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Le tube digestif : un organe au coeurdel 0 ®v ol u't

Intestin

Hydra ¢nidaire Nematode Mollusque Fish



Le tube digestif : premier organe neurologique de
| O®v ol uti on

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

Bloodbrainbarrier

A2
Neurons % == Astrocytes

.
= Pericytes

Connected via nerves

(vagus,sympathetic) and
humoral pathways

\" Entericglia

Neunlist et al., Nat Rev Hep Gast, 2013



LOoenvi r o(morebmte)nrégulateurdel 6 a x e
Intestin-cerveau ?

Environnement (nutrients ;
microbiote ; polluants, é é )



L 6 1 n t(ekla larriare intestinale) : au coeur des
pathologies chroniques ?
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L 6 1 n t(ekla larriare intestinale) : au coeur des
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e microbiote intestinal et son évolution au cours
de la vie

Eucaryoted 013
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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?

Lozuponeet al.,Nature2012



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

Els van Neood, M.D., Anne Vrieze, P\.‘l""\/’“\-IJIA‘H\‘JA’IIF‘L M.D., Ph.D., Susana Fuentes, Ph.D.,
Erwin G. Zoetendal, Ph.D., Willem M. de Vos, Ph.D., Caroline E. Visser, M.D., Ph.D., Ed ) LlH]FM‘\.r\:‘l‘)‘)‘I\l)‘
Joep F.W.M. Bartelsman, M.D., Jan G.P. Tijssen, Ph.D., Peter Speelman, M.D., Ph.D
Marcel G.W. Dijkgraaf, Ph.D., and Josbert J. Keller, M.D., Ph.D.

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
50140-6736(17)30182-4 i :
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Le systeme nerveux entérigue : organisation

. ! Intestinal epithelial
' barrier functions
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Le SNE: des neurones et des cellules glialesée
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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

Gulbransen and Sharkey, Nat. Rev. Gastroenterol. Hepatol, 2012

b astrocytes
Diamond et al., Exp Neurol, 1985

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



Développement du SNE et du cerveau

Development othe brain wouse ambrye ——— Development of the ENS

Embryonic period (GW8) Colonisation of gut by neural crest
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Sempleet al.,ProgNeurobiol 2013 Nyshiyamaet al.,Nat Neuroscienge2012



La période postnatale: periode clef de maturation du SNE

Neurogenesis Gliogenesis Synaptogenesis
5 P7 P21 P36
NE mo: T gm — 1 ,.. {' ~~\
g e %\' g: S ~ *1‘ '.;., \&.‘”
§ 1:: ;:: sese _.)\L “_"
Z w- &2 I I d o
i A B B oo we GFAP £ ok
months ‘ e Al
Liu et al., J Neuroscience, 2010 Kabouris et al., Neuron, 2015 Le Berre Scoul et al., J Phys, 2016
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de Vrieset al.,Am JPhys2010
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Le microbiote : acteur de la maturation post-n at al e du

leum

Neurons
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Le microbiote : acteur de la maturation post-n at al e du
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CNTR

ABX

Le microbiote : acteur de la maturation post-natale du SNE et
des fonctions digestives...
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I Involvmentof TLR2athways
14 daysz Abtreatment CionTR
0.010n HEEABX
Reducectholinergicpopulation Reducedransit
:é. 0.006- T
Acetylcholinesterase g
4505 [CJCNTR 50- CICNTR E 0.0041
. ABX . ABX F
[7)] 1 B 0.002-
S 125-
§ ] = 40 0.000
oo == g o
S 1 2 30- 200, 8 ABX +Pam3CSK4
‘é 75- 8 | g
5 = 9
0 ' J g
0- B - O — - 0 . : . ; ;
0 10 20 30 40 50
o}o *ON 6,0‘1' 60’5 600- éo‘) éob ‘36\ 6’09" q;o°’ 60,@ 000 oo\\ oo\q. o\fb EFS (Hz)

Caputi et al, British J Pharmacol, 2017



L 60 amiazobiote-SNE : modulateur de la maturation du systeme
Immunitaire digestif?

