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BIOLOGIE DE LA LEUCEMIE MYELOIDE
CHRONIQUE
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Rappel: Biologie des cellules souches de LMC
Resistance & Instabilité Génétique
Persistance

Nouvelles stratégies de ciblage



CML: A CANCER
STEM CELL MODEL WITH CLONAL EVOLUTION
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INITIAL CLONAL EVENT(S)
LEADING TO LEUKEMIC HEMATOPOIESIS IN CML
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STEM CELL PROLIFERATION IN CML.:
SPONTANEOUS MOBILIZATION OF
LEUKEMIC CE

Normal vs CML.:
Identical cells surface
Markers

PB CFU-C at diagnosis = 1000- 10000 fold

Differentiation programs: Increase as compared to normal
Not perturbed

Hypersensitivity to growth factors++



CML STEM CELLS: CELL-AUTONOMOUS
ABNORMALITIES
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CML STEM CELLS: ORIGIN OF BLAST CRISIS
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Survival Probability
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CML STEM CELLS IN THE ERA OF
TARGETED THERAPIES
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WHY DO PATIENTS IN COMPLETE MOLECULAR RESPONSE
RELAPSE UPON IM DISCONTINUATION?



CML: WHAT REMAINS TO BE DONE ?

-Very efficient first line therapies
-Very efficient second line therapies
- Unprecedented survival ( 90 % 5 yrs, 80% 10 years )

Persistent problems:
-Patients with primary resistance exist
-All data suggest CML stem cells are insensitive to TKI
-50-60 relapse upon TKI discontinuation. Others: some cures ?

— -

How can we improve Can we find new targets ?
existing therapies
-TKI+ Other agents



« PRIMARY » RESISTANCE PROFILE
Patient 52 yr old, CML-1st CP, Sokal Int, no ACA
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« PRIMARY » RESISTANCE PROFILE
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MUTATIONS ABL-KINASE AND RESISTANCE
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> 100 mutations affectant plus de 70 aa



ABL-KINASE MUTATIONS AS A MECHANISM OF
RESISTANCE: QUESTIONS

7 LN

HOW ? WHERE ?
WHEN ? : "
» Progenitors *
! ‘ » Stem cells ?
Oxydative stress
Prior and/or Genetic instabililiy
During TKI Reduced BRCA1 / DNA-PKcs

Selection by TKI

Canitrot et al 1999
Deutsch et al 2001, 2003
Nowicki et al2004
Slupaniek et al 2005
Koptyra et al 2006
Bolton-Gillespie et al 2013



CML WITH T3151 MUTATION: WHAT IS
THE HIERARCHICAL LEVEL OF STEM CELL ?
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Chomel et al, Leuk Lymphoma 2010



Peripheral blood

Bone marrow

CML WITH T3151: MUTATION OCCURS IN

MNC
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CML STEM CELLS IN THE ERA OF TARGETED
THERAPIES: EVOLUTION OF MUTATED CLONES
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POLYCLONAL VERSUS COMPOUND
MUTATIONS AS MECHANISM OF
RESISTANCE TO TKIi

