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ECHTUNG! ON QUVRE UNE BOITE DE PANDORE
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=Conférencier:
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=Consultation:

= Avir, Verity, Merck, Pendopharm, Paladin, Cubist, Sunovion,
Astellas, Roche, Iroko, Merus, BMS, Abbott
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0BJECTIFS

= Connaitre et comprendre les différents concepts en
lien avec le microbiote.

=Reconnaitre les principales fonctions physiologiques
du microbiote et l'intéraction avec diverses
pathologies

=Discuter des possibiltés d’intervention clinique de la
manipulation du microbiote




OUE VOYEZ VOUS?

« Deux étres humains

- Caractéristiques
physiques
. Age
- Santé
. Attrait sexuel

« Personalités /
émotions

e Réseau social
« Travail

- Famille
- Amitiés
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INTERACTIONS INEVITABLES:
HUMAINS ET MICRO-ORGANISMES

» Humain = Etre vivant multi- = Relations écologiques
cellulaire complexe

»Symbiose
= Cellules = génotype identique | putualisme
mais phénotype variable .
. »Commensalisme
= Cellules organisées en .
»Parasitisme

organes

= Echanges constants avec
I’environnement

»gazeux, nutrition, excrétion de déchets,
voir méme lI’échange de gametes




DEFINITIONS:

= Microbiote:
= ’ensemble des micro-organismes habitant une niche écologique

= Microbiome:
= La capacité de codage génétique de ces micro-organismes

= Métagénome:
= Résultats obtenus par analyse séqueng¢age‘‘shotgun”

= Métatranscriptome:
= Genes exprimés

= Métaprotéome:
= Protéines produites

=Métabolome:
= Métabolites produits




UNE SCIENCE ENCORE & SON ENFANCE...

Rendu possible par le séquencage genéetique
- Diverses méthodologies 2 non comparables

Etudes biaisées (sur-représentation pays industrialisés)

Etudes analysent principalement les bactéries
- Ignore les eukaryotes et les virus

Echantillonage variable
- Blopsie muqueuse, vs brosse, vs analyse de la selle




METHODES D’ANALYSE

¥

Study design, sample collection, storage and DNA/cDNA/RNA extraction

ADN rl16S Shotgun
¢ N ) R
Marker gene/transcript amplification and sequencing Metagenomic or metatranscriptomic shotgun sequencing
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Identifie seulement les bactéries
Moins couteux et plus rapide
Aucune résolution a/n souches spécifiques

organismes

métaboliques

» Identifie les séquences de tous les micro-
e Peut informer sur la présence de cascades

« Résolution a/n de la souche

Claesson et al. Nature Reviews Gastroenterology and Hepatolgy 2017
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NOTIONS DE BASE

= Colonisés, grosso modo, par 1000 especes bactériennes
= 1.3 cellules bactériennes pour chaque cellule humaine

= Avec 2000 génes par espece, 100 fois plus de génes qu’un étre humain
= Seulement 5-7 Phylums bactériens présents

= Chaque individu a un microbiome unique
= Facteurs environnementaux >> Génétiques
= Ce microbiome connait des variations dynamiques

= Différentes niches écologiques = microbiomes différents
= Le microbiome intestinal se stabilise en jeune age (3 ans)
= [1 y a une interaction bilatérale entre immunité et le microbiote

= Nombreuses corrélations établies entre le microbiome, son métabolome et
des pathologies des systémes immuns, endocriniens et nerveux.
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LE MICROBIOME SE STABILISE EN JEUNE AGE

. Enterobacteriaceae
‘ Veillonellaceae
. Bifidobacteriaceae

‘Clostr:dm(oao

’Lactobac:llcaccac
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Birth 1 month 6 months 12 months 2 - 3 years
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1. Arrieta et al. The Intestinal Microbiome in Early Life: Health and Disease. Frontiers in Immunology 2014; (5) 427
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VARIABILITE INTER-INDIVIDUELLE

Oral cavity Oral cavity

Skin Skin

Vagina Vagina

¥ -

Figure 1 The human microbiome is highly personalized. Understanding the relevance of the differing microbiota between individuals is confounded by
the uniqueness of an individual's microbiome. The different colors in the pie charts represent different kinds of bacteria.
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Microbiome state

