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Q) MGPS e
The human intestinal microbiota is a
neglected organ...

v" 100 trillion microorganisms ; 10-fold more cells than
the human body; up to 2 kg of mass!

v" Interface between food and epithelium

v" In contact with the 1st pool of immune cells and the
2nd pool of neural cells of the body

...with a major role in
health & disease !
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Q) MGPS .

Les maladies chroniques potentiellement
impactées par le microbiote intestinal

Fragilité des seniors
Crohn

Rectocolite
Pauchite

Obésité

Type-2 diabete
Type-1 diabete
Maladie Ceeliaque
Allergie

Autisme

Cancer colorectal
Cancer du sein
HIV

Cirrhose
Cardiovasculaire

Van Tongeren et al., 2005

Seksik et al., 2003; Sokol et al., 2006, 2008, 2009
Sokol et al., 2008; Martinez et al., 2008
Lim et al., 2009, Kiihbacher et al., 2006
Ley et al., 2007; Kalliomaki et al., 2008
Cani and Delzenne, 2009

Dessein et al., 2009; Wen et al., 2008
Nadal et al., 2007; Collado et al., 2009
Kirjavainen et al., 2002; Bjorkstén, 2009
Finegold et al., 2002; Paracho et al., 2005
Mai et al., 2007; Scanlan et al., 2008
Velicer et al., 2004

Gori et al., 2008

Gunnarsdottir et al. 2003

Wang et al. 2011
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Q) MGPS.cu
Chronic diseases increase steadily
in industrialized countries
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Q) MGPS .

Prevention = Risk
prediction+ Risk alleviation

v'Can the neglected organ inform
on a risk of chronic diseases?

v'Can it be a target for
intervention?
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How to assess the state of the neglected
organ in each & every individual?

The MetaHIT approach
(the EC large human
microbiome project)

v’ Construct a reference gene catalog of the gut
microbes — the other human genome.

v’ Develop a quantitative metagenomic pipeline for gene
profiling — the other genome of an individual.

) GBS o



The reference gene catalog
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3.3 million bacterial gene catalog : 150-fold human genome

85% of abundant gut genes from a cohort of 124 European
individuals
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metagenopolis Catalog improvements: gene definition, more
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increasing
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clinically useful for
common diseases

Individuals from MetaHIT, Chinese and HMP studies, n=1267

Li et al. Nature Biotech, 2014 doi:10.1038/nbt.2942
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Q) MGPS .
Clustering genes into MetaGenomic Units (MGU)

All genes of a species have the same frequency in an individual
Abundance of a species varies greatly between individuals
Genes that co-vary in abundance belong to the same species
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Q) MBS MetaGenomic Units (MGU)

741 large MGU (>700 Genes) correspond to bacterial
species (MetaGenomic Species; 85% previously unknown)
257 high quality genomes reconstructed

6640 small MGU (phages, plasmids, CRISPR...)
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O FGPS.
Microbiome assessment
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Diagnostics by gut bacterial
biomarkers
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Q) MGPS .
Obesity: Human genome markers show a modest
discriminatory value between lean and obese people

A study of a population-based
sample of 6,510 middle-aged Danes

True positive rate o
32 validated ol Receiver operator
obesity risk e characteristics (ROC)
loci | discrimination analysis
OCI °

Perfect: AUC=1
Random: AUC =0.5

AUC= area under curve

AUC =0.58 S -

False positive rate

0.0 0.2 04 0.6 0.8 1.0

-re GenEtiCS, 2010 June 2014 - 14



Q) MGPS .

Obesity: Human metagenome markers work better

AUC, lean/obese BMI Variance explained, %
MGS, 0.78 . _MGs, 19%
0.8 - — o | /0/0-_6/ e\0\
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06 - / HGM 0.58 od / g HGM, 2.7%
0.5 —— —r—— o . . -
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Metagenomic species Metagenomic species
HGM= 32 human genome markers HGM= 97 human genome markers
Speliotes et al. Nature Genetics 2010 Ruth Loos, Genomics in Metabolism
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Q) MGPS .

