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Obesitx & Cardiometabolic disorders

J 192 Billion Euros / year EU (57%

direct cost 21% loss of productivity,
22% indirect coSt ) wears et ai, 2012 Economic costs in:

Europecn Cardicvasculor Disepse Statistics).

J Worldwide progression obesity &
diabetes & CVD incl. Children s
[ Expected Tsunami 500 MILLION

OBESE PEOPLE WORLDWIDE

[ Socio economic disparities
[ Attrition in CVD & Metabolic drugs

J Need for new approaches |

17.3 MILLION

ANNUAL DEATHS WORLDWIDE
DUE TO CARDIOVASCULAR DISEASE

PEOPLE WITH DIABETES IN FRANCE

Obesity and kidney disease: Hidden consequences of the
epidemic

Csaba P. Kovesdy, Susan L. Furth, Carmine Zoccali,
on behalf of the World Kidney Day Steering Committee & a
First published: 16 February 2017 Full publication history

Renal ‘Eg;é ”c AN

LEADING
CAUSE OF DEATH
WORLDWIDE



......0bésités : Maladie d’organes, Maladie des systemes....
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The fat—intestine—kidney axis

Liver
* Cholesterol production
* Toxin metabolism

Adipose tissue
Production of adipokines
and regulatory
inflammatory factors

Cardiovascular or
circulatory effects

» TBlood pressure

* RAS activation

* Systemic inflammation

* Endotoxaemia

* Endothelial dysfunction

* Oxidative stress and hypoxia

General

e T Creatinine and urea

e |"'Uraemic toxins

» | Physical exercise

Need for

* Rigorous diet

* Phosphate binders

* Renal replacement therapy

Cardiovascular or
circulatory effects

e | Blood pressure

* RAS activation

* SNS activation

* Systemic inflammation

* Endotoxaemia

* Oxidative stress and hypoxia

[
i

Adipose tissue

 TLeptin

e | Adiponectin

e Inflammation
(M1 macrophages,
T,1 lymphocytes, NK cells,
TNF, IL-1B and MCP-1)

Kidneys

* Waste excretion

* Blood pressure maintenance
* Hormone production

Gut
* Nutrient absorption
® Mucus production
* Production of defensins,
IgA and SCFAs
* Niche for healthy microbiota

Kidneys

s | Vitamin D

» | Erythropoietin
* Proteinuria

Gut

* Dysbiosis iT urease-producing
bacteria; L SCFA-producing
bacteria)

* Gut leak

* Slower gastrointestinal transit
* Intestinal hypoperfusion

Liver
* Steatosis
e Inflammation

Kidneys

¢ Hyperfiltration

» | Permselectivity
* Inflammation

Gut

» Dysbiosis ({ SCFA-producing
bacteria)

® Inflammation

* Gut leak

Nature Reviews | Nephrology

Camara, N. O. S. et al. (2017) Kidney disease and obesity: epidemiology, mechanisms and treatment
Nat. Rev. Nephrol. doi:10.1038/nrneph.2016.191



CAN Pathological alterations of Human adipose tissue obesity

Adipocyte hypertrophia Fibrosis (pericellular)
R RIS
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Cancello, Tordjman, Diabetes 2010 U872
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ICAN Adipose- Inflammatory Cell Crosstalks

Local interactions

Macrophages
M1/M2 state
Polarization

Ex. KLF4 (Coll)
J ClinInvest 2011

TNFa, IL-6
CCL5/Rantes
CXClL2

{ \ - Keophiphath, ATVB. 2010
\ R Y Rouault, Endocrinology, 2013

Proliferation,
Migration,
Inflammation
Profibrotic
Profibrotic progenitors

Lacasa, Endocrinology 2007
Keophiphath ,Mol Endoc 2009
Marcellin Cell Metab 2017

2 Hepatic and Adipase Tissue and Funcions in e Metabolic Syncrome

NEFA?

