Clin Invest. 2007 
Jul;117(7):1926-32. 

7. Targeted disruption of the hepcidin 1 gene results in severe hemochromatosis. Lesbordes-Brion JC, Viatte L, 
Bennoun M, Lou DQ, Ramey G, Houbron C, Hamard G, Kahn A, Vaulont S. Blood. 2006 Aug 
15;108(4):1402-5. 

8. Severe iron deficiency anemia in transgenic mice expressing liver hepcidin. Nicolas G, Bennoun M, Porteu 
A, Mativet S, Beaumont C, Grandchamp B, Sirito M, Sawadogo M, Kahn A, Vaulont S. Proc Natl Acad Sci 
U S A. 2002 Apr 2;99(7):4596-601. 

9. Constitutive hepcidin expression prevents iron overload in a mouse model of hemochromatosis. Nicolas G, 
Viatte L, Lou DQ, Bennoun M, Beaumont C, Kahn A, Andrews NC, Vaulont S. Nat Genet. 2003 
May;34(1):97-101. 
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10. The gene encoding the iron regulatory peptide hepcidin is regulated by anemia, hypoxia, and inflammation. 
Nicolas G, Chauvet C, Viatte L, Danan JL, Bigard X, Devaux I, Beaumont C, Kahn A, Vaulont S. J Clin 
Invest. 2002 Oct;110(7):1037-44. 
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Partner 8 
 
PIERRE-LOUIS THARAUX – UMR-S970 
Email: pierre-louis.tharaux@inserm.fr 
 
Vascular pathophysiology of Sickle Cell Disease: deciphering pathophysiological 
influence of red blood cells on leukocytes and the endothelium. 
 

Sickle cell disease (SCD)-associated acute vaso-occlusive 
painful crises (VOC) have been shown to involve not only 
entrapment of sickled red blood cells but also abnormal 
vascular phenotype in animal models with a strong rational to 
move forward in clinical trials of vaso modulating drugs. 
Furthermore, chronic vasculopathy is a growing matter of 
concern because silent cerebral ischemia, leg ulcers, 
remodeling of the bones, lungs and heart, retinopathy and renal 
damage affect most sickle cell anemia patients.  
 
We focus on the mechanisms that promote or aggravate VOC 
and chronic microvascular damage. This latter condition is 
becoming a most common feature in SCD, revealed by a 

glomerular damage, microalbuminuria or a macroalbuminuria with subsequent risk of 
severe renal insufficiency. Other damages such as retinopathy, vascular remodeling and 
cardiac and lung remodeling and ischemia are also involved. 
This latter outcome increases mortality by 50% and reduces patient survival to 4 years 
after its onset. Chronic renal insufficiency is thus critical contributor to morbidity and 
mortality associated SCD. We can anticipate that the prevalence of chronic renal failure 
will increase as the life expectancy of the patients is increasing too. Albuminuria is a 
sensitive marker of microvascular (glomerular) damage in this population and precedes 
the development of renal insufficiency. Albuminuria is detected in children and at 40 
year, 80% of patients with SS disease had albuminuria in a recent study. We speculate 
that insight into underlying mechanisms involved in the pathogenesis of albuminuria in 
SCD nephropathy would help understanding the general microvasculopathy. 
Albuminuria may indicate disturbance in renal hemodynamics and chronic dysfunction 
of the filtration barrier in the glomerulus that precedes its onset. Indeed, SCD is a 
condition with a high prevalence of unexplained glomerular hyperfiltration, with a strong 
correlation with chronic hemolysis and leukocyte count, suggesting a mechanism 
involving both an increased cardiac output, a hemolysis-mediated abnormal vascular tone 
and glomerular damage. 
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Expertise 
1. Mouse models of sickle cell disease 
2. Models of sickle cell vaso-occlusive crises. 
3. Models of SCD associated nephropathy. 
4. Molecular signatures of tissue inflammation in SCD. 
5. Metabolic cages for urine collections. 
6. Assessment of vascular reactivity in vitro (myograph) and in vivo (ultrasound-Doppler imaging). 
7. Magnetic Resonance Imaging to evaluate tissue perfusion in mice (through our Research Centre and 

University Paris Descartes). 
8. Optical Fluorescence Molecular Tomography for quantification of protease activity, vascular leak and tissue 

perfusion. 
9. Evaluation of leukocyte activation markers (FACS, RT-qPCR), and functions. 
10. In development: intravital videomicroscopy to study cell to endothelium interaction (rolling, adhesion, 

diapedesis) in living mice. 
 
Main publications 
1. Erythrocyte microparticles can induce kidney vaso-occlusions in a murine model of sickle cell disease. 

Camus SM, Gausserès B, Bonnin P, Loufrani L, Grimaud L, Charue D, De Moraes JA, Renard JM, Tedgui 
A, Boulanger CM, Tharaux PL, Blanc-Brude OP. Blood. 2012.  

2. Epidermal growth factor receptor promotes glomerular injury and renal failure in rapidly progressive 
crescentic glomerulonephritis. Bollée G, Flamant M, Schordan S, Fligny C, Rumpel E, Milon M, Schordan 
E, Sabaa N, Vandermeersch S, Galaup A, Rodenas A, Casal I, Sunnarborg SW, Salant DJ, Kopp JB, 
Threadgill DW, Quaggin SE, Dussaule JC, Germain S, Mesnard L, Endlich K, Boucheix C, Belenfant X, 
Callard P, Endlich N, Tharaux PL. Nat Med. 2011;17(10):1242-50. 

3. Endothelin in renal injury due to sickle cell disease. 
Tharaux PL. Contrib Nephrol. 2011;172:185-99. Epub 2011 Aug 30. Review. 

4. Sickling of red blood cells through rapid oxygen exchange in microfluidic drops. Abbyad P, Tharaux PL, 
Martin JL, Baroud CN, Alexandrou A. Lab Chip. 2010 ;10(19):2505-12.  

5. Glomerular hyperfiltration in adult sickle cell anemia: a frequent hemolysis associated feature. Haymann JP, 
Stankovic K, Levy P, Avellino V, Tharaux PL, Letavernier E, Grateau G, Baud L, Girot R, Lionnet F. Clin 
J Am Soc Nephrol. 2010;5(5):756-61. 

6. Single europium-doped nanoparticles measure temporal pattern of reactive oxygen species production inside 
cells. Casanova D, Bouzigues C, Nguyên TL, Ramodiharilafy RO, Bouzhir-Sima L, Gacoin T, Boilot JP, 
Tharaux PL, Alexandrou A. Nat Nanotechnol. 2009;4(9):581-5. 

7. Second harmonic microscopy to quantify renal interstitial fibrosis and arterial remodeling. Strupler M, 
Hernest M, Fligny C, Martin JL, Tharaux PL, Schanne-Klein MC. J Biomed Opt. 2008;13(5):054041. 

8. Endothelin receptor antagonism prevents hypoxia-induced mortality and morbidity in a mouse model of 
sickle cell disease. Sabaa N, de Franceschi L, Bonnin P, Castier Y, Malpeli G, Debbabi H, Galaup A, Maier-
Redelsperger M, Vandermeersch S, Scarpa A, Janin A, Levy B, Girot R, Beuzard Y, Leboeuf  C, Henri A, 
Germain S, Dussaule J-C, Tharaux P-L. J. Clin. Invest. 2008; 118(5):1924-33. 

9. Ultrasound imaging of renal vaso-occlusive events in transgenic sickle mice exposed to hypoxic stress. 
Bonnin P, Sabaa N, Flamant M, Debbabi H, Tharaux PL. Ultrasound Med Biol. 2008;34(7):1076-84. 
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Partner 9 
 
PHILIPPE DELORON – UMR-D216 
Email: philippe.deloron@ird.fr 
Website: http://umr216.fr/ 
 
Optimisation moléculaire de vaccin contre le paludisme associé à la grossesse 
 

La protéine PfEMP1 codée par var2csa est impliquée dans 
l'adhérence des hématies parasitées (HP) au chondroïtine 
sulfate A (CSA) placentaire. VAR2CSA est constituée de 
6 domaines DBL, dont 3 non classifiés. La structure 
globale de VAR2CSA est conservée, mais les domaines 
DBL sont variables. Bien que plusieurs domaines de 
VAR2CSA aient de l'affinité pour le CSA in vitro, il est 
probable que plusieurs domaines de VAR2CSA 
contribuent à la formation in vivo d'une cannelure 
commune. Notre objectif est d'identifier les épitopes 
capables d'induire une réponse immune cross-réactive 
protectrice contre divers variants parasitaires. Des 
constructions de multi-domaines et de la protéine entière 
sont employées pour vacciner des souris. Leur capacité à 
induire des anticorps anti-adhérence est déterminée dans 
plusieurs systèmes d'adhésion.  
Nous avons déjà montré que la région Id1-DBL2X (proche 
de l'extrémité N terminale de VAR2CSA) est capable 
d'induire la synthèse d'anticorps au pouvoir inhibiteur de 
l'adhésion similaire à celui obtenu avec la protéine entière. 
Nous étudions la variabilité de la séquence Id1-DBL2X 
dans des populations parasitaires de différentes régions 
géographiques. Des isolats de P. falciparum du Sénégal, 
Bénin, Tanzanie, Cameroun, Papouasie, Pérou et 

Thaïlande ont été collectés.  Les ADN ont été extraits puis la région Id1-DBL2X du gène 
var2csa a été séquencée par technologie 454.  La variabilité est en cours d'analyse 
bioinformatique. Les résultats permettront de sélectionner les variants les plus pertinents 
qui signeraient de potentiels biais géographiques dans la distribution globale des variants 
de VAR2CSA.  Parallèlement, des parasites isolés de femmes enceintes au Bénin sont 
caractérisés en terme de phénotype d’adhérence à divers récepteurs de l’hôte (CSA, 
CD36 et ICAM1) et d'expression de VAR2CSA à la surface des HP. Le pouvoir 
inhibiteur de l’adhérence au CSA des anticorps induits contre les variants 3D7 et FCR3 
de VAR2CSA est mesuré sur ces isolats. La région N-terminale incluant Id1-DBL2X de 
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var2csa sera séquencée à partir du cDNA des isolats actuellement en cours de 
caractérisation et les variants les plus pertinents seront produits sous forme recombinante 
chez E. coli.  Leur repliement et leur capacité d'interaction avec le CSA seront 
caractérisés.  Des animaux (souris, rats, lapins) seront immunisés avec ces protéines 
recombinantes associées à l'adjuvant complet de Freund, à l'alun ou sans adjuvant.  Les 
IgG seront purifiées du plasma de ces animaux afin d'évaluer leur capacité à reconnaître 
la protéine native et à inhiber la liaison au CSA. Le but ultime est de définir l'antigène 
optimal ou une combinaison de variants ainsi que la formulation qui permet l'induction 
d'anticorps anti-adhérence avec un large spectre d'activité sur les parasites isolés de 
femmes enceintes. Nous sélectionnerons les antigènes de VAR2CSA les plus 
prometteurs et produirons des protéines de qualité GMP pour les études de toxicologie 
chez l'animal. Nous coordonnerons l'essai clinique de phase Ia en France et Ib au Bénin.  
En parallèle, nous réaliserons une étude d'acceptabilité d'un vaccin contre le paludisme 
de la grossesse au Bénin, et préparerons un protocole pour une étude de phase II.  
 
