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Le microbiote et les pathologies associées,
Interprétation, implications cliniques et nouvelles prises en charge

* Objectifs

e Définir le principe de fonctionnement du microbiote et le réle de I'alimentation

e Définir les notions d’eubiose et de dysbiose

e Repérer I'implication du microbiote dans la genese de certaines maladies chroniques ex:
(obésité, diabete, cancers...)

e Conduire les modalités de modifications du microbiote a des fins thérapeutiques : connaitre
les principes et les indications de la transplantation fécale



Que dit |a science « digestée » par les patients




Que dit la science « digestéee » par les patients
Des livres, des sites et des tracas...
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edecins Versus patients
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Des mauvaises bactéries aux bonnes bactéries...
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Une révolution

Number of publications

Microbiome

Results by year

Selected 2019 - 14,299 items
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Butto, L. F., & Haller, D. (2017). Functional relevance of microbiome signatures: The
correlation era requires tools for consolidation. Journal of Allergy and Clinical
Immunology, 139(4), 1092-1098.

Gut microbiota

Results by year

Selected 2019 - 6,616 items

B u.s. National Library of Medicine
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2437 Studies found for: microbiota

Also searched for Microbial Communities. See Search Details



Une réalité : ’homme a évolué ﬁ‘ﬁ\&\gsfi

* Systeme de santé (nombreux traitements)

* Nutrition (industrialisée)

e Activité physique (sédentaire)

* Mesure d’hygienes et de prévention vis-a-vis des agents infectieux
e Hypothese de I'hygiene??7??

>100 000 000 000 000 Bactéries

* Microbiotes appauvris (on est plus sensible aux agressions environnementales)
* Pathogénes multi-résistants



Glossary

Biomarker sequencing: The process of cataloguing microbes in a mixed-species community through
analysis of sequence variation in a single ubiquitous gene.

Holobiont: The totality of organisms in a given ecosystem (e.g., the shared human and microbial
ecosystem); also called a superorganism.

Metabolome: The complete set of small-molecule chemicals found in a biologic sample.

Metagenome: All the genetic material present in an environmental sample, consisting of the ge-
nomes of many individual organisms.

Methanogenic archaea: Methane-producing microbes of the ancient Archaea kingdom.
Microbiome: The collection of all genomes of microbes in an ecosystem.
Microbiota: The microbes that collectively inhabit a given ecosystem.

Pathobionts: Typically benign endogenous microbes with the capacity, under altered ecosystem
conditions, to elicit pathogenesis.

Prebiotics: Nutritional substrates that promote the growth of microbes that confer health benefits
in the host.

Probiotics: Live microbes that confer health benefits when administered in adequate amounts in
the host.

Synbiotics: Formulations consisting of a combination of prebiotics and probiotics.

N ENGL ) MED 375,24 NEJM.ORG DECEMBER 15, 2016
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Les " quorum signals " sont des signaux moléculaires envoyeés par les bactéries a leurs congéneéres.
Les acronymes AMP, LPS, PGN, SCFA, TMA désignent des métabolites, c'est-a-dire des produits intermédiaires qui

se forment dans l'organisme au cours d'un processus meétabolique.



Microbiote et obesite B W
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Microbiome : biomarqueur d’aggravation ?...
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Microbiote et obésite

Les études chez la souris se
vérifient chez 'lhomme

* En 2013, | ‘équipe de Gordon
montre que ce phénomene est
applicable a 'lhomme. Le microbiote
de deux jumelles (I'une mince,
I'autre obese) est transplanté a des
souris axéniques. Les souris
receveuse ont produit le méme
phénotype que leur donneuse
démontrant ainsi le caractere
transmissible de I'obésité.

Jumelle obése

v\
Microbi
u nc‘r.o\ iote

Souris receveuse La souris grossit

Jumelle mince
Souris receveuse La souris reste mince
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« Ba Cte rl ES Sta rS » Akkermansia muciniphila and Obesity

Xu et al.

Akkermansia muciniphila
Metabolites Circulation
Endotoxemia Reduction: SCFAs production: Clearance: Restoration:
Inflammation Free fatty acid oxidation | Triglyceride-rich Epithelial tight
(F4/80, MCP-1, ICAM- | (Fiaf,Gpr43, HDACs Hylomicron fimction proteins
1, and TNFa) and PPARY) Intermediate-density (claudin-3 and
‘ ‘ lipoproteins occluding)
Atherosclerosis Lipid metabolism in ‘ ‘
Adipose and Intestine Liver disorders:
Hyperlipidemia Alcoholic steatohepatitis
Fatty liver disease
Hepatic inflammation
Hypercholesterolemia
FIGURE 1 | Molecular modulation of A. muciniphila in lipid and liver disorder: in yellow are the circulation mechanisms of A. muciniphila in hyperlipidemia and liver
disorder. In green are the metabolite mechanisms of A. muciniphila in lipid metabolism in tissue and atherosclerosis.




