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Microbiote : applications cliniques,

GUT MICROBIOTA indications et perspectives
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‘Masse comparable du microbiote

Meet your microbiome
The bacteria that call you home

NOSE ]
Mass of microbes 10g
Typical resident Streptococcus

MOUTH
Mass of microbes 20g
Typical resident

Streptococcus (cheek),
Neisseria (teeth)

VAGINA
Mass of microbes 20g
Typical resident Lactobacillus

MICROBIAL CELLS

OUTNUMBER YOUR
SKIN OWNCELLS10TO1
Mass of microbes 200g AND Fbjl/l\\\g E?) "I:'OTAL

Typical resident
} Staphylococcus (oily areas),
Corynebacteria (moist areas)

>1.2kg
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Les bactéries gagnent !

Cellules 103 104
Geénes 22 000 3,3 M
Sur terre depuis 200 000 3,8 milliards
ans d’annees
Nombre sur Terre 7,35 107 51030
Temps de 30 ans 30 minutes

genération



Seulement 20 a 30 %

du microbiote intestinal
humain est cultivable a
ce jour
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Seulement 20 a 30 %
du microbiote intestinal
humain est cultivable a
ce jour

Outils ,biomol,écyéires +++ : ARNr16S
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Microbiote : aspects moléculaire

Microbiote dominant
(anaérobies strictes)

N 3PHYLA  Firmicutes
e Bacteroidetes

« Clostridium cluster |V

- Faecalibacterium prausnitzii Actinobacteria
it i
- Prevolll Microbiote sous-dominant
(aérotolerant)
e e kg Entérobacteéries
St - Lactobacillus
| N Streptococcus
Archaea
s SN Microbiote de passage
Verrucomicrobia (1-2 %) Actinobacteria (2-25%) (pO |ym0 I’p he)
ernios [ S Bactéries lactiques,

levures...
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= Composition et répartition du microbiote

intestinal

Canal auditif externe Cheveux

Estomac:
présence d'O,, pH = 1-2

Petit intestin :
faible O,, pH = 6-7

Gros intestin :

La flore bactérienne varie le long du
M Firmicutes [ Bacteroidetes [ Fusobacteria tu be d|gest|f

[ Actinobacteria [ Cyanobacteria [ Proteobacteria

La diversité bactérienne est maximale

dans le gros intestin

Streptococcus
Lactobacilus

Streptococcus
Lactobacillus
Bacteroides
Enterobacteries

Bacteroides
Eubacterium
Bifidobacterium

Absence d'O,, pH =5-7 —s peptostreptococcus

Fusobacterium
Ruminococcus
Clostridium
Streptococcus
Lactobacillus
Entérobactéries
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Evolution du microbiote

GROSSESSE NFAT AGE ADULTE
1 24 mois
—
N
MODE DE NAISSANCE 4 g Protéines
Césarienne ; IS et graisses
Staphylococcus = animales
Corynebacterium 7 : e
Propionibacterium P S
Stérilité A 1 Bacteroidetes
[ — Enterobacteria Y o N ‘ Firmicutes
Voie basse , % 9 " {
Lactobacillus ' Fibres et
Prevotella ' glucides

Sneathia Prevotella



“ Principales fonctions du microbiote vis-a-vis

de I’'hote

" oncton barmors

@ Jonctions serrées

Fonctions métaboliques

o Différenciation et prolifération

des cellules épithéliales intestinales . ——r
- @ Induction de sécrétion d’lgA

@ Métabolise xénobiotiques (carcinogéenes...) o Inductionideipeptides

antimicrobiens par I'héte
\ J,

@ Synthése vitamines
(biotine, folate, vitamine K...)

@ Fermente les résidus alimentaires
non digestibles et le mucus

@ Production d’énergie pour I'héte (AGCC)

@ Absorption d'ions
\_ W,

Fonction immune

@ Développement systéme immun.

Microbiote )

mugqueux et général

@ Maturation immunitaire adaptive
intestinale (Th 17, Treg)

@ Compétition avec pathogéenes
(nutriments, récepteurs)

@ Production de facteurs
antimicrobiens (bactériocines...)

