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Déclaration de liens d’intérét avec les industries de santé en rapport
avec le theme de la présentation (loi du 04/03/2002) :

Intervenant : Mira/Jean-Paul

Titre : Intitulé de l'intervention

@ Lorateur ne
souhaite pas

répondre [ |

. Consultant ou membre d’'un conseil scientifique

Conférencier ou auteur/rédacteur rémunéré d’articles ou
documents

Prise en charge de frais de voyage, d’hébergement ou
d’inscription a des congres ou autres manifestations

’ Investigateur principal d’'une recherche ou d’'une étude clinique
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15%° Journées du mercredi 11 au
Nationales vendredi 13 juin 2014

Palais des congrés de Bordeaux
- |
Bordeaux e

et I'interrégion Aquitaine & Limousin

d’'Infectiologie

Déclaration d’intéréts de 2012 a 2014

 |Intéréts financiers : Aucun

 Liens durables ou permanents : MSD, Astellas, LFB, Eli Lilly,
Thermofisher

* Interventions ponctuelles : Novartis, Gilead

 |Intéréts indirects : Aucun



Odyssey to Genome Project

1953 Watson & Crick: double helical structure of DNA
1960s Role of RNA and Genetic Code

1970s Recombinant DNA technology

1977 Sanger and Gilbert: DNA sequencing

1983 Mapping of disorders by linkage (Huntington disease)

1986 Polymerase Chain Reaction
1995 Haemophilus influenzae genome
2003 Human and mice genome sequences
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Odyssey to ENCODE Project

1953 Watson & Crick: double helical structure of DNA

nature nature
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2003 Human and mice genome sequences
SNPs Map

2005 Haplotype Map

2006 Ins/del map

2008 1000 genome project

2012 ENCODE project



4 ENCODE

N Encyclopedia of DNA Elements
\ nature.com/encode

o by | o

An integrated encyclopedia of DNA
elements in the human genome

The ENCODE Project Consortium*

The accessible chromatin landscape of
the human genome

An expansive human regulatory lexicon
encoded in transcription factor footprints

Shane Neph'*, Jeff Vierstra'*, Andrew B. Stergachis'*, Alex P. Reynolds'*, Eric Haugen', Benjamin Vernot', Robert E. Thurman',

.......



Basic features of the Human genome

Nucleotides in the genome

Protein-coding genes in the genome

DSVs

SNPs

nsSNPs

SV/CNVs

Variants known to be associated with
inherited diseases

De novo variants
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Host Genetics and Infectious Diseases

> Infectious diseases are a major selective force in human evolution

» Host defense genes are more diverse than any other genes

» Human immune response genes more polymorphic than any other

species

» Many exposed to infection; few develop disease



Individual Variability in Response to Infection

Infectious agent factors
(virulence...)

vl "l
INFECTIOUS
AGENT / \ INFECTION /—> DISEASE

Environmental
factors

Exposure
factors

Host factors
(age, cirrhosis, HIV,......GENES)

IMMUNE RESPONSE ==
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Microbiological Ecological

theory theory
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Understanding
Pathophysiology




Reverse Genetics Forward Genetics

Select a gene Icslentify gene(s)
causing the phenotype
Generate a null mutant Screen a collection

of the gene of mutants




Haplotype Association Mapping Identifies

a Candidate Gene Region in Mice Infected
With Staphylococcus aureus

13 inbred strains intraperitoneally injected with 107 CFU/g of the Sanger 476 strain of S. aureus

(332 mice)
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Johnson NV, G3. 2012; 2: 693



m Mouse Genome Informatics

About Help FAQ
Search ¥ Download ¥ More Resourcesv Submit Data Find Mice (IMSR) 34 Analysis Tools Contact Us

2" | Keywords, Symbols, or IDs || Quick search |

Explore MGI All Search Tools

Expression

-
o

=

Mouse Phenome Database Home  About H Help Search MPD...