Akkermansia Muciniphila et obésité

Live A. muciniphila

Pasteurization

Components of
A. muciniphila
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Depommier C, Everard A, Druart C, et al.

Metabolic benefits
1 Insulin

| Insulin resistance
| Cholesterol

Mediators/biomarkers

| DPPIV

| Metabolic endotoxemia

1 WBC counts

| Liver/muscle biomarkers
of tissue damage

. Nat Med. 2019. doi: 10.1038/s41591-019-0495-2.




TABLE 1 | Overview of A muciniphita and its associated biomarkers in clinical studies of cbesity.

Ref. Participation Intervention or Study Period  Results
Observation
Madina-Viera et al., 81 Patients with TZDM A reducad-energy diet 3 months Diatary portfolio consumption increased levels of A. muciniphila and
2019) improved glycaamic control, dyslipidasmia, and inflammation.
{Roshanravan et al., 60 patients, overweight  800mg/d butyrate, 45 days Supplemeantation of insulin and butyrate can increase
2017) and with obasa 10 g/d inuiin powder, A, muciniphita, and butyrate decreasas TNF-a mRNA axpression,
diabeles bath inulin and butyrata hs-CHE, MDA, and diastolic bliood pressure levals.
or placabo
{Walker et al., 2019) 28 obese men with 1 g polyphanol 35 days Polyphenaol resveratnol improves giucose homeostasis and
metabolic syndrome resveratrol oraly twice increasas tha abundance of A muciniphils.
daily or placebo
{Allin ot al., 2018) 134 Danish adultz with  Obsanation The abundanca of the mucin-degrading bactarium A muciniphis
pradiabates and 134 oiwiously decreasad in prodiabetes.
healthy conirols
Dao et al., 2016) 49 adults, ovarweight B-weak calorie 12 wooks A. muciniphiia abundanca improved fasting plasma glucosa,
and ocbesa restriction plasma trighycearidas, and body fat distribution.
{Khan et al., 2018) 43 27 patiants with 2 years Alorvastatin treatment increased the abundanca of A muciniphila.
hypercholestarolemic Atorvastatin treatmeant
patients and 19 healthy
controls
{Lu et &, 2017) 70 female patients with ~ Obsanation Decreasad A. muciniphila was associated with fasting blood
T20M and 70 healthy glucosse and urine glucosa.
females.
{Collado et al., 2010, 16 infants with obesa Obeanvation Prevalence of A. muciniphila was lower in confrol infants with
M2, Santacnz et al,  mother and 256 infants normal mothers.
2010 of normal mathers as
cantrol
{Dela Cuesta-Zuluaga 28 participants with Matfiomin Diabetas pafienis faking metiormin had a higher relative abundanca
at al., 2017) diabetas and 84 of A. muciniphila compared with healthy control.
healthy conirols
{Palleja et al., 2016) 13 morbidly obesa Roux-en-Y gastric 12 months RYGE changed the relative abundances of 31 species, including
patients bypass [HYGE) A, muciniphila, within the first 3 months. These abundance changes
can be maintained for @ months.
{Brahe at al., 2015) 53 women with obesity  Obsanation 140 metagenomic species, including A muciniphils, wers
cormetated with metabolic markars.
{Yassour et al., 2016; 21 patients with T2DM  Ducdenal-jejunal 12 months The leval of gut A. mucinjphiiz in tha surgary group increased.
Cortez et al.,, 2018) bypass surgary madical
carg
{Depommiar ot al., 32 participants, Oral supplameantation 3 months A, muciniphila dacreasad body weight and reduced the levels of the
2019) ovanweight/obase of 1010 A muciniphila ralevant blood markers for liver dysfunction and inflammation, whils
insulin-resistant bacteria, eithar live or the overall gut microbiomsa structure was unaffected.

pasieurized

Frontiars in Micrcbiology | www. frontiersin.org

Fabruary 2020 | Volume 11 | Article 210



Microbiote et cancer



Microbiote et cancer

Réle du microbiote dans la survenue de cancer

- Altération de l'architecture et des fonctions de I'épithélium intestinal

- Sénescence cellulaire induite par le microbiote

- Interaction entre microbiote et systeme immunitaire de I'h6te

- Capacité du microbiote a induire des lésions de ’ADN et une instabilité génomique

Réle du microbiote dans la modulation de l'efficacité et la toxicité des traitements en oncologie
- Chimiothérapie

- Radiothérapie

- Immunothérapie

Perspectives de I'analyse du microbiote pour la prévention primaire et secondaire et modulation du microbiote
dans le traitement du cancer chez ’lhomme

Pour citer cet article : Chapelet G, Boureau AS, Montassier E, Le Bastard Q, Batard E, Lepelletier D, Berrut G, de Decker L. Apport de |'analyse
du microbiote intestinal pour améliorer la prise en charge oncologique chez le sujet 4gé. Geriatr Psychol Neurgpsychiatr Viedl 2019 ; 17(1) 1 20-30

doi:10.1684/pnv.2019.0783 )
©JohmrLibbey Earotext, 201—mmm




Fap2 Mediates Fusobacterium nucleatum Colorectal Adenocarcinoma
Enrichment by Binding to Tumor-Expressed Gal-GalNAc

Jawad Abe et al. Cell Host & Microbe Volume 20, Issue 2, Pages 215-225

F. nucleatum
T Fap2
Gal-GalNAc

ode 06!

