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Organisation de la présentation

|. L'axe intestin-cerveau
Il. Le microbiote intestinal : un nouvel ‘organe’?

ll1l.Le crosstalk entre le microbiote intestinal et I'intestin
(systeme nerveux enterique)

IVV. Le crosstalk entre le microbiote intestinal et le cerveau
et son implication dans les pathologies cérebrales




Le cerveau et I'intestin :

deux organes clefs de I'évolution et connectes....

Hypothalamus (prise alimentaire - satiété)
Hippocampe (formation de la mémoire)

* , ,M‘ Amygdale (agressivité - peur)
"

nectés via nerfs
(vague,sympathique..) et via san
-
= — -
*

Survie (reproduction) et adaptation a
’environnement

n\
o
>




Le tube digestif : un organe au coeur de I'évolution

Intestin

Hydra (cnidaire) Nematode Mollusque Fish



Le tube digestif : premier organe neurologique de
I'évolution

LETTER

Meiofaunal deuterostomes from the basal Cambrian
of Shaanxi (China)

fian Har?, Simon Conway Morris?, Qiang Ou®*, Degan St & Hai Huang®




Le tube digesitif et le cerveau : deux organes
neurologiques

Blood brain barrier

Neu Astrocytes

Pericytes

2N =

Connected via nerves

(vagus,sympathetic..) and
humoral pathways
"

\" Enteric glia

Neunlist et al., Nat Rev Hep Gast, 2013



L'environnement (microbiote): régulateur de I'axe
Intestin-cerveau ?




L'intestin (et la barriere intestinale) : au coeur des
pathologies chroniques ?
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L'intestin (et la barriere intestinale) : au coeur des

Incidence of Infectious Diseases (%)

pathologies chroniques ?
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Maladies chroniques: ‘leaky gut’
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7 permeabilité (paracellular /
transcellular)—  repair
7 Alteration transit

Systeme nerveux entérique?
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Il. Le microbiote intestinal : un nouvel ‘organe’?




Microbes : acteurs de notre santé et de nos maladies....
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e microbiote intestinal et son évolution au cours

Eucaryotes 1013

Bacteria
1,2 1013
500-1000 species

i

Human genome

23,000 genes
Human microbiome 9

1,000,000+ genes
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Dysbiose : perte de la diversité / richesse /résilience
du microbiote au centre des maladies chroniques ?
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Quels facteurs sont responsables des modifications
du microbiote ?

Host genetics Lifestyle Early colonization Medical practices
Mutations in Diet Birth in hospitals

NOD?2, IL23R, Stress Altered exposure Antibiotic
ATGI6L and IGRM pollutan to microbes % _ Hygiene
Dysbiosis

Round and Mazmanian Nat Rev Immunol 2009



Le microbiote intestinal : nouvel cible thérapeutique dans
prévention/traitement des maladies chroniques ?

A flourishing ...is devastated Left alone, weedy
after antibiotics. species run wild!

Dysbiosis

Can we bypass the weeds? @

Bacteriotherapy
(transplant ecosystem)

el T
- - -

Probiotics Prebiotics
(seed good microbes) (promote good microbe growth)

b B At

Unsolved problem:
which strategies
restore ecosystem
fastest, most reliably,
and best for a given

individual?
individua Lozupone et al., Nature 2012



Vers la greffe du microbiote : premiers succes a
confirmer

The NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JANUARY 31, 2013 VOL., 368 NO. 5

Duodenal Infusion of Donor Feces for Recurrent
Clostridium difficile
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W “x @M Multidonor intensive faecal microbiota transplantation for
active ulcerative colitis: a randomised placebo-controlled trial

Sudarshan Paramsothy, Michael A Kamm, Nadeem O Kaakoush, Alissa ] Walsh, Johan van den Bogaerde, Douglas Samuel, Rupert W L Leong,
Susan Connor, Watson Ng, Ramesh Paramsothy, Wei Xuvan, Enmoore Lin, Hazel M Mitchell, Thomas ] Borody

Summary
Lancer 2017;389:1218-28 Background The intestinal microbiota is implicated in the pathogenesis of ulcerative colitis. Faecal microbiota
Published online  transplantation is a novel form of therapeutic microbial manipulation, but its efficacy in ulcerative colitis is uncertain.

February 14, 2017 We aimed to establish the efficacy of intensive-dosing, multidonor, faecal microbiota transplantation in active
heep://cbe.doi.org/10.1016/ 1 e rative colitis
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lIl.Le crosstalk entre le microbiote intestinal et I'intestin
(systeme nerveux enterique)




Pourquoi avoir un systeme nerveux dans l'intestin ?