P

e

Organelle Dysfunctions
Lysosomes etc..
Soussi (Diabetes, 2016)

Inflammation
GPS2 (A Toubal, JCI, 2013)

Metabolic perturbations
l Glucose uptake

Insulin sensitivity

Pelllegrinelli, J Pathol 2014




Fat Layer around Kidney

Adrenal gland

Fibrous tissuo
(Gacota's fascly)

Renal pelvis

Ureter
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ICAN  Adipose tissue Macrophages & liver & heart diseases

Obesity

v .-\‘
Vg
x 20

Accumulation of macrophages

Ins.ulmo- in omental AT & deap sc(WAT
resistance

Future Avenues
Cytokines (IL-6) ?
Fatty acids ?

Chr'o“nic
& intermittent

Hypoxia -
. Fibro-
(3 [ 3
Steatosis inflammation
Cancello Diabetes 2006 | TS @ "'10, . o ?
Tordjman J Hepatol 2009 : SRR Inflammation Fibrosis
TAM Diabetes 2011 drag P P o T3 i‘-”"“
Tordjman J Hepatol 2012 | =+ .. . . Cende S
Bedossa Hepatology 2012 f:?‘t.,e-at‘_??is' 9! 8738 s
APCr

Aron J Hepatol 2012 x 10

Venteclef Eur. Heart J 2015
Bedossa Gut, 2016




The fat—intestine—kidney axis

Liver
* Cholesterol production
* Toxin metabolism

Adipose tissue
Production of adipokines
and regulatory
inflammatory factors

Cardiovascular or
circulatory effects

» TBlood pressure

* RAS activation
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Cardiovascular or
circulatory effects

e | Blood pressure

* RAS activation

* SNS activation

* Systemic inflammation

* Endotoxaemia

* Oxidative stress and hypoxia

Adipose tissue

 TLeptin

e | Adiponectin

e Inflammation
(M1 macrophages,
T,1 lymphocytes, NK cells,
TNF, IL-1B and MCP-1)

A
[/

Kidneys

* Waste excretion

* Blood pressure maintenance
* Hormone production

Gut
* Nutrient absorption
® Mucus production
* Production of defensins,
IgA and SCFAs
* Niche for healthy microbiota

Kidneys

s | Vitamin D
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Gut

* Dysbiosis iT urease-producing
bacteria; L SCFA-producing
bacteria)
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Liver
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e Inflammation

Kidneys
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e Inflammation

Gut
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bacteria)

® Inflammation

* Gut leak

Nature Reviews | Nephrology

Camara, N. O. S. et al. (2017) Kidney disease and obesity: epidemiology, mechanisms and treatment

Nat. Rev. Nephrol. doi:10.1038/nrneph.2016.191




ICAN “Nutritional changes” & low grade inflammation : GUT?

TOGETHER

What about intestinal barrier?

Inactivity Dbesity

N 4 y 4

Chronic systemic inflammation

4 h 4

» Largest lymphoid tissue in size of

Ipocytes Immune cells Brain cells Systemic and loca .
e * itiesse noytoine the body: complex immune system
| » Dysbiosis of gut microbiota in
o obesity (Cotillard et al., Nature 2014).

\

\ X . . .
. | ‘-’IJ l »Gaps in knowledge in obesity-

- related inflammation of the

/
\‘_‘

jejunum

» Insulin resistance  « Atherosclerosis o Alzheimer's discase o Cancer
« Type 2 diabetes « Huntington's disease \ ‘

» Parkinson’s disease | Ny, "1WIEER




éi’c:mil Summary of findings

TOGETHER

& s

Increased surface More inflammation Altered function
of absorption (jejunum) (insulin resistance)
A . *kkk . / \
10004 dekek . . n/mm2 Ob vs.Lean
= e - . Mature DC 5 X5
E  800- o . o, NK cells 12 X6 (]
bt oa H hage 150 X 1.5 )
£ 600] 300, Macrophag .
T 400 oo | B CD8
g 000° = CDsa
S 200 P :@
0 n/mm2 Ob vs. Lean Insul
Lamina propria 350 x 1.75 nsulin = 5" e
L MHO Ob - ObD Epithelium 1200 X 1.5 o e
K / ¢ e’
i GM-CSF, IFN-Y , TNF-q, IL-10,
IL-17, IL-22