-




“ Principaux roles du microbiote et

pathologies associées

Gut Microbiota Functions Disease Indications
Influences Neurologic
Immune maturation Psychiatric
and homeostasis Respiratory
Host cell proliferation Cardiovascular
Vascularization Gastrointestinal
Neurologic signaling Hepatic
Pathogen burden Autoimmune
Intestinal endocrine Metabolic
functions Oncologic
Bone density

Energy biogenesis

Biosynthesis
Vitamins
Steroid hormones
Neurotransmitters

Metabolism
Branched-chain and
aromatic amino acids
Dietary components
Bile salts
Drugs
Xenobiotics

Lynch et al. N Engl | Med 2016
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Lifets pro- et anti-inflammatoires

Gut microbiota

( Pro-inflammatory effects )

( Anti-inflammatory effects )

N7

L;_J

N N 2
Macrophage ﬂ Dendritic
cell

¥
«——{ TLRandNIRsignalling TGFp
¥ RA
AhR
NF-xB and
[inﬂammasome activation j

Type | IFN
IL-1B, IL-18

IL-6, TNF,
KC-1, HSP,
stromal and
myeloid cell
recruitment

e

IL-17/IFNy
IL-21,1L-22

«

Chronic

inflammation
IFNy
TNF

‘

R ——

translocation

; A riie f
Systemic y IgA K\ IL-10
inflammation Antibicrobial 77 7N
peptides
Gobletﬂ""'""‘- Inhibition of
cell inflammation

Response
to acute

injury

Epithelial
damage
Bacterial

Neutralization
of colitogenic
bacteria

Nature Reviews | Gastroenterology & Hepatology

Ni et al. Nat Rev Gastroenterol Hepatol 2017
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Bactériothérapie

4
4
4
4
4
4

Antibiotiques
Probiotiques
Prebiotiques
Synbiotiques
Postbiotiques
Transplantation de microbiote fecal
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Nutrition Nice imm une system
« T Antibody
response

* | Inflammation

Interact with gut microbiota

l:rgcliucelte: zdymles : S:"?L::t'z:i(s)f * Antimicrobial production
e saft hydrotase \_ phagocyt * Cross-feeding and substrate
* Lactase

transformation

/ * Support microbiota stability
f ~ ) Probiotic

Manufacture small molecules

with systemic effects

* Neurochemicals (cortisol,
serotonin and GABA) « Lactate, propionate

* Tryptophan and histamine and acetate

derivatives Tri-di ional « | Colonic pH
* Satiety hormones el « T Butyrate through

p
Produce organic acids

* Conjugated linoleic acid communication e cross-feedin
- J a; v \ - S 9 )
- olonizin
\ Target host « ::;\Q; \ microbiotg
¥
a N\ A
Probiotic-host interactions
mediated by cell surface
structures
* Surface layer-associated Colonization
proteins, pili, LPxTG-binding resistance
. e - N _
pro:efnszl_";l‘if': b'"d'ntg Improve barrier  Compete for nutrients
protein, Toll-like receptor function R
ligands, lipoteichoic acid

d l harid * Stimulate mucin
L and exopolysaccharides ) e /
* Support epithelial

cell heath

J

Sanders et al. Nat Rev Gastroenterol Hepatol 2019
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ex. Bifidobacterium lactis DN-173 010

| I

genre espece souche




N Survie de L. rhamnosus dans un modele
dynamique de digestion

300 -
250 -
200 -
b
2 150 -
o
8
S 100 -
R
N ﬂ
0 - i i i i ( 1
D44 F17 H12 H25 N24 R61

Strain

Fig. 2. Recovery (%), expressed as difference between the percentage after and before
digestion, of L. rhamnosus strains during simulated gastric and gastric plus duodenal
digestion. (black bars gastric digestion; white bars gastric plus duodenal digestion after
1 h; grey bars gastric plus duodenal digestion after 2 h).

Pitino et al. Food Microbiol 2010
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Survie des probiotiques selon le vecteur

A

Survival of GG in fecal samples, %

100

80

70

50 -
40-
3%0-
20-

10

0_

O ——— Capsule
' ———- Yoghurt
......... Cheese

T T 1 T T 1
3 5 7 10 14 17
Follow-up, days

T

21

B

Survival of LC705 in fecal samples, %

100,

- Capsule

Follow-up, days

Saxelin et al. Int J Microbiol 2010



[N

Nutrition Nice

l | . Increased mineral | l :
IFNy absorption . TNKcel - T Phagocytic I
. T cells . ' | l activity activity |
l IL-10, Allergy | | °g © Vo !
l TGFB reduction | : e} O | : !