Human metagenome biomarkers have
better discriminatory value than
human genome biomarkers in several
chronic diseases

Their usefulness in many more such
diseases should be vigorously explored

June 2014 - 17



Patient monitoring by gut
microbial biomarkers
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Ulcerative colitis

Relapse is more frequent in low
gut bacterial richness patients
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Risk prediction by gut microbial
biomarkers
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Q) GBS« |
High and low Gene richness

ARTICL.

Richness of human gut microbiome
correlates with metabolic markers

Emmanuelle Le Chatelier™, Trine Nielsen®*, Junjie Qil13*, Edi Prifti*, Falk Hildebrand®®, Gwen F:il[m};q's, Mathien Almeida’,

Manimozhiyan Arumugam®®®, Jean-Michel Batto!, Sean Kennedy! Pierre Teonard! Tunhnoa 15357 Kristoffer Burgdorf?,

NMiels Gmrupz, Torben ]:ﬂrgenﬁenﬂ“q'] 0, Ivan Brandslund'"! 2, Henrik Sleer! 3, Marcelo Bertalan! 3,
Florence Ll::venez], Micolas P[Jnﬁ], Simon RHHH]I.IHHEHH, Shinichi Sur NEWS & VIEWS giasidlileg .mﬁ“, Erwin . Z[]Et&l‘ldﬂlm,
Yierre Renan 18

Seren Brunak®®, Karine Clément*®'™17 Joiél Doré™ ¥, Michiel Kleert

Thomas Sicheritz-Ponten'?, Willem M. de Vos'*?, Jean-Daniel Zuc
consortiumt, Peer Bork®, Jun Wang®!'%23:2425 g Dusko Ehrlich! & ea t management
L
T ln the gu‘t SUNGSOON FANG & RONALD M. EVANS
A

dei:10.1038/naturel 2480

LL]

doi:10.1038/naturel2506

Dietary intervention impact on gut microbial
gene richness

Aurélie Cotillard® '2*, Sean P. I{L*11nedy'3*, Ling Chun Kon ]'z'q*, Edi Prifti’ '2'3*, Micolas P[]l‘lHa*, Emmanuelle Le Ghateliera,

Mathieu Almeida®, Benoit Quinquiﬁ'a, Florence Levenez™>, Nathalie Galleron?, Sophie Gougis®, Salwa Rizkalla®®*,

Jean-Michel Batto®®, Pierre Renault®, ANR MicroObes consortinumy, Joel Doré®*, Jean-Daniel Zucker'*®, Karine Clément™**

& Stanislav Dusko Ehrlich? 014- 21




Q) MGPS .

People differ by gut bacterial gene counts and
bacterial communities
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Q)

Increased adiposity, insulin resistance, dyslipidaemia, inflammation
predispose for type 2 diabetes, cardio-vascular disease, cancer

metagenopolis

MQgPS..

Low bacterial richness — a risk phenotype?

LGC HGC p q

N (men/women) 68 (23/45) 224 (113/111)

