La Génomique et 'Apres-Genome:

Promesses et Défis
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Chromosome
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Chaque cellule
contient le patrimoine
genétique de l'individu
sous forme d’ADN



Structure de 'ADN

J.D. Watson & F.H.C. Crick (1953) Molecular structure of Nucleic Acids. Nature, 171:737-738.



1 la recherche du temps perdu

Organisme | Chromosomes | Taille du génome
b cries| 0000000 | <
| 7 9609000 | I
12 14,000,000 1,5
4 300,000,000 30
46 6,000,000,000 | 600
Tulipe 60 30,000,000,000 |3,000




L’ADN est le
«programme»
de la cellule




Séquencage de génome
= lire le programme
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Frederick Sanger, Nobel 1958/1980 ‘/l



Projet Génome Humain
(1990-2003)

- But : s€quencer les 3,000,000,000 de

bases du génome humain
- Consortium de 20 laboratoires, 6 pays

- Colit ;: environ $3,000,000,000
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sequence . ACGTTACCGTACTTAACGCCTATGG...



Février 2001 :
Ebauches du genome humain

Avril 2003: Version finale!

Years of DNA: From Double Helix to Health
50 A Celebration of the Genome




Le « decryptage » du genome
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* Peu de genes (20~25,000)
* On ignore le role de 97% de I’ADN



Les progres continuent...
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MR Stratton et al. Nature 458, 719-724 (2009) doi:10.1038/nature07943




Variations genomiques

ASCRaL's VOLDTION 07 Ak PLATE XV,

PEDIGREE OF MAN.

* Entre especes

e > | lettre / ligne /

e Entre individus

o | lettre / page

e Entres cellules
o < [ lettre / livre




Variations entre especes

Souris

Mouse and Human Genetic Similarities

Mouse chromosomes Human chromosomes
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Variations entre individus

e Prédisposition génétique a des maladies
 Médecine personnalisée (« pharmaco-
génomique »)

e Identification (s€curité, paternité, criminalité...)

I ‘ Non-FaneMs

Patients
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La division cellulaire

Cellule mére
4 chromosomes




Variations entre cellules

* Une dizaine d’erreurs de copies par division
cellulaire en temps normal

e Le taux d’erreur augmente sous I’effet d’agents
mutagenes

tabac aflatoxine Radiations ionisantes
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Le cancer est une maladie « genetique »?

e ~1900: von Hansemann, Boveri voient des
anomalies chromosomiques au microscope

e 1973: translocation de Philadelphie dans 95% des
CML f f

ol 8
]

e 1982: mutation HRAS

 Depuis 1982: des centaines de « genes du cancer »



Mutations et competition entre cellules

NORMAL
CELL

453
—’r-,\

‘a l FIRST MUTATION Cell seems normal but is predisposed to proliferate excessively

(¥ w Cell begins to proliferate too much
g a SECOND MUTATION but is %erwuse normal

; \ £ \ (5 ’ » " Cell proliferates more rapidly; it also
\ ) »G - , B g 8 THIRD MUTATION undergoes structural changes
ST ‘--,__— .- oy \ o7 7 3
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MALIGNANT CELL

Cell grows uncontrollably
FOURTH OR
g ' ' B LATER MUTATION deraﬁgeks obviously




Les mutations s’accumulent au
cours de la vie

g . , . ... Chemotherapy-
" ) . Early clonal Benign Early invasive Late invasive :

Fertilized egg Gestation Infancy Childhood  Adulthood expansion tumour cancer cancer régilrsrteanncte
*@

Intrinsic ¢ '

S Biadeeras e and lifestyle exposures Mutator
utati
9 phenotype Chemotherapy mmmmm

Y Driver mutation

A Chemotherapy
resistance mutation 1-10 or more

> driver mutations

10s~1,000s of mitoses 10s-100s of mitoses 10s-100,000 or more
depending on the organ depending on the cancer passenger mutations

MR Stratton et al. Nature 458, 719-724 (2009) doi:10.1038/nature07943



elté des cancers

éerogen

Het

e Différences dans la réponse aux traitements
de risques

e Différences macroscopiques

e Différences

o Différences moléculaires



e « genome du cancer »

| < ‘ > ||+ ‘-:i}hltp://www.icgc.org/

International Cancer Genome Consortium
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Cancer Genome Projects

Search

Committees Policies and Guidelines Media Contacts

International Cancer Genome Consortium
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Chronic Lymphocytic Leukemia
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Chronic Myeloid Disorders
United Kingdom &8

Colon Cancer
Unite

Endometrial Cancer

United States
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[Show]
will facilitate communication among the members and provide a forum for
coordination with the objective of maximizing efficiency among the scientists
working to understand, treat, and prevent these diseases.