/

BCR-ABLI1 polyclonal mutations BCR-ABL1 compound mutations

CML cells

/

70% OF DOUBLE MUTATIONS CONFIRMED AFTER
CLONING ARE CIS-COMPOUND MUTATIONS



POLYCLONAL VERSUS COMPOUND MUTATIONS AS MECHANISM
OF RESISTANCE TO ALL TKI

Table 3. Mutations, TKls, and disease phase

Patient ID no. BCR-ABL1 mutations TKI therapy Disease phase Type of BCR-ABL1 mutation
CML#23 G250E$/T3151% Im CP Compound
CML#27 V338F/L384M+t Im CP Compound
CML#32 M244V/M351T Im CP Compound
CML#40 M244V/E459K Im CP Compound
CML#50 G250E$/E459K Im CP Compound
CML#51 F311L/H396Rt Im CP Compound
CML#24 G250E$/T315A* Das BP Compound
CML#36 T315131/H396Rt Pon BP Compound
CML#28 V299 */E459K Im, Das BP Compound
CML#31 M244V/F317L% Im, Das CP Compound
CML#41 E255K1/T3151% Im, Das BP Compound
CML#43 F317L/M351T Im, Das AP Compound
CML#44 T31513/L387M Im, Das BP Compound
CML#49 G250E1/V299L* Im, Das CP Compound
CML#19 M351T/E255Kt Im, Nil, Das CP Compound
CML#37 V299L*/F359Vt Im, Nil, Das CP Compound
CML#42 G250E1/F317Lt Im, Nil, Das BP Compound
CML#45 Y253H1/F317L% Im, Nil, Das BP Compound
CML#30 Y253H1/F317L% Im, Nil, Das, Bos BP Compound
CML#35 Y253H1/F359Vt Im, Nil, Das, Bos CP Compound
CML#33 M351T, F359Vt Im CP Polyclonal
CML#39 Y253H+t, T3151t Im BP Polyclonal
CML#48 T3151%, F359VT Im AP Polyclonal
CML#20 H396Rt, F317L% Das CP Polyclonal
CML#46 T315A*, F317C*, F317L%, F317V* Das BP Polyclonal
CML#34 L248Vt, G250Et Im, Das BP Polyclonal
CML#47 Y253H1, E255Vt Im, Das CP Polyclonal
CML#38 V299L*, F359Vt Im, Nil, Das CP Polyclonal

Khorashad et al, 2013



METHODE DE DETECTION ET/OU DE CARACTERISATION
DES MUTATIONS COMPOSEES BCR-ABL KD

Détection des | Caractérisation
Méthode Sensibilité mutations des mutations Référence
composées composées

Séquencgage direct 10-15% Branford et al, Blood 2003
Sous-clonage + o/ *

séquencage 5-10% Ooul Oul Shah et al, Cancer Cell 2002
Pyroséquencgage 5% NON NON Khorashad et al, Leukemia 2006

Roche-Lestienne et al, Blood 2002

PCR alléle spécifique 0,001-0,01% NON NON Willis et al, Blood 2005
Chomel et al, Leuk Res 2009

DGGE 2-5% OUl ** NON Sorel et al, Clin Chem 2005

Deininger et al, Leukemia 2004
- 0 *% 1]
DHPLC 1-2% oul NON Soverini et al, Clin Chem 2004

HRM 1-2% Oul ** NON Polékova et al, Leuk Res 2008

Soverini et al, Blood 2013

() *% *%
NGS 1% oul oul Polakova et al, J Canc Res Clin Onc 2014

NGS longue distance 1% Ooul Ooul Kastner et al, Eur J Cancer 2014



RESISTANCE AT THE STEM CELL LEVEL

PERSISTENCE



QUIESCENT Ph1+ STEM CELLS ARE RESISTANT
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QUESTIONS

Do LSC persist in profound MR ?

What are the mechanisms of resistance of
LSC ?

What are the mechanisms of persistence of
LSC ?



WHAT IS THE NATURE OF THE
CELLS AT THE ORIGIN OF RELAPSES ?

ANALYSIS OF LSC IN PATIENTS IN
LONG-LASTING DEEP
MOLECULAR RESPONSE



PILOT « PERSISTEM »STUDY

6 patients ( 1M / 5F)
(Age 66 — 78)
Therapies:
IFN-a (Pt 1, 2,3) 13,9, 6 years, Off Rx 11,16, 8 years
IFN-a + IM (Pt 4, 5) 8, 6 years, Off Rx 2 & 2 years
IM + DASATINIB (Pt 6) > 4 years, Dasatinib ON
RQ-PCR-NEGATIVITY In Peripheral Blood
IFN-o patients: 5, 4 and 6 years
IFN-o + IM patients: 4 & 5 years
IM + Dasatinib : 3 years



EVALUATION OF BCR-ABL EXPRESSING LSC IN
PATIENTS IN DEEP MR

Bone Marrow ~Purification CD34+Cells|
Aspirate l l
LTC-IC IC
| v . MS5 _ m HoxB4/MS5
. S e L SESTEEE SEEELEE-S
GHBE 0 <l e o
’ﬁ% @ ) g CHAZZZE ) g
CLONOGENIC D g D
ASSAYS DI SIS DI SRS
v v
I | I |
%% %: @ LTC-IC %% %: @
DERIVED
v v CFU-C
[ Pluck 20 individual & 10 and 20 pools of 10 colonies ]
220 colonies / patient
v

[ Q-RT PCR (ABL et BCR-ABL) on individual and pooled colonies ]

)