,y

arqueurs
sivité
: ‘\\"/\ F. nucleatum
Jcte ri um We identify a host factor D-galactose-B(1-3)-N-acetyl-D-

galactosamine (Gal-GalNAc) and a microbial protein, Fap2, that
explicates fusobacterial enrichment in CRC. Herein, we show that
Fap2 plays a critical role in mediating fusobacterial CRC enrichment
by binding to the carbohydrate moiety Gal-GalNAc, which is
overexpressed in human colorectal adenocarcinoma and metastases.




inhibe la réponse anti-tumorale.

Fusobacterium nucleatum est impliqué dans la cancérogénese colorectale et

* F. nucleatum Yu et coll. (2017) ont démontré
gue les patients présentant une grande
abondance de Fusobacterium Nucleatum
avait une augmentation du risque de récidive
de cancer et une probabilité de déces 3,7 fois
plus élevée que les patients ayant une faible
abondance de |a bactérie.

Mima et coll. (2016) ont mis en évidence
d’une relation entre la quantité de
Fusobacterium Nucleatum et le stade
tumoral, la différentiation de la tumeur, la
localisation de la tumeur (en fonction des 4
segments du colon) et le statut MSI.

Pathologies associées a Fusobacterium nucleatum

Oropharyngeal

[l Periodontitis*

B Endodontic infections*
[ Gingivitis*

B Tonsilitis

. Head and neck cancers

Gastrointestinal tract

B Appendicitis

[ Inflammatory bowel diseases
B Colorectal cancer

Other

B Endocarditis

[ Atherosclerosis

[l Respiratory tract infections
[l Brain abscess

B Liver abscess

Bl Osteomyelitis

B Moderate evidence
[ Some evidence
B Associative evidence

*Polymicrobial infections

Brennan, C. A., & Garrett, W. S. (2018). Fusobacterium nucleatum—symbiont,

Urogenital tract

Il Adverse pregnancy outcomes
(pre-term labour, stillbirth and
chorioamnionitis)

[ | Urinary tract infections

opportunist and oncobacterium. Nature Reviews Microbiology, 1.




Impact du Fusobacterium nucleatum et et profil microbiotique dans le

Cancer colorectal

A B
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de Carvalho AC, et al. Front. Oncol. 2019.00813



A Simple and Novel Fecal Biomarker for
Colorectal Cancer:
Ratio of Fusobacterium Nucleatum to Probiotics o _
Populations, Based on Their Antagonistic Effect Clinical Chemistry 2018

Songhe Guo,'" Linfang Li,?" Banglao Xu,*' Manghui Li,* Qiuyao Zeng,? Han Xiao," Ying Xue,' Yixian Wu,’
Yidan Wang,® Wanli Liu,>” and Ge Zhang""
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£
o 40 Fn (AUC:0.875) ; 4o N ucleatu m
s Fn/Fp (AUC:0.914) e Bb (AUC:0.870),
2 e Fn/Bp (AUC:0.911) ey Fp (AUC:0.741)
B Fn/Fp + Fn/Bp (AUC:0.943) § Fn + Fp + Bb (AUC:0.910),
0 20 40 s 80 100 o 20 40 60 80 100 Fp : Faecahbacteﬂum
1-Specificity 1-Specificity
B 100 D 10of prausnitzii
80 |- 80 -
§' 60 £ eof
i i
o 40 Fn (AUC:0.842| @ 40| - Rifi 1
T A Bp: Bifidobacterium
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i s Fi/Fp + F/Bp (AUC:0.917) 3 Fn + Fp + Bb (AUC:0.845 g
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Fig. 2. Diagnostic outcomes for fecal microbial ratios of Fn to probiotics alone or in combination in the diagnosis of CRC.
ROC curves for the diagnostic strength to identify total CRC from HCs (A) and from BCD (B) with indicator of Fn, ratio of Fn to Fp, ratio of Fn to
Bb, and the combination of Fn to Bb and Fn to Fp, respectively; ROC curves to identify CRC from HCs (C) and from BCD (D) with Bb, Fp, and the
combination of Fn + Bb + Fp, respectively, in the discovery cohort.

The ratio of Fn to the important probiotics Fp and Bb was
identified as a valuable biomarker for screening early CRC.