1- Transport
30 tonnes d’aliments

50 tonnes de liquides




Des fonctions sous le controle d'un systeme
nerveux intrinseque

Copyright Lehrstuhnl
for Humanhbiologie
TU Muanchen




Le systeme nerveux entérigue : organisation

. | Intestinal epithelial
' barrier functions

200 milions neurons — 1 billion glial cells



Le SNE: des neurones et des cellules gliales...

a /‘\‘ r/, \\
B4
Mucosa
Muscularis
mucosa
Submucosal ==
plexus
Enteric<{ e ez = HE e 3 = ‘4
nerve . - _-..,.
- fibres Hanani and Reichenbach, Cell Tissue Research, 1994
ircular
muscle
N
. - \.}‘5‘;0 — = ‘ N ’ ”. o . = 4
Myenteric WY e 2 o Gz Q= ,‘:Q |
plexus ) ,‘ b Y | & sy
Longitudinal QQ % |
muscle = — Nt

= Neurons
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2 astrocytes
Diamond et al., Exp Neurol, 1985

72 through phylogeny =» the ratio of astrocytes to neurons #
C.elegans 1:6
Human 10:1 Arague et al., Ann Rev Phys, 2001



Développement du SNE et du cerveau

Development of the brain Mouse ambryo bostmatet ot Development of the ENS
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La période postnatale: periode clef de maturation du SNE

Neurogenesis Gliogenesis

Synaptogenesis
P1

#VC units with 2 2 glial cells
#VC units with 1 glial cell
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Le microbiote : acteur de la maturation post-natale du tube digestif.....

ﬁ Intestin sans microbiote Intestin avec microbiote
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Macpherson and Harris, Nat rev Immunol., 2004




Le microbiote : acteur de la maturation post-natale du SNE.....
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Le microbiote : acteur de la maturation post-natale du SNE.....

Heum

Villi

Crypts

Muscle[
Layers
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glial cells per VC unit
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Kabouridis et al., Neuron, 2015



CNTR

ABX

Le microbiote : acteur de la maturation post-natale du SNE et
des fonctions digestives...
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Caputi et al, British J Pharmacol, 2017



L'axe microbiote-SNE : modulateur de la maturation du systeme
Immunitaire digestif?

-
-----

Yissachar et al., Cell, 2017



L'axe microbiote-SNE : modulateur de la maturation du systeme
Immunitaire digestif?
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L'axe microbiote-SNE : modulateur de la maturation du systeme
Immunitaire digestif?

-
-----

Yissachar et al., Cell, 2017



L fermemtum renforce la réponse precoce du tube digestif a
I'activation de I'axe HPA

L fermentum reduces stress induced HPA activation
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Comment le microbiote régule le phénotype et fonctions du
SNE?

Neuronal
marker

Merged

TLR

Lipopolysacharide
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Les effets du microbiote sur le SNE sont en partie régules par
les TLR4

TIr4y.s mice Reduced transit in TLR4 deficient mice
© 1250004
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%% ‘:- w 25000+
TUJ 23 0
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3
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" Wnt1Cre*~-/Myd88"M mice
-
e
’ wT Tir4Lrsd "

Anitha et al, Gastroenterol ,2012



Les AGCC (butyrate) accélere la maturation du SNE et des

fonctions digeStiveS Post natal evolution of [SCFA] MCT-2 expression in ENS
MCT-2

Hu

(— d18 d 40

CTL CTL
Stool emission between d9-d15 + nd.f
Ceco-colonic luminal contentt (g) 0.08 (0.07) 3.77(0.77)
p-Lactate} (umol g7") <37 n.d.
1-Lactatet (umol g™ 43(LD nd.
Acetated (umol g~ h 57(24) 70(3)
Propionate (pmol g ') 2(1) 13(3)
Butyratef (wmol g ) 3() 38)
Other SCFA% (umol g~ ") 1(2) 1(1)

Barrat et al., Ped Res, 2008 Soret et al., Gastroenterology, 2010

Metabolites

Butyrate enhances ENS maturation and gut functions
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IVV. Le crosstalk entre le microbiote intestinal et le cerveau
et son implication dans les pathologies cérebrales



Le microbiote maternel favorise la fermeture de la barriere
hémato-encephalique

Injection of IgG-IR

Pregnant rat SPF Pregnant rat GF k \

Developemental establishment of BBB function
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Braniste et al., Sci Transl Med 2014



Le microbiote maternel favorise la fermeture de la barriere hémato-
encephaligue..role du butyrate?