Age Yrs 56+7.5 57+7.3 0.86 0.89
BMI (kg/m?) 32 (29 -34) 30(23-33) 0.035 0.059
Weight (kg) 95 (75 - 100) 86 (71 - 100) 0.019 0.037
Fat % 37 (29-42) 31(25-39) 0.0069 0.022
S-Insulin (pmol/l) 50(35-91) 44 (26 - 66) 0.0095 0.023
HOMA-IR 1.9(1.2-3.3) 1.6 (0.9 - 2.6) 0.012 0.027
p-Triglycerides mmol/I 1.32(0.97 - 1.76) 1.15(0.82-1.57) 0.0014 0.013
P-Free fatty acids (mmol/I) 0.55 (0.39-0.70) 0.48 (0.35 - 0.60) 0.014 0.029
S-Leptin (u/1) 17.0 (6.7 —32.6) 8.3(3.4-126.4) 0.0036 0.019
S-Adiponectin (mg/Il) 7.5(5.5-12.9) 9.6 (6.7-13.7) 0.006 0.022
B-leucocytes (107/1) 6.4 (5.2-7.8) 5.6 (4.8-6.9) 0.0021 0.014
B-Lymphocytes (10%/1) 1(1.6-2.3) 8(1.5-2.1) 0.00082 0.012
P-CRP (mg/I) 2.3(1.1-5.7) 1.4 (0.6 - 2.7) 0.00088 0.012
S-FIAF (ug/l) 88 (72 -120) 78 (60 - 100) 0.0047 0.021




Q) MGPS .

Low richness obese Danes gain more weight

n=96  n=169
p=035 p=0.008

9 yr BMI change

June 2014 - 24
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Similar microbial profiles in French (n=49) and

Danes (n=292)
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*18 MGS highly
biased in French

*14/18 MGS also
highly biased in
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people with 95%
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Q) MGPS .
Gut gene richness in health & disease, n=1597

Healthy Patients
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Atrophy of the neglected organ in some diseases
ﬂatelien Edi Prifti et al. June 2014 - 26




Q) MGPS .

/e metagenomics

Sape Sequencing Meforsnce Gene profiling Riginfarmaties &
collection construction statistics analyses
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Sample collection DNA sequencing
& processing & Bioinformatics

Different in MetaHIT,
US (HMP) & CN studies|  Standardization in microbiome

Could this result in the studies is critical
apparent loss of richness

in US & CN?
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Prevention = Risk prediction
+ Risk alleviation

v'Can it be a target for
intervention?

_ JJJJJJJJ _ 28



Q) MGPS .

Microbiome perturbations:
an “ecological” disease.
Not a pathogene infection!

Microbiome
modulation

22222222222



Q) MGPS .
MICRO-Obes study

Nutritional intervention in France

* 49 overweight & obese individuals
e calorie-restricted diet for 6 weeks
* maintenance diet for 6 weeks

Micro-obes partners: Joél Doré, Coordinator, INRA
Karine Clément, Pitié-Salpétriere; Denis Le Paslier, Genoscope; S.
Dusko Ehrlich, Jean-Pierre Gauchi, Philippe Bessieres, INRA

June 2014 - 30




Q) MGPS .

Dietary intervention improves simultaneously gene
richness and risk phenotypes, albeit not fully

Disse index HOMA-IR
*
650,000 . Low
2 .
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High gene richness people respond better
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Q) MGPS .

Low diversity microbiome

appears to be less healthy

* |t can be diagnosed simply, to
identify individuals at risk.
* Interventions can correct it and

possibly alleviate the risk.
This could have a major

Bimpact on public health -



Q) MGPS.cu
Chronic diseases are frequent and costly

Type 2 diabetes: 4.4% A cerebrovascular accident:
of French population every 4 minutes in France

DIABETE Déficit de la branche maladie
0 L\
4

AN

2000 2002 2004 2006 2008 2010 2012 2014
Année

Euro, milliards

QY @YV

LA REUNION GUYANE ~ MARTINIQUE ~ GUADELOUPE LAREUNION GUYANE ~ MARTINIQUE  GUADELOUPE

s WWWAMELLFR s WWWAMELLFR

Could they be retarded by systematic analysis and
treatment of microbiota (risk detection & alleviation)?



Q) MGPS..

How to raise to the challenge?