[ Confirm by nested qRT-PCR ] Chomel et al, Blood 2011




BCR-ABL EXPRESSING HSC AND CFC IN PATIENTS WITH
UMRD

DO : Clonogenic Week 5: LTC-IC-derived CFU

Previ
Therapies Pools de 10
CFU-Cs MsS5/

1 IFN-ou 0/20 1/18 4/31 1/8

2 IFN-ou 0/20 1/19 2/39 4/40 *

3 IFN-ou 9/19 11/16 1/30 9/30 *

4 IFN-o; IM 2/20 0/19 0/20 0/19

5 IFN-o; M 1/20 0/20 0/20 2/17 * 0/20 0/20
6 ON DASA 1/17 23/24 12/43

N= 2000 Chomel et al, Blood 2011



« Charge » estimeée des patients en MRI en cellules
souches leucémiques BCR-ABL+

MO
3-5 ml

Fraction de CD34+ testées en | Fraction de LTC-Ics testées
m 19 ek ] Tl (Bl culture a long terme en méthylcellulose

0,1 106
2 0,7 108 110 1/5
3 1.2 106 1/20 X 20 1/4 X 4
4 0,2 106 1/5 11
5 3,5 106 1/20 1/6
6 0,03 106 112 11

———————————————
Persistance d’une quantité significative de

cellules souches leucémiques in vivo



EVALUATION OF LSC PERSISTANCE
ON MR 4.5 INDUCED BY TKI

!

21 PATIENTS ON MR 4.5 > 2 YEARS (Median 7)

Chomel et al, Oncotarget 2016



STRATEGY USED FOR THE DETECTION OF
BCR-ABL1 + STEM CELLS

CML patients in sustained and deep molecular
response induced by tyrosine kinase inhibitors )

> Bone marrow

CD34+ cells €

l & Incubation 5 weeks

LTC-IC assays | with weekly
medium changes

Incubation for v

Incubation for
CFU-C assays | ;4 16 gays

!

Detection of BCR-ABL1 mRNA
transcripts by qRT-PCR

v v

on 20 individual colonies
and 20 pools of 10 colonies or

v

[ Detection of BCR-ABL1- expressing stem cells ] Chomel et al, Oncotarget 2016

on 40 individual colonies




BCR-ABL+ STEM CELL PERSISTENCE AND OUTCOME

CML patients included in the study

(n=21)
Leukemic stem cells Leukemic stem cells
detected not detected
LSC + (n=4) LSC - (n=17)
Stopped TKI therapy Continuous TKI therapy Stopped TKI therapy Continuous TKI therapy
TKI-OFF (n=2) TKI-ON (n=2) TKI-OFF (n=11) TKI-ON (n=6)
Sustained Molecular relapse Sustained Sustained Molecular relapse Sustained
molecular response molecular response molecular response molecular response
(n=1) (n=1) (n=2) (n=7) (n=4) (n=6)
Fluctuation of the TKI Fluctuation of the BCR-
BCR-ABL1/ABL1 ratio retre‘;tme”t ABL1/ABL1 ratio TKI retreatment
n= =
(n=1) ( \1') (n=4) (n¢,4)
New New
molecular response molecular response
(n=1) (n=4)

v

New TKI discontinuation

(n=1)

v

i f CR-
s s Chomel et al, Oncotarget 2016
(n=1)




MECHANISMS OF SURVIVAL OF Ph1+
STEM CELLS IN THE PRESENCE OF TKI

/ l « Oncogene-

ABL-K mutations Independence »
Alternate mechanisms / \
LSC Quiescence of persistence

Novel

Low BCR-ABL
/ \ expression pathways

Survival Quiescence
signals signals

N &

« LEUKEMIC NICHE »




RESISTANCE TO TKI: NICHE-RELATED
MECHANISMS?

Ph1+
HSC (cycling) OPN Intrinsic
« Quiescence »
n pathways
Foxo3a
= lPML
——— Alox5a Ph1+ HSC
Anai Quiescent
ngIO_ ‘\/’ TKIl-resistant)
genesis
A PLGF
« NICHE »-
dependent
RE: TGF-8
RESISTANCE
\ 4

Turhan AG & Chomel JC : Oncotarget 2011



IS THE LEUKEMIC « NICHE »
NORMAL ?



CML STEM CELLS AND THEIR NICHE: A
CONSENSUAL CROSS-TALK ?