Identification des protéines parasitaires exprimées à la surface des hématies dans le 
paludisme 
 
La virulence du parasite est liée à sa capacité à exprimer des antigènes variables de 
surface (VSA). Ces derniers présentent une affinité pour différents récepteurs de l'hôte, 
impliqués dans la physiopathologie des formes graves (paludisme gestationnel et 
cérébral). Lors de sa maturation, le parasite met en place un trafic protéique conséquent 
au niveau membranaire et sub-membranaire de l’HP qui donne lieu à la formation de 
knobs permettant l'expression des VSA dont PfEMP1. Ces PfEMP1 sont minoritaires, 
noyées dans une masse protéique érythrocytaire présentant un haut degré d'insolubilité.  
Nous disposons de données d’une étude protéomique nano LC MS/MS portant sur des 
isolats d'accès gestationnel ou cérébral. Ces données sont en cours d’analyse par des 
méthodes ACP, clustering supervisé ou non, ou genepattern qui devrait faire émerger des 
protéines ou des fonctions biologiques préférentiellement associées à une forme clinique. 
Les données protéomiques seront mises en relation avec les données transcriptomiques 
obtenues précédemment. Les PfEMP1 de ces isolats seront identifiées en nano LC 
MS/MS et comparées. L'étude en rt-qpcr de ces mêmes isolats ciblant la famille des 
gènes var permettra d'identifier des peptides ou régions de domaines DBL discriminants 
pour chaque forme clinique.  
Les protéines singulières des formes cérébrales et gestationnelles seront caractérisées du 
point de vue fonctionnel et immunogène ; des études de liaison seront développées via 
une puce à protéine. A plus long terme, une approche protéomique quantitative avec des 
peptides de synthèse sera développée en complément de cette étude qualitative. 
 
 
 
 



               

33 

Influence du portage de l'HbS sur l’immunité à P. falciparum. 
 
L’infection à P. falciparum reste associée à une forte mortalité chez les jeunes enfants en 
zone d’endémie. Au cours du développement érythrocytaire le parasite exporte ses 
propres protéines dans le cytosol et à la membrane des hématies, modifiant leurs 
compositions et propriétés mécaniques, et permettant la croissance du parasite. Celle-ci 
se trouve compromise chez les individus porteurs de facteurs génétiques tels que 
l’hémoglobine anormale HbS, dont la fréquence à l’état hétérozygote est élevée en 
Afrique. Les mécanismes de protection contre la pathologie palustre conférés par ce 
portage du trait drépanocytaire ne sont pas complètement élucidés. La phosphorylation, 
qui est un mécanisme important de régulation des interactions protéiques dans la 
membrane des hématies, est altérée dans les GR HbS. Une phosphorylation accrue de la 
chaîne b de la spectrine par la caséine kinase I membranaire perturbe la stabilité 
mécanique des membranes érythrocytaires, et la phosphorylation de l’ankyrine module 
considérablement les interactions au sein du complexe spectrine – ankyrine – bande 3. 
Par ailleurs, de récents travaux relatent une interaction entre les voies humaines et 
parasitaires de phosphorylation dans les GR infectés par P. falciparum. 
Le projet consistera à étudier l’impact d’une phosphorylation altérée de composants du 
cytosquelette d’origine érythrocytaire (spectrine, ankyrine et bande 3) ou de 
P. falciparum sur la présentation membranaire de phospho-antigènes parasitaires dans les 
GR anormaux infectés. Une première étude, concernant les trois protéines sélectionnées 
du cytosquelette et la protéine RESA de P. falciparum, consistera à caractériser par 
spectrométrie de masse leurs états de phosphorylation dans des GR normaux infectés par 
P. falciparum in vitro. Les protéines kinases humaines et/ou parasitaires impliquées dans 
les interactions cytosquelette/protéine RESA seront identifiées au sein de ce même type 
de GR. L’altération des phosphorylations sera ensuite évaluée dans des GR HbAS et 
HbSS infectés in vitro par P. falciparum. L’étude sera ensuite élargie à d’autres phospho-
antigènes parasitaires identifiés comme interagissant avec les éléments du cytosquelette 
érythrocytaire, tel l’antigène PfEMP1. 
 
Main publication 
1. Badaut C, Bertin G, Rustico T, Fievet N, Massougbodji A, Gaye A, Deloron P. Towards a rational way to 

design vaccine candidate against pregnancy associated malaria: conserved sequences are found in the 
variable blocks of the DBL6e domain.  PLoS One, 2010, 5:e11276. 

2. Gnidehou S, Jessen L, Gangnard S, Ermont C, Triqui C, Quiviger M, Guitard J, Lund O, Deloron P, Tuikue 
Ndam N. Insight into antigenic diversity of VAR2CSA-DBL5ε domain from multiple Plasmodium 
falciparum placental isolates. PLoS One, 2010, 5:e13105. 

3. Kheliouen N, Viwami F, Lalya F, Tuikue-Ndam N, Eboumbou Moukoko EC, Rogier C, Deloron P, Aubouy 
A.  Plasmodium falciparum parasites causing cerebral malaria share variant surface antigens, and their 
prevalence is low in southern Benin. Malar J, 2010, 9:220. 

4. Bigey P, Gnidehou S, Doritchamou J, Quiviger M, Viwami F, Couturier A, Salanti A, Nielsen MA, 
Scherman D, Deloron P, Tuikue Ndam N.  Identification of functionally antigenic sites in the Plasmodium 
falciparum erythrocyte membrane protein VAR2CSA.  J Infect Dis, 2011, 204:1125-33. 
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5. Bordbar B, Tuikue Ndam N, Doritchamou J, Moussiliou A, Quiviger M, Scherman D, Bigey P, Deloron P. 
Identification of Id1-DBL2X of VAR2CSA as a key domain inducing highly inhibitory and cross-reactive 
antibodies.  Vaccine, 2012, 30:1343-8. 

6. Haste NM, Talabani H, Doo A, Merckx A, Langsley G, Taylor SS. Exploring the Plasmodium falciparum 
cyclic-adenosine monophosphate (cAMP)-dependent protein kinase (PfPKA) as a therapeutic target. 
Microbes Infect, 2012, 14:838-50. 

7. Doritchamou J, Bertin G, Moussiliou A, Viwami F, Massougbodji A, Deloron P, Tuikue Ndam N.  First 
trimester Plasmodium falciparum infections display a ‘typical placental phenotype’. J Infect Dis, 2012, sous 
presse. 
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Partner 10 
 
XAVIER JOUVEN – UMR-S970 
Email: xavier.jouven@inserm.fr 
 
 

The Professor Xavier Jouven is a cardiologist, 
professor of Public Health who has focused his 
research on cardiovascular epidemiology. His 
team is part of the UMR 970 located at the 
PARCC (adjacent to the Georges Pompidou 
European Hospital (HEGP), Paris 15ème) and 
encompasses more than 25 persons belonging to 
INSERM and/or AP-HP: epidemiologists, 
statisticians, clinical research workers or 

physicians of different specialties, who constantly collaborate. 
 
The team works on the identification of new markers of cardiovascular diseases in 
general population and in high-risk populations, using national and international cohorts.  
 
Main axes of research:  

• Sudden death in adults: risk factors and prognosis of survivals 
• Biomarkers and cardiovascular diseases: added value in cardiovascular risk 

prediction 
• Kidney graft and cardiovascular prognosis 

 
Furthermore, the Prof. Jouven has extended his clinical work in a humanitarian way by 
establishing an association of cardiologists to teach counterparts in Africa and Asia how 
to implant pacemakers and then see them go on to teach the techniques to their 
immediate colleagues. Following this successful experience, XJ has set up a working 
group of cardiologists in developing countries. This, in turn, has aroused a secondary 
research interest in “newly neglected diseases” – the cardiac conditions that are no longer 
prevalent in the industrialised world but are still common, and often untreated, in 
developing countries. Cardiac rheumatism was the first disease to be studied in this new 
area of research. CADRE study has emerged next, to investigate the vascular 
complications of sickle cell disease in Africa. Dr. Brigitte Ranque who is MCU-PH in 
internal medicine, and has a PhD in genetic epidemiology coordinates the study. Besides 
her methodological implication in the CADRE study, she works as a clinician in the 
Internal Medicine department of HEGP, which is one of the reference centers for sickle 
cell disease. 
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Background 
Sickle cell disease (SCD) occurs mainly in people or their descendants from tropical and 
sub tropical regions particularly in Africa. Nevertheless, the natural history of the disease 
in Africa remains largely unknown. Average life expectancy is around 50 years in 
Europe and United States of America, but is much shorter in Africa (probably less than 
10). Most of the clinical studies concerning SCD chronic complications involve patients 
from developed countries (mostly the USA and Europe) and are based on few hundreds 
cases. These complications encompass many macro- or micro-vascular events, such as 
stroke, heart failure, pulmonary hypertension, kidney disease, retinopathy, bone infarcts 
and leg ulcers whereas SCD patients have fewer classic cardiovascular risk factors than 
controls. It has been demonstrated that SCD patients have endothelial dysfunction, 
probably due to impaired NO bioavailability and formation of reactive oxygen and nitrite 
species by plasma haemoglobin released by chronic hemolysis. However, most 
physiopathological hypotheses rely on in vitro or animal studies.  
Patients and methods 
The aim of the CADRE study is to build a large register of SCD patients that will 
encompass more than 2500 adults and 1500 children in five African countries: Senegal, 
Ivory Coast, Mali, Gabon and Cameroon, based on our expertise in population-based 
epidemiological studies and on current medical collaborations and scientific studies 
ongoing in Africa. Our INSERM research unit has created this register with the help of 
the medical teams within each country. SCD patients listed in the haematology unit of 
the university hospitals in Dakar, Abidjan, Bamako (West Africa), Libreville and 
Yaoundé (Central Africa) are included into the study and prospectively followed.  

The following data are collected and 
computerized: administrative data, medical 
history, clinical examination, biological 
examination including sickle cell genotype, 
hematological parameters (blood cells count, 
hemolysis markers) and renal function (serum 
creatinin, urine creatinin and urine proteins), as 
well as two additional examinations: cardiac 
echocardiography and pulse wave velocity 
(PWV).  
The first aim is to assess the correlation between 
the severity of the SCD, assessed by the 
frequency of VOC and hospitalizations, the 
chronic microvascular complications 
(osteonecrosis, stroke, leg ulcers, retinopathy, 
renal insufficiency…) and the endothelial 
dysfunction assessed by arterial stiffness and 

 
 

 

 
 

The five recruitment centers of CADRE 
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wave reflexion. Correlations between hematological parameters (hemoglobin level, 
hemolysis markers…), renal function (serum creatinin level, urine albumin/creatinin 
level) and sickle cell genotypes will also be studied. This large cohort will be also used to 
test other potential biological prognostic markers and physiopathological hypotheses 
emerging from the work of other GrEx teams, at the epidemiological level.  
Finally, this register will allow comparison of SCD natural history in Africa and in 
Europe, using existing cohorts of SCD patients of the french SCD reference center in 
Paris area. Further epidemiological studies comparing these two groups of patients will 
help unraveling the respective roles of genetic and environment factors in the course of 
SCD. This African register will remain open for several years enabling one to build 
additive educated studies.  

 
Expertise 
1. Methodological support for epidemiological and clinical studies. 
2. Statistical analyses of clinical and biological data. 
 