. L o o Vo P ,
| 4 L O Lo Defence '
: . | ' O Lo ‘o Immune against |

Dendritic |

cell 3 Immunomodulation l stimulation pathogens

: OO Y& : I | OO0 M cell Reduction :

; Prebiotics ! (T solubility | ¥ pH) in infections
Epithelial pd .‘. A‘ Production of antimicrobial agents P

Yy

cell

i -
""""""""""""""""""""" . ) TTTTTY Competition‘for nutrients N

Selective N’/
I fermentatlon !
&R g'\.“ »\

* Acetate
* Butyrate
* Propionate

' 5
(T Water‘bmdlng) 4 \y Fecalbulkmg

( Softer stools )

(—( T Peristaltic reﬂex)
: \ 4 :
| [T GLP1IT PW) |
! time :

Increased Adipose ;
satiety tissue [Maintenance of tight junction integrity)

G’ Ghrelln) l ( Reduced LPS translocation )

/
} L_’ }

( Reduced inflammation )

Sanders et al. Nat Rev Gastroenterol Hepatol 2019
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Clostridium difficile

» Bacille Gram + anaérobie strict sporulant du phylum
Firmicutes

» Contagieux, epidemique, nosocomial

» Principalement lie a I'antibiotherapie (perte de 'effet de
barriere du microbiote), mais aussi a d’autres causes de
dysbiose, a une immunodépression, au contact

» Principale cause de la diarrhee liee a I'antibiothérapie
» Diarrhée, colite pseudo-membraneuse, mégacolon toxique

» Traitement par métronidazole, vancomycine ou
fidaxomycine

» Rechutes dans 25 % des cas apres le premier episode



100+
3 V] Bacteroidetes
80 P Firmicutes
=< E I Proteobacteria
w E 1 | verrucomicrobia
& 80
: -3
Len) 3 i
— | ¥
8‘ p b.
S 40- .‘
fe > '
= .
o —-— , LN | —~ 8 = 8 6 8 : '
S & - B 87 8 82 & O &
= =& = = & £ &
1 ] 1 ] | |
Initial Recurrent
Control : : & c
C. difficiie C. difficile

Chang et al. J Infect Dis 2009



Transplantation fécale duodénale

» |°" essai randomise (apres de nombreux cas et essais
ouverts)
» Apres |-9 recidives
» 43 patients randomises entre 4-5 jours de vancomycine
(500 mg x 4/j) et :
4 litres de Klean-Prep® puis instillation de selles par sonde
naso-duodénale
4 litres de Klean-Prep®
Rien
» 141 £ 71 g de selles fraiches de donneurs diluées apres
screening pour pathologies transmissibles

Van Nood et al. N Engl J Med 2013



Percentage Cured without Relapse

100-
90-
80-
70-
60
50-
40-
30
20-
10-

P<0.001

| !
P<0.001

P=0.008

P=0.003

93.8

81.3

30.8

23.1

First Infusion Infusion of Donor Vancomycin Vancomycin with
of Donor Feces  Feces Overall (N=13) Bowel Lavage
(N=16) (N=16) (N=13)

Van Nood et al. N Engl J Med 2013
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Transplantation fécale duodénale

250 —_
)
5 -
X 200-
©
i -
©
S 150- |
= |
%] |
& | |
-4 |
..: 100 —_ _
o !
172
3
 50- —
-
0
Donors Patients before Patients after
Infusion Infusion
Figure 3. Microbiota Diversity in Patients before and
after Infusion of Donor Feces, as Compared with
Diversity in Healthy Donors.

Table 2. Adverse Events in 16 Patients in the Infusion
Group.*
On Day of Infusion During
Adverse Event of Donor Feces Follow-up
no. of events
Belching 3 0
Nausea 1 0
Vomiting 0 0
Abdominal cramps 5 0
Diarrhea 15 0
Constipation 0 3
Abdominal pain 2 (associated with 0
cramping)
Infection 0 27
Hospital admission NA 1%
Death 0 0
Other adverse event 1§ 1f

Van Nood et al. N Engl J Med 2013
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Effets sur le microbiote

Donors FMT group Vancomycin group
22% 27% 30% L% 25%
. I I 47%
| Day0 Day3 Day?7 Day0 Day3 Day7

Proteobacteria M Firmicutes B Bacteroidetes

B Verrucomicrobia I Actinobacteria Fusobacteria

Camacho-Ortiz et al. PLoS One 2017
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Comparaison de la voie d’administration

» Revue systematique

» Deux voies d’administration

Tractus Gl haut : 97 patients
Tractus Gl bas : 208 patients

FMT clinical failure cumulative incidence

0.20 4

0.15 4

0.10 4

0.05 4

0.00 4

Upper gastrontestnal route

— = = Lower Qastromtestinal route

THR 343, 39%C1 1. 28 53

HRO040.95%C1008187' | e —m———

—— ———— — —

Follow-up time (days)

Furuya-Kanamori et al. J Clin Gastroenterol 2017



L’avenir : la gelule ?