7N\

CML STEM Ph1 CML STEM Ph1

+| i;
FL:CCtﬁ F;:

M Nich Normal » « Abnormal »

arrow « Niche » Marrow Niche Marrow Niche

Protection from TKI toxicity Contribution to CML
Induction of Quiescence resistance & persistence

Weisberg et al. Mol Cancer Ther 2008 Schmidt et al, Cancer Cell 2011



ONCOGENE INDEPENDENCE AS A MECHANISM
OF LSC RESISTANCE TO TKI

Cytokines:
SCF, FLT3 ligand,
GCSF, IL-3, IL-6

Sorted CML #2

== CML untreated

Ki-67— Ki-67+ 1.0x10 =*=CML5puM IM
No 5 MM No 5 MM - normal untreated ]—
—— I5uM IM
drug IM drug IM 7.5x10° normarH I |
£ |
- —_— ~ @
P CRKL L O 5.0x10%
CRKL #v e " e 2.5x10%
C L] L] L] L] L
0 1 2 3 4
3 CML untreated Culture time (days)
MI
100+ I CML 5 M IM
+ B normal untreated B
> I normal 5 pM IM ” 6n CD34+ CD34+CD38- .
c 759 ’ @ isotype
. — Juntreated
é I washout
S 504 207 mm inhibitor
© g g
\O g 5,1.5"
¢ 254 £3
lg % 1.0
0~ ' 25
' 0.54
cytokines
0.0+
Corbin et al, JCI 2010 5uM 50 nM 200 nM 5uM 50 nM 200 nM

M das nil IM das nil



CML STEM CELLS: HOW TO BE « NON-
ADDICT » TO BCR-ABL ?

\

-Compensation of TK-induced -Down-regulation of BCR-ABL
signalling by other pathways expression
-Niche

-Intrinsic signalling



HIERARCHICAL AND TIME-DEPENDENT
EXPRESSION OF BCR-ABL IN STEM CELLS

CFU-Cs LTC-ICs CFU-Cs LTC-ICs

n=163 n=58 n=13 n=55
n.s Bl CML-Dx (n=6) 0\3500 median=52.1 Mzd!ﬂ=31 Median=12  Median=0.7
B. 30q T MMR (n=15) ~

e 2 I A R s
§ 2 54 *x m\‘_l 00 §al _;ii:;:r s
- %‘ 2.0+ — q -4 4 1 P .o...:
IS N 3 LA : *
xD 1.59 | s . —— .,®
8 O . QQ 10
- O : g - =
e} .; q o.a
5o 051 1 ' ore
S8 7 % o3
& 4 1 o!’

o ses
N < 0.2 @ eoe
\' m Ll 2]
Q
<@
S 0.1 .
I IBf=1 P IS Ts |

\,\SC’ ‘oged\\o‘s O\’\? Gﬁ\? \\‘\e? 0.01 p<0 0001
¢ ’ ’ BCR-ABL-positive heamatopoietic colonies ‘
from TKl-resistant from 6 CML patients
patient with a T315I in UMRD > 3years
Kumari et al, Blood 2011 mutation

Chomel et al, Blood 2012
LOW LEVEL BCR-ABL-EXPRESSION IN MMR vs CMR:

LSC ARE NOT ADDICTED TO BCR-ABL



HOW TO TARGET CML HSC NON-
DEPENDENT OF TK ACTIVITY OF BCR-ABL?

NN

SHH /SMO AHI-1
Gli,Ptch v Jak2
TGF-B Alox5a STATS
FOXO SIRT
Self-renewal Wnt/b-catenin Expression ATM /BID
Expression induced Complex
Increased in CML Maintenance In CML HSC Quiescence BCR-ABL
Of LSC
<€ >
DRUGGABLE
TARGETS

Naka et al, Nature 2010 ; Zhao et al, Cancer Cell 2007;
Dierks et al, Cancer Cell 2008; Ito et al, Nature 2008;
Chen Y et al, Nat Genet 2009; Zhao et al, Nature 2009

Zhou et al, J Exp Med 2008;



Relative change

BCR-ABL:
Imatinib:

TARGETING ALOXS5 GENE TO INHIBIT
CML STEM CELLS

- - -
- - -

b O Vector
B BCR-ABL

1/100 B-Actin
oON A OO 0 O

Arachidonate 5-Lipooxygenase(ALOXS5)
expression induced by BCR-ABL

LTB4 (pg/ml)

400
300
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100
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5-Lipooxygenase Inhibitor

M Placebo
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Lo
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20
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== Alox5 to WT (5 x 10°)
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Souris Alox5-/-: Resistance

T L] 1

20 40 60 80
Days post BMT

A la leucemogenése induite par BCR-ABL

=+ Placebo
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* Imatinib
+~ Zileuton+Imatinib

20 40 60 80 100
Days post BMT

Alox5 deficiency: No effect on normal HSC

OWT (n=7)