Main publications 
1. Mustafic H, Jabre P, Caussin C, Murad M, Escolano S, Tafflet S, Perier M, Marijon E, Vernerey D, Empana 

JP, Jouven X. Main Air Pollutants and Myocardial Infarction: A Systematic Review and Meta-Analysis. 
JAMA 2012. 

2. Marijon E, Mirabel M, Celermajer DS, Jouven X: Prevention of rheumatic heart disease. Lancet 2012 (in 
press)  

3. Marijon E, Tafflet M, Celermajer DS, Dumas F, Perier MC, Mustafic H, Toussaint JF, Desnos M, Rieu M, 
Benameur N, Le Heuzey JY, Empana JP, Jouven X. Sports-related sudden death in the general population.. 
Circulation. 2011;124:672-81. 

4. Marijon E, Celermajer DS, Tafflet M, El-Haou S, Jani DN, Ferreira B, Mocumbi AO, Paquet C, Sidi D, 
Jouven X. Rheumatic heart disease screening by echocardiography: the inadequacy of World Health 
Organization criteria for optimizing the diagnosis of subclinical disease. Circulation.2009; 120:663-8.  

5. E Marijon,  P Ou,  D S Celermajer; B Ferreira; A O Mocumbi, D Jani,  C Paquet; D Sidi; X Jouven High 
Prevalence of Rheumatic Heart Disease with Echocardiographic Screening of Children in South-East Asia 
and Sub-Saharan Africa. N Engl J Med 2007.357 :470-6.  
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Partner 11 
 
PAUL-HENRI ROMEO – UMR-S967 
Email: paul-henri.romeo@cea.fr 
 
Metabolomic analysis of normal and pathological human red blood cells 

 
The laboratory of research on Replication and Transcription in 
Stem cells is part of the institute of Cellular and Molecular 
Radiobiology located at the Fontenay-aux-Roses CEA center. 
In close collaboration with the Drug Metabolism Research 
Laboratory, located at the Saclay CEA center, we have 
developed new tools to analyze the metabolic profiling of 
human red blood cells (RBC). 
 
 

 
Emerging metabolomic tools can now be used to establish metabolic signatures of 
specialized circulating hematopoietic cells in physiological or pathological conditions 
and in human hematological diseases. As human RBC have no nucleus and no organelle 
such as mitochondria, RBC might represent a simple model to study metabolomic 
deficiencies associated with hereditary disease. To determine metabolomes of normal 
and pathological erythrocytes, we use a sample treatment method suitable for the 
extraction erythrocytes metabolites, and a liquid chromatography-mass spectrometry 
based metabolite-profiling method to detect, identify and quantify metabolites. 
We started the metabolomic studies on human RBC by comparing the metabolomes of 
normal and sickle cells RBC. This study highlighted major concentration changes in 
metabolites produced by endogenous glycolysis (accumulation of many glycolytic 
intermediates), metabolites involved in endogenous glutathione and ascorbate 
metabolisms (accumulation of ascorbate metabolism intermediates such as diketogulonic 
acid and decreased levels of both glutathione and glutathione disulfide), in markers for 
membrane lipids turnover such as carnitine, in some amino acids (suggesting alterations 
of membrane transport systems in RBC from sickle cell disease patients), and in 
exogenous arginine and NO metabolisms (i.e., metabolites such as spermine, spermidine 
or citrulline).  
We conducted a similar study of Overhydrated Hereditary Stomatocytosis (OHSt) RBC. 
OHSt, clinically characterized by a hemolytic anemia, is a rare disorder of the 
erythrocyte membrane permeability to monovalent cations, associated with mutations in 
the Rh-associated glycoprotein gene. In OHSt RBC, glycolysis is exhausted with 
accumulation of ADP, pyruvate, lactate, and malate. Ascorbate metabolic pathway is 
altered probably due to a limited entry of dehydroascorbate. Although no major 
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oxydative stress has been reported in patients with overhydrated hereditary 
stomatocytosis, we found decreased amounts of oxidized glutathione, creatine and 
ergothioneine, suggesting transporter abnormalities and/or uncharacterized oxidative 
stress. In these two studies, metabolomic analysis of young and old normal red blood 
cells indicates metabolites whose levels are directly related to sickle cell disease or to 
Overhydrated Hereditary Stomatocytosis. These results show the relevance of metabolic 
profiling for the follow-up of sickle cell patients or other red blood cell diseases and 
pinpoint the importance of metabolomics to further depict the physiopathology of human 
hematological diseases. We will continue the research on the metabolic profiling of 
normal and sickle cell RBC and enlarge this profiling by lipidomic studies. In addition to 
cognitive data on the metabolome of a human cell, this might lead to the definition of 
metabolic signatures that will be relevant for clinical applications. We will also study the 
metabolic profiling of RBC from patients with chronic diseases such as diabetes to 
determine if a metabolic signature can be drawn and be useful to predict any 
complications of such disease.  
  
Expertise 
1. Metabolomic analysis of human red blood cells. 
 
Main publications 
1. Darghouth D, Koehl B, Madalinski G, Heilier JF, Bovee P, Xu Y, Olivier MF, Bartolucci P, Benkerrou M, 

Pissard S, Colin Y, Galacteros F, Bosman G, Junot C and Roméo PH. Physiopathology of sickle cell disease 
is mirrored by red blood cells metabolome. Blood, 2011, 117 : e57-e66. 

2. Darghouth D, Koehl B, Heilier JF, Madalinski G, Bovee P, Bosman G, Delaunay J, Junot C and Roméo PH. 
Alterations of red blood cells metabolome in overhydrated hereditary stomatocytosis. Hematologica, 2011, 
96 : 1861-1865. 
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Partner 12 
 
GÉRARD FRIEDLANDER – UMR-S845 
Email: gerard.friedlander@inserm.fr 
 

This project, which combines experimental and clinical research, 
takes place in the context of the renewal of the “Growth and 
Signaling” Inserm Research Center U845 on the Necker campus. 
 
 

 
Phosphate homeostasis  
 
Phosphate (Pi) homeostasis has a central place in metabolism, cellular proliferation, 
development, and bone mineralization. Pi homeostasis relies on a coordinate function of 
membrane transporters (ubiquitous PiT, epithelial NPT), of intracellular regulatory 
proteins and of endocrine and paracrine modulators. Our goal is to study Pi homeostasis 
at the cellular level and in the whole organism, both in normal and pathological 
situations. 
 
Cellular Pi homeostasis 
 

• Cellular and molecular Pi physiology  
We propose (a) to investigate the specificity of PiT1 and PiT2 expression in response to 
transcription factors and growth factors through promoter studies; (b) to get insights into 
the mechanisms underlying the role of PiT1 in cell proliferation and modulation of the 
cell cycle; (c) to evaluate the role of PiT1 and PiT2 as Pi sensors. 
 

• Consequences of PiT1 invalidation.  
We shall evaluate, in vivo, the phenotypic consequences of PiT knockout (allelic series 
obtained by homologous recombination) or conditional invalidation (cre-lox) in the 
mouse: (a) during development, focusing on bone, liver and kidney; (b) in pathological 
situations (renal acute and chronic injury, liver regeneration and hepatocarcinoma. 
 
Phosphate homeostasis at the organism level 
 
This clinical research aims to (a) dissect at the molecular level renal Pi leaks which lead 
to renal stones and bone loss: identification and characterization (heterologous 
expression) of mutations affecting renal transporters NPT2a, NPT2c, and regulatory 
proteins NHERF1 and NHERF2; (b) look for structure/secretion abnormalities of 
phosphaturic peptides such as FGF23; evaluate the implication of klotho, a recently 
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identified gene involved in cardiovascular aging, in end stage renal failure-associated 
hyperphosphatemia and in vitamin D metabolism. 
Our group has been involved in the study of phosphate homeostasis and phosphate 
transporters for many years, mainly epithelial transporters of the kidney and the intestine. 
Five years ago, we turned to more widely expressed transporters, PiT1 and PiT2, also 
known as retrovirus receptors. The knockout of PiT1 revealed a phenotype associating 
embryonic death at E12.5, major anemia and defect in liver growth with massive 
apoptosis (Beck L et al. PLoS One 2009). We also demonstrated that PiT1 plays a key 
role in the control of proliferation and apoptosis of cancer cells (Beck L et al J Biol 
Chem 2009, Salaün et al J Biol Chem 2010). We are currently exploring the phenotype 
of mice bearing a hypomorphic mutation of PiT1 and expressing only 15% of the total 
amount of this transporter. These animals are anemic with defects in red blood cell 
structure and in their production and destruction. 
This project, which combines experimental and clinical research, takes place in the 
context of the renewal of the “Growth and Signaling” Inserm Research Center U845 on 
the Necker campus.  
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Expertise 
1. Animal models. 
2. In vitro cellular models. 
3. Viral gene transfert facility. 
4. Phenotyping of genetically engineered mice. 
 
Main publication 
1. Courbebaisse, M., Leroy, C., Bakouh, N., Salaun, C., Beck, L., Grandchamp, B., Planelles, G., Hall, R.A., 

Friedlander, G., and Prie, D. 2012. A new human NHERF1 mutation decreases renal phosphate transporter 
NPT2a expression by a PTH-independent mechanism. PLoS One 7:e34764. 

2. Prie, D., Torres, P.U., and Friedlander, G. 2011. Phosphate handling: new genes, new molecules. Horm Res 
Paediatr 76 Suppl 1:71-75. 

3. Viau, A., El Karoui, K., Laouari, D., Burtin, M., Nguyen, C., Mori, K., Pillebout, E., Berger, T., Mak, T.W., 
Knebelmann, B., et al. 2010. Lipocalin 2 is essential for chronic kidney disease progression in mice and 
humans. J Clin Invest 120:4065-4076. 

4. Salaun, C., Leroy, C., Rousseau, A., Boitez, V., Beck, L., and Friedlander, G. 2010. Identification of a novel 
transport-independent function of PiT1/SLC20A1 in the regulation of TNF-induced apoptosis. J Biol Chem 
285:34408-34418. 

5. Prie, D., and Friedlander, G. 2010. Genetic disorders of renal phosphate transport. N Engl J Med 362:2399-
2409. 

6. Beck, L., Leroy, C., Beck-Cormier, S., Forand, A., Salaun, C., Paris, N., Bernier, A., Urena-Torres, P., Prie, 
D., Ollero, M., et al. 2010. The phosphate transporter PiT1 (Slc20a1) revealed as a new essential gene for 
mouse liver development. PLoS One 5:e9148. 

7. Beck, L., Leroy, C., Salaun, C., Margall-Ducos, G., Desdouets, C., and Friedlander, G. 2009. Identification 
of a novel function of PiT1 critical for cell proliferation and independent of its phosphate transport activity. J 
Biol Chem 284:31363-31374. 

8. Karim, Z., Gerard, B., Bakouh, N., Alili, R., Leroy, C., Beck, L., Silve, C., Planelles, G., Urena-Torres, P., 
Grandchamp, B., et al. 2008. NHERF1 mutations and responsiveness of renal parathyroid hormone. N Engl J 
Med 359:1128-1135. 

9. Torres, P.U., Prie, D., Molina-Bletry, V., Beck, L., Silve, C., and Friedlander, G. 2007. Klotho: an antiaging 
protein involved in mineral and vitamin D metabolism. Kidney Int 71:730-737. 