Modulation du microbiome
Toxicité/Efficacité

Immune Check-Point Inhibiteurs

Keeping Tumors in Check: A Mechanistic Review of Clinical
Response and Resistance to Immune Checkpoint Blockade in Cancer

Viral Infection PD-L1 Expression

PD-L1 Expression

Neoantigen Fitness T cell Activation

Mutational Load Decreased Treg infiltration

Response to
Immune Checkpoint
Therapies

MHC-1 Expression Combinatorial Therapies

HLA/MHC Diversity Gut Microbiome

Peripheral Blood Composition

JMB, 2014



Progression-free survival (PFS) is favored by higher microbiome
richness at baseline in cancer patients

Diversity matters:

Metagenomic species count Gene count
= 0.003 = 0.002
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Routy et al. Zitvogel. Science 2018



Cancer du Pancréas : survie

e 2 cohortes comparées

- UT MD Anderson Cancer Center (MDACC) in Houston, Texas Long Term Survivors ShortITerm STGGs
- Johns Hopkins Hospital (JHH) in Baltimore, Maryland SV >5 years SV <5 years
e 2 sous-groupes évalués m m
21415 LTS (survie moyenne a 10.1 ans post-chirurgie)
22 STS (survie moyenne a 1.6 ans post-chirurgie) \ /
Tumor 16S Sequencing
« 2 facteurs étudiés = 1%I9S-E1RTNEIEP'TTFDFUﬁDﬁD?D
- La composition microbiotique (tumeur + digestif)

- Le profil immunitaire

* Transplantation fécale
- Sur modele murin

LTS: long term survivors
Riguelme, E., Zhang, Y., Zhang, L., Montiel, M., Zoltan, M., Dong, W.,, ... & Scheet, P. (2019). Tumor STS: short term survivors
microbiome diversity and composition influence pancreatic cancer outcomes. Cell, 178(4), 795-806.



Biodiversité et signature tumorale caractéristique

|
Bacillus

Résultats

IEEESEEEEEEEEE 80000 0 7 Survival l

Conyzicola -6

 Une forte biodiversité du microbiote est retrouvée chez les

LTS (Iong term SUfViVOfS) (indépendamment du traitement, IMC et de la
prise d’antibiotiques)

Lactococcus
Luteimonas -12
Microbacterium

Nonomuraea

e LTS et STS (short term survivors) ont des signatures
microbiotiques qui different

Pantoea
Paracoccus

Pseudoclavibacter

* Populations biomarqueurs : /1 des Pseudoxanthomonas,
Saccharropolyspora, Streptomyces et Bacillus clausii chez les
LTS (populations prédictives d’un bon pronostic)

Pseudoxanthomonas

’W”W‘l

La biodiversité apparait comme un facteur favorable de survie

La signature microbiotique tumorale pourrait étre utilisée comme biomarqueur de survie (post-chirurgie)

Riguelme, E., Zhang, Y., Zhang, L., Montiel, M., Zoltan, M., Dong, W., ... & Scheet, P. (2019). Tumor microbiome diversity and composition influence pancreatic
cancer outcomes. Cell, 178(4), 795-806.



La diversité bactérienne module 'immunité tumorale

* Les LTS présentent une meilleure activation de leur
systeme immunitaire en comparaison des STS qui
ont plus de sighaux immunosuppresseurs.

/1 delymphocytes T (en particulier les CDS,
impliquées dans la réponse anti-cancéreuse) dans les
tumeurs des LTS

e Corrélation entre l'infiltration des lymphocytes T
tumoraux, la biodiversité et |a présence des
populations biomarqueurs.

Short Term Survivor (STS)

Pancreas

Duodenum

4

|
)

v’

Gut microbiome

Tumor ijome
(Low microbial diversity)
lmmunosuppressuon

JOJ

j\)

—

"  :

Long Term Survivor (LTS)

Tu m
(High mlcrobial diversity)

Immunoactivation &, o ¢

Q9 090

3 00
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La biodiversité et les populations biomarqueurs favoriseraient le recrutement et l'activation des CD8 et
contribueraient au niveau de la tumeur a une réponse immunitaire anti-cancéreuse.

Riguelme, E., Zhang, Y., Zhang, L., Montiel, M., Zoltan, M., Dong, W.,, ...
cancer outcomes. Cell, 178(4), 795-806.

& Scheet, P. (2019). Tumor microbiome diversity and composition influence pancreatic




Le microbiote module la croissance tumorale

Les souris qui ont recu une transplantation FMT ‘ ‘ l
Large tumeurs Tumeurs~ 70%  Tumeurs ~ 50%

provenant de patients STS ont des tumeurs plus
moins large moins large

Transplantation fécale de ’'homme a des souris
Les souris ont recu une antibiothérapie

Les souris présentent une tumeur pancréatique
(inoculée)

larges en comparaison des deux autres groupes
transplantés.




