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An extended view of ourselves…

99% of the genes

are

bacterial genes!!!!

Metabolic and biological functions 

that cannot be performed by our human metabolism

1 to 10 fold more microbial cells than human cells

Cani and Delzenne Pharmacology & Therapeutics 2011

We are composed of several
species:

As adults our microbial
census exceed the total
number of our own human
cells

The largest collection of
microbes resides within the
intestine

• Eucaryotic

• Bacterial

• Archaea

• By about 10 fold

• with 1013-14 cells!!!!

• « The GUT 
MICROBIOTA »

« The small world within the gut»
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90% microbes

10% human cells

50-90% microbes

50-10% Human cells

99% microbes      

1% Human cells

Gut microbiota and diseases

Nagpal et al Front. Med., 23 June 2014
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When gut microbes talk to organs

Montiel-Castro et al Front. Integr. Neurosci. 2016

FACT: Gut microbes are different during

metabolic disorders

HEALTH DISEASES

Modified from Nagpal et al Front. Med., 23 June 2014

Adapted from the Cover Feb. 2015 

H. Plovier and P.D. Cani 

How do microbes interact with host cells? 

Discovering the signals… 

Fat cells

Microbes

Muscles

Brain

Liver
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Gut microbiota derived

compounds acting as  triggering

factors?

Cani et al Diabetes 2007

Bacterial

LPS

Metabolic endotoxemia

Leaky gut syndrome

More complex

than this!

Gut Blood

Toxines

Toxines

Toxines

Toxines

Toxines Toxines

Bacterial toxins stay in the 

Healthy gut
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Gut Blood

Toxines

Toxines

Toxines

Toxines

Toxines Toxines

Leaky gut syndrome

Or Gut permeability

Causal role of the gut

microbiota ?

High-fat diet-induced changes in Gut Microbiota

Cani et al Diabetes 2006, 2007

Cani et al Diabetologia 2007

Cani et al Diabetes 2008

Dewulf et al J Nutr Biochem 2011

Everard et al ISME J 2014

CT HFD

Turnbaugh et al Cell Host Microbes 2008
Hildebrandt et al Gastroenterology 2009
Murphy et al Gut 2010
Ravussin et al Obesity 2011
Murphy et al Gut 2012
Serino et al Gut 2012
Le Roy et al GUT 2013
Daniel et al ISME J 2014
AND MANY OTHERS….

Control diet Diet-induced obesity

Bacteroidetes

Cyanobacteria

Deferribacteres

Firmicutes

Tenericutes

Verrucomicrobia

Proteobacteria
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Gut microbiota derived compounds 

acting as triggering factors?

Fatty acids composition is crucial! 

Cell Metabolism October 2015

Excess of alcohol

Excess of fat

Excess of sugars

Lack of « prebiotic »

fibres

Undernutrition

Lack of omega 3 PUFA
Leaky GUT

FACT: A MATTER OF NUTRITION

Changing gut microbes

to improve health?

Targeted approach
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More than 20 years ago in 

Belgium at UCL Brussels….

The prebiotic concept

Prebiotics

Bifidobacteria

The prebiotic concept was born more than 20 

years ago!

Glucose & Lipid

metabolism

Energy

homeostasis

 Fat mass

 Muscle mass

 Body weight

 Food intake

 Leptin sensitivity

Non-comprehensive list of targets of

prebiotic-induced microbiota modulation

 Insulin sensitivity

 Hepatic steatosis

 Plasma lipids

 Plasma glucose

Low grade

inflammation

 Plasma LPS

 Gut barrier

 Inflammation

2011

2007

2009

2004

2004

1996!!

1995!!

 Intectin/Reg3g Cancer cell proliferation

 Cancer cachexia

1998
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Serendipity, the case:

« Akkermansia »

Prebiotics

MORE THAN 100 TAXA MODIFIED

some of them more than 10 Fold

Prebiotic feeding changes numerous

taxa and functions

MORE THAN 1000 COG’s

FUNCTIONS MODIFIED !!!

