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Intestinal 

epithelium

Mucus layer

- Protection against pathogens

- Maturation of the immune system

Beneficial roles

Intestinal Microbiota

The intestinal microbiota in health and diseases

From Bretin, Am J Physiol 2018

Detrimental roles

- Intestinal inflammation

- Metabolic deregulations
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From Bretin, Am J Physiol 2018
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- Intestinal inflammation
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Inner mucus layer - Sterile

Microbiota encroachment

Invaders

Intestinal inflammationMucus Bacteria

Actin DNA

The mucosal microbiota



Inner mucus layer - Sterile

Mucus Bacteria

Actin DNA

The mucosal microbiota

Dietary emulsifiers

Genetical predisposition

Lack of fiber

Pathobiont infection

Microbiota encroachment

Invaders

Intestinal inflammation



Impact of emulsifiers on intestinal inflammation

Dietary emulsifiers : food

additives broadly used to improve

texture and stabilize emulsion

Carboxymethylcellulose (CMC)

E466

Polysorbate 80 (P80)

E433

Inflammatory Diseases – Impact of food additives
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Dietary emulsifying agents alter host / microbiota interaction
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Chassaing et al, Nature 2015

Chassaing et al, Gut 2017

Delaroque et al, NPJ Biofilms and Microbiomes, under revision

Dietary emulsifiers promote inflammatory diseases
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Mechanism beyond dietary emulsifiers detrimental effects

+ emulsifier

Intestinal Inflammation

Conventional mice Germfree mice in vitro microbiota

Chassaing et al. Nature 2015



+ emulsifier

Intestinal Inflammation

Conventional mice Germfree mice in vitro microbiota
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No effect

Mechanism beyond dietary emulsifiers detrimental effects

Chassaing et al. Nature 2015
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Intestinal Inflammation
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Intestinal Inflammation

Mechanism beyond dietary emulsifiers detrimental effects
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Unpublished result

INFLAMMATION

Metabolic 

deregulations
Colitis

Microbiota



https://learn.genetics.utah.edu/content/microbiome/changing
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mice

Chassaing et al. Nature 2015

Chassaing et al. Gut 2017

Chassaing et al. Plos One 2018

Emulsifiers directly impact the microbiota… 

but not all microbiota
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Human relevance



Chassaing, et al, Cell Mol Gastro Hepatol 2017

• Microbiota encroachment is a feature of metabolic syndrome in humans

Human relevance

Patient #13 BMI = 28.00, Glucose = 97

HbA1C = 6.1, Diabetes mellitus = No

Patient #24 BMI = 38.20, Glucose = 70

HbA1C = 8.2, Diabetes mellitus = Yes



Chassaing, et al, Cell Mol Gastro Hepatol 2017

• Microbiota encroachment is a feature of metabolic syndrome in humans

R2 = 0.5123

P<0.0001
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Chassaing, et al, Cell Mol Gastro Hepatol 2017

• Microbiota encroachment is a feature of metabolic syndrome in humans
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Human relevance

FRESH study = Functional Research on Emulsifiers in Humans

In patient study

Random  

Assignment
Additive free diet

Additive free diet

Additive free diet + CMC 15 gm/day

1 2 3 4 147 9

OGTT

Biopsy

OGTT

Biopsy

11 130 5 6 8 10 12

Stool 

collection

48 107



Human relevance
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Human relevance

CMC resistant

CMC sensitive

???

In select individual, CMC consumption 

drive microbiota encroachment



From human relevance > BACK TO MICE !!

@Noémie
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GermFree IL10-/- mice
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From human relevance > BACK TO MICE !!

GermFree IL10-/- mice

CMC – Resistant

patient 1

CMC – Resistant

patient 2

CMC – Susceptible 

patient 2

CMC – Susceptible 

patient 1

Fecal Material Transplantation from

C
on

tro
l

C
M

C
 - 

R
es

is
ta

nt

C
M

C
 - 

S
us

ce
pt

ib
le

-8

-6

-4

-2

0

2

4

D
is

ta
n

c
e

 o
f 

b
a
c
te

ri
a
 f

ro
m

 I
E

C
 (

fo
ld

c
h

a
n

g
e

 p
o

s
t-

d
ie

t 
v
e

rs
u

s
 p

re
-d

ie
t)

@Noémie



From human relevance > BACK TO MICE !!

GermFree IL10-/- mice

2 weeks acclimatization

Water or CMC treatment
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From human relevance > BACK TO MICE !!
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Auchtung et al. Microbiome 2015

MiniBioReactor Arrays 

(MBRAs)

From human relevance > BACK TO MICE > 

BACK TO IN VITRO for mechanistic insights



Microbiota encroachment

and inflammation

No response

Therapeutic potential of mucus-associated 

microbial population

??
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Microbiota encroachment

and inflammation

??

No response

Daniel et al, Gut, 2023

Akkermansia muciniphila

Therapeutic potential of mucus-associated 

microbial population
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