Le microbiote module |la réponse immunitaire

* Le profil immunitaire est également
retranscrit chez la souris apres
transplantation

FMT‘
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Cancer

The commensal microbiome is
associated with anti-PD-1 efficacy in
metastatic melanoma patients

Vyara Matson,'* Jessica Fessler,'* Riyue Bao,””* Tara Chongsuwat,* Yuoanyuan Zha,*
Maria-Luisa Alegre,* Jason J. Luke,* Thomas F. Gajewski“*t
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A., Andrews, M. C., Karpinets, T. V., ... & Cogdill, A.
P. (2018). Gut microbiome modulates response to
anti—PD-1 immunotherapy in melanoma patients.

CANCER IMMUNOTHERAPY

Gut microbiome modulates response
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to anti-PD-1 immunotherapy in Science, 359(6371), 97-103.
L
melanoma patients
G
D-14 D-7 —— Do D21 1 D28
BP melanoma cell
FMT from R/NR injection (s.c) anti-PD-L 1
human donor l (IP)
m M» @ e . L R: respad nder to immunotherapy
3 doses . - i
germ-free (PO) colonized by 050-500mm3 NR : non-responder to immunotherapy
mice donor microbiota tumor
H | J * K
—_ tumor —_ ut

—~ 5 3000 = 600, \ =150, 9 ookl
{g} ** ;Jé"‘ ﬂ;} [ ﬂ;}
i:% 44 [ £ 5 ' . ) < 1254 ., :
© o 2000 S 400+ T 1004
T 37 £ 2 2 »
Ke] =] = " = 754 %
:; 24 g D ] D S
N 5 1000 § 200 5 ’ § 504 . .
g 1 . g = = o5 !
: . 2 2 ™
R 0 0 O 0. O 0. LA

NR R 7 14 21 28 C NR R C NR R

FMT source Time from injection (days)

Un microbiote favorable prédispose a une meilleure réponse anti-tumorale
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... & Fidelle, M. (2018). Gut microbiome influences efficacy of PD-1-based
immunotherapy against epithelial tumors. Science, 359(6371), 91-97.

Gut microbiome influences efficacy of

PD-1-based immunotherapy against
epithelial tumors
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Cancer

Personalized longitudinal microbiota medelling for precision chemotherapy: microbiome-enhanced trial
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Alexander, J. L. et al. (2017) Gut microbiota modulation of chemotherapy efficacy and toxicity

Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2017.20




Bactéries « onco-microbiotiques » capables de renforcer les effets des

traitements anticancéreux

 Immunothérapie * Chimiothérapie
- PDL1 (cyclophosphamide)

Bifidobacterium - Enterococccus hirae
Sivan, A., Corrales, L., Hubert, N., Williams, J. B., Aquino-Michaels, K., - Barn es,e,la InteStlnlhomlnIS

Earley, Z. M., ... & Chang, E. B. (2015). Commensal Bifidobacterium
promotes antitumor immunity and facilitates anti—-PD-L1 efficacy.
Science, 350(6264), 1084-1089. .

CT LA 4 Daillére, R., Vétizou, M., Waldschmitt, N., Yamazaki, T., Isnard, C.,

Poirier-Colame, V., ... & Routy, B. (2016). Enterococcus hirae and
Barnesiella intestinihominis facilitate cyclophosphamide-induced

. . . . therapeutic immunomodulatory effects. Immunity, 45(4), 931-943.
Faecalibacterium et autres Firmicutes

Chaput, N., Lepage, P., Coutzac, C., Soularue, E., Le Roux, K., Monot,
C., ... & Vaysse, T. (2017). Baseline gut microbiota predicts clinical
response and colitis in metastatic melanoma patients treated with
ipilimumab. Annals of Oncology, 28(6), 1368-1379.
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Select ongoing and planned Clinical trial modulating the Gut Microbiota in
the context of immunotherapy

NCT03353402

NCT03341143

NCT03772899

NCT03819296

NCT03686202
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Pts with metastatic
melanoma resistant to CPI

Pts with unresecable or
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Pts with adavnce metastatic
melanoma

Pts with adavnce metastatic
melanoma or genourinary
malignancy with CPl-related
colitis

Pts with advance solid tumor
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Cancer et microbiote Intestinal

* Le microbiote est un marqueur émergeant a considérer dans la genese
de |la pathogénicité de certains cancers

* || peut influencer la réponse et la toxicité des CPI et autres thérapies anti-
cancéreuse

* Le microbiote est modifiable et cela ouvre la porte a de nouvelles cibles
et armes thérapeutiques pour améliorer la réponse au traitement

* De nombreuses études cliniques sont en cours d’investigation évaluant la
modulation du microbiome au travers de la TMF, régimes , consortium
bactérien autour de 'immunothérapie



Microbiote et maladies de |'intestin




Microbiote et MICI

m Diet
m Probiotics
= Antibiotics
u FMT

Example: DSS

Veillonellaceae
Neisseriaceae
Fusobacteriaceae
Prevotellaceae
Pathobionts

(

4 Bacteroides Akkermansia
Enterobacteriaceae muciniphila
Porphyromonas  __ _ _ _ _ _ | ________ >

\_
0 &

% Bacteroides, Firmicutes -
Bacteriodales Faecalibacterium
Enterobacteriaceae prausnitzi
Clostridiales Phascolarctobacterium
Pasteurellaceae Roseburia