10. Lautrette, A., Li, S., Alili, R., Sunnarborg, S.W., Burtin, M., Lee, D.C., Friedlander, G., and Terzi, F. 2005. 
Angiotensin II and EGF receptor cross-talk in chronic kidney diseases: a new therapeutic approach. Nat Med 
11:867-874. 
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Partner 13 
 
LUC DOUAY – UMR-S938 
Email: luc.douay@sat.aphp.fr 
 
Proliferation and differentiation of stem cells 
 

The team “Proliferation and differentiation of stem cells” 
has a long lasting international expertise in the field of 
hematopoietic Stem Cells (HSC) transplantation since 
1978. Luc Douay is the Principal Investigator of the team 
"Proliferation and differentiation of stem cells: application 
to cell therapy" since 2007. The group has become a 
world pioneer and leader in the concept of cultured Red 
Blood Cells (cRBC) generated in vitro from stem cells for 
transfusion purpose and has first described all the major 
steps. Indeed, it has reported their large-scale production 
by designing a protocol, which permits the generation of 
fully functional mature RBC from HSC (Nat Biotechnol, 
2002, 2005). It then developed GMP conditions for 
clinical grade production of cRBC for clinical study (3 
patents). It recently achieved a world premiere: the first 
injection into human of cRBC for studying their lifespan. 
It demonstrated that cRBCs behaved similarly to 
transfused native RBCs, therefore establishing the proof 

of principle for transfusion medicine (Blood, 2011). 
 
The team has made first demonstration of the interest of iPS as an unlimited source of 
cRBCs: the assessment of their capacity to complete differentiation in vitro into 
functional enucleated RBC (Haematologica, 2011); and the assessment of their capacity 
to achieve the complete switch of globin genes in vivo (Haematologica, 2012). In 
addition, the team has shown that only 3 IPS cell lines, cleverly chosen for their erythroid 
phenotype, would answer to more than 99% of transfusion situations (TMR, 2011) 
exhibiting the concept of universal blood source, (Current Op Hematology, 2011). 
Finally, the team has reported how this ex vivo model could be a tool for the fundamental 
study of erythropoiesis in a physiological (Plos One, 2012) and pathological context in 
myelodysplastic syndromes (Haematologica, 2010). Overall, our research activity has 
reached our main objective by successful transfer of this concept from Bench to Bed.  
 
The research has been supported by several major national and international grants (EFS, 
US Army Defense Advanced Research Projects Agency (DARPA); DIM StemPole Ile de 
France; Foundation for medical research (FRM labelled team 2010); French National 
Agency for Research (ANR); FUI (Fonds unique interministériel, Pôle de compétitivité), 
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OSEO attesting for our determination to achieve our final goal: the industrial production 
of RBCs for clinical application. They reflect the interest, the backing and the confidence 
of the national state institutions and industrial partners.  
 
A key element of our research team is the strong partnership with the clinical 
haematology departments of the University Hospital. Our group also collaborates with 
the Institute of Radioprotection and Nuclear Safety (IRSN) for the research protocols and 
animal models, Assistance Publique-Hôpitaux de Paris (Public Hospitals of Paris), the 
European Center for Biostatistical and Epidemiological Evaluation in Haematopoietic 
Cell Therapy (CEREST-TC), the French Blood Center (EFS IdF).  
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Partner 14 
 
PIERRE BUFFET – UMR-S945 
Email: pierre.buffet@upmc.fr 
 
Erythrocytes, Parasites and Pathogenesis 
 

Free flow of erythrocytes in circulatory spaces is 
essential to the survival of vertebrates. Surface 
integrity of erythrocytes and their ability to 
deform are under permanent scrutiny, mainly by 
the spleen. Infection with Plasmodium falciparum 
induces an array of erythrocyte alterations leading 
to the retention of a proportion of parasitized 
erythrocytes in the microcirculation. Our goal is 
to better understand interactions between altered 
(eg, parasitized) erythrocytes and peculiar 

microcirculatory spaces devoid of endothelium in the spleen 
and the bone marrow. In malaria patients, these interactions 
contribute - before and after initiation of antimalarial therapy - 
to the control of parasite multiplication. Non-vascular spaces 
may also provide niches for parasite persistence. Our project 
will be developed following 2 axes: 
 
 

Axis 1: Host sensing of erythrocytes in non-vascular circulatory spaces, parasite 
transmission, parasite persistence.  
 
Specifically, we will (i) determine physiological thresholds for splenic retention of 
erythrocytes in humans and in animal models, (ii) develop a screening process to identify 
stiffening compounds that induce parasite retention in the spleen thereby blocking 
malaria transmission, and (iii) explore potential mechanisms of parasite persistence in the 
macrophage-rich environments of the spleen and the bone marrow. 
 
Axis 2: Splenic parasite clearance in artemisinin-treated patients and artemisinin-
resistant P. falciparum.  
 
Based on a network established by the National Reference Center for malaria, we will 
implement the follow-up of French patients treated with artemisinins as a sentinel 
surveillance system to detect the spread of artemisinin-resistant P. falciparum to Africa. 
Through field studies in Africa and South-East Asia we will search for determinants of 
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parasite clearance in artemisinin-treated patients. Not least, we will try to provide a 
physiologically relevant marker to detect artemisinin-resistant parasites in vitro. 
 
Axis 3: Transfusion. 
 
With the support of the GR-Ex, we are currently optimizing our microsphiltration device 
for potential application to transfusion (rejuvenation of stored red blood cell 
concentrates). 

 

 
 
Expertise 
1. Ektacytometer, polycarbonate erythrocyte filters. 
2. Fluorescence microscope with contrast phase Interference “Nomarsky”. 
3. Portable flow cytometer. 
4. Filtration of red blood cells through microsphere layers “microsphiltration” adapted to microplates for 

screening purposes. 
 
Main publications 
1. Buffet PA*, Gamain B*, Scheidig C, Baruch D, Smith JD, Hernandez-Rivas R, Pouvelle B, Oishi S, Fujii N, 

Fusai T, Parzy D, Miller LH, Gysin J, Scherf A. Plasmodium falciparum domain mediating adhesion to 
chondroitin sulfate A : a receptor for human placental infection. PNAS 1999; 96(22):12743-8. * Equal 
contributions 

2. Pouvelle B, Buffet PA, Lépolard C, Scherf A, Gysin J. Cytoadhesion of Plasmodium falciparum ring-stage-
infected erythrocytes. Nature Medicine 2000;6(11):1264-68.  

3. Buffet PA, Milon G, Brousse V, Correas JM, Dousset B, Couvelard A,  Kianmanesh R, Farges O, Sauvanet 
S, Paye F, Ungeheuer MN, Ottone C, Khun H, Fiette L, Huerre M, Mercereau-Puijalon O, David PH. Ex-
vivo perfusion of human spleens maintains clearing and processing functions. Blood 2006;107(9):3745-52. 

4.  Mamani-Matsuda M, Cosma A, Weller S, Faili A, Staib C, Garçon L, Hermine O, Adoue D, Fieschi C, Pers 
JO, Arakelyan N, Varet B, Sauvanet A, Berger A, Paye F, Andrieu JM, Michel M, Godeau B, Buffet P, 
Reynaud CA, and Weill JC. The human spleen is the main reservoir for life long memory B-cells Blood 
2008;111(9):4653-9. 

5. Safeukui I, Correas J-M, Brousse V, Hirt D, Deplaine G, Mulé S, Lesurtel M, Goasguen N, Sauvanet A, 
Couvelard A, Kerneis S, Khun H, Vigan-Womas I, Ottone C, Molina TJ, Tréluyer JM, Mercereau-Puijalon 
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O, Milon G, David PH, Buffet PA. Retention of Plasmodium falciparum ring-infected erythrocytes in the 
slow, open micro-circulation of the human spleen. Blood 2008;112:2520-28. 

6. Deplaine G, Safeukui I, Jeddi F, Lacoste F, Brousse V, Perrot S, Biligui S, Guillotte M,  Guitton C, Dokmak 
S, Aussilhou B, Sauvanet A, Couvelard A, Paye F, Thellier M, Mazier D, Milon G, Mohandas N, 
Mercereau-Puijalon O, David PH, Buffet PA. The sensing of poorly deformable red blood cells by the 
human spleen can be mimicked in vitro. Blood 2011;117(8):e88-95. 

7. Buffet PA, Safeukui I, Deplaine G, Brousse V, Prendki V, Thellier M, Turner G, Mercereau-Puijalon O. The 
pathogenesis of Plasmodium falciparum malaria in humans - Insights from spleen physiology. Blood 2011; 
117(2):381-92. 

8. Tibúrcio M, Niang M, Deplaine G, Perrot S, Bischoff E, Ndour PA, Silvestrini F, Khattab A, Milon G, 
David PH, Hardeman M, Vernick KD, Sauerwein RW, Preiser PR, Mercereau-Puijalon O, Buffet P, Alano 
P, Lavazec C. A switch in infected erythrocyte deformability at the maturation and blood circulation of 
Plasmodium falciparum transmission stages. Blood 2012;119:e172-80. 

9. Farfour E, Charlotte F, Settegrana C, Miyara M, Buffet P. The extravascular compartment of the bone 
marrow: a niche for Plasmodium falciparum gametocyte maturation? Malaria Journal 2012;11:285.  

10. Safeukui I, Buffet PA, Deplaine G, Perrot S, Brousse V,  Ndour A, Nguyen M, Mercereau-Puijalon 
O,  David, PH , Milon G,  Mohandas N. Quantitative assessment of sensing and sequestration of spherocytic 
erythrocytes by the human spleen. Blood 2012;120:424-30.  
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Partner 15 
 
WILLIAM VAINCHENKER – UMR-S1009 
Email: verpre@igr.fr 
Website: http://www.igr.fr/fr/page/umr-1009-hematopoiese-_390 
 
Myeloproliferative neoplasms 

 
The team is working on the pathogenesis of 
Polycythemia Vera (PV) and other BCR-ABL 
negative myeloproliferative neoplasms. 
 