Genotype >
Project data set: Perlegen2 (2005)

Project SNP data, 8.2+ million locations for 16 inbred
strains of mice



Haplotype Association Mapping Identifies

a Candidate Gene Region in Mice Infected
With Staphylococcus aureus

Chromosome 7 block: candidate genes

Genomic Location (bp) Gene Symbol Gene Name Differentially Expressed
50945788 50950906 Klk14 Kallikrein related-peptidase 14
50967937 50982128 Klk13 Kallikrein related-peptidase 13
51024267 51028946 Klk12 Kallikrein related-peptidase 12
51029987 51034628 Klk11 K
51036424 51040780 Klk10 Kallikrein related-peptidase 10
51047261 51052126 Klk9 Kallikrein related-peptidase 9
51052947 51059192 Klk8 Kallikrein related-peptidase 8
51066814 51071729 Klk7 Kallikrein related-peptidase 7
51079869 51087172 Klké Kallikrein related-peptidase 6
51097639 51106551 KIkS Kallikrein related-peptidase 5
51136542 51141174 Klk4
51189141 51194960 Klk15
51206034 51210311 Klk1b8
51222138 51226686 Klk1b1
51231431 51235746 Klk1b9
51251247 51255245 Klk1b11
51268048 51272335 Klk1b26 p
51307660 51312075 Klk1b27 Kallikrein 1-related peptidase b27
51357662 51361944 Klk1b21 Kallikrein 1-related peptidase b21
51368043 51372292 Klk1b22 Kallikrein 1-related peptidase b22
51392137 51396977 Klk1b16
51443606 51447822 Klk1b24
51453561 51457721 Klk1b3
51462805 51467124 Klk1b4
51471844 51476073 Klk1b5
51480807 51484987 Klk1

Johnson NV, G3. 2012; 2: 693



corneocyles

digestion of cell adhesion
malecules by KLK5, 7 and 14
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‘ Georgia Sotiropoulou and Georgios Pampalakis
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invasion and metastasis

Kallikrein proteins (KLK) have well-established roles in the

generation of antimicrobial peptides, and the regulation of

all KLKs

immune responses, particularly inflammation
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Trends in Population-Based Studies of Human Genetics
in Infectious Diseases

Publication of infection-related articles in human genome epidemiology
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http://www.hugenavigator.net

HuG'E Na‘dgﬂtor (version 2.0)

An integrated, searchable knowledge base of genetic associations and human genome epidemiclogy.

Home |

Download Center | Open Source Projects | Contact

Curator's recommended HuGE article for this week:

The utility of molecular diagnostics to predict recurrence of head and neck carcinoma.

Pena Mu

rille C, Huang X, Hills A, et al. Br ] Cancer. 2012 Aug 23.

PubMed

Link

HuGE MNavigator is a continuously updated knowledge base in
human genome epidemiology, including population prevalence of
genetic variants, genetic associations... more

Join us on Facebock [i and follow us on Twitter EEj

Last database update: 30 Oct 2012

Site citation: W Yu, M Gwinn, M Clyne, A Yesupriya & M J Khoury.

¥

Phenopedia: Look up genetic associations and human genome

epidemiology summaries by disease.

HuGE Literature Finder: Find published articles in genetic

associations and human genome epidemiology.

GWAS Integrator: Explore published GWAS and relevant

information.

HUGE Watch: Track the evolution of published literature in

human genome epidemiology.

HuGE Investigator Browser: Find investigators in a particular

field of human genome epidemiclogy.

Download Center: Download complete datasets from different

databases/applications.

HuGE Risk Translator: Calculate the predictive value of

genetic markers for disease risk.

HuGE Track : A custom track built for HuGE data in the UCSC

Genome Browser.

]
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|

7

2/

7

A Navigator for Human Genome Epidemiole

1

. Mat Genet 2008 Feb;40(2): 124-5.

Genopedia: Look up genetic associations and human genome

7]
epidemiclogy summaries by gene. '
Gene Prospector: A gateway for evaluating genes in 7|
relation to disease and risk factors. .
Cancer GAMAdb: Database of cancer genetic associations from 7|
meta analyses and GWAS. -
Variant Name Mapper: Map common names and rs numbers 7|
of genetic variants. -
Genotype Prevalence Catalog: Present genotype prevalence 7|
estimates in US population. :

GAPscreener: Screening tool for published literature on human .?]
genetic associations. :
Open Source: Infrastructure for managing knowledge and 7l

information from PubMed.