» 180 patients du MGH

evalués a 8 semaines

Selles des donneurs
mixees, tamisees,
centrifugees et
suspendues dans du
glycerol a 10 %
Double encapsulation
dans des gelules
d’hypromellose

|5 gélules /jx2 (48 g
selles)

Youngster et al. BMC Med 2016

Cure Rates

1 dose - 82%

2 dose - 91%

3 dose - 93%

EVENT #(%)
Related Serious Adverse Events
Fever (>102.4) 1 (0.6%)
Ulcerative colitis dx 2 (1.1%)
Hospitalized relapsed CDI/diarrhea 6 (3%)
Unrelated Serious Adverse Events
Hospitalized (unrelated conditions) 26 (14%)
Death (unrelated to FMT) 14 (8%)
All Mild and Moderate Adverse Events
Fever 3 (2%)
Diarrhea 112 (62%)
Vomiting 5 (3%)
Nausea/Bloating 45 (25%)
Abdominal Pain 40 (22%)
Fatigue/Malaise/Headache 54 (30%)
Other complaints* 12 (7%)
* e.g. dizziness, UTI, URI




I A
- Arguments en faveur du role du

microbiote dans les MICI

» Fonctions des génes » Association et
associes translocation muqueuse

» Concentration iléo-coliques augmentee
de germes élevee » Absence de MIC| chez

» Titres eleves d’Ac contre les animaux axeniques
certaines bactéries et » Efficacite d’antibiotiques
champignons dans la MC

» Diminution des especes » Efficacite d’antibiotiques
commensales protectrices et de probiotiques dans
(F prausnitzii) la RCH et la pochite

» Escherichia coli adherent- » Efficacite de la NEE, de la
invasif derivation féecale

» Enterotype



Entérotypes

Healthy control Patient

a Inflammatory
bowel disease

b Type 2 diabetes o

¢ Necrotizing
enterocolitis

M Firmicutes [ ] Bacteroidetes B Fusobacteria
B Actinobacteria [ Verrucomicrobia [ Proteobacteria

Nature Reviews | Microbiology
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Dysbiose dans la maladie de Crohn

Patients avec iléocolectomie : analyse du microbiote a MO et M6 :
F. prausnitzii a MO : 3,3%=+3,4 -> rémission a M6

0,3%=%0,5 -> récidive a M6 p=

. F. prausnitzii
1.0

0.9
008
g 0.7
£0.6 ]
305 P=0.03

0.4 |

03"

0.2

0.1

0.0 | | | l T | | | 1
50 100 150 200 250 300 350 400 450 500 jours

© Taux élevé

- Taux faible

0.027

Rajca et al. IBD 2014



[N

Nutrition Nice

Le prix de la survie a la mort noire ?

Hugot et al. UEGweek 2018
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Probiotiques et maladie de Crohn

* On ne doit pas utiliser de

Probiotics Placebo Risk ratio Risk ratio
Study or subgroup  Events Total Events Total Weight M-H, Random, 95% Cl ~ Year M-H, Random, 95% CI b M M
3.1.1 Clinical relapse of disease activity P ro I Otl q u e S e n
Prantera (2002) 8 23 5 22 26.9% 1.58[0.59, 3.97] 2002 —t-— ,
Marteau (2006) 9 48 6 50 26.8% 1.56 [0.60, 4.06] 2006 —T H 'f
Van Gossum (2007) " 34 17 36 46.4% 0.69 [0.38, 1.24] 2007 — t ralte I I I e nt P reve ntl O U
Subtotal (95% Cl) 105 108 100.0% 1.06 [0.59, 1.92]

Htogunay: 1, P8, tc2 (P, T curatif des poussées de

Test for overall effect: Z=.19 (P=.85)

3.1.2 Endoscopic relapse of disease activity (Rutgeerts score 1 or more) M C (B, Consensus fo rt)

Prantera (2002) 22 23 13 22 154% 1.62[1.13,2.32] 2002 —-—
Marteau (2006) 39 48 41 50 30.7% 0.99[0.82, 1.20] 2006

Van Gossum (2007) 26 34 26 36 21.5% 1.06 [0.80, 1.39] 2007

Fedorak (2015) 47 58 50 62 32.4% 1.00[0.84, 1.20] 2015

Subtotal (95% ClI) 163 170 100.0% 1.09[0.92, 1.29]

Total events 134 130

Heterogeneity: 12=.02, ¥2=6.32, df=3 (P=.10), /2=53%
Test for overall effect: Z=.98 (P=.33)