The classical BCR-ABL negative 
myeloproliferative neoplasms have for 
biological hallmark a hypersensitivity to 
cytokine, especially erythropoietin, which 
explains the increased erythrocyte production 
and the polycythemia.   All the mutations 
discovered responsible for the phenotype 

(driver mutations) concern the cytokine receptor/ JAK2 
pathway. The most frequent somatic mutation is the 
JAK2V617F (exon 14), which is present in 95% of PV, 60% 
of essential thrombocythemia (ET) and 50% of primary 
myelofibrosis (PMF). The other mutations concern JAK2 
itself, especially with mutations in the Exon 12 in 3% of 
PV; MPL, the thrombopoietin receptor in the W515 codon 
in 8-10% of PMF and 3% of ET and rare loss of function 
mutations in LNK (SH2B3) that negatively regulates the 
JAK2 activity or CBL (Casitas B-cell lymphoma) protein 
with a ubiquitin ligase activity which targets JAK2, STAT5 
and MPL. 
Although many progresses have been made from 2005 with 
the discovery of the JAK2V617F both in the pathogenesis 
of these disorders and their treatment (development of 
JAK2 inhibitors), four main questions remain to be solved 
concerning the pathogenesis of these disorders. 
What are the other mutations responsible for the phenotype 
of the JAK2 and MPL negative ET and PMF? 
Are mutations in the signaling pathways sufficient to induce 
a clonal clinical disorder or do they need the requirement of 
other genetic events?   
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They are already strong evidence that in less than 20% of ET and PV, another genetic 
event is present such as mutations of TET2 or an epigenetic regulator or mutations in a 
gene of splicing.  However one or several other mutations are present in PMF. These 
mutations may be involved in two functions: i) clonal dominance as for TET2 mutations 
and ii) induction of myelodysplatic features as observed in PMF, as for the ASXL1 and 
SRSF2 mutations.   
The myeloproliferative neoplasms are usually sporadic but in up to 8% there is a familial 
prevalence. This predisposition can be related to some SNPs such as the 46/1 haplotype 
in JAK2 or a recent SNP in MYB, but this leads to an increase risk of MPN of about 2 to 
5-fold.  In parallel there are families with a true mendelian transmission of the MPN. In 
this case, in most families, acquired mutations in the same genes as in sporadic cases are 
responsible of the MPN in the adult life. However, there is no germline transmission of 
these mutants, maybe with the exception of TET2 mutations.  Thus a main question 
remains what are the genetic events responsible for this predisposition. 
The main driver mutation is JAK2V617F, a gain of function mutation in the 
pseudokinase domain of JAK2. It remains to be understood how this mutation acts (is it a 
simple constitutive signaling via cytokine receptors or JAK2V617F interacts with new 
molecules and pathways), how it induces several phenotypes (associated mutations or 
copy number through a LOH), how it acts on hematopoietic stem cells and how it 
induces a genetic instability. These precise answers may help in the future for the 
development of new therapies. 
 
Our group tries to answer to these different questions by: 
 

• Modeling the disease in the mouse through inducible jak2V617F mice and tet2 
knockout mice and the development of iPS from patients with JAK2V617F and 
TET2 mutations as with presumptive predisposition genes. 

• Studying the hematopoiesis of patients both in sporadic and familial forms. 
• Searching new genetic alterations in sporadic and familial forms through genome 

wide techniques including NGS.  
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Partner 16 
 
MICHAEL MARDEN – UMR-S779 
Email: michael.marden@inserm.fr 
 
Blood substitutes and pathologies related to protein polymerization 
 

Three main axes of research are developed: blood 
substitutes, globin functions with neuroglobin as model, and 
the role of the a-Hb chaperone in the physiology of RBC. 
With research at the protein level, we make use of the tools 
of genetic engineering and functional studies based on time 
resolved optical techniques and nanotechnology. Our goal is 
to apply a fundamental understanding of the various protein 
states and transitions to improve the detection and treatment 
of clinical cases. 

 
Blood substitutes 
 
The lack of a sufficient supply of donated blood has led to new perspectives of producing 
a Hemoglobin (Hb) based blood substitute. In order to produce a sufficient quantity, we 
made the first production of human Hb in transgenic tobacco plants (patented). In order 
to increase the size of the molecule, we developed a stable octameric recombinant Hb by 
the introduction of surface cysteines.  Another strategy to increase the size is the use of 
core-crown nanoparticles, originally developed for drug delivery.  
 
Neuroglobin (Ngb) and Redox systems 
 
We study new human globins such as neuroglobin (expressed in neural cells), which 
displays a new mechanism of oxygen binding in competition with the reversible binding of 
the distal Histidine. We also study globins from invertebrate species, which display other 
functions such as a protective role against ROS and RNS species.  The spectroscopic 
methods developed to study these systems are often applicable to other cases, and through 
specific collaborations, we have expanded our studies to other proteins. Our time-resolved 
and static spectroscopic methods allow us to decipher specific ligand binding and electron 
transfer mechanisms. The dynamic light scattering technique used for size and surface 
charge characterization of the nanoparticles is also highly useful for studies of protein-
protein interaction and polymerization, such as the interaction between Ngb and the protein 
prion, and the formation of HbS fibers. 
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Role of the α-hemoglobin stabilizing protein (AHSP), in the physiology of the RBC 
 
AHSP specifically binds to α-Hb until association with β-Hb chains. We study the 
AHSP/α-Hb complex, which exhibits a unique functional state intermediate to the R and 
T-Hb states.  We have described the first mutation in the AHSP gene associated with α-
thalassemia-like syndromes. The role of AHSP in the physiopathology of the red blood 
cell (RBC) will also be investigated, in particular to develop a biological test to assess the 
free alpha-Hb pool as an index of clinical severity of beta-thalassemias (patented). 
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Partner 17 
 
NAOMI TAYLOR AND MARC SITBON – UMR 5535 
Email: naomi.taylor@igmm.cnrs.fr and marc.sitbon@igmm.cnrs.fr  
 
 

The supposition that different cytokines are required for 
commitment to distinct hematopoietic lineages is an “accepted 
wisdom” but the possibility that nutrient entry plays a role in 
this process/choice was not considered until very recently.  
Based on the discovery by our teams that the Glut1 glucose 
transporter is a receptor for the human T cell leukemia virus 
(HTLV) (Manel et al., Cell, 2003), we generated HTLV 
receptor-binding domain (RBD) fusion proteins allowing us to 
monitor and study the role of Glut1 during erythropoiesis. 
Notably, we found that Glut1 is actually not expressed on 
erythrocytes of all species, as assumed by the prevalent 
dogma up to 3 years ago, but is restricted to those few 
mammals unable to synthesize ascorbic acid from glucose 
(higher primates, guinea pigs and fruit bats). In these species, 
erythroid Glut1 (eGlut1), >200,000 molecules / cell, 
preferentially transports an oxidized form of vitamin C, L-
dehydroascorbic acid, likely providing a compensatory 
mechanism for the lost ability to synthesize this essential 
metabolite (Cell 132: 2008; Cell 137: 2009). Furthermore, we 
found that in all mammals tested, Glut1 is expressed during 
neonatal erythropoiesis; a discovery opening up new 
paradigms in that subsequent glucose uptake in erythrocytes is 
mediated by Glut4, an insulin-sensitive transporter never 
before considered to be expressed on erythrocytes (Blood 112: 
2008; Curr Hematol 16: 2009).  
 

These studies, as well as the lack of reliable antibodies recognizing exofacial nutrient 
transporters, motivated our generation of a collection of RBDs as specific nutrient 
transporter ligands, which will make it possible for the first time to directly detect key 
transporters including Glut1, the ASCT2/SCL1A5 glutamine transporter, the PiT1 and 
PiT2 phosphate transporters, the THTR1 thiamine transporter, the hRFT1 riboflavin 
transporter, and the hFLVCR heme exporter in erythroid differentiation. Establishing the 
global network of nutrient transporters expressed during early and terminal erythroid 
differentiation will facilitate collaborative studies aimed at identifying the role of each 
identified transporter in normal and dysregulated erythropoiesis as well as in the 
« making of red cells ». This characterization together with subsequent investigations of 
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metabolite uptake/efflux will reveal the functions of individual transporters in orienting 
erythroid cell survival and differentiation.  
 
Erythrocyte Glut1 expression in mammals with defective and productive ascorbic 
acid synthesis 
  

Surface Glut1 expression was 
monitored in mammals defective in 
AA synthesis and those capable of 
synthesizing this essential 
carbohydrate.  Profiles are shown in 
the top and bottom left panels, 
respectively. Primates of the 
Haplorrhini suborder, including long-
tailed macaques, rhesus monkeys, and 
baboons, are defective in AA synthesis 
while lower primates from the 
Strepsirrhini suborder, comprising 
lemurs, are capable of synthesizing 

AA.  The presence of Glut1 in AA-defective mammals allows the transport of DHA that 
is immediately reduced to AA.  In AA-synthesizing mice (as well as dogs (Ogawa, 
2008)), GLUT4 facilitates the transport of glucose (right panels).  The identity of the 
glucose transporter expressed on adult erythrocytes in other AA-synthesizing species 
remains to be determined (from Montel-Hagen et al. 2008 and 2009). 
 
Expertise 
1. Scientific direction for the Montpellier RIO/IBiSA flow cytometry platform with state of the art cell sorting 

and cell analysis equipment.  
2. In partnership with L. d’Auriol and V. Petit, M. Sitbon has created METAFORA Biosystems, a spin off 

biotech member of GR-Ex, incubated by the Business and Innovation Centre (BIC) of Montpellier 
Agglomération, and successive laureate of the OSEO «2010 Emerging» and «2012 Creation-Development» 
awards. The expertise of the company stems from the capacity to generate and commercialize expression 
profiles of metabolite transporters at the cell surface. 

 
Main publications 
1. Loisel-Meyer, S., Swainson, L., Craveiro, M., Oburoglu, L., Mongellaz, C., Costa, C., Martinez, M., 

Cosset.F.L., Battini, J.L., Herzenberg, L.A., Herzenberg, L.A., Atkuri, K.R., Sitbon, M., Kinet, S., 
Verhoeyen, E., and N. Taylor. Glut1-mediated glucose transport regulates HIV infection. Proc Natl Acad 
Sci USA 109:2549-2554, 2012. 

2. Lagrue, E., H. Abe, M. Lavanya, J. Touhami, S. Bodard, S. Chalon, J. L. Battini, M. Sitbon*, and P. 
Castelnau*. Regional characterization of energy metabolism in the brain of normal and MPTP-intoxicated 
mice using new markers of glucose and phosphate transport. J Biomed Sci 17:91, 2010. (*co-senior authors) 

3. Vicente, R., Adjali, O., Jacquet, C., Zimmermann, V. and N. Taylor. Intrathymic transplantation of bone 
marrow derived progenitors provides long-term thymopoiesis. Blood 115:1913-1920, 2010. 
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4. Montel-Hagen, A, Kinet, S, Manel, N, Mongellaz, C, Prohaska, R, Battini, JL, Delaunay, J, Sitbon, M, and 
N. Taylor. Species diversity in GLUT expression and function. Cell 137: 201-202, 2009. (Correspondence 
with on-line supplemental data) 

5. Montel-Hagen, A., Sitbon, M. and N. Taylor. Erythroid glucose transporters.  Curr. Opin. Hematol. 16:165-
172, 2009. 

6. Montel-Hagen, A., Blanc, L., Jacquet, C., Boyer-Clavel, M., Vidal, M., Sitbon, M. and N. Taylor. The Glut1 
and Glut4 glucose transporters are differentially expressed during perinatal and postnatal erythropoiesis, 
Blood 112:4729-38, 2008. 

7. Montel-Hagen, A, Kinet, S, Manel, N, Mongellaz, C, Prohaska, R, Battini, JL, Delaunay, J, Sitbon, M, and 
N. Taylor. Erythrocyte Glut1 triggers dehydroascorbic acid uptake in mammals unable to synthesize vitamin 
C.  Cell 132:1039-1048, 2008. 