Trends in Population-Based Studies of Human Genetics
in Infectious Diseases

Countries with the largest numbers of infectious disease-related publications in HUGE
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Numberof publications

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Rowell JL. PLoS ONE 2012; 2: e25431




Trends in Population-Based Studies of Human Genetics
in Infectious Diseases

Gene-disease associations, 2001-2010

Gene category HBYV HCV HIV | H. pylori TB Other Total
Cytokine receptor genes 162 156 110 291 115 712 1780
Chemokine receptor and ligand genes 44 50 397 34 15 150 709
HLA Class IT genes 68 75 72 43 46 292 623
TNF and related genes 39 47 29 63 26 212 508
Toll-like receptor genes 19 16 27 39 36 222 449
HLA Class I genes 24 53 159 11 15 162 447
Killer immunoglobulin-like receptor genes 23 48 27 0 0 160 263
Complement genes 13 13 23 3 14 117 219
Immunoglobulin Fe and related receptor genes 3 2 12 0 2 70 118
Red blood cell genes 0 2 T 0 7 77
Metal transport genes 1 1 3 0 41 25 (!
Genes not categorized 910 463 846 319 194 1514 4555
Total 1306 926 1712 803 505 3703 9819

Rowell JL. PLoS ONE 2012; 2: e25431



Meeting report
The PIRO concept: P is for predisposition
Derek C Angus’, David Burgner?, Richard Wunderink3, Jean-Paul Mira*, Herwig Gerlach®,

Christian J Wiedermann® and Jean-Louis Vincent?
Critical Care 2003, 7:248-251 (DOI 10.1186/cc2193)

Severity

Drug
response




Genome-wide association study identifies susceptibility
loci for dengue shock syndrome at MICB and PLCE]

Dengue: 100 million infections / year
Dengue - Hypovolemic shock (DSS: Dengue shock syndrome)

First GWA study 2,008 cases and 2,018 controls from Vietnam (lllumina
660W)

Second replicative Viethamese study : 1,737 cases and 2934 controls
(Sequenom Mass-Array Platform)

Suitability for Dengue
Transmission

P High suitability

B | ow suitability

I:IUnsuilabl nnnnnnnn demic

Khor CC. Nature Genet 2011:; 43: 1139



Genome-wide association study identifies susceptibility
loci for dengue shock syndrome at MICB and PLCE]

First GWA study 2,008 cases and 2, 018 controls from Vietnam
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Khor CC. Nature Genet 2011:; 43: 1139



Genome-wide association study identifies susceptibility
loci for dengue shock syndrome at MICB and PLCE]

v MICB encodes an inducible activating ligand for the NKG2D type Il
receptor on NK and CD8+ T cells.

v" Mutations within PLCE1 are associated with nephrotic syndrome
suggesting a key role for PLCEL in maintaining normal vascular
endothelial cell barrier function

Plasma
membrane

Virus infection @ @ @

(with potential antibody- &
dependent enhancamentj
@22 o =

\ Pathways regulating
PLCe PLC activity

Regulation of J
PLCe GEF?

Khor CC. Nature Genet 2011:; 43: 1139



( ¢ addmon MSkS
poficie Em Micials

W = mm nforms clinic UE'I’!ﬂd 'rl
revolution practice evidence effective
ognasis Dursement ST sieady lnformed e
Although g person’s
aoersnn - ; wlﬁql& tive ready requiatory
fast-moving person amonq mfg:tm

care.

DNA based tOOIS
genome--- |.. It ’ scnentrfic decision
e e -ncnuaepersona Zze( e

I nfO rm atl 0 n assessment *Important “’i‘;uﬁ“ﬁ.%‘ec I 1N Cal

_ individyal e approach makmg seor mwdlsease

xam hHistory 9t privacy

0 T} @ ycgpesiive COMPIEX EtabOITES mae e ot qunderlsk

wmﬂcms I challenges  environmental deﬂvm -
diagnosis _ SAnatures espatientvamtm Saived
Genomc w!messed adoption _several  soun
common  affect
: “ social

ased unigue genetic  policy

i:?%lgun?e“ emogation @Mbrace




Recurrent Purpura Fulminans

2002/01: 15 yo girl admitted in ICU
- Temperature 40° C; HR 125; BP 74/45; RR 38
- Meningitis with purpura fulminans
- MOF (Shock, ARDS, ARF, DIC, Lactic acidosis)
- Meningococcus type N in the skin biopsy
- Survival with multiple finger amputations and skin grafting
- 6 month hospitalization