VARIABILITE INTRA-INDIVIDUELLE
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MICROBIOME INTESTINAL HUMAIN

A (454 Pyrosequencing)

0.3 TABLE 2. Matching of 454-sequencing and IS-pro data for identification of core species

% 0022: Core species 454-Sequencing [prevalence (%)] IS-pro peaks

g Alistipes finegoldii 60/61 (98) 231/396,/400,/406

5 0151 Faecalibacterium prausnitzii 60/61 (98) 313/318/320

g 0.14 Bacteroides vulgatus 59/61 (97) 479
Alistipes putredinis 58/61 (95) 235
Bacteroides fragilis 58/61 (95) 537
Prevotella spp. 58/61 (95) 437
Odoribacter splanchnicus 56/61 (92) 308
Parabacteroides distasonis 54/61 (89) 464
Sutterella wadsworthensis 53/61 (87) 660-663 /871
Unclassified Ruminococcaceae 53/61 (87) 888
Unclassified Firmicute 51/61 (84) 257
Sutterella spp. 50/61 (82) 651
Unclassified Proteobacteria 48/61 (79) 941
Unclassified Firmicute 48/61 (79) 361

B Escherichia coli 47/61 (77) 735/828
Bacteroides spp. 46/61 (75) 474
Bacteroides spp. 45/61 (74) 548
Unclassified Firmicute 45/61 (74) 541

g Akkermansia muciniphila 43/61 (70) 598/602

] Unclassified Firmicute 43/61 (70) 558

_§ Unclassified Proteobacteria 43/61 (70) 747

]

g The most abundant OTUs as detected by 454-pyrosequencing data and their matching to the most
common species as found with IS-pro are displayed, including a column displaying prevalence of each
taxon.

1. de Meij et al. FASEB journal. Vol 30. April 2016




LA DIETE, LE STYLE DE VIE ET LENVIRONNEMENT
ONT DES IMPACTS MARQUES SUR LE MICROBIOME
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ROLES “PHYSI0LOGIQUES” DU MICROBIOTE

- Synthése de vitamines (biotine, folate, Bg, B, riboflavine,
thiamine)

- Metabolisme des fibres indigestibles

- Maturation du systeme immunitaire et sa maintenance
locale et systemique

- Inhibition pathogenes (occupant la niche écologique +/-
antibimicrobiens sécrétés)

- Communication avec le systeme nerveux entérique et
méme central (Gut-brain axis)




OUEST-CE QUI IAIT UN MICROBIOME
SAIN???

= Diversité?
= Richesse?
= Résistance?

= Résilience?

= Est-ce que certaines espeeces ont des rdles particuliers?
= Keystone species
= Foundation species

= Quelle(s) espece(s) agissent comme biomarqueurs de maladies?
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Genomic analysis
Gene expression data
Proteomic data
Metabolic data

Intervention

\ 4

Return to
steady state

)

Genomic analysis
Gene expression data
Proteomic data
Metabolic data

N

Understanding

of dybiosis

Gilbert et al. Nature Medicine Vol 24 (4) Avril 2018

SCHEMEA DE
RECHERCHE




Approche Ecologique



MODALITES D’INTERVENTION

'« Fructo-oligosaccharides
* Inuline

* BioK+
* B. longus supsp longus

* B. adolescentis + galacto-oligosachharide

* SER-109

* Greffe de Selles (FMT)
* RBX-2660

Walter J. et al. Current Opinion in Biotechnology 2018, 49:129-139 @



Characteristics of microbe(s) that influence engraftment
* Dose, frequency, and activity

« Traits to overcome habitat filters and facilitate competition
» Genetic and species diversity

* Phenotypic plasticity

+ Adaptability

(a) Introduction
into the

(b) Establishment of
a viable population

(c) Growth and
persistence upon the

I
I
I
I
I
I
I
I
I
I
I
1

(d) Impact through

) . . competition,
gastrointestinal acquisition of antagonism, or
tract resources mutualism
1
Host related mechanisms Microbiome related mechanisms Effects on the microbiome
* Habitat filtering (stomach + Competition « Shift and displacement of
acidity, bile acids, defensins, « Antagonism (inhibition) or resident taxa
immune response, etc.) mutualism (facilitation) * Alteration of community
« Epithelial selection * Predation composition and function