8. Kinet, S. , Swainson, L., Madakasira, L., Mongella, C., Montel-Hagen, A., Craveiro, M., Manel, N., Battini, 
JL, Sitbon, M.* and N. Taylor*. Isolated receptor binding domains of the HTLV-1 and HTLV-2 envelopes 
reveal cell surface Glut-1 induction on TCR-stimulated CD4+ and CD8+ T cells.  Retrovirology 4:31, 2007. 
(*co-senior authors)  

9. Manel, N., Kim, F.,Kinet, S., Taylor, N., Sitbon, M.* and J.L Battini*. The ubiquitous glucose transporter 
GLUT-1 is a receptor for HTLV. Cell 14:449-459, 2003. (*co-senior authors) 

10. Sitbon, M.*, Sola, B., Evans, L., Nisio, J., Hayes, S.F., Nathanson, K., Garon, C.F. and B. Chesebro*. 
Hemolytic anemia and erythroleukemia, two distinct pathogenic effects of Friend MuLV: mapping of the 
effects to different regions of the viral genome. Cell 47: 851-859. 1986. 
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Partner 18 
 
HUBERT DE VERNEUIL – INSERM U1035  
Email: Hubert.De.Verneuil@u-bordeaux2.fr 
Website: www.u1035.u-bordeaux2.fr 
 
Biotherapies of genetic diseases and cancers 
 

Project 1:  iPSC and porphyrias 
 
Erythropoietic porphyrias are inherited diseases with 
loss of enzymatic activities involved in heme 
biosynthesis. Enzymatic deficit leads to toxic 
accumulation of porphyrins in bone marrow, red blood 
cells, spleen and liver. Depending on the porphyria 
type, skin presents photosensitivity manisfestations 
with variable severity. The only curative treatment for 

severe porphyrias relies on allogenic bone marrow grafts. 
Our research team develops gene therapy for 
erythropoietic prophyria to transfer therapeutic genes with 
lentiviral vectors in autologous hematopoietic stem cells. 
We are currently focusing on mouse and human induced 
pluripotent stem cells (iPSC) obtained after 
reprogramming somatic cells. To treat erythropoietic 
porphyrias, we test whether it is possible to correct gene 
deficiencies in these cells before they are committed in 
hematopoietic and hepatic lineages. 
 
Project 2: Roles of HIFs in hematopoietic cell lineage  
 
Physiologic levels of oxygen (02) are strictly regulated in 
mammal tissues; oxygen levels vary between tissues and 
also within the same tissue. However, O2 implications in 
cell functions have long been ignored, even in cell models, 
which are usually cultured in vitro with O2 concentrations 
corresponding to atmospheric levels (21%, normoxia). 
Noticeably however, the most oxygenated tissues do not 
contain more than 14% O2 in the body. The Hypoxia 
Inducible Factors (HIFs) are major actors of O2 response 
and are key factors for the regulation of genes involved in 

cell survival, apoptosis, motility, cytoskeleton structure, adhesion and energetic 
metabolism of normal cells. They are also part of tumor cell growth and resistance to 
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anti-cancer drugs. It is now well documented that hematopoietic cells are spread in the 
bone marrow along an O2 gradient: stem cells (HSC) are located in niches poor in 
oxygen (hypoxic even anoxic regions), which helps maintaining the undifferentiated 
state. Cells progressing into differentiation move towards vessels. We examine the 
impact of HIFs altered expression either by RNA interference or by lentiviral transfer of 
HIF cDNAs in human HSCs. We found that HIF downregulation in vitro leads to 
diminished levels of red cell lineage progenitors, with various amplitudes depending on 
the targeted factor. In vivo, long-term hematopoiesis was inhibited. To dissect molecular 
mechanisms involved in HIF functions during hematopoiesis, we seek for genes which 
regulation is impaired in HSCs after altered HIF expression. 
 
Expertise 
1. Production of lentiviral and AAV vectors for the scientific community. 
2. Murine and human iPS cells. 
3. Mouse models of erythropoietic porphyrias 
 
Main publications 
1. Bedel A, Taillepierre M, Guyonnet-Duperat V, Lippert E, Dubus P, Dabernat S, Mautuit T, 

Cardinaud B, Pain C, Rousseau B, Lalanne M, Ged C, Duchartre Y, Richard E, de Verneuil H, 
Moreau-Gaudry F. Metabolic Correction of Congenital Erythropoietic Porphyria with iPSCs Free 
of Reprogramming Factors.  Am J Hum Genet. 2012 Jul 13;91(1):109-21. 

2. To-Figueras J, Ducamp S, Clayton J, Badenas C, Delaby C, Ged C, Lyoumi S, Gouya L, de Verneuil H, 
Beaumont C, Ferreira GC, Deybach JC, Herrero C, Puy H. ALAS2 acts as a modifier gene in patients with 
congenital erythropoietic porphyria. Blood. 2011 Aug 11;118(6):1443-51.  

3. Duchartre Y, Petit N, Moya C, Lalanne M, Dubus P, Verneuil H, Moreau-Gaudry F, Richard E. Neonatal 
bone marrow transplantation prevents liver disease in a murine model of erythropoietic protoporphyria. J 
Hepatol. 2011 Jul;55(1):162-70.  

4. Robert-Richard E, Lalanne M, Lamrissi-Garcia I, Guyonnet-Duperat V, Richard E, Pitard V, Mazurier F, 
Moreau-Gaudry F, Ged C, de Verneuil H. Modeling of congenital erythropoietic porphyria by RNA 
interference: a new tool for preclinical gene therapy evaluation. J Gene Med. 2010 Aug;12(8):637-46. 

5. James C, Mazurier F, Dupont S, Chaligne R, Lamrissi-Garcia I, Tulliez M, Lippert E, Mahon FX, Pasquet 
JM, Etienne G, Delhommeau F, Giraudier S, Vainchenker W, de Verneuil H. The hematopoietic stem cell 
compartment of JAK2V617F-positive myeloproliferative disorders is a reflection of disease heterogeneity. 
Blood. 2008 Sep 15;112(6):2429-38. 

6.  Richard E, Robert-Richard E, Ged C, Moreau-Gaudry F, de Verneuil H. Erythropoietic porphyrias: animal 
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THE ASSOCIATED PARTNERS  
 
The labex GR-Ex is currently associated with two innovative research teams featuring 

pertinent animal models that adapt to hypoxia and epidemiological research in high 

performance sports. The labex GR-Ex has also partnered with the Fondation Paris 

Descartes in order to build partnerships and facilitate collaboration between biotech and 

pharmaceutical companies and to collect funds from private donors. Please visit the 

Fondation Paris Descartes website (http://www.fondation.parisdescartes.fr/) for a detailed 

presentation of the labex GR-Ex and to join our effort in making a difference in red blood 

cell related disorders. 
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Associated Partner 1 
 
JEAN-PAUL RICHALET – EA 2363 
Email: richalet@smbh.univ-paris13.fr 
 
Cellular and functional response to hypoxia 
 

For the past 20 years our laboratory has been involved in the 
research on physiological and pathophysiological aspects of 
adaptation to hypoxia, using animal models (rats, mice, Pika) 
and clinical studies, leading to a total of 100 publications in 
peer-reviewed journals for the past 10 years. We have a 
complete infrastructure for providing a hypoxic environment 
for rodents in acute and chronic conditions with physiologiocal 
measurements (plethysmography, catheterism, exercise 
platform, Biopack). Our laboratory is also equipped with 
standard cell and molecular biology equipment (Western Blot, 
RT-PCR, immunohistochemistry, etc.). We developed several 
clinical trials in patients suffering from acute or chronic 
diseases linked to exposure to hypoxia (pulmonary 

hypertension, altitude-induced polycythemia). 
 
Altitude hypoxia and red cells 
 
Human studies 
Permanent living at high altitude may provoke diseases characterized by an excessive 
number of red cells (Chronic Mountain Sickness or Monge’s disease) and/or pulmonary 
hypertension (High Altitude Pulmonary Hypertension – HAPH). The evolution of these 
diseases is always very dramatic, towards cardiac failure and cerebral vascular stroke. 
The prevalence is 10% on the Andean Altiplano (Peru, Bolivia) so that it is an important 
public health problem in those regions. 
Very little information is available on the precise physiopathological mechanisms of 
these diseases and a genetic predisposition is suspected. We expect to develop 
collaborative research within GR-Ex to evidence genetic risk factors of this disease 
thanks to a genetic survey of Monge’s disease that has already started in Peru. 
Preliminary results obtained in sea-level natives who suffer from defective 
acclimatization to acute high altitude exposure let us think that the succino-
dehydrogenase (SDHB), enzyme involved in the transport of oxygen in the mitochondria 
of the chemoreceptors, may play a role in the genetic susceptibility of Monge’s disease 
or high altitude excessive polycythemia. Moreover, a relation was found between 
intolerance to acute hypoxia in sea-level natives (acute mountain sickness) and some 
polymorphism of SDHB. These results shed a new light on the possible link between 

Research Group 
 
Principal Investigator: 
Jean-Paul RICHALET 
 
Research scientists: 
Aurélien PICHON 
Nicolas VOITURON 
 
Engineers: 
Dominique MARCHANT 
Patricia QUIDU 
 
PhD students: 
Florine JETON 
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impairments of oxygen sensing at mitochondrial level and intolerance to high altitude. 
Hypoxia-induced pulmonary hypertension might also be linked to genetic variants in the 
systems involved in control of vascular tone and/or remodeling at the pulmonary 
circulation (VEGF). 
Acute exacerbations due to hypoxia can be observed in other diseases such as sickle-cell 
anemia. In a recent collaboration we started with P. Connes (UMR_S 665), we found a 
tight link between hemorrheological alterations and cerebral oxygenation as well as 
between sympathovagal balance and respiratory exacerbations. Our objective is to 
develop this line of investigation in order to better understand the underlying 
mechanisms of these alterations and the specific role of hypoxia. 
 
Animal models 
We developed various animal models helping to unravel these pathophysiological 
processes. Rats exposed to chronic hypoxia develop an excessive polycythemia due to 
hypoxia-induced overexpression of erythropoietin (Epo); in parallel, they develop 
pulmonary hypertension due to both hypoxic pulmonary vasocontriction and increase in 
blood viscosity. The respective importance of these two factors remains to be established. 
Mice underexpressing Epo (EpoTagh transgenic mice) are bred in our laboratory and are 
used to explore the role of Epo in acclimatization to hypoxia. We evidenced a role of Epo 
in the respiratory control in hypoxia by the medulla. Epo receptors have also been found 
in various tissues such as skeletal muscle, heart and brain. We also have the opportunity 
to study the Plateau Pika (a lagomorph adapted to life on the Tibetan plateau at 4000-
5000m altitude). We plan to explore several pathways involved in the control of 
ventilation in those animals, using pharmacological tools (blockade of NOS, NMDA or 
non-NMDA receptors as well as antagonists of serotonin transporters). 
Our model of chronic hypoxiac rats will be used to better understand the interaction 
between hypoxia, pulmonary hemodynamics and the rheological changes induced by 
altitude-induced polycythemia. Acetazolamide and other drugs acting directly or 
indirectly on erythropoiesis will be given to these animals in order to differentiate the 
intrinsic vascular mechanisms (vasodilation pathways, NO production, etc.) and the 
changes in blood viscosity by manipulating hematocrit via hemodilution techniques in 
collaboration with other experts of « GR-Ex » in blood rheology and interactions of red 
cells with vascular endothelium. 
The Epo-TAgh mouse underexpresses Epo, leading to severe anemia. This model wil be 
used to explore the involvement of Epo-EpoR pathway in the adaptation processes to 
acute and chronic hypoxia. These mice are able to adapt to severe hypoxic conditions in 
spite of reduced blood O2 content. Cerebral angiogenesis and increased ventilatory drive 
are probably key mechanisms to explain this adaptation process. The role of NMDA and 
Epo receptors, as well as the NO pathway will be explored, with respect to control of 
ventilation and cerebral blood flow.  
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Associated Partner 2 
 
JEAN-FRANCOIS TOUSSAINT– INSEP/IRMES 
Email: jean-francois.toussaint@htd.aphp.fr 
Website: IRMES 

 
 
 
 
 

Institute of Biomedical and Epidemiological Research in Sport 
 

In order to increase the knowledge in sport, maintain 
athletes’ balance and better understand the health 
benefits of sport and physical activity, the Ministries 
of Health and Sports in partnership with the Paris-
Descartes University, the Assistance Publique – 
Hospitaux de Paris (AP-HP), the National Institute of 
Health and Medical Research (INSERM) and the 
National Institute of Sports, Expertise and 
Performance (INSEP) have created the Institute of 

Biomedical and Epidemiological Research in Sport in 
2006. Since then IRMES has been headed by Jean-François 
Toussaint, Professor of Physiology at Paris-Descartes 
University and Head of CIMS (Center for Investigation in 
Medicine and Sports, Hôtel-Dieu).  
 
