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La formation de notre intestin:
beaucoup de genétique
... et de mécanique
(et d’électricité)
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A fundamental mechanical orientation phenomenon:

Huycke et al., Cell, 2019
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A fundamental bioelectric differentiation phenomenon
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Mesenchymal waves trigger smooth muscle differentiation

Similar result with ML-7 :

Nifedipine: L-type Ca?* channel antagonist o
MLCK inhibitor

E12.5 cultured for 2 days
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The calcium waves induce peristalsis
after muscle differentiation

Mechanosensitive

Intracellular calcium imaging at E15.5

Pinch = two counterpropagating waves
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Hydrodynamics of peristalsis
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N.R.Chevalier et al.,
Front. Cell. Dev. Biol., 2021

Circular contractions induce longitudinal stretch

FITC tagged enteric nervous system (4-di-2-asp)

02:46 min:sec

Finite element simulation (PhD Richard Amedzrovi)
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intestine

Mass

Longitudinal stretch makes the gut grow

N. Chevalier et al. Sc. Rep., 2018
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Inhibiting contractions stops anisotropic growth

Normal gut growth (2 days in culture)

closed tube
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- Growth becomes isotropic when
contractionsare inhibited

D. Khalipina, N. Chevalier et al.,
J. R. Soc. Interface, 2019
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Notre soif de
reconnaissance
enfin assouvie

€he New YJork Times

The Twitch That Helps Your

Intestines Grow

Pulsing movements in an embryo are crucial to helping intestines
grow into the wonder tube that it is, a study finds.

th Gvethisartice A [] 1

A side view of a 9-day-old embryonic chicken gut. Nicolas
Chevalier/CNRS/Université de Paris & Thomas Guilbert/IMAG'IC
Facility Institut Cochin

By Veronique Greenwood




Longitudinal stretch orients the next muscle layer longitudinally

2 independent oscillators:
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Muscle contractions direct epithelial villi formation

No muscle Circular muscle Circular & longitudinal muscle

EG6: flat epithelium

Shyer et al., Science, 2013

Hilton W. “The morphology
and development of
intestinal folds and villi in
vertebrates.” 1902
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Finally the « second brain » becomes active:
the enteric nervous system

TujIHC
3D transparize

- E16 duodenum

d

N.R. Chevalier et al., « Embryogenesis of the Peristaltic Reflex », J. Physiol 2019
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Neural action on motility in one video

control 00:00 mirSec

rostral caudal

Inhibitory neural action Longitudinal-circular New polarized
contraction coupling motor pattern
Neurons « calm down » So the two muscles Neurons give the
spontaneous contractions work antagonistically gut a mouth-to-

by secretion of NO (like biceps-triceps) anus direction



Nerves polarize the response to mechanical stimulation

00:00 min:sec
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Fetal neurogenic « Law of the intestine »
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Now the chicken may hatch and eat ...
and you may have questions
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Growth is proportional to mechanical stress
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