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Homo sapiens « symbioticus »

Une symbiose homme-microbes commencant
des la naissance
¥

~2~

adapted from Gonzalez et al. 2011, EMBO reports

gut/fecal

Maintien de la symbiose
= santé et bien-étre
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THE HUMAN INTESTINAL MICROBIOTA

LETTER 26 May2016 opey

Culturing of ‘unculturable’ human microbiota
reveals novel taxa and extensive sporulation

Hilary P. Browne'*, Samuel C. Forster-?3#, Blessing O. Anonye', Nitin Kumar!, B. Anne Neville!, Mark D. Stares!,
David Goulding* & Trevor D. Lawley’
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v A key organ, interacting with food (fermentation,...); interacting
with our cells (Immune & nervous systems,...); protecting against
pathogens (barrier function);...
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CHAPITRE 1
MICROBIOTE INTESTINAL,

DU MICROSCOPE AU METAGENOME
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A LIMITED FRACTION OF KNOWN BACTERIAL PHYLA
WITHIN THE DOMINANT HUMAN INTESTINAL MICROBIOTA

Bacteroides
Prevotella

Ruminococcus

(Tenericu

Bacteroidetes

Zixibacteria Atribacteria
Cloacimenetes Aquificae
Fibrobacteres Calescamantes
Gemmatimonadetes Coldiserica
WOR-3 Dictyoglomi
TAO6 Thermologae
Paribacteria Deinococcus-Therm
Latescibacteria Sy:.wgulcrcs
RC1 5t

nimicrobia @

Bacteria

Armotimonadetes Nomurabacteria @ @ Kaiserbacteria

@ Adlerbacteria
® Campbellbacteria

Actinobacteria

Chloroflexi

Firmicutes
Cyanobacteria

Giovannonibacteria
<) © ‘5 olfebacteria
Jergensenbacteria

/'@ Melainabacteria
o RBXI
WOR1

Chiorobi

@ Azambacteria -
PVC Parcubacteria
superphylum @ Yanofskybacteria

Elusimicrobio @ Moranbacteria
simicrobic

® Magasanikbacterna

® Uhrbacteria .
©® Falkowbacteria Candidate

Lr:ms,vhuumv
Verrucomicrobio

> 3000 species
identified

Omnitrophica 0 = — = ' ; _ Phyla Radiation

@ SM2F11

Aminicentantes R e NCl0 g

= N Peregrinibacteria
Acidobactenc @ S — e
= . @ Gracilibacteria 8D1-5, GNO2
Tectomicrobia, M“"H.?fu‘i}ﬁ:’f&- ..0 < - Abs'c’ond-targactcna SR1
Nitrospirae - = = e Saccharibacteria

- Dadabacteria o ~ . ® Berkelbacteria
protel = ,
[ 7&;;mode§ui{obacrerw) 2
Cheysiogenetes.
Deferribacteres ° =
Hydrogenedentes NKB19

z ~ @ Woesebacternia
Spirachpetes L \ e ~~ Shapirobactera
o Wirthbacteria "\ Amesbacteria
TG @ : > Collierbacteria
Epsilonprotecbacteria oo ° Pacebacteria

Beckwithbacteria
Roizmanbacteria
Gottesmanbacteria
Levybacteria

Daviesbacte: i
Katanobacteria Cur(“stsbaccxer:;d Iicrogaromates

Alphaproteobacteria WWE3
Zetoproteo.

Acidithiobacillia
Betoproteobacteria - o s
Major lineages with isolated representative: italics
Major lineage lacking isolated representative: @

f Microbiol, 2016

04

Gammaproteobacteria

INRA

SCIENCE & IMPACT



METAGENOMIC TOOLS TO CHARACTERIZE THE MICROBIOME

16S rRNA amplicon sequencing

= "/~ PCR amplification of
%/ﬁg\ a small-Subunits of 16
wj =l ... rRNA gene
'@U - fe
S \
S (@\ fotal DNA / llumina,
L I 1. NGS Proton,
stool sample 2m CRF i PacBio
3mp OBL

Fragmentation of
DNA in short pieces

Whole-metagenome
shotgun sequencing

— &

Data
processing
& analysis
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METAGENOME: GENOMES DE TOUS LES MICROBES DOMINANTS

