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Caracteéeriser les mécanismes moléculaires
impliqués dans la cancérisation des tissus

Identifier de nouvelles cibles thérapeutiques

Optimiser les thérapeutiques







. Vers une définition moléculaire de la maladie
*

Protéines




Growth Factors C
{E.Q‘TGFH:l = (RTHK

Hormones
(e.g. Bombesin) +E?'!'

{e.g. Estrogen)

Survival Factors {
(e.9.1GF1)

Egﬂmunf@@l e -er'r-l.u.M ||-@ @

e il B "MapmmeEmmTm e

il
StOeni
Pore oo Farld

5% D i
T

EanefourFlegal

:.""'uq_,.

¥ e

E ol g
uberwl] jers
kil 2L L L su.e-eueFE.u: .1F!uJ ne

Garinal di Ltate e France

Porim
=1l "'II|1I1I L1.I n

:I'Au bermtllior s

S At ar Nere =P al
Quim oy Cheming

. Ponw
s ephone e - f.-"-“"“"“‘ L= ge S ousn
':FE 3668 7714 ; ity ¥ .
36 15 RATP gy : ot -

Caur | T

R TR
]l

wwws rafp. fr by e

M pirt 1 Cre
Fipgille M‘uru_:rrnr 8

" Earbe L Laurm #re

Py
e C s et e Feomhmer et

Sr-lemrmsain q = 3 G e
: ) P 2ir Bl e, Mg ans aifige Motre-Dame do Lomte  f “‘"‘;HE“_#, ~x
J n
Pt il er e . Foisson nidre,
e o rommnsl flol o : -
MoDCEAL Eniope - : e ﬁ.ﬂ'::; E:l:mau “
Comuren e Stlnra gl - X | Exvlono e
L e 'D " L Fahi Pyt e des
m_ltl.rlllf ar in EELL Ao nes Ry
| = il !-l-.i.u: ‘-' : ” Eon sar genT Pl
Lk Sabilony : Guatre L Grano
i e " P-llr:lrnil'mll—'l 3 Bt Amb e Hnu-m - T cral o e
ot .ﬂ.ruurﬂ'm 51‘""",:.-,.!]“ Y - g N Sprenin” - Febibrn |l ndn
B For e Dawph ne 2 '.‘Egﬂm 1 ! aEmie e | 5 QR e el
! ! [ [t Eranklin 4. r ” M S e
it IIII AdEncl_] pTan oKl o e pruiel g dus Het s = | —
Lo "El:lrl.lnrl'.‘ & % e \ Naa S pwrnan piled
.-I / ﬂrl.!.Fnrrq;rp |dna [?[ﬁ" 1T, A 2 Tuilities ETis T ._{m." e —— ¥
i L ST A " i p— T Sradbastien,
J f FTrocadics Fradwsart, EI:I::.I‘:I' Aol tml
i ) La Firerye !. __ . Fot Lit Four Chennn Wer 5

Bou bainwill inrd 7 . |."_| |" =

h tary [ arenn
._II' ! kr.mr!aﬂl; |ﬂu“nl T B 5:, anl;nl: Ruel sy Ger i m
: . |
Wil ETH dn ce! Er alisl In._ i Xasien, DI"_l-FI‘E\ !tﬂld‘\H

r L.|.nl|:|1:lu. ] r.i.lllt:.lrll".n,.,..
ml:mlﬁrrgr o l.nuplnr- 1._:‘( Su_gur
£ 1wy £ "

E '|._L _ﬁuﬁwll mﬁ{'“ 'ﬂfj'

= i

- ot
Anyw i O i A ‘ﬂ"'hrm"
Hdlmr__ ¢ " el Hmﬂ' I'--Iﬂ-lli Lctﬂ'h-

Ll-q-l-ﬂ'lllll.' _" Enrrl'rr:h:'r
Fdlis r-lI.I.ITE'I—l-

“Prrie A, s
e StClond ) F Lemarrrmnl o
Pt ir el B IIIF'I|:|¢_ -~

78 e

Elnuurql‘|.“
s Len beling -
-

Semtaal
Billan court

BATF- |, Aprra Gy ynises PR BEE 8- A= Brap A f @8 A RATR Rrprasiattm Wimslie

I o Rl Enoe
gt 3 Porm Porte @' jwry e I
;ﬂas%lﬂl Cod eV anees i Tolliac > 4 E‘mm I“gﬁ_l_lnl
@L!ﬁ:' s ' Liniwversnaire ral & M‘O g ., L] e
. LR alakedd ‘;’ Lt o - Por e &
; Flidoau § e e 1=y - ]
[ ririo i 1y | o s eril by Le Krpmin@iaime: o : 7
1 | Pocm e Orleans)
e g D e e lat Wil gy | aitin & hery |
- = =wa @ - Len La.a'rnn gn
“I:I:I. L s T Fabcirry — Frilai
mmﬂ.hl'“m““ L g @@ = - Robin wan @iy l;\' PV alilan- i‘.'l:lnllillﬂ @ Emlﬂ:nm ohd
e B R Versailles - Riee G be ds Bkt Sl T
s Clitbete s che Wirs il s Suint-Reny = Sapdanin-gEn