Announcements:

25/Nov/2010 - The ICGC Data Coordination Center (DCC) is pleased to
announce the release of version 3 of the ICGC data portal. This release includes
data from 22 different cancer projects and recent updates from the ICGC projects
in Canada, Australia and the UK. In addition to open access data, ICGC

controlled data can now be retrieved securely by users who have been authorized
by the Data Access Compliance Office (DACO).

International network of cancer genome
projects. Nature 464, 993-998 (15 April
2010)

HTMLE?

Ouvrir « http://www.icgc.org/icgc/cgp/68/427/1221 »
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Nouvelles
classifications
des tumeurs
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Nouvelles therapies ciblees

O vovarts wsomogras
Gleevec®
(imatinib mesylate)
Tablets

1 00 & Rxonly

Each tablet contains 100m3
f imatinib free base-
e 100 Tablets
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Déecouvertes de nouveaux traitements
ciblés

BCR-ABL inhibition ;
(Gleevec) 41 years :
1960 973 1993-1985 19I99
Discovery of the Mechanism of action: ‘ . - .
‘Philadelphia translocation of the Bc(ga'g"':g‘:?l':'d‘;"s ”°&am'mm)m
chromosome’ ABL oncogene

ERBB2 inhibition
(Herceptin) 13 years
1985-1987 1996 19
ERBB2 cloning & ERBB2 expression is
ID of amplification predictive of response
PARP inhibition
(olaparib, iniparib, 15 years
MK-4827, others) 1gg4 2005 20
T 1
ID of the first familial Synthetic lethality of | | Responses observed
breast cancer susceptibility PARP inhibition with only in cenfirmed
gene BRCA1/2 defects in DNA repair | | BRCA-mutant cancers

BRAF inhibition ‘years
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1D of BRAF mutations Responses in
in cell lines and malignant BRAF
melanoma mutant tumocs'
ALK inhibition §
(crizotinib) 3 years 20% 0

2007

—_— ALK fusions
Drug repositioning based on predict
EML4-ALK translocation in NSCLC response




Nouveaux tests pour optimiser le

choix du traitement

NON-RESPONDERS AND TOXIC RESPONDERS

l Treat with
Z ) alternative
ALL PATIENTS ! drug or dose
WITH SAME DIAGNOSIS ) & *

X

i
I

RESPONDERS AND PATIENTS NOT
PREDISPOSED TO TOXICITY

Treat with
conventional
drug or dose
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Medecine personnalisee »

«




De nouveaux defis...
Apprehender la complexite du vivant




De nouveaux défis...
Modéeliser et predire

e Modéliser la réponse de la cellule au trastuzumab
* Proposer des cibles thérapeutiques pour les tumeurs résistantes

<. . o7

(-) Trastuzumab (+) Trastuzumab

Simulation
a valider

@; N —'*."_. '''''' ' \ RéViSiOn
| du modele

cible
candidate

T eersaon >
2L JF(c)err \/

Research article Open Access d t R 2

Modeling ERBB receptor-regulated G1/S transition to find novel =0
targets for de novo trastuzumab resistance

Ozgiir Sahin*1, Holger Frohlich?, Christian Lobke!.2, Ulrike Korf?,

Sara Burmester!, Meher Majety!3, Jens Mattern!, Ingo Schupp!,

Claudine Chaouiya4, Denis Thieffry4, Annemarie Poustka!,

Stefan Wiemann!, Tim Beissbarth! and Dorit Arlt*!



Des enjeux economiques de
taille

e Marchés en tres forte croissance!
 De nombreuses applications

— Santé: nouveaux traitements, médecine
personnalisée. ..

— Agro-alimentaire: OGM, optimisation des
processus de production...
— Energie/environnement: biofuels, détection de

polluant, remédiation environnementale,
séquestration de carbone...



Des questions ethiques et

sociétales a ne pas oublier!
Bioéthique
Brevetabilit€é du vivant
Clonage
Eugénisme

Ingénieurie du vivant, OGM...

MERCI !