2003/02:
- Temperature 39° C; HR 125; BP 83/48; RR: 33
- Meningitis with purpura fulminans
- Lumbar punction - meningococcus type Y
- Shock and DIC
- Survival with new skin grafting

- 3 month hospitalization
Boheé J. Clin Infect Dis 2005



EXTINCTION .
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Journal of m
rravel MEDICINE

Severe Plasrmodium malamae Malaria in a Patlent With Multiple

Susceptibility Genes

Anne-Pauline Bellanger, PharmD,* Fabrice Bruneel, MD,' Olivier Barbot, MD,*
Jean-Paul Mira, MD PhD,$ Laurence Millon, PharmD, PhD,* Pascal Houzé, PharmD,!!

Jean-Francois Faucher, MD PhD,T and Sandrine Houzé, PharmD*

BNIC Infectious Diseases Bi.,.v.Qcm

Case epor

Lemierre's syndrome and genetic polymorphisms: a case report
Jean-Michel Constantin*!, Jean-Paul Mira?, Renaud Guerin!, Sophie Cayot-
Constantin!, Olivier Lesens3, Florence Gourdon3, Jean-Pierre Romaszko?,
Philippe Linval®>, Henri Laurichesse3 and Jean-Etienne Bazin!

Pachymeningitis after meningococcal infection

Julie Toubiana, Claire Heilbronner, Cyril Gitiaux, Mehdi Oualha, Muhamed-Kheir Taha, Christophe Rousseau, Capucine Picard, Jean-Paul Mira,



Finding the missing heritability of complex

diseases

Effect size ;
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Rare variants of
small effect
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- Sequencing studies

:Veryrare 0.001 = 0.005-0.05 -

Allele frequency

Manolio TA, Nature 2009:461:747






MBL genotypes and protein levels

164 controls
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Garcia-Laorden I. J Allergy Clin Immunol 2008;122:368



Host genetic susceptibility to pneumococcal and
meningococcal disease: a systematic review and meta-analysis

Matthijs C Brouwer, Jan de Gans, Sebastiaan G B Heckenberg, Aeilko H Zwinderman, Tom van der Poll, Diederik van de Beek

n/N OR OR (95% CI)*
Patients Controls
FcyRlla Arg131His
Yee (2000)¢8 21/42 40/136 — 2.40 (118-4-87)
Moens (2006) 12/55 31/100 ———i 0-62(0-29-1:34)
Yuan (2008) 33/85  84/409 — 2:50 (1-49-4-04)
Total 66/182  155/645 ——— 1:53 (0-75-3-12)
MBL
Roy (2002)" 28/229  18/353 oo 2:59 (1:39-4-83)
Kronborg (2002)” 9/140 71250 H———s———  238(0:90-6:60)
Moens (2006)7 7/63 7/162 : + 276(0-76-7-93)
Total 44/432  32/765 —— 2.57 (1-38-4-80)
~ TLR2Arg753GIn
Moens (2007)% 6/99 9/178 . . 1.21(0-42-3-51)
Yuan (2008)* 3/85 27/409 : | 052 (0-15-1.75)
Total 9/184  36/587 ® 0-84(0-29-239)
TLR4 Asp299Gly
Moens (2007)% 15/99 17/178 R — 1.69 (0-81-3-55)
Yuan (2008) 3/85  45/409 . 030 (0:09-098)
Total (REM) 18/184  62/587 = o : 0-83(0-20-337)
M T T TTTI T TTITm
01 1.0 10
Favours protection Favours susceptibility

Lancet Infect Dis 2009; 9: 31-44



MBL haplotypes and 90 days mortality

848 CAP

1.00 —
- Long-rank ¢2,5.65; P 5 .017.
; HR 2.19 (95% CI, 1.23-3.87; P = .007)
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Garcia-Laorden I. J Allergy Clin Immunol 2008;122:368-74