/

b Thi
Th2
Th17

Treg

_+]

TNF-a
IFN-y

l IL-10 } 3 Colitis
IL-17

Cite this as: BMJ 2018;360:j5145
doi: 10.1136/bmj.j5145



A 37 Unknown Ruminococcaceae
0.25 4 “ Methanobacteriaceae —_—r
§ : Ery:ipelouci'cha(:e' 3 0.4
* Pozuelo et al, 2015 : comparaison entre patients IBS (n=113) et : NE e g
contrbles (i= 66), 2 TP (a 1mois d’intervalle) asymptomatiques £ | — P
g z it
- Diminution de la biodiversité (accentué chez IBS-D) ol
pps . ; ; Control S-
- Différence au niveau des phyla entre les deux groupes RelnSE ~ EdD omres 18P
. . . . Erysipelotrichaceae
IBS vs controle: IBS = 1Bacteroidetes, |Firmicutes, Tenericutes B g 7]
IBS sous-types vs contréle : différences également observées au 5
niveau des familles et especes pour IBS-D++ et IBS-M mais pas IBS-C 5
4
c 0.12
* Changements du microbiote digestif associés a des altérations g 01
fonctionnelles impliquées dans le Sl (trouble de la motilité £ —
gastrique, hypersensibilité viscérale, désordre psychologique) £
.‘.; 0.04 -
* Des altérations du microbiote (en particulier pour le type IBS-D), “ oo ]
mais pas de signature bien définie (grande variabilité des T e
altérations)
& Archaea; Euryarchaeota; Methanobacteria; Methanobacteriales; Methanobacteriaceae;Methanobrevibacter
* La dysbioses dans le Sll est souvent caractérisée par une diminution :::m(mc.b‘:c.Tch:(m..blvkw:bmm
de Ia diverSité et une inStabiIité des phyla prédominants- LeS Bacteria; Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; unknown genus

facteurs qui contribuent a ce déséquilibre: alimentation, stress,
infection, antibiothérapies, activation immunitaire et inflammation



Microbiote et maladies auto immunes




Maladies auto-immunes

* De nombreuses études démontrent une implication du microbiote dans le développement des maladies auto-

immunes. Des altérations caractéristiques ont également été corrélées a la progression de la maladie et sévérité des
symptoémes.
Rheumatold Arthritis (RA} Type 1 Diabetes (T1D)

A 4 rectal-Cle group B " Porphy (i di
v i e 1 Rikenelleceae (Bacteroidetes)

* Lactobacillaceae (Firmicutes) FAECAL STREAM )))))
. Altered gut microbiota :

L Bocteroides frogilis subgroups

Diverse Antibiotics / Infections o -_m;o -

S 5 > N :
Microbiota " Host genetics /Diet/ o 2 Reduced diversity o
b4 = Life-style oo g -~ ©

Mucus Roseburia

Mucosa

Autoantibodies

Experimental i phalomyelitis (EAE) D Inflammatory Bowel Disease (IBD)
C A Firmicutes and Bactevoidetes
ol o%;b

Bacterial
______________ | Beneficial microbes such as Faccokbacterium prousnitzi
________________ 30NE ' ™ ia {eg. i 1

L R 4 ! - translocation
C M Fung !
NOD2Z | Newcnset Croh's Disease. dis : = S 1
FUT2 @ T Pasteureflocens (Hoemaphius sp.} Firmicutes T Frmicutes ve E
. T+
I

Loss of intestinal
immune tolerance
Gut lumen Altered gut microblota (1}

Dysregulated
Immune response

L 1L22 IFNy /TNFa IL6 /TNFa IL17
Increased

e e, ! ) =
Uncontrolled inflammation ! >

Cénit, M. C., Matzaraki, V., Tigchelaar, E. F., & Zhernakova, A. (2014). Rapidly expanding Sommer, F., Rihlemann, M. C., Bang, C., Hoppner, M., Rehman, A., Kaleta, C., ... & Krauss-Etschmann,

knowledge on the role of the gut microbiome in health and disease. Biochimica et S. (2017). Microbiomarkers in inflammatory bowel diseases: caveats come with caviar. Gut, 66(10), 1734-
Biophysica Acta (BBA)-Molecular Basis of Disease, 1842(10), 1981-1992. 1738.