SPF Germ free Germ free + Microbiota

Striatum Striatum Striatum

SPF Germ free Germ free + butyrate

Braniste et al., Sci Transl Med 2014



Le microbiote module le comportement exploratoire et I'anxiéete

GF mice have increased exploratory behavior BDNF mRNA expression is reduced in amygdala and

dorsal hippocampus in GF mice

0-10 min 30-40 min 50-60 min
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SPF 191 0 200 *
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50
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GF mice display reduced anxiety-like behavior

A 200 1 mGF
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Light Dark Diaz Heijtz et al. PNAS 2011



Le microbiote module le comportement exploratoire et I'anxiéete

Step-down latency Total time in light
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Bercik et al., Gastroenterology, 2011



e microbiote module les interactions sociales... difféerentiellement
en fonction du fond genétique
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“Transplantation’ fecale du comportement

BALB/C NIH Swiss
Shy and anxious Agressive

W _] Yo 5 — Shy and anxious

Microbiota

Reci
transplant €

Germ free

- ) Agressive

Germ free

Bercik et al Gastroenterology 2016



Voies/mécanismes d’action des interactions microbiote intestin-
cerveau . bactérie reduit I'anxiété via le nerf vague

Limbic
System

2 weeks +/- L
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The vagus nerve modulates BDNF expression and
Bravo et al., PNAS, 2011 neurogenesis in the hippocampus O'Leary et al., 2018



Des maladies du cerveau sont-elles aussi des maladies de
I'intestin et du SNE ?

Substance Noire Symptomes moteurs
LT (rigidité; tremblement; instabilité)

o-synucléine

Risque de Parkinson si <1selle/jour

Salivary glg[.“j; N bre
Reduced saliva . . !
roduction, but low 1 2 >z
Sestie U selles /i /i /i
2.7 4.1 4.5

Parkinson

Mouth

Pooling of saliva and
problems with movements
needed to brush teeth
can cause dental
dysfunction. Motor effects
cause jaw tremors.

S Risque

Oesophagus dysphagia increases .
Symptoms of risk of aspiration. re | at |f
oesophageal

dysphagia include
slow oesophageal
transit, segmental
oesophageal spasm,
spontaneous
contractions of
proximal oesophagus,

Stomach

pilorlorlopin Abbott et al., Neurology 2001

(gastroparesis)
cause nausea,
bloating, early
satiety, and weight %

air trapping, loss.

aperistalsis, and - H_ E ¥ & .
h |

e emotan Roctm, Axial score 1

dysfunction leads
to difficulty with

defecation ﬂ—

‘Small intestine
Dilatation

Colon
Colonic dysmotility,
constipation,

megacolon, volvulus,
and bowel perforation.

pa-synucléine . ..
5 'F: " .,

0 - oo .

O Moderate Severe

Systéme nerveux entérique Lebouvier et al., PlosOne, 2010 ENS Lewy pathology



Role de I'a-synucléine dans la maladie de Parkinson

a-synucléine
a-synucléine . :
Réle physiologique Réle pathologique

yn propagat
H
o
1= w

M Parkinson

Lashuel et al., Nat Rev Neurosc, 2013

a-synucléine

Oueslati et al, Exp Neurol, 2014



L'a-synucléine peut se propager du tube digestif vers le
cerveau

Sprague Dawley
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Holmgqvist et al., Acta Neuropathol, 2014



Le microbiote peut-il contribuer a I'évolution de la Maladie de
Parkinson ?
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Sampson et al., Cell



Des peptides d'origine bactérienne peuvent induire la formation d’aggrégats
de synucléine dans le tube digestif et le cerveau

Mut Curli E. Coli Curli E. Coli

E Coli 5 N
/ (03 y 1 ,’ , . \
gﬁ\:. \ ‘S
o-synucléine
S —
\‘é’d .
il \ Mut Curli E. Coli  Curli E. Coli
. y |
*  Curli: peptides amyloides Gavage hebdomadaire (2-3 s A
. . . [} SRl RS B
bactériens mois) avec E Coli +/- curli @ F.. ? A
* Formation de biofilm / N
. , a-synucléine
colonisation de I'hote
Chen etal., Scient Rep., 2016
; Z E ./ ) o/ 2
Sodesl b i Les cellules entéroendocrines : ‘porte d’entrée’ vers le cerveau-

Human colon

a-synuclein %

Evans et al., Mol Cell 2015

Chandra et al., JCI Insights, 2017



Les troubles du spectre autistigues sont-ils une pathologie de I'axe
microbiote-intestin-cerveau ?