W Alox57 (n=15)

a
0.6 -
T
g 0.4
ol
c
S
® 0.2-
0.0 ;
&
Q{c

Chen et al, Nat Genetics, 2009



DUAL ACTIVATION OF STATSPHOSPHORYLATION
BY BCR-ABL AND JAK2 V617F

D BCR-ABL @ >l X
PMZ
JAK2i / \ Y( SH2
p_STATS D Gl Sl o o« - - - o ————— \

JAK2
STATS
Cytoplasm (latent)
imers
Yy
SH2 H2
i

STATS D G G — — —

pimozide (uM): 0 1 3 5 75 10

Table 2. The effect of pimozide on myeloid colony formation of
CD34+ cells from CML patients and healthy donors

CD34 CFU- CFU-

sourceftreatment CFU-E BFU-E GM GEMM

Healthy donors
Vehicle 59 + 10 139 = 60 36 + 12 127
Pimozide 57+ 8 107 = 16 21 +10 12 +7

CML patients Nelson et al, Blood 2011
Vehicle 60 + 12 17 =13 12 + 14 0

Pimozide 0 0 0 0




STRATEGIES FOR CML STEM CELL
TARGETING USING NOVEL MARKERS OF
CML STEM CELLS ?

IL1-RAP
CD26
IL-2 R (CD25)



CD26 AS A CML STEM CELL MARKER

Is)

|
—
=3
=}

Highly expressed in CML CD34+ CD38- HSC
Not expressed in CML CD34+ CD38+ Cells
Expressed in AML

Not expressed in normal BM

@
o

% CD26* cells (of CD34*/CD38" ce
o
=)

oL T el e S = = e
CML normall ICUS AML MDS MPN MDS/ ISM

CD34+ / CD38' CML Ce”S il reactive MPN

CD34%/CD38~/CD26* | CD34*/CD38~/CD26~

— p <0.05
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©
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BCR/ABL1 mRNA
(% of ABL)
N (4] ~

A A

-
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BCR/ABL1
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CD26-NEG CD26-POS . S
FRACTION: FRACTION: CD26*  CD26- " CD26*  CD26-
FISH -NEG BCR-ABL FISH -POS BCR-ABL
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CD26 INHIBITOR VILDAGLIPTIN TO TARGET CML STEM
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Erosion of the chronic myeloid leukaemia
stem cell pool by PPARY agonists

Stéphane Prost', Francis Relouzat', Marc Spentchian? Yasmine Ouzegdouh', Joseph Saliba', Gérald Massonnet?,
Jean-Paul Beressi*, Els Verhoeyen®°, Victoria Raggueneau’, Benjamin Maneglier®, Sylvie Castaigne®, Christine Chomienne?,
Stany Chrétien™'%*, Philippe Rousselot>“* & Philippe Leboulch®!%*

Deregulated hedgehog pathway
signaling is inhibited by the
smoothened antagonist LDE225
(Sonidegib) in chronic phase chronic
myeloid leukaemia

David A. Irvinel*, Bin Zhang®*, Ross Kinstriel, Anuradha Tarafdar!, Heather Morrison?,
Victoria L. Campbell?, Hothri A. Moka?, Yinwei Ho?, Colin Nixon*, Paul W. Manley3,
Helen Wheadon?, John R. Goodlad®, Tessa L. Holyoake?, Ravi Bhatia® & Mhairi Copland?



TARGETING LSC BY SYNTHETIC

LETHALITY

Down-regulation of BCR-ABL in BCR-

ABL-expressing leukemic cells
A B C

UT-7cells Ba/F3 cells Ba/F3 p210 inducible cells

12 3 4 i B 3 9

Dox
BRCA1 “- Breat -

BCR-ABL
. —
3-Actin '.
cas. R

A

BCR-ABL-expressing Leukemic can not
use
BRCA1 for DNA repair

vacin

Deutsch et al, Blood 2003
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Synthetic lethality with inhibition of RAD52

F79 APTAMER + TKI :
Synergistic effects on BCR-ABL-
expressing stem cells

Cramer-Morales et al Blood 2013

TARGETING LSC VIA GENETIC INSTABILITY
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CML IN THE ERA OF TARGETED
THERAPIES: INCREASED SURVIVAL ON

THERAPY BUT:
Increased survival Who is going to pay
only in responders At long-term ?
(patients in MMR
or less)

Long term effects of
TKI are unknown



ESTIMATED PREVALENCE OF CML IN

CML. Incidence vs Prevalence
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THERAPY-FREE REMISSION : WHAT IS
THE BEST STRATEGY TO OBTAIN MR ?