Everard et al Diabetes 2011 Everard et al ISME J 2014 epub ahead of print April 3th 

Akkermansia muciniphila was

Increased by about 100 fold

Akkermansia muciniphila

Prof. W de Vos

Isolated in 2004 by 
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In mice

 A. muciniphila

 A. muciniphila

Bacteria, metabolism and inflammation

Schneeberger, Everard,…Claret and Cani Sci rep 13th Nov 2015

Multivariate analysis

Fatty oxidation

/browning 

Inflammation

Diabetes

Akkermansia muciniphila

Dr A. Everard 
Prof. W de Vos

POC preclinical studies

2013

http://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAQQjRw&url=http://www.bfa.univ-paris-diderot.fr/spip.php?article223&ei=yLL1U5OfEaen4gSs0oHADg&bvm=bv.73231344,d.bGE&psig=AFQjCNGXz_bbv0QNc-BoGVUPUlOdG_ALZg&ust=1408697416319895
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Akkermansia muciniphila
Reinforces gut barrier function

Mucus layer thickness

 Antimicrobial peptides

 Specific bioactive lipids (2-OG, 

2-AG, 2-PG, OEA)

 Oxidation/browning

 Fat mass

 Inflammation

 Insulin sensitivity

 Glucose production

 Hepatic steatosis

Metabolic endotoxemia

 Plasma cholesterol

Everard et al  PNAS 2013 

Courtesy W. de Vos

Figure 3

Akkermansia positively correlates with

the number of L-cells

the bloom in Akkermansia muciniphila

was strongly and positively correlated 

with the L-cell number (r = 0.72; P = 

0.01)

Propionate producer!!

Stimulation of GLP-1

Akkermansia muciniphila is strongly affected

by nutritional choices and drugs!

Gut barrier function

 Inflammation 

Polyphenols Fish oils

2015

2015

2016

2016

2015

Metformin

2016

20142014
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Akkermansia, obesity and type 2 diabetes

Gastric bypass

Clinical Data have shown…

 A. muciniphila

 A. muciniphila

Dao, Everard …..  Cani, Clément, GUT March 2016

Dao, Everard, Clément and Cani Clin Exp Nutr 2016

Strongly associated with
with lower cardiometabolic risk factors

High Akkermansia levels are associated with

improved metabolic parameters in obese 

humans
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****

****
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****

Greer et al Nat Comm 2016

Metformin 

Courtesy W. de Vos

FACT: Akkermansia is a potential novel

Candidate! 
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Akkermansia muciniphila
Akkermansia muciniphila

Laura Huskonen & Willem M de Vos

Akkermansia is a potential novel

Candidate! 

But many problems

remain to be solved

before a PoC in 

Humans !

The major issues:   

1) Preferred growth medium of Akkermansia

contains animal-derived compounds (i.e.

mucus)! Strongly limits the translational

approach for human test…

2) Akkermansia is relatively sensitive to oxygen!

3) We need to culture Akkermansia at a very high

level and find a way to store/deliver the

bacteria






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Published 28 November 2016 at 5pm

Hubert Plovier

A synthetic medium reproduces the effects of 

the mucus rich medium

Plovier et al  Nature Medicine 2016

0

1

2

3

4

5

B
o

d
y

 w
e

ig
h

t 
g

a
in

 (
g

)

Optimization of the medium by Prof. Willem de Vos
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Similar improvement of:

Glucose tolerance

Insulin resistance index

Pasteurised Akkermansia stop the 

development of obesity

Plovier et al  Nature Medicine 2016
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Pasteurised Akkermansia stop the 

development of obesity

Plovier et al  Nature Medicine 2016

Pasteurised Akkermansia reduces adopocyte

size and increases energy excretion

Plovier et al  Nature Medicine 2016

Pasteurised Akkermansia stop the 

development of type 2 diabetes and insulin

resistance

Plovier et al  Nature Medicine 2016
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The protein Amuc_1100* isolated from

Akkermansia is efficient as the pasteurized

bacteria

Plovier et al  Nature Medicine 2016

All forms of Akkermansia and Amuc_1100* 

improve hepatic insulin sensitivity

Plovier et al  Nature Medicine 2016

The protein Amuc_1100* and pasteurised

Akkermansia abolished gut permeability



12/1/2016

15

The future: using molecules from bacteria

that exhibit therapeutic properties

C
an

i 
P

.D
.