Current Opinion in Biotechnology

Walter J. et al. Current Opinion in Biotechnology 2018, 49:129-139




C. difficile et MII



PATHOGENESE DU £ DIFFICILE

Healthy colon

Individu Sain

/ . 2 \ y /
Résolution des Sx (
/ RN

Restoration Ant iblOtiqueS

of stable,
healthy gut N

Comprimés de charbon activé
[-lactamase orale

Reduced gut microbial
b\

FMT ™\ species and djya

Transplantation C. I&"% ﬂ. microbiota
o o \r_‘: Administration by:
scindens chez la souris « Enema

= Transcolonic infusion

Recurrent Infectlon

Ingestion de spores de C. difficile

Administration C. \ -

difficile non toxigéne

« C.difficlle spores Sels biliaires non-
germinate

= Bloom of C. difficile Conj ug’ 'lléS

1. Borody thomas J. Nature Reviews
Gastroenterelogy and Hepatolgy 2012
2. Buffie et al. Nature. 2015 January 8;
517(7533):205-208

3. De Gunzberg et al. JID 2018 Jan
30;217(4):628-636

Dysbiosis of the

d gut microbiota

Development of CDI

= Severe diarrhea, abdominal pain, nausea and fever
= C.difficile toxins induce inflammation and cell death
= CDI can cause pseudomembranous colitis




ESSAIS CLINIQUES “FMT” EN C. DIFFICELE

Van Nood, Els 2013
NEJM

Hota et al. 2017
CID

Cammarota et 2015
al.

Aliment

Pharmacol Ther
Yougster etal. 2014

JAMA

30

39

20

FMT vs Vanco
(+/-lavage)

FMT vs Vanco
taper

FMT vs Vanco +
Pulse

FMT

Enema

Colono

Capsules
orales

81% - 93.8%
Vs
30.8% et 23.1%

43.8%
VS
58.3%

90%
Vs
26%

70% 1°e* doses
90% 2¢me doses

P=0.008

NS

P <0.0001

N/A




ET LES PROBIOTIQUES ?

= Lignes directrices...
= SHEA et IDSA :“not recommended”

= ESCMID : “insufficient evidence to support”
= ACG : “limited evidence for use”

= Problématiques
= Peu essais randomisés controlés

= Etudes unicentriques

= Reproductibilité non démontrée
= Différents agents utilisés

= Indication thérapeutique ?




WHY PAY INTEREST T0 THE MICROBIOME
IN IBD?

- In animal models of IBD, gut microbiota is essential in inducing inflammation

- Diversion of the fecal stream has been shown to improve symptoms for Crohn’s
disease

- Antibiotics have been shown to be helpful in certain situations ( anal fistula, post-
operative recurrence, pouchitis)

- IBD susceptibility genes mainly involve microbe processing, T cell function and
mucosal barrier function

- The recent increased prevalence in IBD cannot be explained by genetics alone
(diet? ; hygiene?)

- Microbiome studies have shown dysbiosis associated to IBD

1. Matsuoka et al. The gut microbiota and inflammatory bowel disease. Semin Immunopathol 2015; 37: 47-55
2. Jostins et al. Nature. 2012. November 1; 491 (7422): 119-124
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HLA o :..f; L | 8.2% of the variance in disease
L J 1
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1. Jostins et al. Nature.2012. November 1; 491 (7422): 119-124
2. Liu et al. Nature Genetics (2015). 47 (9),979 - 986. issn: 1061-4036
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ROLE MICROBIOTE DANS MII

Diet
Probiotics

Antibiotics
FMT

Example: DSS

4 Bacteroides Akkermansia
Enterobacteriaceae  muciniphila
Porphyromonas

________________ >
SCFAs
~
Bacteroides, Firmicutes -+
Bacteriodales Faecalibacterium
Enterobacteriaceae prausnitzi
Clostridiales Phascolarctobacterium
Pasteurellaceae Roseburia
Veillonellaceae /
Neisseriaceae
Fusobacteriaceae
Prevotellaceae
Pathobionts
N J