3.1.3 Endoscopic relapse of disease activity (Rutgeerts score 2 or more)

Prantera (2002) 17 23 11 22 18.0% 1.48[0.91, 2.40] 2002
Marteau (2006) 26 48 33 50 30.7% 0.82[0.59, 1.14] 2006
Van Gossum (2007) 19 34 17 36 19.6% 1.18[0.75, 1.87] 2007
Fedorak (2015) 32 58 35 62 31.7% 0.98 [0.71, 1.34] 2015
Subtotal (95% Cl) 163 170 100.0% 1.04[0.82, 1.31]

Total events 94 96

Heterogeneity: 12=.02, 32=4.43, df=3 (P=.22), 1?=32%
Test for overall effect: Z=.30 (P=.77)

3.1.4 Endoscopic relapse of disease activity (Rutgeerts score 3 or more)

Prantera (2002) 14 23 8 22 215% 1.67[0.88, 3.18] 2002
Marteau (2006) 14 48 15 50 23.8% 0.97 [0.53, 1.79] 2006
Van Gossum (2007) 12 34 13 36 22.5% 0.98 [0.52, 1.83] 2007
Fedorak (2015) 19 58 19 62 32.2% 1.07 [0.63, 1.81] 2015
Subtotal (95% Cl) 163 170 100.0% 1.13[0.84, 1.52]

Total events 59 55

Heterogeneity: 12=.00, 2=1.92, df=3 (P=.59), [2=0%
Test for overall effect: Z=.79 (P=.43)

0.01 0.1 1 10 100
Test for subgroup differences: y2=.22, df=3 (P=.97), 12=0% Favours probiotics Favours placebo

Derwa et al. Aliment Pharmacol Ther 2017
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Probiotiques, RCH et pochite

o . . VSL#3 Placebo Risk Ratio Risk Ratio
Curatlf RCH . PrObIOthues VS. 5-ASA Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Sood 2009 44 77 59 70 546% 0.68 [0.55,0.84] 2009 ——
— Tursi 2010 40 71 50 73 39.3% 0.82[0.64,1.06] 2010 —_
RR - I ,02 (0,85' I ,23) Ng 2010 7 14 9 14 6.1% 0.78([0.40,1.49] 2010 - = |
] o ] ] Total (95% CI) 162 157 100.0% 0.74[0.63, 0.87] R
Curatif RCH : Probiotiques vs. placebo s sl s i
Heterogeneity: Tau*= 0.00; Chi*=1.30,df= 2 (P=0.52); F=0%

RR = 0,62 (0,33' I ’ I 6) Testfor overall effect: Z=3.70 (P = 0.0002) :0 : Favch:uﬁS VSL#3 Favours [,%Iar:-:-l:-o 5=
Préventif RCH : Probiotiques vs. 5-ASA

RR = 1,24 (0,70-2,22) * Un traitement probiotique par « VSL#3 » ou E. coli

Préventif RCH : Probiotiques vs. Nissle 1917 peut étre envisagé pour induire la rémission
placebo d’'une RCH légere a modérée (0, consensus fort)
0,86 (0,68-1,08) e La pochite doit étre traitée par «VSL#3 » en cas

d’échec des antibiotiques (B, consensus fort)

« VSL#3 » peut étre utilisé en prévention primaire ou
secondaire de la pochite (B, consensus fort)

Curatif pochite chronique : « VSL#3 »
vs. placebo

RR = 20,24 (4,28-95,81)

Préventif pochite : « VSL#3 » vs.
placebo

RR = 1,50 (1,02-2,21)

Derwa et al. Aliment Pharmacol Ther 2017 - Singh et al. Cochrane Database Syst Rev 2016
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ssais de TMF dans

les MICI

Study Disease | Patients (n) | Disease Severity FMT Delivery | FMT Frequency Follow-Up
Bennet et al*® S[@ 1 Severe Enema Multiple times 6 months
Borody et al*” U@ G Active - - 1-12 months
Borody et al*® /e 3 In remission Enema Daily for 5 days 8-28 months
Borody et al*® UE 6 Severe Enema Daily for 5 days 1-13 years
Borody et al® IBD 3 Refractory disease Enema Daily and weekly 1-4 years
Borody et al® UC 1 Relapsing - - -