The IRMES missions are to: 
 

• Establish a national database of elite sport, in 
association with the technical facilities of health institutions 
and medical units in charge of high level athletes 

• Coordinate a regional and national network, in 
association with medical societies such as the French 
Society of Medicine in Exercise and Sport (SFMES) 

• Encourage, develop and conduct epidemiological and 
pathophysiological research in the field of high performance 
sport 

• Host students training from medical, scientific or 
sports courses and contribute to information of technical 
executives and sport physicians 
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• Increase knowledge on the effects of sport and physical activity on health. 
 
Scientific Project 
 
In sport epidemiology, most of the work realized by IRMES has been performed on 
quantifiable performances, officially registered during major international competitions. 
The data now constitutes a basis of more than 300 000 performances (World Records ; 
10 best annual…) in single or collective sport. This allows us to model future trends from 
observed evolution in 221 Olympic and international sporting events such as Track and 
Field, Swimming, Weightlifting, Cycling - Track, Speed Skating, Triathlon, Marathon, 
Road Cycling, Rowing, Skiing and Sailing etc. 
 
The results show that 64% of the track and field events stagnate, while 100% of 
swimming events have increased until 2009. The major technological effects of 
swimsuits from 2000 to 2010 have been measured. 
 
In addition, physiological parameters change during life. Dan H. Moore * has shown that 
the evolution of sports performance follows a bi-exponential curve with age. This model 
describes very precisely the development of sporting careers (individual behavior) and 
the maxima for each life year, allowing for the definition of species profile (through 
World Records according to age) for more than 2,000 elite athletes as well as the 100 
first grand-masters in chess. The physical and intellectual capacities indeed follow the 
same pattern: performance grows exponentially until its peak before declining 
exponentially until death. Our objective is to study this process of growth / decline and 
test the different levels: species, individual, organ and cell according to an auto-similar 
law described as “invariant of scale”. 
The temporal development of human capacities has recently shown a large 
incrementation phase, termed “phenotypic expansion”. In 10 generations, man has 
improved  his speed on all race distances, maximum heights and lengths. Other 
physiological parameters such as longevity and mobility have followed a similar 
development.  
Using the tools of epidemiology and pathophysiologiy, we develop protocols in humans 
and animals to better understand the physiological processes of performance and the 
mechanisms involved in physical activities or sport. We also evaluate their impacts on 
health or the mechanisms of preventing ageing. 
 
Technical Facility – Metabolism and exercise in mice and rats  
 
During treadmill exercise and training we propose to measure O2 uptake, CO2 
production, respiratory quotient (metabolic indicator of energetic substrate use - 
Labmaster, TSE Systems GmbH) and animals physical performance (PhenoMaster, TSE 
Systems GmbH). 
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Non-invasive “Whole Body Composition” will be analysed using an EchoMRI 900 
scanner (Echo Medical systems, Houston, USA). Without anesthesia, it allows to 
determine lean mass, fat, free body fluid content and total body water of rats or mice, 
with a body mass from 10 to 900 grams. 
 
* Moore DH II. A study of age group track and field records to relate age and running speed. Nature 
(1975) 253, 264–265 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Examples of modeling based on conventional growth curves in 4 events. In track and field, 
men: A. 400m hurdles. B. Long jump. Swimming, C. Women's 100m backstroke. D. Men's 1500m 
freestyle. 
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THE COHORTS OF PATIENTS 
 

NECKER and EUROPEAN GEORGES POMPIDOU HOSPITAL: 
transition of patients with Sickle Cell Disease from pediatric to adult care 
 
Email: mariane.demontal@nck.aphp.fr, valentine.brousse@nck.aphp.fr, jean-
antoine.ribeil@nck.aphp.fr and jean-benoit.arlet@egp.aphp.fr 
 
 

Les syndromes drépanocytaires et thalassémiques majeurs 
sont les maladies génétiques les plus fréquentes dans le 
monde. Les syndromes drépanocytaires sont actuellement 
les maladies génétiques dépistées à la naissance les plus 
fréquentes en Ile de France (IDF). En 2006, environ 7000 
patients en étaient atteints en France métropolitaine, dont 
plus de la moitié en IDF. Selon les prévisions 
démographiques, 20.000 patients pourraient être touchés 
par ces hémoglobinopathies en 2014 en France. Dans des 
conditions optimales de prise en charge, l’espérance de vie 
d’un patient s’est nettement améliorée, plus de 95% des 

patients atteignant à présent l’âge adulte. Du fait de l’augmentation de l’espérance de vie, 
la prise en charge de ces maladies chroniques constitue un enjeu et un problème de santé 
publique en France, et plus particulièrement en IDF.  
Au sein du GHU Ouest, l’hôpital Necker et l’hôpital Européen George Pompidou 
(HEGP) sont fortement impliqués dans la prise en charge des hémoglobinopathies et font 
partie des centres hospitaliers fondateurs du centre de référence de la prise en charge 
des syndromes drépanocytaires majeurs, désigné dans le cadre du « Plan national 
maladies rares ». La cohorte de patients pédiatriques comporte plus de 600 patients suivis 
par le Pr Mariane de Montalembert en collaboration depuis 2005 avec le Dr Valentine 
Brousse, au sein du service de Pédiatrie Générale (Pr. Gendrel) à l’hôpital Necker 
(consultations, hospitalisations conventionnelles, hôpital de jour, échanges 
transfusionnels et transfusions, unité de soins continus).  
La transition de la pédiatrie à la médecine adulte se fait ainsi dans le même GHU, ce qui 
est un exemple assez unique de suivi longitudinal sur un même site de la naissance à 
l’âge adulte, et permet d’éviter les grandes difficultés liées au transfert des jeunes adultes 
vers d’autres centres de suivi (essentiellement les CHU Henri-Mondor et Tenon), 
transition qui peut être à la fois déstabilisante pour les patients et difficile, car ces 
services sont déjà surchargés.  
La cohorte des patients adultes comprend plus de 400 patients et a été développée depuis 
2004 sous la responsabilité du Dr Jean-Antoine Ribeil (PH) du département de 
Biothérapie (Pr Cavazzana-Calvo) à l’hôpital Necker, en collaboration depuis 2006 avec 
le Dr Jean-Benoit Arlet, du service de Médecine Interne (Pr Pouchot) à l’HEGP. La 

Pediatric Cohort 
 
Coordinators: 
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Valentine BROUSSE 
 
Adult Cohort 
 
Coordinators: 
Jean-Antoine RIBEIL 
Jean-Benoit ARLET (HEGP) 
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prise en charge des patients adultes est coordonnée à Necker par le Dr Jean-Antoine 
Ribeil avec d’une part une consultation d’hématologie spécialisée dans le suivi des 
patients ayant une hémoglobinopathie et, d’autre part, en ce qui concerne les syndromes 
drépanocytaires majeurs, des échanges transfusionnels sur machines appelés 
érythraphérèses. Le Dr Jean-Antoine Ribeil s’est particulièrement impliqué, au sein du 
centre de référence, dans la prise en charge sur le site Necker des femmes enceintes 
drépanocytaires en collaboration avec service d’Obstétrique (Pr Ville) et travaille à la 
mise en place d’un registre du suivi de ces grossesses. Depuis 2006, une collaboration 
étroite avec le service de Médecine Interne de l’HEGP s’est développée pour répondre 
aux besoins fréquents d’hospitalisation en urgence des patients adultes. Le Dr Jean-
Benoît ARLET est le référent pour la drépanocytose de l’HEGP et coordonne leur prise 
en charge sur l’hôpital. 
Le Département de Biothérapie participe aux programmes d’allogreffes de cellules 
souches hématopoïétiques (prise en charge des donneurs, récolte et conditionnement des 
cellules souches, réalisées dans les unités de greffe des secteurs d’hématologie 
pédiatrique et adulte). Une vingtaine d’allogreffes de moelle osseuse ayant comme 
indication la prise en charge d’une hémoglobinopathie ont été réalisées jusqu’à présent à 
Necker. Depuis 2004, en collaboration avec les services d’Hématologie Adulte (Pr 
Hermine) et Pédiatrique (Pr Fischer), le Département de Biothérapie est impliqué dans 
les protocoles de thérapie génique appliquée aux hémoglobinopathies.  
Les Drs Arlet, Brousse, de Montalembert, Ribeil coordonnent de nombreux 
programmes de recherche Clinique et fondamentale avec des collaborations avec des 
unités de recherché fondamentale INSERM et CNRS parmi les plus dynamiques et qui 
font référence au niveau international dans les domaines des maladies génétiques, de 
l’hématologie, de la médecine interne et des maladies vasculaires.  
Des collaborations fortes existent en particulier avec les Unités de recherche des Pr 
Hermine et du Dr Colin, avec deux applications particulières : 
- l’étude des mécanismes physiopathologiques de l’érythropoïèse inefficace des 
thalassémies (plusieurs projets fondamentaux en cours de publication dans de grandes 
revues scientifiques, une étude thérapeutique de phase II internationale chez des patients 
thalassémiques majeurs coordonnées par les Dr Arlet, Hermine et Ribeil, CNRS UMR 
8147 et GR-Ex).  
- l’étude de la dysfonction splénique, qui est très précoce chez l’enfant drépanocytaire 
permettant de supposer que la rate est un lieu électif  et central d’interaction,  la rate 
pouvant ainsi être considérée comme un modèle pour la physiopathologie de la crise 
vaso-occlusive. L’analyse, per se, des propriétés érythrocytaires et spléniques concourant 
à cette interaction sont l’objet d’un PHRC national multicentrique dont l’objectif 
principal est de déterminer des marqueurs de sévérité, notamment spléniques, chez les 
très jeunes enfants SS ou Sbéta° grâce à un suivi longitudinal clinique, biologique et 
génétique de l’âge de 3-6 mois jusqu’à 24 mois.  Parmi les déterminants érythrocytaires, 
l’analyse des marqueurs de surface en cytométrie de flux ainsi que les propriétés 
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d’adhérence des globules rouges font l’objet d’une collaboration avec le GR-Ex (Unité 
INSERM UMR-S665, Dr Yves Colin Aronovicz, INTS) 
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INTERCOMMUNAL HOSPITAL CENTER OF CRETEIL (CHIC 
HOSPITAL) 
 
Email: Francoise.Bernaudin@chicreteil.fr, cecile.arnaud@chicreteil.fr, 
corinne.pondarre@chicreteil.fr et suzanne.verlhac@chicreteil.fr 
 