Une révolution techniques développée au début du siecle

Bacterial fraction

extraction MetagenomicDNA - s&qencage
— WW—> massif &
de I'ADN Wy haut débit

g Meta#, \|/

Premieres lecons de la métagénomique du microbiote intestinal :
Un catalogue de reference qui souligne les eléments partagés
mais aussi une spécificité individuelle :

Qin Nature 2010 ; Li Nature Biotech 2014 ; Nielsen Nature Biotech 2014 ; Xiao Nature Biotech 2015

Trois paysages d'écologies infestinales chez I'Homme et une relative

robustesse de la symbiose :
Arumugam Nature 2011 ; Schloissnig Nature 2012 ; Shoaie Cell Metabol 2015

) FGES..

Une symbiose altérée dans les maladies chroniques (maladie de Crohn,

obésité, diabete, maladies du foie, maladies neurologiques) : Sokol PNAS

2008, Qin Nature 2012 ;
Le Chatelier Nature 2013 ; Qin Nature 2014 : Cotillard Nature 2013

Des preuve de causalité par transfert de microbiote in vivo : MICI Schaubeck 2015,
Obésité & NASH Rabot FASEB 2010, Le Roy Gut 2013, cirrhose Llopis Gut 2016, depression

Rabot comm pers.
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QUANTITATIVE METAGENOMIC PIPELINE AT
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A REFERENCE CATALOG OF 3.3 MILLION GUT GENES

AR
. Rare genes are  fikmess,
) I\ oo 124 MetaHIT  increasing Ryt
?E; 8 | SU bjec’rs Ttron.sc(ije.fr;’r species:
E'E‘ N 3 3 million gu’r Strain differences ¢
T
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€ » May be clinicaly useful for
w 2 >5% : :
% >10% Diagnosis and follow up ¢
0 >50%r i i i
0 t 300 600 900 1200
# of samples included
L
Individuals from MetaHIT, Chinese and HMP studies, n=1267
Qin, Nature 2010 === I N?A
Li et al. Nature Biotech, 2014 ==
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HUMANS SHARE A CORE MICROBIOME, AND YET DIFFER AT
THE METAGENOMIC LEVEL

On average, each individual carries ~540 000 genes
of the inifial 3.3 million genes catalog

Similarity: Yet, individuality:

Core metagenome genes . Rare genes :

~50 % of an individual's genes genes shared by less than 20 %
are shared by at least 50 % of of individuals

individuals of the cohort = 2.4 million genes

We are all rather similar ! but not identicalll

Very different from mice : 4% shared genes in the 2 catalogues

Qin, Raes et al, Nature 2010 === IN?A
Mouse catalogue : Xiao et al, Nature Biotech, 2015 === STIERCE BIMBECT



A
METAGENOMIC
CORE

57 species found in
more than 90% of the
124 individuals

Qin et al, Nature, 2010

Bacteroides uniformis

Alistipes putredinis
Parabacteroides merdae

Dorea longicatena
Ruminococcus bromii L2-63
Bacteroides caccae

Clostridium sp. SS2-1
Bacteroides thetaiotaomicron VPI-5482
Eubacterium hallii
Ruminococcus torques L2-14
Unknown sp. SS3 4
Ruminococcus sp. SR1 5
Faecalibacterium prausnitzii SL3 3
Ruminococcus lactaris
Collinsella aerofaciens

Dorea formicigenerans
Bacteroides vulgatus ATCC 8482
Roseburia intestinalis M50 1
Bacteroides sp.2_1_7
Eubacterium siraeum 70 3
Parabacteroides distasonis ATCC 8503
Bacteroides sp. 9_1_42FAA
Bacteroides ovatus

Bacteroides sp. 4_3_47FAA
Bacteroides sp. 2_2_4
Eubacterium rectale M104 1
Bacteriodes xylanisolvens XB1A
Coprococcus comes SL7 1
Bacteroides sp. D1

Bacteroides sp. D4
Eubacterium ventriosum
Bacteroides dorei
Ruminococcus obeum A2-162
Subdoligranulum variabile
Bacteroides capillosus
Streptococcus thermophilus LMD-9
Clostridium leptum
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Bacteroides stercoris
Coprococcus eutactus
Clostridium sp. M62 1
Bacteroides eggerthii
Butyrivibrio crossotus
Bacteroides finegoldii
Parabacteroides johnsonii
Clostridium sp. L2-50
Clostridium nexile