. = MetaGenoPolis

- /n., Pre-industrial Demonstrator

L irector of the INRA Unit: Florence Haimet
"y Director of Research: Joél Doré
Grant P.l. : S. Dusko Ehrlich

Funding: 19ME€ for 2012-2019 by Investissements d’Avenir
Budget for the period: 80+ M€



Q) MGPS..
Four platforms & a clinical interface

®
ICAN CLINICAL STUDIES: PITIE SALPETRIERE HOSPITAL |c A "

TOGETHER

METAQUANT

QUANTITATIVE METAGENOMICS

Librairies, Sequences, Bioinformatics,
Biostatistics

SAMBO

SAMPLE BIOBANKING

=INRA

Specifications, Collection,
SCIENCE & IMPACT

Aliguoting, Storage & Nucleic
Acid Preparation

METAFUN

FUNCTIONAL METAGENOMICS
Librairies, Screening, Mechanistics f .
Université
| Catholique
CA  ETHICS AND SOCIETY de Lyon




KCL Center for Host Microbiome Interactions:
from the mouth (CHMI) to the gut (MGP)

]

Sample handling Sequence data

& processing generation R I ALk
Saliva ‘L =5 Blocllnlcal ;
samples metadata :
Microbiology Data analysis oo mmemis B un ALY ame
St MAGIVENT I'l
(4
Diagnostic &
Targets and . i
prognostic D
treatments & Treatment
algorythms I
AL dinicans brieg
—

X mgps.. Strategic Alliance between CHMI-KCL & MGP-INRA



Q) mgps.. Cutting edge in Metagenomics

> 30 publications in quantitative & functional metagenomics naglre

2010 :

2011

2013
2013
2014
2014

: Arumugam M et al. Nature, Enterotypes
2012
2013
: Le Chatelier E et al. Nature, Richness of gut microbes ,
: Sunagawa S et al. Nature Methods, Universal phylogenetic markers

: Nielsen B et al. Nature Biotechnol. in press, Catalog of metagenomic units
: Li J. et al. Nature Biotechnol. in press, 10 M gene catalog
2014: Qin N. et al. Nature in press, Gut microbiome in liver cirrhosis.

5 patents filed, 1 being filed.

A.J
Qin J et al. Nature , The human gut reference gene catalogue

Qin J et al. Nature, Type Il Diabetes comiiiiny I
Cotillard A et al. Nature, Impact of diet on gut microbiome 11/

» Co-presidency of International Human Microbiome Consortium

» Co-organiser of all International Human Microbiome Congress since 2010 (2000
participants in 2013)

» Integration in research networks, academic, clinical & industrial; national &
international



Beyond discovery : impact on the society -
engaging industry

«

enterome

bioscience

Profiling the Gut Microbiome to
Manage Microbiotal Diseases

S (Shi

Gut bacterial richness " Sl
assessment kit bY WBECKF(SNDVENTURES
the end of 2014 . i

CONFIDENTIAL



Q) MGPS.cu
Impact of human microbiome research on
public health

A tremendous potential of human microbiome

* In diagnostics

* In prognostics

* In patient monitoring

e As target for modulation to improve health

Could help us to shift focus of medicine from
mainly curative today to preventive tomorrow

And thus save untold resources & human suffering
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MQPS...

Jean-Michel BATTO
Hervé BLOTTIERE
Camille BRUNAUD
Francois CHEVRE
Angélique DORE

Joél DORE
Adeline DUBREUIL
Fabien DUMETZ
S. Dusko EHRLICH
Marine FRAISSANGE
Nathalie GALLERON
Ndeye GAYE

Amine GHOZLANE

Florence HAIMET
Sophie HEBERT
Marie Elise JACQUET
Sean KENNEDY

MGP team

Emmanuelle LE CHATELIER
Véronique LEJARD
Pierre LEONARD
Aline LETUR
Florence LEVENEZ
Nicolas MAZIERS
Alice MOREAU
Célia PALCY
Florian PLAZA ONATE
Nicolas PONS
Edi PRIFTI
Benoit QUINQUIS
Maxime ROCHET
Etienne RUPPE
Julien TAP
Thierry VANDUYVENBODEN
Kevin WEISZER
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