Vermeire et al® CD 4 Refractory disease NJT 3 times within 36 hours 2 months
Kunde et al® uC 10 Mild-moderate Enema Daily for 5 days 6 weeks
Kellermayer et al®? | UC 4 Refractory disease Colonoscopy | — >5 months
Kump et al® uC 6 Refractory disease Colonoscopy | Once 1 year
Angelberger et al®® | UC 5 Severe NJT, enema Daily for 3 days >1 year
Kao et al® IBD 1 Moderate-severe Colonoscopy | 3 times at weeks 0, 4, and 10 2 months
Landy et al** UC 5 Refractory pouchitis | NGT Once 4 weeks
Zhang et al® CD 16 Refractory disease Gastroscopy | Once 1 month
Suskind et al® CD ) Mild-moderate NGT Once 6 weeks
Dammanetal? | UC Mild-moderate Colonoscopy | Once 12 weeks
Vaughn et al* €D 9 Active Colonoscopy | Once 12 weeks
Suskind et al®® CD 5 Mild-moderate NGT Once 12 weeks
Moayyedietal” | UC 75 Active Enema Weekly for 6 weeks 7 weeks
Rossen et al*® UC 57 Mild-moderate Nasoduodenal | 2 times at weeks 0 and 3 12 weeks

Lopez et Grinspan. Gastroenterol Hepatol 2016
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TMF et MICI
» Maladie de Crohn

Cas cliniques favorables

Pas de RCT
» RCH
Cas cliniques favorables
FMT placebo Risk Ratio Risk Ratio
_Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Costello 2017 19 38 29 35 23.6% 0.60 [0.42, 0.86) —
Moayyedi 2015 23 38 28 37 27.5% 0.80 [0.58, 1.10) gy
Paramsothy 2017 23 41 32 40 27.8% 0.70 [0.51, 0.96) —
Rossen 2015 16 23 17 25 21.1% 1.02 [0.70, 1.50]) —
Total (95% CI) 140 137 100.0% 0.76 [0.62, 0.93] L3
Total events 81 106
itv: 2 = - i = = = o = : : : :

Heterogeneity: Tau® = 0.01; Chi* = 4.36, df = 3 (P = 0.23); | 31% 02 0's 1 ; 7

Test for overall effect: Z = 2.64 (P = 0.008)

Favours FMT Favours placebo

Narula et al. Inflamm Bowel Dis 2017



Probiotiques et SII : méta-analyse

Probiotics vs placebo for the irritable bowel syndrome (IBS) in

adults*
Outcomes Number of Weighted eventrates  RRR (95% CI)T  NNT (CI)T
trials (m)
Probiotics Placebo
Persistence of 10 (918) 46% 69% 29% (12 to 43) 5(3t013)
symptoms

SMD (95% Cl)
IBS symptoms 15 (1351) —0.34 (—0.60 to —0.07)
Abdominal pain 10 (834) —0.51 (-0.91 to -0.09)
Bloating 8 (682) —0.54 (-1.10 t0 0.02)
Flatulence 6 (566) —0.22 (—0.42 to —0.01)
Urgency 3(394) —0.08 (0.3 t0 0.14)

*SMD = standardized mean difference; other abbreviations defined in Glossary. Probiotic event
rate, RRR, NN, and CI calculated from data in article using a random-effects model.

1Significant heterogeneity I = 68%. Possible publication bias (Egger test —2.97, CI—5.54 to—0.41)

Moayyedi et al. Ann Intern Med 2010
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TMF et SII

FMT Placebo Risk ratio Risk ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.1.1 FMT via oral capsules
Aroniadis 2018 14 24 9 24 19.3% 1.56 [0.84, 2.88] 2018 i
Halkjaer 2018 18 26 7 26 182% 2.57[1.30, 5.09] 2018 D
Subtotal (95% Cl) 50 50 37.6% 1.96 [1.19, 3.20] <>
Total events 32 16

Heterogeneity: 12 = 0.02; 2 = 1.16, df=1 (P = 0.28);/12 = 14%
Test for overall effect: Z=2.67 (P =0.008)

1.1.2 FMT via colonoscopy

Johnsen 2018 22 58 16 28 22.0% 0.66 [0.42, 1.05] 2018 —=
Holster 2019 4 8 8 9 175% 0.56 [0.27, 1.17] 2019 —
Subtotal (95% Cl) 66 37 39.4% 0.63 [0.43, 0.93] <&
Total events 26 24

Heterogeneity: t2 = 0.00; 2 = 0.14, df=1 (P=0.71);12= 0%
Test for overall effect: Z=2.30 (P=0.02)

1.1.3 FMT via nasojejunal tube

Holvoet 2018 21 42 16 22 23.0% 0.69 [0.46, 1.02] 2018 —=
Subtotal (95% Cl) 42 22 23.0% 0.69 [0.46, 1.02] <&
Total events 21 16

Heterogeneity: Not applicable
Test for overall effect: Z=1.85 (P = 0.06)