Lot 2 . L.
o i) sequemtimensteines  TTICIRCIEIEIETY ~— eeCheess LBl Chrly [Villeuid - Louis Aragon | Versallles- o



Recherche cognitive: pour faire quoi?
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The Philadelphia Chromosome

;‘ﬂ‘ ﬂ "The findings suggest a causal relationship
' between the chromosome abnormality observed

-~
= /| and chronic granulocytic leukemia.”
¢

o : P. Nowell-1960
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Resistance to imatinib

Overexpression of the target (BCR-ABL) Loss of binding to the target (mutations
in BCR-ABL)




BCR-ABL point mutations associated

with imatinib resistance

*A total of 114 mutational events were reported in 179
patients
(some cases exhibiting more than one type of mutation)

*Point mutations in the kinase domain account for
approximately 60% of the cases where lack or loss of
response to imatinib is observed in the patients.

Shah NP et al, cancer Cel//2002; 2: 117.

Hochhaus A et a/, Leukemia 2002; 16: 2190-2196.
Branford S et a/, Blood 2002; 98(11):769a-770a.
von Bubnoff N et al, Lancet 2002; 359: 487-491.
Barthe C et a/, Science 2001; 293: 2163.

Hofmann WK et a/, Blood 2002; 99: 1860-1862.
Roche-Lestienne C et al,Blood 2002; 100: 1014-1018.




Resistance to imatinib and disease phases

Transformation

Chronic phase Acceleration Phase

3-4 years 12 to 18 months
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Leucémie Myéloide Chronique:
une seule anomalie cytogénétique

BCR-ABL




Tumeurs solides: accumulation de mutations
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Breast Cancer

canceropole i
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cause of death in women between 50 and 69

> 12000 deaths /year




Breast Cancer

Early Breast cancer Metastatic breast cancer

CT, HT, Trastuzumab
Surgery , RxT
CT and HT

|

&’f year survival of 70% Five year survival < 10%
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How to optimize the
treatments ?




s  Chromosomes

Herceptin

Protéines




Early Breast Cancer

Lymph node invasion
ER/PR
Tumor size
SBR Grade

age

« Good risk » « Poor risk »

/ N\

<20% of metastatic relapse Up to >50% of
treatment failure




Panoramical views of
expressed genes in biological samples
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Gene expression profiling predicts
clinical outcome of breast cancer
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The NMEW ENGLAND JOURMNAL of MEDICINE

ORIGINAL ARTICLE

A Multigene Assay to Predict Recurrence of
Tamoxifen-Treated, Node-Negative Breast Cancer

Sconmyung Paik, M.D., Steven Shak, M.D., Gong Tang, Ph.D.,
Chungyeul Kim, M.D., Joffre Baker, Ph.D., Maureen | nin, Ph.D.,
Frederick L. Bachner, M.D_, Michael G. Walker, Ph.D., Dr Watson, Ph.D_,
Taesung Park, Ph.D., William Hiller, H.T., Edwin R. Fisher, M.D.,

D. Lawrence Wickerham, M.D., John Bryant, Ph.D.,
and Norman Waolmark, M.D

Interrmediate
risk
High risk

(3 of patients)

Freedam from Distant Recurrerice

Mao. at Risk

Low risk 338

Interrmediate 149
rishk

High risk 181




Expression of oncogene products and
tumor suppressors in breast cancers




Protein Expression Profiling ldentifies Subclasses of Breast
Cancer and Predicts Prognosis
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Chromosomes

Protéines




Protein ID
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" MALDI-TOF analysis

Peptide mapping
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Protein identification:
measurement of specific m/z ratios of peptides

Sample Jf'éF't"je Spray

preparation/ Protein -, Peptide Sample needle Mass Mass spectum Data

tractionation digestion 7 _~, separatiun_/‘bl_)_ ionization i spectrometry : analysis
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Looking for novel biomarkers in the serum
using the SELDI-TOF technology
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SELDI Protein Chips

Hydrophobic (Cg) Arrays
Hydrophilic (SiO,) Arrays
Anion exchange Arrays
Cation exchange Arrays