Microbiote

et Polyarthite rhumatoide (RA)/SPA

f s
‘
RA:
ccL2 RA:
~ ~ Immune complex deposition
SpA: RA: RA: Pannus formation/activation
l Paraprevotella Ruminococcus SCFAs Jointinflammation
Proteobacteria Prevotella(IL1rn-/-) ¥ hydroxytyrosol r— Cartilage/bone degradation
Akkermansia municiphila ~ SpA: eicosanoid o ) RA:
Firmicutes SpA: $ RA:ThI IL-17
Rikenellaceae L™ SCFAs s RA/SpA: IFN-y
m Diet U ) R Y, Th17 TNF
= Probiotics 0 SpA:
(4 RA: RA: T (| rasspa: || | RA‘/SeA: SIGA
Prevotella copri Bacteroides SCFAs Treg IL-17
SpA: SpA: MCFAS v = &2
Ruminococcaceae (AS) Veillonellaceae (AS) ~— TNF
Rikenellaceae (AS) Prevotellaceae (AS) Inflammatory arthritis
Porphyromonadaceae (AS)  Faecalibacterium (JIA) SpA: ’
Bacteroidaceae (AS) prausnitzii l RANK-L SpA:
Lachnospiraceae (AS) Ruminococcus (PsA) Jointinflammation
Akkermansia (PsA) | Bone degradation
Coprococcus (PsA) Osteoproliferation
I Pseudobutyrivibrio (PsA)
>

Cite this as: BM/ 2018;360:j5145
doi: 10.1136/bmj.j5145



Microbiote et lupus

Example: MRL/lpr, NZB

~
Lachnospiraceae
Ruminococcaeae Lactobacillaceae

Rikenellaceae

= Antibiotics I~ /
= Probiotics | N~ l Th17 |- Moreseverenephritis =~ « =
| Firmicutes: Bacteroides ratio
J
Systemic lupus
erythematosus

Cite this as: BMJ 2018;360:j5145
doi: 10.1136/bmj,j5145



Microbiote et maladies neurologiques




Sherwin et al., Science 366, 587 (2019)

Valetta » Passaglia « Azarian * Guéd)

CECI N'EST PAS UNE COMPIL,
VDM CONTINUE PLUS QUE JAMAIS!

1 November 2019

gyolutionary complexit,,

Communication _ SDCIall
interaction

Q.

S

Social immunity
Social stress

Diet and nutrient
provision

#" Horizontal microbiota
transfer

The relationship between the microbiota-gut-brain axis and social behavior. The bidirectional pathway
between the gut microbiota and the central nervous system, the microbiota-gut-brain axis, influences
various complex aspects of social behavior across the animal kingdom. Some animals have evolved their own
unique relationship with their gut microbiota that may assist them in interacting with conspecifics. The
relationship between the gut microbiota and social behavior may help to explain social deficits observed in
conditions such as autism spectrum disorders (ASDs) and could potentially lead to the development of new

therapies for such conditions.

Neurodevelopment
disorders

Microbiota-based therapies
for social disorders




Microbiote et scléerose en plaque

o = -
Increased BBB

= Diet - Microbiota dysbiosis - — — — — - — - - » LCiAs t ™ t PNy permeability
= Antibiotics e ~ i 4 Th7 - TLR2 |- -p Decreased
i Bifidobaterium Bacteroides B SCFAs TLR2 IL-17A acf:tivation
Streptococcus Faecalibacterium L654 - of microgila
Methanobrevibacter Prevotella PSA reg IL-10 Astrmc;cyte
Akkermansia Butyricimonas AhR pathogenicity
muciniphila Collinsella agonist A\ + Inflammation ple
/ I N~ ~— Demyelination SRR

Cite this as: BMJ 2018;360:5145
doi: 10.1136/bmj,j5145



Maladies

neurodégénératives Maladie de Pa rkinSOH

P ¢ /V,/.. / \ .-\--\\
Implications of the Gut Microbiome in Parkinson’s Disease A N i
I,(v / - \"" — ‘ "--\'.
Mohamed Elfil, MD,"  Serageldin Kamel, MD," Mohamed Kandil, MD," Brian B. Koo, MD,'?* and Ao A B \
Sara M. Schaefer, MD, MHS-Med Ed' : / { \ oo S e o )
Y ha 'l / L -l i ) b Substama Nigra

---- H. pylori:

DySbiose . Intestinal inflammation

| 7 Serum TNFo - Stmulation of microglia -+ Activation of

& Lactobacillaceae/Enterobacteriaceae e it L of o s
. ® T IFNy, L6 and IL- B - Neurotaxicity
/Enterococcaceae, 1 Lachnospiraceae

u lndection - Autoantibodies- Neuronal damage

» baction « 1 Pronfisrmatory cytokines and
actvatad leukocytes » Neuronal damage

- Neurotransmetteurs:
S SCFA,
< agrégation a-synucléine dans cerveau o

- Perméabilité intestinale :

' LPS — altération BHE
- Inflammation intestinale: A"efm“;”";:’mff":u
&TNF a/IFNy.... " Ghelin- WNeurad prosaction

® 1 a-syuckin aggregation n the ENS

Braak's Theory

» Putative pathogen.s a-synuckenopallty «» Propagated
via the vagus none - Doesd mator vagus nucious

Increased intestinal permeability:

