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Maladie = Gene x Environnement




Genome wide association studies
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Fréequence et effet des variations

genetigues associées a la maladie de Crohn
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Valeur prédictive de la genétique
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Predictive Capacity (AUC)
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Ftude en Nouvelle Zélande

 Antécédents familiaux (MC: 3.06, RCH: 2.52)

e Tabac (MC:1.99, RCH:0.67),

e Haut niveau socio-économique (MC et RCH, P < 0.001)
e Urbain (MC, P<0.01).

e Etre migrant (RCH: 1.40)

* Avoir un jardin potager (MC:0.52, RCH : 0.65)

* Avoir été allaité (MC: 0.55, RCH : 0.71)

* Appendicectomie, adénoidectomie, mononucléose
infectieuse, asthme : MC.

Gearry 2010



Mode de vie et maladie de Crohn

Une liste a la Prévert
Sucres raffinés
Fast-food et Cola
Microparticules
Pate dentifrice
Chewing-Gum
Margarine
Fibres
Levure de boulanger
Alcool
Café
Corn-flakes
Emulsifiants

Pathogenes opportunistes

Mode de vie urbain

Haut niveau économique
Eau chaude
Refrigération

Infections Périnatales
Infections dans I’enfance
Antibiotiques
Adenoidectomie

Atopie

Evenements de vie
Contraceptifs
Tabac



Grandes cohortes

Cohorte Framingham

* Ville de Framingham, Massachusetts (USA)

* 5200 habitants sains, suivis depuis 1948 sur
plusde 5 décennies

* Récolte de nombreuses caractéristiques

dintérét [« facteurs de risques ») pour
I'étude d’une ou de plusieurs maladies
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EXPOSOME

External environment

1

Metals
Endocrine disrupters
Immune modulators

Receptor-binding proteins

Xenobiotics
Inflammation
\,Pnexisting i

Exposome \\ "
Reactive electrophiles
.

Rappaport 2011






Odds ratio — Asian
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Il Modélisation théorique
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Modele de fiabilité
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Fonction de barriere intestinale

Activation lymphocytaire

Production de radicaux libres oxygénés

autophagie

Défense immunitaire innée
|

Stress cellulaire

Meédiateurs de I'inflammation

Tolérance immunitaire
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Réseaux biologiques scale-free

DAGI1

N |\ KR
PTPN2
STATSA
MSTIR). STATSB. " orat3
119 1“52‘5 CSF3
ILM 1123R CS{@:RA
1820y 1oppz M3 e
el IL12B
ICAMS
SHEBT

IKZF3

IRFI

GRB7

Rossin 2011



Modele de vieillissement des modules
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Age-specific incidence rates for males 1988-2007, France
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Age-specific incidence rates for females 1988-2007, France
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Crohn avant 1960

Combined Incidence & Prevalence
Crohn's Disease (<1960)
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Crohn 1960-79
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Combined Incidence & Prevalence
Crohn's Disease (1980-2008)
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Modeling the environmental transition
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Revue des courbes d’incidence globale évolution séculaire.
L’allure des courbes est en faveur d’'une augmentation d’incidence sur une trentaine
d’années le plus souvent avec un pic puis une décroissance modérée.
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Crohn Disease Incidence in Cardiff
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Hypothesis

Crohn’s disease: the cold chain hypothesis

Jean-Fiarra Hugot, Corinne Alberti, Dominique Berrabi, Edouard Bingen, Jean-Plame Cazamd

Crohn's disease is the result of an abnormal immune response of the gut mucosa triggerad by one of more
amvironmental risk factors in people with predisposing gene variations, including CARD15 mutations. Epidemiological
data allow assessment of familial environmental risk factors related to western lifestyle, diet, bacteria, and domestic
hygiena. All findings point to refrigeration as a potential risk factor for Crohn's disease. Furthermore, cold-chain

development paralleled the outbreak of Crohn's disease during the 20th century. The cold chain hypothesis suggests
that psychrotrophic bacteria such as Yersinia spp and Listeria spp contribute to the disease. These bacteria have been
identified in Crohn’s disease lesions and we discuss their pathogenic properties with respect to our knowledge of the
disease. From a molecular perspective, we postulate that the disease is a result of a defect in host recognition by
pathogenic bacterial components that usually escape the immune response (eg. Yop molecules), which results in an
axcessive host response to these bacteria.