Clemente et al. BM]J 2018;360:j5145

Th1
Th2
Th17

Treg

TNF-a
IFN-y
IL-17

IL-10

- Colitis

Inflammatory
bowel disease




IBD PATHOGENESIS AND TREATMENT

= An aberrant immune response against the gut microbiota
triggered by environmental factors in a genetically
susceptible host

e Dlet / Enviromental Genetic
. . Factors Predisposition
Prebiotics
* Probiotics ?
 FMT ?
* Antibiotics
Gut Host Imune Response S-ASA’
Microbiota linnate/adaptive) prednisone,
azathioprine,
anti TNF-
alpha
http://www.intechopen.com/books/inflammatory-bowel-disease/insights-to-the- Q
ethiopathogenesis-of-the-inflammatory-bowel-disease




FMT POUR LA MII

- Meta-analyse (18 études, un ERC)
- Total de 122 pts ( 79 avec CU, 39 Crohn’s, 4 ?)

« Au total: 45% rémission clinique (54 / 119)
- Etudes de cohorte: 36.2% rémission
- Colite ulscéreuse: 22% rémission
- Crohn’s: 60.5% rémission

- Conclusions
- Haut risque de biais
- Aucun effet adverse sévere
- ERC requis avec données sur le microbiote

Colman et al. Fecal microbiota transplantation as therapy for inflammatory bowel disease: A
systematic review and meta-analysis /] Crohn’s Colitis 2014 December 1;8 (12) 1569-1581 @



FMT POUR CU: ETUDE MOAYEDDI

Randomised controlled trial

Weekly 50ml FMT for 6 weeks vs placebo water enema

N=70 (36 FMT, 34 placebo)

Clinical remission 24% vs 5% favoring FMT (p=0.03)

Treatment success with donor B 39% vs 10% with other donors (p=0.06)

Increased response of FMT with immunosuppression 5/11(46%) vs 4/27 without
(15%)

Recent diagnosis (<1 year) 3/4 responded (75%) vs 6/34 (18%) for chronic
disease (p=0.04)

Conclusion: First randomised trial to demonstrate that FMT can be efficacious in
ucC

Moayeddi et al. Fecal Microbiota Transplantation Induces Remission in Patients With Active
Ulcerative Colitis in a Randomized Controlled Trial Gastroenterology 2015; 149: 102-109 @



FMT POUR CU: ETUDE ROSSEN

Randomised controlled trial
2 donor vs autologous FMT via nasogastric tube at 3 week interval

N=48 (23 donor, 25 autologous)

Clinical and endoscopic remission 30.4% for donor stool vs 20% for autologous
FMT (p=0.51)

In the per-protocol analysis 41.2% vs 25% (p=0.29)
Donor FMT responders shifted towards microbiota profiles of their donors
Autologous FMT responders also shifted their microbiota

Conclusion: Negative study, further research warranted

Rossen et al. Findings from a randomised controlled trial of fecal transplantation for patients with /
ulcerative colitis Gastroenterology 2015; 149: 110-118



PIPELINE D'INTERVENTIONS CD/MII

()

Bioactive molecules
(Symbiotix; Bacteroides fragilis
derived PSA; IBD)

Small antibacterial molecule
(EB-8018; IBD)

Consortia (Clostridia cocktail;
VE-202 for IBD)

Whole community alteration
(FMT; RBX2660 for CDI)

Ecology of bacterial spores
(SER-109 for CDI and SER-287
forUC)

Specific biological effects

Entire community effects

Fig 2| Therapeutic strategies in pipeline to alter properties of microbiome. Various approaches in development and spectrum of microbiota modulation ranging
from entire communities to individual species/strains and bioactive molecules
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CONCLUSION

= [t’s a Brave New World!

=’intégration des données du microbiome dans I’évaluation
des maladies est rien de moins qu’une révolution

= Le futur repose sur des interventions adéquatement ciblées

= Attention a la frénésie qui entoure les produits
actuellement sur le marché

= [l reste encore plus de questions que de réponses dans ce
domaine




Questions?



LIEN VERS LE DOCUMENTAIRE DE
“DECOUVERTE” PRESENTE 2015-09

https://www.youtube.com/watch?v=6ZIIgNoSrPY