Bacteroides pectinophilus
Anaerotruncus colihominis
Ruminococcus gnavus
Bacteroides intestinalis
Bacteroides fragilis 3_1_12
Clostridium asparagiforme
Enterococcus faecalis TX0104
Clostridium scindens

Blautia hansenii
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GENE CATALOG CLUSTERED IN METAGENOMIC UNITS BY CO-
ABUNDANCE BINNING

/41 large MGU (>700 Genes) correspond to bacterial
species (MetaGenomic Species; 85% previously unknown)
238 high quality genomes reconstructed

6640 small MGU (phages, plasmids, CRISPR...)

9.9 M MetaHit: ~1 500 MGS & ~12 000 MGU

Interaction network
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Nielsen, Almeida, et al. Nature Biotech, 2014 ==—= INRA
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HUMANS MICROBIOMES DIFFER AT THE LEVEL OF
ECOLOGICAL ARRANGEMENT : THE ENTEROTYPES

In a attempt to characterize the
&1 intestinal microbiome of ‘the
R e average human’, we observed

nacure

an organization of infestinal
metagenomes in 3 assemblages of
genes and microbial taxa :

order in chaos !¢l

Qin et al, Nature 2010 ;‘ééi IN?A
Arumugam, Raes et al, Nature 2011 — ——
—= " SCIENCE & IMPACT



Meta ARTICLE
HIT

Enterotypes of the human gut microbiome

Manimozhiyan Arumugam'®, Jeroen Raes"?*, Eric Pelletier>*®, Denis Le Paslier3‘4'5, Takutiamadal, Daniel R. Mende',
Gabriel R. Fernandes™®, Julien Tap”, Thomas BrL1153'4'5, Jean-Michel Batto’, Marcelo Bertalan Natalia B()rruelg,
Francesc Casellasg, Leyden Fernandez', Laurent Gautiers, Torben Hansen11 12 , Masahira Hatt()rl , Tetsuya Hayashi“,
Michiel Kleerebezem, Ken Kurokawa'®, Marion Leclerc’, Florence Levenez’, Chaysavanh Mamchanhg H. Bjorn Nielsen®,
Trine Nielsen', Nicolas Pons’, Julie Poulain®, Junjie Qin'’, Thomas Sicheritsz()ntens'm, Sebastian Tims*®, David T()rrentsIU o
Edgardo Ugarteg, Erwin G. Zoetendal'®, Tun VVangU'2 , Francisco Guarner”, Oluf Pedersen' 22223 W'ﬂlern M. de Vos'™?4,
Soren Brunaks, Joel Doré’, MetaHIT Consortiumt, Jean Weissenbach3'4‘5, S. Dusko Ehrlich? & Peer Bork>?
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AN

COMMUNICATIONS
ARTICLE

Received 24 Apr 2012 | Accepted 3 Sep 2012 | Published 13 Nov 2012 DOI: 10.1038/ncomms2159

Chimpanzees and humans harbour compositionally

similar gut enterotypes

Andrew H. Moeller!, Patrick H. Degnan', Anne E. Pusey?, Michael L. Wilson34, Beatrice H. Hahn® &
Howard Ochman'
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HUMAN GUT MICROBIOMES DIFFER AT THE LEVEL OF
GENE RICHNESS (DIVERSITY)

High gene
I // count LGC
70 ™\ . n=277 =15 % of lean
w . o .
= Low gene / \ individuals
> 60 count —— Bacteroides
2 A
% 50 =~ 40%
£ Overweight-
© moderate obese
T 30
0
g 20 = 75%
Z 1 Morbid obese
before bypass
0 - " surgery
0 200000 400000 600000 800000 1000000
Gene number
58 « species » significantly linked to gene count —=

Le Chatelier, et al, Nature 2013; Cottillard et al, Nature, 2013 ;_EZ? INQA
- SCIENCE & IMPACT



HABITUDES ALIMENTAIRES ET DIVERSITE DU MICROBIOTE

Karine Clément, ICAN,

. , , ) & Danone Research
3 types de prises alimentaire sont observes,

pour 26 catégories d’'aliments et sur la base de releves <
complets de 7 jours ICAN
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Canonical discriminant analysis ‘ I'iC h esse en fibres ’