Lancet 2003; 362 : 2012-15.
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Genome, epigenome and RNA sequences of
monozygotic twins discordant for multiple sclerosis

Sergio E. Baranzini', Joann Mudge?, Jennifer C. van Velkinburgh?, Pouya Khankhanian', Irina Khrebtukova’®,

Neil A. Miller?, Lu Zhang®, Andrew D. Farmer?, Callum J. Bell?, Ryan W.Kim?, Gregory D. May?, Jimmy E. Woodward?,
Stacy J. Caillier!, Joseph P. McElroy', Refujia Gomez!, Marcelo J. Pando*, Leonda E. Clendenen?, Elena E. Ganusova?,

Faye D. Schilkey?, Thiruvarangan Ramaraj?, Omar A. Khan®, Jim J. Huntley®, Shujun Luo®, Pui-yan Kwok®”,
Thomas D. Wu®, Gary P. Schroth®, Jorge R. Oksenberg"’, Stephen L. Hauser'” & Stephen F. Kingsmore*

« In the first systematic effort to estimate sequence
variation among monozygotic cotwins, we did not
find evidence for genetic, epigenetic or transcriptome
differences that explained disease discordance. »

Baranzini et al. Nature 2010



Epistasie chez la levure : 0 a 0.5 (moyenne 0.3) de I’héritabilité est due a I'épistasie
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Régression logistique

SNP2[0] SNP2[1] SNP2[2]
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Gene-environment interaction: the reaction norme
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Génetigue des maladies

I T T

Maladie Rare Fréguente
Environnement Non Oui

Nb de genes 1 Beaucoup
Variants rares Toutes fréequences
Effet sur la Structure Quantité

protéine

Risque associé infini <2

Caractere explicatif fort faible



Le risque de la modernite
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Meta-Analysis Increases to 71 the Tally of Confirmed Crohn’s
Disease Susceptibility Loci

Cumulative fraction of genetic variance explained
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Ou est I'heritabilitée manquante?

*Dans des variants non testes ?
Dans tous les genes du génome?

Dans des interactions gene/gene ou gene/
environnement?

Dans une erreur de calcul de I’héritabilité?
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Table 5 Interaction analysis for NOD2, 1BD5, DLGS, IL23R and ATG16L1

Interaction p Value OR (95% ClI)
Two-way interaction

IBD5 x DLGS 0.67 0.86 (0.43 to 1.71)
IBD5 x ATG16L1 0.58 1.15 (0.70 to 1.88)
IBD5 x NOD2 0.02 0.53 (0.31 to 0.92)
IBD5 x IL23R 0.34 0.68 (0.31 to 1.51)
DLG5 x ATG16L1 0.77 0.88 (0.36 to 2.15)
DLG5 x NOD2 0.01 3.02 (1.29 to 7.08)
DLG5 x IL23R 0.09 2.71 (0.85 to 8.62)
ATG16L1 x NOD2 0.06 0.51 (0.26 to 1.03)
ATG16L1 x IL23R 0.74 0.85 (0.32 to 2.25)
NOD2 x IL23R 0.77 1.15 (0.45 to 2.89)
Three-way interaction

IBD5 x DLG5 x ATG16L1 0.72 1.08 (0.71 to 1.63)
IBD5 x DLG5 x NOD2 0.17 0.70 (0.42 to 1.17)
IBD5 x DLG5 x IL23R 0.84 0.95 (0.56 to 1.60)
IBD5 x ATG16L1 x NOD2 0.46 0.59 (0.35 to 0.99)
IBD5 x NOD2 x IL23R 0.02 0.54 (0.32 to 0.92)
IBD5 x ATG16L1 x IL23R 0.69 0.92 (0.59 to 1.41)
DLG5 x ATG16L1 x NOD2 0.62 0.86 (0.48 to 1.55)
DLG5 x ATG16L1 x IL23R 0.72 1.12 (0.60 to 2.10)
ATG16L1T x NOD2 x IL23R 0.22 0.69 (0.38 to 1.25)
Four-way interaction

IBD5 x DLG5 x ATG16L1 x NOD2 0.16 0.69 (0.41 to 1.15)
IBD5 x DLG5 x ATG16L1 x IL23R 0.83 1.04 (0.71 to 1.53)
IBD5 x DLG5 x NOD2 x IL23R 0.22 0.73 (0.44 to 1.21)
IBD5 x ATG16L1 x NOD2 x IL23R 0.59 0.61 (0.36 to 1.02)
DLG5 x ATG16L1 x NOD2 x IL23R 0.82 0.94 (0.54 to 1.62)
Five-way interaction

IBD5 x DLG5 x ATG16L1 x NOD2 x IL23R 0.74 0.74 (0.44 to 1.23)

Weersma 2009
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(B) UC/CD: AUCs were achieved by using only the 30 CD-specific loci or the 23 UC-specific loci; UC/CD + IBD: AUCs were achieved by
using the UC or CD loci plus the 110 IBD loci; UC + CD + IBD: AUCs were achieved by using all the 163 IBD loci; AffySO0K: AUCs were
achieved by using the 1,201/724 CD/UC Immunochip SNPs that are also typed on the Affymetrix SO0K chip; lluminaSS0K: AUCs were
achieved by using 1,728/1,142 CD/UC Immunochip SNPs that are also typed on the Illumina S50K chip; AffyGW6: AUCs were achieved
by using 1,933/1,204 CD/UC Immunochip SNPs that are also typed on Affymetrix Genome-Wide SNP Array 6.0 chip; full: AUCs were
achieved by using all Immunochip SNPs.
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