P T TN

TKI TKI Ti(l TKI+ Di'fg X « upfront »
MR 4 /4.5 < MR 4 /4.5 <_MRf 4.5¢—MR 1’4'5
‘1' : If not MR4: If not MR4:
Stop TKI If not‘ll’VIR4. ‘1' ‘L
Molecular Follow-
Switch to Use same TKI Other Rx
Another TKI + Drug X

MR 4 /4.5 MR 4 /4.5

e

olecular Follow-u P Chomel JC & Turhan AG Oncotarget 2011
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TFR and Concept of
« Adjuvant » therapies of CML

4

‘l' TKI + Adjuvant
4 /

sra”

> MR4.5
> 2 Years

.

D IC TKI: TFR ? Chomel JC & Turhan AG Oncotarget 2012




POTENTIAL TARGETS FOR
ADJUVANT THERAPIES....

COMPOUND TARGET STUDY

PIMOZIDE, PIOGLITAZONE STATS, PPAR-G PIMOZIDE + IMATINIB*
PIO + IMATINIB*

GLIPTINS CD26 VILDAGLIPTINE + IMATINIB

INECALCITOL VITAMIN D3 SIGNALLING INECALCITOL + IMATINIB*

FTY720, FORSKOLIN (PAD) PP2A PAD + TKI

BP-5-087 STAT3 BP5 + TKI

TRAMETINIB PRKCH TRAMETINIB + TKI

F79 APTAMER RAD52 F79 + TKI

EW-7197 TGF-b inhibitor ?

PAD: PP2A activating drugs
* Ongoing

Chomel JC & Turhan AG Oncotarget 2011

Many runners but .. A winner ? o



TKI « COMBOS » UNDER
CLINICAL INVESTIGATION

Imatinib/peg-IFN (Spirit)’ 1
Nilotinib/Peg-IFN? I

Dasatinib/Peg-IFN3 I
Dasatinib/zileuton? IB
Dasatinib/nivolumab?® IB

Dasatinib/vorinostat® I

Dasatinib/decitabine’ /1

TKI + arsenic trioxide® I
TKI + ruxolitinib® /11

1. Clinicaltrials.gov. NCT00219739. 2. Clinicaltrials.gov. NCT01866553. 3. Clinicaltrials.gov. NCT0172524. 4. Clinicaltrials.gov. NCT02047149.
5. Clinicaltrials.gov. NCT02011945. 6. Clinicaltrials.gov. NCT00816283. 7. Clinicaltrials.gov. NCT01498445. 8. Clinicaltrials.gov. NCT01397734.
9. Clinicaltrials.gov. NCT01914484.



TOWARDS HORIZON 2020:

AIMING FOR

/ CURK_

Main therapies
Imatinib Dasatinib,Nilotinib TKI +
Bosutinib, Ponatinib

[FN-alpha
STAT3 / STATS
RAD52

PML

Alox5

PRKC
INECALCITOL
F79 APTAMER

U

+ Other TKI ?

~

U

Proof of concept for Ph1+
Stem cell targeting

Novel ancillary tests

Cure by single pathways targeting ?
Cure by « adjuvant » therapies ?
For whom ? Preduction of response

53



INSERM U935 DIVISION OF HEMATOLOGY  Fl.LMC CENTERS

PARIS SUD
ﬁ.g:;rlaeTli A Turhan P.h. Rousselot (Versailles)
A.Foudi A Bennaceur Griscelli A. Guerci-Bresler (Nancy)
J.Artus | Sloma H. Johnson (Caen)
H.Acloque M.J. S. Ame (Strasbourg)
O Feraud D Jouni L. Legros (Nice)
G Telliam C Borie D. Rea (Pans) -
M Gentil R M’Kacher A.Marfalng_(Palzls Sud 11)
S Pagliaro N Oudrhiri J.H. Bourhis (Villejuif)
C. Davaine
E. Haddad

A. Bennaceur Griscelli COLLABORATIONS
C. Eaves , M Marra Vancouver, Canada

F. Guilhot INSERM CIC Poitiers @ | NG E
J.C. Chomel CHU Poitiers =" S TEM
universitaires 1 4 Il nserm
Paris-Sud 65" fielmc™ s
FACULTE e

ASSISTANCE o~ HOPITAUX

PUBLIQUE DE PARIS DE MéDECINE