Kong ef al, PLoS one 2014 ;_EE_: INQA
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INTERVENTION NUTRITIONNELLE ET DIVERSITE DU MICROBIOTE

650,000 -

600,000 -

Gene richness

400,000 -

350,000 -

550,000 -

500,000 -

450,000 -

intervention stabilisation

wEkx * *

Microbiote enrichi

1

H4

+ 25%

Microbiote
atrophié

Temps (semaines)

0 2 4 6 8 10 12

infervention | - gpports enrichis en
protéines, peu gras et enrichi en sucres
a faible index glycémique, apportant
une grande diversité de fibres

(régime KOT calibré pour apporter 1200 &
1500 Kcal)

Un régime riche en fibres peut diversifier un microbiote dominant

afrophié

Un microbiote dominant atrophié predit une moindre reponse au regime

Cofillard et al, Nature 2013
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CHAPTER 2

MICROBIOTE & MALADIES

D’HOMO SYMBIOTICUS A HOMO DYSBIOTICUS

INRA
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INCIDENCE OF CHRONIC DISEASES STEADILY INCREASED FOR

=
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UN BOULEVERSEMENT DANS LA SYMBIOSE DEPUIS
QUELQUES GENERATIONS

100’000 to 130’000 generations with fiber-rich diet
(>60% of energy from fruits, veg, roots, nuts,..)

fiber

2to 3 gen. with <10%
diet
courtesy of Walter Wahly & Joél Doré
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FIBRE ALIMENTAIRE ET SANTE

Molee. Aspects Med. Vol. 9, pp. 7-15, 1987 0098-2997/87 $0.00 + 50
Printed in Great Britain. All rights reserved. Copyright © 1986 Pergamon Journals Lid.

THE DEVELOPMENT OF THE CONCEPT OF DIETARY P &) xy
FIBRE P
2
H. C. Trowell*+ and D. P. Burkittt+ i\ /

Surgeon Captain Denis Burkitt ~ Hugh Trowell
Thomas Latimer Cleave

[ e American Jowrnal af Clinical Nuirition

-\.I |___.
B

Health benefits and practical aspects of high-fiber diets'?

James W Anderson, Belinda M Smith, and Nancy J Gustafson

Over the past 20 y dietary fiber has emerged as a leading dietary
factor in the prevention and freatment of chronic diseases.

High fiber intakes are associated with lower serum cholesterol
concentrations, lower risk of coronary heart disease, reduced
blood pressure, enhanced weight conftrol, better glycemic
control, reduced risk of certain forms of cancer, and improved
gastrointestinal function. 1994.



‘NATURAL" HISTORY OF THE GENUS HOMO : WE CHANGED
ENVIRONMENTAL EXPOSURE TO XENOBIOTICS

with potentially major impact on man-microbes symbiosis

Direct impact of dietary emulsifiers on intestinal microbiota
and thereby on permeability, immunity and symbiosis ;
Loss of protection against metabolic and inflammartory risk
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Other xenobiotics would include pollutants, drugs,

antibioftics ...
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'‘NATURAL'" HISTORY OF THE GENUS HOMO : WE CHANGED
PERINATAL MANAGEMENT AND ENVIRONMENT

with potentially major impact on man-microbes symbiosis

Altering mother-to-child vertical transfer of the microbiotq,
Through several generations via:

Duration of gestation (preterm births)

Mode of delivery
(cesarean section >30% in Europe ; >80% in different places in the world)

Hygiene of neonatal environment

Exposure to antibiotics in mothers, neonates and infants

Early life food and feeding mode (formula milk ; weaning diet)
Maternal microbiomes

Extended hygiene hypothesis (Bach NEJM 2002)
“disappearing microbiota hypothesis” (Blaser EMBO—Rep_o_rf 2006)

- —

& ... Missing Microbes (Blaser 2014)  ==== IN?A
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PERTURBATION OF INTESTINAL MICROBIOTA AS A
POSSIBLE CHRONIC DISEASE FACTOR

Dysbiosis :

v' Loss of keystone
species
Loss of richness
Increased

pathobionts
Metabolic shift
Broken
microbiota-host
cross-talk

Human clinical studies :