Pasteurized Akkermansia and the protein Amuc-

1100 have therapeutic actions on several

cardiometabolic risk factors

C
an

i 
P

.D
.

 Fat mass
 Inflammation

 Glucose
 Type 2 diabetes

 Gut barrier
 Antimicrobial peptides

 Cholesterol

Gut Blood

Toxines

Toxines

Toxines

Toxines

Toxines Toxines

Akkermansia and the component completely

block the leaky gut syndrome
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In humans? 

First administration of

Akkermansia muciniphila
Akkermansia muciniphila

Laura Huskonen & Willem M de Vos

PoC in HUMANS

Akkermansia safety and effects on markers of 

diabetes and cardiometabolic risk factors

ClinicalTrials.gov Protocol Record 2015/02JUL/369

ERC-PoC-2016

Prof. Jean-Paul Thissen

Prof. Michel Hermans

Prof. Dominique Maiter

Dr. Audrey Loumaye

Dr. Amandine Everard

Dr. Céline Druart

Clara Depommier

Marie de Barsy

Prof. Willem de Vos

NCT02637115

Placebo

Live A. muciniphila 1010/day

Live A. muciniphila 109/day

Pasteurized A. muciniphila

Randomization

15days
Safety check

Informed
consent

3 months
of treatment

39

BMI ≥ 25, insulin resistance and metabolic syndrome

Randomized, single-blind, parallel, placebo-controlled

100 subjects 

Key Outcomes : insulin-resistance, inflammation, dyslipidemia, 
body-weight, type-2 diabetes, gut microbiota, gut barrier function

First Spin OFF project

Heat treated A.muciniphila 1010/day

INSERM, Toulouse, 
France

Prof C. Knauf

Prof. R. Burcelin

Paris Diderot University

Dr  S. Luquet

Prof. C. Magnan

Paris Curie Institute

Prof  S. Robine

LDRI, UCL, Belgium

Prof G. Muccioli

IREC

Prof Y. Guiot

Rose-Marie Gobbels

Walloon Excellence in 
Life Sciences and BIOtechnology

Gothenburg University, Sweden
Prof F. Backhed

Dr. R. Caesar
Dr. M. Stahlman
Dr. M. Johansson

Université de Genève, 
Hopitaux universitaires

Prof J. Schrenzel
Prof P. François
Prof V. Lazarevic

Wageningen UR
Prof W. de Vos

Dr M. Derrien
Dr. C. Belzer
Dr. J Owerkerk

Dr. J. Klievink 

Former members of Cani’s team
Dr. M. Osto, F. Pierard, M. Van Roye
O. Rottier, Dr.  S. Matamoros, Dr.  T. 
Duparc, A. Bever, Dr G. Trinchese

DDUV, UCL, Belgium

Prof JB Demoulin, Dr A. Essaghir

Prof JC Renauld, Prof. L Dumoutier

Pitié-Salpêtrière hospital
ICAN

Prof K. Clément 
Dr Dao and Microbes 
consortium

IDIBAPS and CIBERDEM, 
Barcelona, Spain

Dr M. Claret and his team

Metabolomic and Molecular Image 
Lab, INCLIVA, Valencia, Spain 

Prof. D. Monleon and his team

KULeuven

Prof. S.W. van der Werve

Prof. J. van Pelt

ERC-StG-ENIMGO-2013

and

ERC-PoC-Microbes4U-2016

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjW2pHm-87KAhULvhQKHYd1CPEQjRwIBw&url=http://cartopro3.wallonie.be/CIGALE/avert_BDES.htm&psig=AFQjCNFCBdt0VMAziMAoeXp8sI2M0OEn0w&ust=1454155038741750
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjW2pHm-87KAhULvhQKHYd1CPEQjRwIBw&url=http://cartopro3.wallonie.be/CIGALE/avert_BDES.htm&psig=AFQjCNFCBdt0VMAziMAoeXp8sI2M0OEn0w&ust=1454155038741750
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The future is inside!

In gut we trust ©

@MicrObesityFollow on 