 

Active file in the CHIC center: 649 SCD patients 
(< 18-20 years old) 
 
New-borns screening began in Créteil in 1986 
The data base was created in 1995 (Lotus Approach) and 
1143 patients have been included  
Patients older than 18 years are transferred in the Créteil 
Henri Mondor Reference Adult Center 
Baseline data are recorded in the data base: G6PD activity, 

alpha genes, beta genotype, CD36, UGTA1 polymorphism (Labo Serge Pissard Mondor) 
 

 
 
 
Expertise: Cerebral Vasculopathy 
TCD assessment was introduced in Créteil in 1992 as soon as 12 months of age (Suzanne 
Verlhac) 
 

 

CHIC-Active File pediatric SCD-patients 

n 649 patients < 20 years in active File in 2011
Pediatric Referral SCD CHIC-Center

0

100

200

300

400

500

600

700

2004
2005

2006
2007

2008
2009

2010
2011

referred
newborns
cohort

Expertise in Cerebral
Vasculopathy

n Detection of patients at stroke 
risk with TCD (S Verlhac)
¨ since 1992 as soon as 1 year of age
¨ 30% before 9 years require Trans Prog
¨ Has allowed to reduce stroke risk by age

18 from 11 to 1.9%

Pediatric Referral SCD CHIC-Center

SS/Sb0: 29.6%

Log Rank p< 0.001

SC/Sb+:  0%

217        188        120        82          67           50   39         24         12           3    SS/Sb0
49          47         38         31         26          20     13           9             6           1    SC/Sb+

http://drepanosite.free.fr

126   115   120  104   108  108 104  98    91    77   91     85 72    70    79    56   54    47
19     20     23    18     22    19   16  12    16    11   20   11    11     9       8    13

Paediatric Cohort 
 
Coordinators: 
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Expertise in Cerebral Vasculopathy

n Independent risk factors
for abnormal TCD
¨ alpha-Thal absence  OR 6.4 
¨ G6PD deficiency OR: 3.4
¨ Anemia-Hemolysis

n MRI detection of silent
infarcts
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risk of cerebral
vasculopathy
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Risk factors for abnormal TCD and cerebral vasculopathy have been reported 
(Bernaudin, Verlhac et al , Blood 2008 and 2011) 
 
Expertise: Stem Cell Transplantation 
 
116 SCA-patients followed in the center have been transplanted since 1990: results of 
geno-identical HSCT for SCA-children are excellent with at least 95% chances of cure. 
 

 

 
 
Françoise Bernaudin is the principal investigator of the National “Drepagreffe” PHRC 
that has included 54 patients (27 HSCT and 27 Transf. Prog.) in 2 years. 
 
Future 
 
Further clinical and translational research will be developed by Dr. Corinne Pondarré, 
MD, PhD, the new coordinator. Dr. Pondarré has clinical experience in 
hemoglobinopathies, as she is associate coordinator of the Reference Center for 
Thalassemia (Lyon-Marseille) labeled in 2007, and was the referent pediatrician at the 
Institute of Pediatric Hematology and Oncology, Lyon, for hemoglobinopathies (active 
file for sickle cell disease patients: 250). She also has research experience in 

« Stem Cell Transplantation for SCD »
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hematopoietic cells, with a PhD degree in Hematopoietic Cellular biology (INSERM 
474, Institut Cochin de Génétique Moléculaire, Paris; work on Human Hematopoietic 
stem cell potential: regulation by stromal cells and Notch pathway) and a post-doctoral 
experience in the Pathology Department, Children’s Hospital, Harvard University, 
Boston, USA (creation and analysis of a conditionally targeted allele of Abcb7 gene in 
mice).  
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THE CORE FACILITIES 
 

Biophotonic, Flow Adhesion and Cytometry core facility 
 
Since 2007, the BioFACy-lity platform (partner 2) proposes the expertise and the 
innovative equipment to guarantee the support and the development aid of scientific 
projects exploiting the biophotonic imaging, the microfluidic and the flow cytometry. 
Our up-to-date flow cell adhesion platform is perfectly suited to screen anti-adhesive 
therapeutic molecules. For a full description of the service provided, please visit the 
following website: http://www.u665.inserm.fr/lang/en/plateformes 
 

Proteomic facility  
  
The Prof. Patrick Mayeux (partner 6) is the scientific responsible of the Paris Descartes 
proteomic facility (3P5) that is opened to all research teams either public or private. A 
full description of the proteomic platform and the services it offers is available on its 
website: http://3p5.medecine.univ-paris5.fr/ 
 

Metabolomic facility 
 
The team of Prof. Paul Henri Romeo at the CEA (partner 11) has unique expertise in 
metabolomic analysis of human red blood cells. Our metabolomic platform is also 
accessible for industrials that are interested in the metabolome of human RBC. 
 

Microsphiltration facility 
 
The team of the Prof. Pierre Buffet (partner 14) features a semi high throughput filtration 
system. Red blood cells are filtered through microsphere layers “microsphiltration” that 
are adapted to microplates for screening purposes. 
 

Vectorology platform 
  
The university of Bordeaux Segalen (partner 18) features a platform dedicated to the 
production of lentiviral and AAV vectors. Please visit the website for further 
information: http://www.transbiomed.u-bordeaux2.fr/pages/vectorologie.html 
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BIOTECH COMPANIES 
 
 
 
 
REDOXYLAB 
Website: http://www.redoxylab.com/ 
Contact: Fathi Driss, PhD 
fathi.driss@inserm.fr 
 
 
 
 
 
 
METAFORA BIOSYSTEMS 
Website: http://www.metafora-biosystems.com/ 
Contact: Luc d’Auriol, PhD 
luc.dauriol@metafora-biosystems.com 
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REDOXYLAB 
 

 
 
Redoxylab est une start-up qui a été créée pour répondre à la demande croissante de 
marqueurs fiables pour mieux identifier, quantifier et suivre l’évolution du stress 
oxydant, dont le rôle est déterminant dans la genèse et la progression du vieillissement, 
de l’athérosclérose, des maladies cardio-vasculaires, neurologiques, et inflammatoires. 
 
Conseil 
Proposer et conseiller  les solutions les plus appropriées pour l’exploration du stress 
oxydant et pour l’évaluation des anti oxydants. Participer à l’élaboration des protocoles 
de recherche clinique, définir les procédures pré analytiques et les modalités 
d’investigation propres à chaque cas. 
    Définir les critères d’inclusion en ciblant l’intervention sur des sous populations ayant 
un stress oxydant avéré, afin de réduire la durée des protocoles d’intervention 
nutritionnelle ou pharmacologique. 
 
Phénotyper 
Le statut Redox des modèles murins des maladies inflammatoires chroniques, et 
dégénératives chez l’homme, afin d’approfondir les connaissances des voies 
métaboliques du stress oxydant et de définir les cibles potentielles d’anti oxydants.  
 
Activité R&D 
Développer de nouveaux biomarqueurs, et des kits de dosage. 
Rechercher et valider l’activité biologique et clinique de nouveaux antioxydants. 
Réaliser les dosages avec les techniques de référence, et les méthodologies innovantes 
qui prennent en compte la spécificité de chaque protocole.( voir le détail des techniques) 
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PLATEFORME ANALYTIQUE 
 
•Exploration des mécanismes moléculaires du stress oxydant et des antioxydants 
pharmacologiques et nutritionnels.  
 
•Exploration des principales voies de production endogène des formes réactives de 
l’oxygène et de l’azote.  
•Mitochondries 
•Système Xanthine- Xanthine oxydase. 
•l’hyper activation des NOX. 
 
•Rôle des phagocytes dans les maladies inflammatoires et dégénératives 
 
•Rôle du stress oxydant dans le métabolisme du fer, de l’hème, et de l’érythropoïèse  
 
•Évaluation du potentiel oxydant des pools de fer libre non lié aux protéines de transport 
dans les maladies génétiques du fer: hémochromatoses, anémies, porphyries, 
thalassémies, drépanocytose 
 
BIOMARQUEURS 
 
Marqueurs usuels 
–Peroxydation des protéines : produits de dégradation des protéines oxydées, 
Groupements carbonylés. 
–Produits de dégradation des acides nucléiques. 
–Produits de glycation avancée: carboxymethyl lysine. Pentosidine  
–Lipides Oxydés : Isoprostanes, LDL oxydés, PL oxydés. 
–Antioxydants endogènes: SOD's , GPx , Thiorédoxine réductase, Hème oxygénase. 
–Glutathion réduit, et oxydé. 
–Antioxydants exogènes : Coenzyme Q, Vitamines E, C, Caroténoïdes. 
 
Techniques: 
  Chimioluminescence, bioluminescence, fluorescence.  
  Cytométrie de flux.. 
  HPLC, électrophorèse capillaire.  
  Cultures cellulaires.  
  Immunodosages, ELISA 
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METAFORA Biosystems 
 
METAFORA biosystems is dedicated to the discovery and use of ligands that bind to 
metabolite transporters. The combinatorial application of these ligands for the detection 
of different transporters (glucose, amino acids, phosphate, vitamins) allows the metabolic 
signature of a given cell or tissue. Modulation of these transporters in cells placed under 
different stresses, qualifies these signatures as biomarkers of cell metabolism that are 
marketed under the name METAscreenTM. Three main features characterize this new 
tool: 

1. A functional biomarker that is built on major players of metabolism 
2. Easy to implement and relies on widely used instrumentation 
3. Unique scaffold that is protected by strong intellectual property protection 

 
The biomarkers market is divided into two major areas; namely, those used for 
discovery/ development of drugs and those used for diagnostics. This market has a 
growth rate of 20%, driven by two major necessities: 1) the need to diminish attrition in 
the later phases of drug development and 2) the explosion of personalized medicine.  
 
Because METAscreenTM is based on cellular metabolism, it constitutes a common 
denominator for a number of diseases and is directly in phase with changes in this field. 
 
The company is organized in three complementary units to address the overall 
biomarkers market: 

1. The Molecular Screening Unit develops the in vitro applications of 
METAscreenTM (flow cytometry, high throughput screening, high content 
screening), 

2. The Clinical Biomarkers Unit is developing kit applications of METAscreenTM 
based on patient samples and will participate in preclinical as well as clinical 
studies to identify and develop clinically relevant signatures, 

3. The Production and Discovery Unit is responsible for research aimed at the 
identification of new ligands and is developing projects with our main academic 
partner to explore and exploit new trends in the control of metabolism. 

 
METAFORA biosystems takes advantage of its versatile technology to develop different 
commercial offers: 
 

• Kits for specific uses in the quality control of cell cultures (Q2 2012), 
• Kits devoted to the follow up of diseases or treatments (2013), 
• In the next two years, the company will have developed applications for the HTS 

toxicology market, a market that is predicted to grow rapidly under parameters 
like the transitioning from animals testing to cultured cells (REACH),  
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•  In the longer term, METAFORA biosystems will engage in drug co-
developments, typically in partnership with molecule developers to which 
METAscreenTM will add a validated metabolic approach. 

 
The final goal of METAFORA biosystems is to implement METAscreenTM at all steps of 
drug development, offering a unique solution that is versatile and simple and that allows 
a rapid delivery of results while maintaining an attractive cost for our customers. 
A consortium of pharmaceutical industry actors will be activated to spread the 
technology, mimicking the consortia that accompanied the development. 