Total (95% Cl) 158 109 100.0% 0.98 [0.58, 1.66] <>

Total events 79 56

Heterogeneity: 2 = 0.27; 2 = 17.91, df= 4 (P =0.001);/2 = 78% = * * ’
Test for overall effect: Z=0.07 (P = 0.94) 0.01 0.1 1 10 100
Test for subgroup differences: y2 = 14.27, df=2 (P = 0.0008);/2 = 86.0% Favours FMT Favours Placebo

laniro et al. Aliment Pharmacol Ther 2019
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Dietary lipids/nondigestible

carbohydrates > ~ LPL activity

~ Inflammation
~ Macrophages infiltration
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PNAS | December 24, 2002 | vol.99 | no. 26 | 1715517160

Autoantibodies againstACTH, and LHRH in
anorexia and bulimia nervesa patients

Serguei O. Fetissov*!, Jarmila Hallman?®, Lars Oreland?, Britt af Klinteberg®, Eva Grenback”, Anna-Lena Hulting”,
and Tomas Hokfelt*

Departments of *Neurcscience and YEndocrinology, Karolinska Institute, SE-171 77 Stockholm, Sweden; *Department of Neuroscience, Biomedical Center,
SE-751 24 Uppsala, Sweden; and $Department of Psychology, Stockholm University, SE-106 91 Stockholm, Sweden

BN serum ‘BN serum / «MSH

PNAS | October 11,2005 | vol. 102 | no.41 | 14865-14870
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o Protection des souris axéniques contre
l'obésite
» souris C57BL/6J axéniques

» «conventionnalisationy de

la flore par apport d’'une A 7] —#-GF Western
S 6{ —8 Conventionalized Western — sx s
flore «<normaley £ 5
» A 3 semaines : régime é N
occidental (41 % lipides, £ ]
41 % sucres, 18 % R
protéines) 5 ‘1)
0 2 < 6 8

Weeks after switch to Western diet

Backhed et al. Proc Natl Acad Sci USA 2007



Donneées de la méme équipe

» Conventionnalisation : augmentation de 'extraction
energetique digestive

Conventionnalisation : + 60 7% de masse grasse
Conventionnalisation : résistance a 'insuline
Rapport F/B = 100/

Modifications (moins de staphylocoques, plus de
clostridies) lors de pertes de poids

v v vV Vv



- Microbiote humain selon état
nutritionnel
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Perte de poids et microbiote

Lactobacillus group (log cell/g)

A OO0 O N o© ©

» 36 adolescents d’IMC 32,8 avant regime et
aprés 10 semaines IR

Weight loss after intervention (kg)

» Dans tout le groupe :

b 1 R=-0.37, P=0.010
Augmentation de B. fragilis et des lactobacilles 3"
, : : 8 °
Reduction de C. coccoides, B. longum, B. g s
adolescentis §’ :\
» Parmi ceux ayant perdu plus de 4 kg versus * ° C
o 44 6 8 10 12 14 16 18
ceux ayant perdu moins de 2 kg : Weigh oss afer intevenion ()
Plus de bactéries totales, B. fragilis, C. leptum,B. 2"
catenulatum : 9/
Moins de C. coccoides, lactobacilles, autres §, j ‘
bifidobactéries i
@ j R=0.27, P=0.055

SantaCI’UZ Et GI. ObESit)’ 2009 4Wei(:;htk?ss a1ftoerir11t2ervz1a‘r:tior11fzkg)18



ttttttttttt

Antibiothérapie de 4-6 semaines

» Etude retrospective de 48 patients hospitalisés pour
endocardite et 48 controles

» Antibiotherapie IV par : amoxicilline/gentamycine,
vancomycine/gentamycine, autres.

» Evolution de '|MC entre M-| et M+12

Groupe controle

M-1:23,4 =+ 4

M+12:-0,2 £+ 0,2 (p=0,38) 0 obeses
Groupe antibiotiques

M-1:253 =5

M+12:+1,1 £ 0,5 (p=0,02) 5 obeses

Thuny et al. PLoS ONE 2010
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Antibiothérapie de 4-6 semaines

» Gain d'IMC 2 |0 % influence seulement par le traitement
par vancomycine + gentamycine : OR = 6,7 (ICy; 5, = 3,7-
33,0 ; p=0,02)

& 100 p<0.0001

- p=0.06 |
g 80 Q=0.02

b 7/11
P

5 60 -

£

;.;. 40

@ 2/9 7/28

.g 20 -

© 1/48

E- o t—. T T

o

S Control Other ATB Amox Vanco

Thuny et al. PLoS ONE 2010
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TMF et syndrome meétabolique