Immobilized Metal Affinity
(NTA-nitroloacetic acid)
Arrays

Epoxy Surface (amine and
thiol binding) Arrays




SELDI technology

Spectra View Gel View Overlay View Biomarker Wizard







lLancet 2002: 359: 572-77

(3 Use of proteomic patterns in serum to identify ovarian cancer

Emanuel F Petricoin I, Ali M Ardekani, Ben A Hitt, Peter J Levine, Vincent A Fusaro, Seth M Steinberg, Gordon B Mills,
Charles Simone, David A Fishman, Elise C Kohn, Lance A Liotta

* Ovary cancer: a need for detection of early-stage ovarian cancer
* B years survival for patients at a late clinical stage is 35% vs 90% at stage I
* CA125 is abnormal in 80% of late clinical stage. This drops to 50% in stage I

Normal

Ovarian cancer




Early Breast Cancer

Lymph node invasion
ER/PR
Tumor size
SBR Grade

age

« Good risk » « Poor risk »

/ N\

<20% of metastatic relapse Up to >50% of
treatment failure




Serum Proteomics and prognosis of « poor-risk » Early
Breast Cancer

81 Early Breast Cancer patients with poor-risk features

(pPN+ and/ or ER-. Grade III, Age <40, Tumor size > 20 mm)
Primary Tumor excision and lymph node dissection

All patients received adjuvant CT and HT if applicable

Serum post-operatively collected within 21 days after surgery

33 patients being disease-free after a minimum follow-up of 6
years and 48 with metastatic relapse within 6 years

Post-operative Serum protein
Profile predicting for relapse ?




Patient Characteristics

N 81
Age
median, range (Ys) 49 (27-78)
<40 (%) 14 (18%)
Lymph node invasion
pN+ (%) 74 (91%)
Median number of LN, range 4 (0-26)
SBR Grade

I/II 42 (52%)

III 37 (45%)

na 2 (3%)
Tumor size (mm)

median, range 25(10-210)
Hormonal receptivity

HR+ 58 (71%)

HR- 20 (26%)

na 3 (3%)
Histologic type

63 (78%)
9 (11%)
9 (11%)




Serum Protein Profiling

1000 1 0

Serum Samples BB) F1

CM10 (Cation exchange)
ProteinChip arrays
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langue pour faire tout
¢a, hein Anthony?
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Differentially expressed proteins according to the long
term outcome (Metastatic vs Metastasis-free patients)

Cv=0.30
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Mz ratio

Relative Inte nsity

yUpregulation of a protein with m/z ratio 9192 in early post-operative
num correlates with metastatic relapse

£




40 differentially expressed proteins according to
the long term outcome
(Metastatic vs Metastasis-free patients)

Experimental cqnditi.ons Differentially expressed proteins
(Fraction, ProteinChips) (Ratio m/z) (p <0.05, Mann Whitney test)

F1 CM10 2677 3093 8936 10069 113144

F1 IMAC 97000 104776 113640 115741
118659 182531 184123

F4 CM10 6938 9179 58726

F4 IMAC 4833 81763

F6 CM10 4159 6443 6641 6647 9714 28284
28952 33513 66631 67301
75406 75983 133245 144252
144819

F6 IMAC 9192 50897 60439 60681 132874
145605 146237 157649




.+ A signature of 40 protein peaks correlating with
. _metastatic outcome
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Overall survival according to the multiprotein index
100%
80%
i Poor prognosis protein index

40%

20% P < 0.0001
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Further studies are required

To identify the proteins participating to the
index

Hos't response proteins with potential
involvement in processes with critical role
in the metastasis phenomenon
(angiogenesis, immune response)

Prospective collection for independent
validation




TARGETED THERAPY




HER2 in breast cancers

EREB1 ERBE?
& -

Overexpressed in 30% of
breast cancers

Bad prognosis

Trastuzumab: a mAb
able to decrease
oncogenicity

Transcriptional [P
regulation y

Mature Reviews | Drug Discovery




Metastatic breast cancers

combination trastuzumab + paclitaxel




Hercep'rin: from the bench to the bedside

Phase I Phase II Phase III




Cardiotoxicity

Resistance to the treatment




Tumors with PTEN deficiency have a poor response to
Trastuzumab-based therapy

= =& = NT PTEH AR
Ty, RS oAl
e TrTe, BTN AS

PFTEN RS




Toward the identification of an ERBB2 gene or protein
signature to predict response to trastuzumab

Proteins
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EGFR/ERBB1 in cancers

EREB1 ERBE?
& -

Overexpressed or
deregulated in many
cancers

Bad prognosis

gefitinib: a TK inhibitor
able to decrease
oncogenicity

Transcriptional [P
regulation y

Mature Reviews | Drug Discovery




Twenty years: from the cloning of egfr
to anti-Tyrosine Kinase therapies

2004: a handful of anti-RTK drugs

Nature Reviews Cancer
May 2004




Specificity of gefitinib

IC,, HER2 > 3,7 uM
IC,, VEGFR1 > 3,7 uM

IC,, VEGFR2 > 100 puM




EGFR mutations in tumors that are sensitive or
insensitive to kinase inhibitors

Kinase inhibitor Kinase inhibitor
insensitive sensitive

Glioblastomas

Lung cancers
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TARGETED THERAPY




How to find new treatments ?