Shotgun sequencing
16S sequencing

Pathologies References

Ucerative colitis el e 2
Lepage , Gastroenterology, 2011
Irritable bowel syndrome Saulnier, Gastroenterology 2011
Rajilic-Stojanovic, Gastroenterology 2011
Obesity Le Chatelier, Nature 2013
Ley, Nature 2006
Type 2 diabetes Forslund, Nature 2015
GVHD Taur, Blood, 2014




METAGENOMIC SIGNATURES OF DYSBIOSIS IN

‘s Meta A 185-249
mr ¥ 250-299
e 30.0-40.0
¢ BMI
9 A
® A ‘A A
* 4 A, .
[ .| ').K' A ‘A AAA
'Y .)'_ ® ¥ A
* o % AA
3k
F*y A
AA A
Pedersen (SDC, Copenhagen)
Wang Jun (BGI, Shenzen)
Ehrlich (INRA, Paris)
Bacterial genes and genomes specific of the === IN?A
microbiome of patients ===
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INTESTINAL MICROBIOTA AND OBESITY IN HUMAN

Metagenomic species show a good discrimination power
between obese and lean, in contrast fo human genome

AUC =0.58

" =

i 12 MGS n= 154 Danes
. Meta AUC — 084 True positive |
g T Linear additive model —i
08 T
o ) ! ROC:s for
32 obesity risk loci N I individual

MGS

n=28,120
European

—AUC 0.84

v

Cale HH
oye False positive
False positive rate

00 0.2 0.4 06 08 1
1 1 1 1 1

— T 0,0 0,5 1,0
Speliotes et al. Nature Genetics 2010
Le chatelier et al, Nature, 2013 ==_= IN?A
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INTESTINAL MICROBIOTA AND OBESITY IN HUMAN

ARTICLE

doi:10.1038/nature12506

Richness of human gut microbiome
correlates with metabolic markers

Som L EE 15 s
Obese Danish individuals Obese French individuals
©u * »
© ©
8 25 2 10
> : 5 .
2 * Low gene count High gene count = Low gene count High gene count
v 1A= = 5 n=13 n=23
: £ ’\il 230 35%
o 10 E A genes, 35%
£ ; / 1 \V/ ] l} 240 K genes, 40% = /
=
Z 0 J T T \\—IA 1} 1 O \ ‘ I ‘
0 200000 400000 600000 800000 1000000 1200000 0 EOBEE e 600000 800000 1000000
Nidiber 6f genes Number of genes

Meta ’g”gl;TR
Le chatelier et al, Nature, 2013; —===
Cottillard et al, Nature, 2013 === IN?A
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MICROBIOTA GENE COUNT / DIVERSITY IS
A HEALTH-ASSOCIATED STRATIFIER

Low fo High Signature species (n= 58)
gene count (French or Danes)
LGC HGC q
80 - R.gnavus L HE | H . 5.4E-18 Known
— : : crupuanec |
% 704 —’(A)I:)ese et F. prausni.tzi{'. i";'}':" it 2.7€-23 ;2618 &
_g 60 - cwemmenn M. smithii : ;-; - l 8 8.26-13
2 50 HL-39 bk & EL 2.1E-09
b i Unknown
£ - HL-15 1.9€-15
4 % .
: 0 LGC 7 s w . species
g 01 HGC -y L n=48
g % HL-8 g 28E2
3
104 59,147 individuals by gene number 878,816
0- | | | EE EEEN
0 200000 400000 600000 800000 1000000 ROC analysis
" Gene numbék a 1.0,
& J ) ‘5-1‘ E -
R S @ 0.8-/ 7 feo
. . V'
In overweight & obesity, 2 06! L SPecies
Low Gene Count (low bacterial richness) 3 0.4 %
individuals have less healthy metabolic & o .’
in
: . $02{ » AUC=098
inflammatory traits: - ook’

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

Le Chatelier et al, Nature 2013
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FUNCTIONAL SHIFTS IN THE LGC MICROBIOME

Host tissues

> Mucus
Mucus layer | | . - degradation 4
( Gut lumen - LGC microbiota ( Akkermansia¥
(

R. gnavus/torques 4 Sulphate
—

H,S
reduction T 25 4
Bacteroides —)[E— Methanobrevibacter ¥ &
Lachnospiraceaea ¥

AN

»| Butyrate ¥
Oxygen tolerance/ Bififobacterium -

oxidative stress response 4 [ shunt ¥ Lacicie |

Microbial T

richness ¥

e

( LPS/pathogen/proteobacteria ]/{ Reduced gut ]

driven inflammatory switch lining integrity

> Proteobacteriat > )