» Receveurs
|8 patients agés de 47 ans
IMC = 36, HbAlc =5,7%
» Donneurs
IMC < 23
» Randomisation

Autogreffe
Allogreffe
Apres preparation par PEG, dans les six heures apres emision

Vrieze et al. Gastroenterology 2012
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Weight Gain After Fecal Microbiota
Transplantation

Neha Alang' and Colleen R. Kelly’

"Department of Internal Medicine, Newport Hospital, and “Division of
Gastroenterology, Center for Women's Gastrointestinal Medicine at the Women's
Medicine Collaborative, The Miriam Hospital, Warren Alpert School of Brown
University, Providence, Rhode Island

Fecal microbiota transplantation (FMT) is a promising treat-
ment for recurrent Clostridium difficile infection. We report
a case of a woman successfully treated with FMT who devel-
oped new-onset obesity after receiving stool from a healthy
but overweight donor. This case may stimulate further stud-
ies on the mechanisms of the nutritional-neural-microbiota
axis and reports of outcomes in patients who have used non-
ideal donors for FMT.

Keywords. Clostridium difficile infection; fecal microbiota
transplantation; gut microbiota; obesity.
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En fait non...

Before FMT After FMT
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Fischer et al. Clin Gastroenterol Hepatol 2017
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Akkermansia municiphilia

a P=0.092 b
A
160 100 P=0092 P=0.075
— —— —
- — I i
é’,’ 120 [ 1 l I é S 80 —— —
P —  ———  — | — e“; 60
§' 80 - - —— 3 Q g I — ) % 3
40 ©
] $ 15 S 20 1 §
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0 T —— T T T T l___'_t' T 0 g 0 T I T T T T T 0 s
TO T3 TO T3 TO T3 - TO T3 TO T3 TO Ij__fl T3 4 §
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o, 3
2 5 2 7
= e
- . -3 & I - -3
Placebo Pasteurized Live Placebo Pasteurized Live
Mean difference 0.54 £0.72 -1.73 + 092 -0.27 + 0.64 Mean difference -0.13+ 0.50 ~1.50 + 0.82 ~0.92 + 0.47
P value (Mann-Whitney U-test) 0.091 0.46 P value (Mann-Whitney U-test) 0.32 0.33
Mean difference from placebo (kg) -227+ 0.2 ~0.81 + 0.64 Mean difference from placebo (kg) ~1.37 + 0.82 ~0.79 + 047
Mean difference from placebo (%) ~1.88 + 0.68% ~0.84 + 0.58% Mean difference from placebo (%) ~2.53 + 1.60% -1.89 + 0.99%
< P =0.091
. 160 ’E‘ 160
3 —— —— <
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g : I g = ’ o
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o E = 3 o — 3
K] — 4 3 E 100 — 4 @
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§ 100 % 3 d
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TO T3 TO T3 TO T3 § TO - T3 TO T3 TO T3 §
2 © -2 ©
a a
3 3
4 % — - -4 3
5 P-4
Placebo Pasteurized Live 3 Placebo Pasteurized Live 3
Mean difference 0.30+ 0.49 2334114 -1.41+ 091 Mean difference 027 £1.10 -1.29.+0.79 -0.78 + 0.88
P value (Mann-Whitney U-test) 0.18 0.28 P value (Mann-Whitney U-test) 0.18 0.40
Mean difference from placebo (cm) 263114 “171£ 09 Mean difference from placebo (cm) ~1.56 £ 0.79 -1.05+0.88
Mean difference from placebo (%) ~2.07 + 0.87% =1.32 £ 0.74% Mean difference from placebo (%) =1.30 + 0.63% =1.06 + 0.70%

Depommier et al. Nature Med 2019
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Microbiote et allergie

Microbiota-related factors “Westernized” diet

which increase allergy risk

No breast feeding

Single child Caesarean delivery Antibiotic treatments

Diet

Normal

status
Fetal/ ~

prenatal status

Th1
ThZ{

Helminth infections T-regulatory mechanisms

Large size | Attending Early life Pets, e.g.,
of families day-care common dogs/cats

facilities infections

Farming

Microbiota-related factors
which decrease allergy risk

Pasteurized milk

Th1

Atopic allergy
status

Barns/stables/cowsheds
EETNERINELS
Raw milk

Microbial diversity

Vuiton et al. Engineering 2017
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Conclusions

» Le microbiote : un partenaire dans nos relations a notre
environnement

» Liens avec de nombreuses pathologies (dysbiose)
» Interventions encore grossieres

» Perspectives
Optimiser la taxonomie
Mieux cartographier
Definir des interventions précises (souches)
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