Lab. of Molecular Pharmacology
Jean-Paul Borg, Group leader

Cell Signaling & Cancer
Jean-Paul Borg, DR Inserm

Marie-Josée Santoni, CR1 CNRS
Nadine Déliot, PhD, post-doc LNCC
Akanksha Gangar, PhD post-doc
Sylvie Marchetto, IE INSERM

Caniille Arnaud, These Oncologie
Edwige Belotti, M2 2005-2006
Sébastien Nola, Thése Oncologie
Claire Nourry, Thése Oncologie

Biomarkers & Cancer

Anthony Gongalves, MCU-PH

Mathilde Deblock, MD, M2 2005-2006
Yves Toiron, technicien IPC

Screening of Compounds
& Cancer
Yves Collette, CR1 Inserm

Constance Brignatz, These Immunologie
Audrey Restouin, tech IPC

Two-Hybrid in yeast

Patrick Lécine, CR1 Inserm Stéphane Audebert, Ingénieur IPC

Aurélie Hermant, tech Cancéropole

Proteomics

Christine Sempéré, tech IPC

INSTITUT

CEMTRE REGiOWNAL DE LUTTE COMTRE

PAOLI-CALMETTES

FROVENCE:-ALPES-COTEH

Ll CANCEN



protéine

Fluorescence
Intensity
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Chimiothéques diverses.

| Chimiotheques Commerciales |
Filtrage

Chimiotheque Projet Crible in silico

Cible Pharmacophore.
Structure 3 D. : Liste de touches
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Sauvegarde des données.

Connaissance de l'identité des
échantillons.

Communication des instruments entre
eux.

Transmission automatique des données.

SERVEUR
D'APPLICATION
SERVEUR DE

BANQUE DE DONNEES

MBio-LIMS™

Interfaces Intranet accés
sécurisé

(acces et analyse des données,
validation des résultats,
génération de rapports, etc.
import et export de données)
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Marie-Josée Santoni, CR1 CNRS
Nadine Déliot, PhD, post-doc LNCC
Akanksha Gangar, PhD post-doc
Sylvie Marchetto, IE INSERM

Caniille Arnaud, These Oncologie
Edwige Belotti, M2 2005-2006
Sébastien Nola, Thése Oncologie
Claire Nourry, Thése Oncologie

Biomarkers & Cancer
Anthony Gongalves, MCU-PH

Mathilde Deblock, MD, M2 2005-2006

Yves Toiron, technicien IPC

Screening of Compounds
& Cancer
Yves Collette, CR1 Inserm

Constance Brignatz, These Immunologie

Audrey Restouin, tech IPC

Two-Hybrid in yeast

Proteomics

Patrick Lécine, CR1 Inserm

Aurélie Hermant, tech Cancéropole

Stéphane Audebert, Ingénieur IPC
Christine Sempéré, tech IPC
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UMR 599 INSERM
Dir. F Birg

Molecular Oncoloqgy
Dr D Birnbaum

Pr F. Bertucci

Oncogenetics
Pr H. Sobol
Dr R Sauvan
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Dir Pr D. Maraninchi

Medical Oncology
Pr P. Viens

BIoBank
Dr C. Chabannon

Bioinformatics/Biostatistics
Dr B. Esterni

Dr V.-J. Bardou
Dr S. Granjeaud

Pathology

Pr L. Xerri Ciphergen

Dr J. Jacquemier Dr M. Cubizolles
Dr E. Charaffe-Jauffret Dr E. Fung

Dr Xiao-Ying Meng




Centre de Neurochimie, Strasbourg

Marseille Cancer Institute, Marseille

NMDA, Marseille
Hopital Kremlin-Bicétre, Paris

CIML, Marseille

ICGEB, Trieste, Italy

Innate Immunity Lab, Ann Arbor, US
IMRN UMR INRA 1111, Marseille
Inserm U458, Hopital Robert Debré

Institut Curie, Paris

£

N. Vitale

C. Ginestier, J.Jacquemier,
F. Fiore, D. Birnbaum

A. Le Bivic
O. Lahuna, M. Misrahi

J-P Gorval, S. Méresse,
E. Boucrot

L. Banks

6. Nunez, €. McDonald
V. Ollendorff

J.-P. Hugot

S. Etienne-Manneville
Y. Bellaiche




* Ministere de la Recherche ACI « Jeune Chercheur »
* Ministére de la Recherche ACI Biologie du Développement
* Ministére de la Recherche ACI « Cibles & Molécules Thérapeutiques »
* Fondation de France
* ARC
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