CHEST Original Research

= o= Protective Effects of FCGR2A Polymorphism

in Invasive Pneumococcal Diseases

Adrien Bouglé, MD; Adeline Max, MD; Nicolas Mongardon, MD; David Grimaldi, MD;
Frédéric Péne, MD, PhD; Christophe Rousseau, MSc; Jean-Daniel Chiche, MD, PhD;
Jean-Pierre Bedos, MD; Eric Vicaut, MD, PhD; and Jean-Paul Mira, MD, PhD

SAPS I 1.068 [1.044; 1.091]  <0.0001
McCabe (1 or 2) 2.725[1.302; 5.700]  0.0078
FcyRIla-R131/R131  0.256 [0.097;0. 673]  0.006

« 243 caucasian pts with
proven IPD & no comorbidity

for CRP-opsonized

Mortality (%)
o O

FC-yRlla R/R131 confers
T . higher binding affinity

bacteria & increased
bacterial clearance

FC-yRlla H/H131 or FC-yRlla R/R131
FC-yRlla H/R131

CHEST 2012; 142(6):1474—-1481






Toll-like Receptor 4 Polymorphisms and
Aspergillosis in Stem-Cell Transplantation

Hypothesis : polymorphisms in TLR genes from the donor and the recipient may

influence

susceptibility to invasive aspergillosis in stem cell transplantation
Discovery study: DNA from 336 patients and their unrelated donors (1995 — 2003)

33 cases of aspergillosis
Validation study: matched case-control study with recipients of donors

103 patients with invasive aspergillosis and 263 recipients without aspergillosis.

Genes: 20 SNPs in TLR2, TLR3, TLR4 and TLR9

Bochud PY. N Engl J Med 2008; 359:1766



Toll-like Receptor 4 Polymorphisms and
Aspergillosis in Stem-Cell Transplantation
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Bochud PY. N Engl J Med 2008, 359:1766



ORIGINAL ARTICLE

Genetic PTX3 Deficiency and Aspergillosis
in Stem-Cell Transplantation

Cristina Cunha, Ph.D., Franco Aversa, M.D., Jodo F. Lacerda, M.D., Ph.D.,







ORIGINAL ARTICLE

HLA-B*5701 Screening for Hypersensitivity
to Abacavir

Simon Mallal, M.B., B.S., Elizabeth Phillips, M.D., Giampiero Carosi, M.D.,




LETTER

doi:10.1038/nature12873

Genetics of rheumatoid arthritis contributes to
biology and drug discovery

Biological genes  Genes in

RA risk SNPs within the loci direct PPI Targeted drugs Diseases
[_rs6715284(2g33) —| CFLAR K\ TNF 1 Etanercept, infliximab, adalimumab
. T'h é_-MHQ-_F_éQESSﬁ__:_-_-:' -------------- golimumab, certolizumab pegol
IL3
[ rs657075 (5931)
CSF2
[ rs2228145(1g21) | ILeR Tocilizumab |
[chr17:38031857(17q12)—{ CSF3 %
[ rs34536443 (19p13) —| TYK2
rs1980422 (2933 CD28 cpso |
I (2933) | z > o
[ rs3087243(2933) |—{ CTLA4 CD86 |
[ rs4239702 (20q13) |—{ CD40 }—{ MS4A1 | Rituximab s BA
[ rs1877030(17q12) —{ M™MED1  + PPARG Sulfasalazine /
rs10774624 (12q24) |—{ PTPN11__|—{ FKBP1A Tacrolimus
[ 13RAriskSNPs |—{ 13genes - JAK1/2/3 Tofacitinib (CP-690, 550) |
|chr17:38031857(17q12)—— CSF3 |— ELANE +— Iguratimod (T-614) [

[ rs2233424 (6p21) |—{ HSP90AB1

rs73013527 (11924
| rs1877030 (17q12) }— MED1

NR3C1 — Prednisolone, methylprednisolone/|

[ rs73194058 (21g22) —{ IFNGR2




Clinical Translation of Immunogenetics

Identification of susceptibility variants

/

Novel biological insights

nlcal aclvanc
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Therapeutic
targets

Biomarkers

Prevention

\

Improved measures of individual
aetiological processes

!
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Diagnostics| | Prognostics| | Therapeutic

optimization




Clinical status upon infection
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