A
|
N\ - J
y
‘ Repeated AB \ Western-type BMI/IR/ (_S
treatment? [ dietary pattern Endotoxaemia

inflammation 4

/ « Energy source for IEC

Trophic & barrier functions
Le chatelier et al, Nature, 2013 * HDAC inhibifor (gene regulation)

« GPR agonist —PYY & GLP1
 Immunomodulatory effects

Blottiére et al, PNS 2003; ====
Segain et al, Gut, 2000 = = IN?A
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DIAGNOSTIC OF LIVER CIRRHOSIS BY GUT
METAGENOMIC SPECIES

Liver cirrhosis diagnosis ™’

* by clinical symptoms
or imagingin 77

AUC =0.943

— AUG =084

Healthy volunteers who
visited the hospital for
annual physical
examination

0.8

98 patients
« 83 controls

Trus posifve rats
= =
e @

— AUG=0883

AUC =0.935

« 25 patients
« 31 conftrols

7 MGS accurately diagnose liver cirrhosis

Qin N. ef al. Nature 2014
Zhejiang Univ, Hangzhou, China
& MetaGenoPolis, Jouy en Josas, France
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MASSIVE MICROBIOME CHANGES IN CIRRHOSIS

Discovery cohort Validation cohort

800K - _._5'45_8 ezt Healthy (n=38) Liver cirrhosis (n=28) Known |nVOderS
Low gene T S 24/28 with
richness 3 8 g - - __sequenced
<10e-10) 8w & - genome.
" | K. l . . Targets for
wokd | R intan/antinn?@
HEPATOLOGY
INvasia : : .
~acte FECAl microbiota fransplantation in the ”

specia management of hepatic encephalopathy.
a heal Kao et al 2016, por: 10.1002/hep.28121

UpTo 4 A case study: “the dramatic clinical improvements

abund : : N
following serial FMT are very encouraging
n
| d encephalopathy
Qin N. et al. Nature 2014 a=——=
Zhejiang Univ, Hangzhou, China = IN?A
& MetaGenoPolis, Jouy en Josas, France ="
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APPLICATIONS POTENTIELLES EN SANTE HUMAINE

I Outil de traitement ‘l
a2

< Diagnostic

< Pronostique de réponse,

< diagnostic compagnon

Microbiote

Transplantation fécale
Fractions bactériennes,
Consortia bactériens
cultures en fermenteurs
Souches commensales
probiotiques

Bactéries
recombinantes

< Régimes alimentaires, i

< Anfibiotiques, medicaments
< Métabolites

< Probiotiques
< Fibres, prébiotiques N Re,cep f,e s
< Metagenomique

fonctionnelle

R R

Blottiere & Doré, médecine/sciences, 2016



Le microbiote intestinal humain est tres complexe et diversifié : 25 fois
plus de genes microbiens que de genes du geénome humain ;

L'équilibre de la symbiose hdte-microbiote est un garant du maintien
de la santé et du bien-étre ;

L'Homme a changé a fravers quelques générations a la fois
I'alimentation et les modalités entourant la naissance, autant
d’'éléments qui impactent la mise en place de la symbiose Hote-
microbiote ;

Des particularités du microbiote sont aujourd’hui associées aux
maladies chroniques dont I'incidence ne cesse de croitre, et sont
prédictives de risques, d'aggravation, de réponse/non-réponse a des
traitements ;

La prise en compte du microbiote devra dans I'avenir accompagner
le diagnostic, la prise en charge clinique, le suivi au cours du
traitement et le développement de stratégies préventives ciblées.

===INKA

—=  SCIENCE & IMPACT



metagenopolis

L) MgpPSs...

Comment aller plus loin et intfroduire le
microbiote dans notre santé ¢

MetaGenoPolis
¥28h ensemble de plateformes
A ' _idédiées a la métagénomique
&\ quantitative & fonctionnelle

,\.“"’“SSE@@,‘
19M€ pour 2012-2019 des Investissements d'Avenir | G
Budget : > 60 M€ k. 4




METAGENOPOLIS — 4 INTEGRATED PLATFORMS

CLINICAL STUDIES S
J ICAN

SAMPLE BIOBANKING ': = | N?A

Specifications, collection; '
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