Autism Spectrum Disorders Nb of digestive  Children  Age-matched
symptoms % ~hi ; TRT
«  Altered social interactions ymp symptoms*/ child with ASD siblings
* Repetitive behaviors » Diarrhea 0 19.8 70.5
* Language deficits . :
okl Bloating 1 16.4 18.2
o~ . . -
» Constipation 2 24.1 4.5
* Abdominal pain 3 25 649 4.5 L 11%
. . . * Reflux
\ Autistic spectrum disorder >=4 14.7 23
(Number cases / birth)

Horvath and Perman, Current Opinion in Pediatrics (2012)

6-GSI vs. total ATEC
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Adams et al. BMC Gastroenterology 2011 Score TSA (4 items)



Modifications de I'axe microbiote-intestin-cerveau dans des
modeles de TSA: modele génétigue

Social interaction = emety Repetitive behavior
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Coretti et al., Scient Rep, 2017



Mécanismes d’action des interactions microbiote intestin-cerveau
. Implication des peptidoglycans dans developpement du cerveau
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Arentsen et al., Mol Psych, 2017



Mecanismes d’action des interactions microbiote intestin-cerveau
. Implication des peptidoglycans dans développement du cerveau
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Modifications de I'axe microbiote-intestin-cerveau dans des

modeles de TSA : modele d’activation immunitaire maternel
Dysbiosis
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Hsia et al.,Cell, 2013



Le microbiote de patients atteints de TSA induit des altérations
des fonctions digestives et du SNE

' Measurement of gut and
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Gonzales et al., Neurogastr Mot, 2018 Abstract



Cibler les fonctions digestives (et le microbiote): nouvel objectif
thérapeutique dans les TSA?
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Cibler les fonctions digestives (et le microbiote): des souris vers
'lhomme ?

Kang et al. Microbiome (2017) 510

DOl 10.1186/540168-016-0225-7 MicrObiome

Microbiota Transfer Therapy alters gut @ e
ecosystem and improves gastrointestinal
and autism symptoms: an open-label study

Dae-Wook Kang'", James B. Adams”, Ann C. Gregory™'®", Thomas Borody®, Lauren Chittick™'®, Alessio Fasano®,
Alexander Khurulsj's'q Elizabeth Geis®, Juan Maldonado', Sharon McDonough Means'®, Elena L. Pollard?,
Simon Roux™"®, Michael J. Sadowsky™'", Karen Schwarzberg Lipson'?, Matthew B. Sullivan™*1>1%",

J. Gregory (_c:pumsu 213" and Rosa Krajmalnik-Brown """

Abstract

Background: Autism spectrum disorders (ASD) are complex neurcbiological disorders that impair social interactions and
communication and lead to restricted, repetitive, and stereotyped patterns of behavior, interests, and activities. The causes
of these disorders remain poorly understood, but gut microbiota, the 10" bacteria in the human intestines, have been
implicated because children with ASD often suffer gastrointestinal (Gl) problems that correlate with ASD severity. Several
previous studies have reported abnomnal gut bacteria in children with ASD. The gut microbiome-ASD connection has
been tested in a mouse model of ASD, where the micrabiome was mechanistically linked to abnormal metabolites and
behavior. Similarly, a study of children with ASD found that oral non-absorbable antibiotic treatment improved Gl and
ASD symptoms, albeit ternporarity. Here, a small open-label clinical trial evaluated the impact of Microbiota [ransfer
Therapy (MTT) on gut microbiota composition and Gl and ASD symptoms of'[la ASD-diagnosed children.

Results: MTT involved a 2-week antibiotic treatment, a bowel cleanse, and then an extended fecal microbiota transplant
(FMT) using a high initial dose followed by daily and lower maintenance doses for 7-8 weeks. The Gastrointestinal
Symptomn Rating Scale revealed an approximatel I\A 80% reduction of Gl syrnpiomki at the Lnd (JF treatment, inc Iudlnq
significant |mprovvmvnt5 in wmplc)rns of (Unsllpdllun dmnh('a |nd|qv51|(_1n

significanth and remained irT\proVL.‘d 8 weeks after treatment ended. Bacterial emd phage: sequencing analyses
lLNL.‘;]IL.‘d[suL.(.‘(‘.ssful partial engraftment of donor rni(_'rubic)m]and beneficial changes in the gut environment. Specifically,
overall bactenal diversity and the abundance of Bilidobactenum, Prevotella, and Desulfovibrio among other taxa increased
following MTT, and these changes persisted after treatment stopped (followed for 8 weeks).

Conclusions: This exploratory, extended-duration treatment protocol thus appears 1o be a pro Gastroenterology 2017;152:799-811
the gut microbiome and virome and improve Gl and behavioral symptoms of ASD. Improvern

symptoms, and the micrabiome all persisted for at least 8 weeks after treatment ended, sugge

{Continued on next page)

Efficacy of Sterile Fecal Filtrate Transfer for Treating Patients ®
With Clostridium difficile Infection

Stephan J. Ott,"* Georg H. Waetzig,”* Ateequr Rehman,®* Jacqueline Moltzau-Anderson,**
Richa Bharti,® Juris A. Grasis,? Liam Cassidy,® Andreas Tholey,® Helmut Fickenscher,”
Dirk Seegert,” Philip Rosenstiel,>¢ and Stefan Schreiber'-*%



Cibler le tube digestif pour préevenir ou traiter les pathologies
chroniques de l'intestin et du cerveau?
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