Movement Disorders, 2020

= T Rdsase of LPS, spoxcmcn, BMAA mo arcutation- Todds to
sJoelana nigra

® LPS » Disruption of 388



Maladies

neurodégénératives

Maladie de Parkinson

PLP-dependent Mo-dependent
0 decarboxylase dehydroxylase (Dadh)
HO (TyrDC) HD:©/\, NH,  R506variant  HO NH,
OH - _ \©/\_,
N o HO
H k Q t::% E?
Levodopa (L-dopa) o Dopamine m-Tyramine
Fnterococcus faecalis Fgperthella lenta
o 'Lj O D 0
¥ é H ! N
Carhidnpa L-dopa metabolizing (S)-c-Fluoromethyltyrosine
(FDA-approved drug) human gut microbiota (AFMT)

Gut microbes metabolize the Parkinson’s drug .-dopa. Decarboxylation of .-dopa by

E. faecalis TyrDC and human AADC likely limits drug availability and contributes to side effects.
E. lenta dehydroxylates dopamine produced from -dopa using a molybdenum-dependent
enzyme. Although the host-targeted drug carbidopa did not affect gut bacterial .--dopa
decarboxylation, AFMT inhibited this activity in complex human gut microbiotas.

Maini Rekdal et al., Science 364, 1055 (2019) 14 June 2019



Syndrome de fatigue chronique PLOS ONE | DOI:10.1371/journal.pone.0145453 December 18, 2015

Table 4. Relative Abundance of Bacterial Phyla in Blood and Stool Samkﬁrles from ME/CFS Patients and Health Controls. Y
Blood Samples® Stool Samples®
Phyla ME/CFS Patients Controls ME/CFS Patients Controls
Actinobacteria 10.52% 10.80% 0.58%° 1.06%
Bacteroidetes 17.84% \1 22.38% 27.71% /f" 22.43%
Firmicutes 9.52% 7 7.89% 58.40% \ 65.29% o
Other 7.97% 8.55% 9.71% 9.11%
Proteobacteria 54.14% 50.38% 3.59% 2.12%
@PLOS ‘ ONE Microbiome after Exercise Challenge in ME/CFS o
Firmicutes/Clostridia/.../LachnoXIVa
Firmicutes/Bacilli o
0.14 - ‘§Zﬁ
ﬂ == ME/CFS Patients (Blood)
£0:30% ~&- Healthy Controls (Blood)
0.12 - = 0.20%
=== ME/CFS Patients & 1o
g 0.1 - (Blood) 0:00% ,
g 0.08 == Healthy Controls = .
- (Blood)
.fz: 0.06 == ME/CFS Patients (Stool)
g 004 CloghiiGontiral These findings suggest a role for an altered gut microbiome and increased bacte-
G (Stool) rial translocation following exercise in ME/CFS patients that may account for the profound
0 T =

o= e post-exertional malaise experienced by ME/CFS patients.

Fig2. Changes In the relative sbundance of Firmicutes/Sacllf n biood and stool sampies befors (U h) and after maximal ex
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Condition or disease € (For example: breast cancer)

[ probiofic
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Showing: 1-100 of 1,168 studies studies per page

| Row | Saved | Status |

Completed Using Probiotics to Reactivate Tumor Suppressor Genes in Colon Cancer
Completed The Effects of Mechnikov Probiotics on Symptom and Surgical Outcome
Not yet recruiting Probiotics Combined With Standard Chematherapy Plus Targeted Therapy in Patients With Metastatic Colorectal Cancer
. o Completed Prevention of Irinotecan Induced Diarrhea by Probiotics
6 Studies found for: cancer colon | prDbIDT.ID
Also searched for Neoplasm and Colonic. See Search Details
Completed Probioctics In Colorectal Cancer Patients

Completed Impact of Probiotics in Modulation of Intestinal Microbiota




Conclusion : Microbiote Therapeutic tool

Consortium Single strain

Next generation Probiotics Postbiotics



Conclusion

\

Dysregulated
l_mmune

DYSbIOSIS ofthe.

; @ gut microbiota

Altered
‘metabolic
signalin, [  bacterial
 metabolite

PMC full text: J Sport Health Sci. 2020 Mar, 9(2) 110-118.
Published online 2019 May 3. doi: 10.1018/].jshs.2019.04.004

Microbiote est impliqués dans de nombreuses
maladies chroniques

Une perturbation peut avoir des répercutions
directes (altérations de la composition) ou indirecte
(modulation des voies métaboliques) avec des
conséguences variées

& signatures et biomarqueurs sont identifiés dans
diverses pathologies

-pronostique, diagnostique

-prévention

-réponses aux traitements

Beaucoup de facteurs confondants altérant les
signatures et les réponses aux traitements

Futur:
Ouvre la porte a une médecine personnalisée:
modulation, réparation, TMF ...



La greffe fécale nous sauvera tous

Cancers, diabéte, parkinson, SEP, infections... Les miracles de la transplantation fécale !