-
-----

Yissachaet al.,Cell,2017



L 60 amiazobiote-SNE : modulateur de la maturation du systeme
Immunitaire digestif?
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L 60 amiazobiote-SNE : modulateur de la maturation du systeme
Immunitaire digestif?

-
-----

Yissachaet al.,Cell,2017



L fermemtum renforce la réponse precoce du tube digestif a
| acti vati on de | 0axe

L fermentumreduces stress induced HPA activation

[

500

*&

L fermentum )

B
o
o

(%mean LFMS)
L)
=]
=]

i
:

Corticosterone levels

5]
[=]
=4
=]
o 0
=] L=+ ]
[+]
>

i

Lferm

VVAS -

L fermentumprevents stress induced barrier dysfunction

250

P21 P36

/
\

Weaning

*

#
100 _ﬁ_ % . 1-__&
. N

—;E-—

LA
o
=]

Area under curve (AU)
@
o

50

L ferm :

L fermentumincreases Z& expression in intestinal epithelial cells

LFWAS I LFWAS+ LF+WAS LF+WAS

Vanhaecke et al.,Neurogastro Mot, 2017




Comment le microbiote régule le phénotype et fonctions du

Lipopolysacharide

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

TItdos mice Reducedransit in TLRdeficientmice
%‘ 100000 T i\z;ww
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4
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Anitha et al, Gastroenterol ,2012



Les AGCC (butyrate) accélere la maturation du SNE et des
fonctions digestiVeS  post natabvolutionof [SCFA]

Metabolites

‘0]0‘0‘0&60

0‘0‘0

(Epithelial barrier)

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)
Butyrate} (umol g~ ") 3 33(8)
Other SCFA% (umol g~ ") 1(2) 1(1)

Barrat et al., Ped Res, 2008
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Soret et al., Gastroenterology, 2010
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Le microbiote maternel favorise la fermeture de la barriere
hémato-encephalique

Injection of IgG-IR
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Braniste et al., Sci Transl Med 2014



Le microbiote maternel favorise la fermeture de la barriere hémato-
encéphaligue .role du but1yrate’7

SPF erm free Germ free #Microbiota

Striatum Striatum Striatum

SPF Germ free Germ free #hutyrate

Braniste et al., Sci Transl Med 2014



Le microbiote module le comportement exploratoire et| 60 a n x |

GF mice have increased exploratory behavior BDNF mRNA expressisreduced in amygdaknd
dorsal hippocampus GFmice
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Le microbiote module le comportement exploratoire et| 60 a n x |

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



e microbiote module les interactions socialesé difféerentiellement
en fonction du fond genétique
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O0Transplantationo f ®cal e d

BALB/c NIH Swiss
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Bercik et al Gastroenterology 2016



Voies/mécanismes d 6 a ¢ des imtanactions microbiote intestin-
cerveau . bactérie reduit| 0 a n wia le&’nerfRvague
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Des maladies du cerveau sont-elles aussi des maladies de
| 01 n &t dusSNE h

Substance Noire = Symptomesnoteurs
gy (rigidité; tremblement; instabilité)
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needed to brush teeth
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Abbott et al., Neurology 2001
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Role de | aésynucléine dans la maladie de Parkinson

a-synucléeine

Réle physiologique Rdle pathologique

yn propagat
|
i
& a
&

M Parkinson

Lashuel et al., Nat Rev Neurosc, 2013

a-synucléine

Oueslati et al, Exp Neurol, 2014



L @-synucleine peut se propager du tube digestif vers le
cerveau

Sprague Dawley
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Le microbiote peut-il contribueral 0 ® v ode latMaladie de
Parkinson ?
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Des peptides d 60 o r bagteriernme peuvent induire la formationd 6 a g g r
de synucléine dans le tube digestif et le cerveau
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Disordered Molten
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