Links with obesity & complications

[ Corpulence, liver disease and dyslipidemia ]

Monteiro-Sepulveda et al. Cell Metab 2015
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Chek on a label for more taformatic

il

Urelesma
v
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Thanks to J. Marchesi

ICAN Microbiota & Diseases: a Quick Overview

Microbiota as an asset

e Defense - bacterial antagonism

e Priming of mucosal immunity

e Peristalsis

e Metabolism of dietary carcinogens
e Synthesis of B & K vitamins

e Epithelial nutrients (e.g. SCFAs)

e Degradation of Dietary Oxalate++
e Conversion of prodrugs

e Utilisation of indigestible (CH,0)n

Microbiota as a liability

e Procarcinogens = carcinogens
e Qvergrowth syndromes

e Opportunism — Translocation

e Implicated in obesity, metabolic syndrome and
colorectal cancer, IBD and other diseases (CKD...)
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Protective role of
gut microbiota from
lean donnor in
presence of
« healthy diet »
Protection lost with
« unhealthy diet »

Lean twin
daura et al.
Science 2013
» Gut Microbiome could be one of the causes of Obesity éfCAN

EEEEEEEE



Equilibre entre santé et maladie

Commensals

Bacteroldes thetajotaomicron

(plcturad abcws) Is one of the predeminant
commensal specles In the normal
human gut. B. thetaiotaomicron and
other Bacterokdes specles break dewn
Indigestible components of feod and
liberate sugars for use as energy.”

Pathoblonts

A known patheblont, Clostridium
difficiie (picturod above) normally lives
dormant In the gut with no lll effects.
Antiblotics can kil off other bacterla
that usually control C. divriciie. The
resulting overgrowth of the pathoblent
may cause Inflammation and bieeding
of the lining of the colon.”

Fibromyalgia

i
H
§

IBD




EI/’CAN Potential role for microbiota in the development of
cardiometabolic (&Kidney) diseases

Brain

| Satiety

Buccal microbiota (Koren O et al. PNAS. 2011 or
Hyvarinen K et al. 2012, Atherosclerosis, 2012

Energy harvest, lipid

#“é:ort-chamfattyacids : G t BaCterIaI metab0|lsm,
T Inflammation ) u - ~ .
oy T ~_Metabolites markers for increased risk of
Gut microbiota : mlcrObIOta (l.e. SCFA, TMA, TMAO ChroniC disease (CVD T2D)
+ Altered iti \ 1t1 . E )
o rmenttn - Composition: ', Other Pcresol, indoxyl’ |
+ Increased energy harvest : Sulfate Brown & Hazen, Ann Rev med
Gene N 2015
Adipose tissue rl C h ness } .
| . . . .
P e | Bacterial Innate immunity stimulation
Specific | Co_mponents
species or (i.e. LPS) '
bacterial Others Inflammation
groups

Muscle v

| Fatty-acid oxidation
Insulin resistance

.

v

Metabolic syndrome

Epithelium

T Permeability of the
epithelium

L PYY/GLP-1 from L-cells

v

Chronic disease
(CVD, T2D)

Tremaroli et al. Nature 2012 Adapted from Harris et al. J Obes 2012




Gut Microbiome and Obesity: Diversity matters

LGC =Low
gene count

HGC = High
gene count

METAHIT MicroObes
292 subjects 49 subjects
b 807  LGC (23%) HGC (77%)__ 407 LGC (40%) HGC (60%)
c_o's‘s 709 - Obese 351
3 60+ — Non-obese| | 307 e OVW/Ob
> 50- 251 HG
2 0] 201 GG
N 204 15+
[0}
0 10
E 20
3 5.
Z 10- 0 -
0- 0 GENE RICHNESS
GENE RICHNESS
; Low  High LGC associates with CMD risks
Cl. bolteae ‘* 1| o _
LGC: 7 Pro- Cl. symbiosum 3l "dyS“ijem'a

inflammatory<

LGC: ™ Anti-
inflammatory |

Cl. clostridioforme
Cl. ramosum

R. gnavus

F. prausnitzii

R. inulinivorans
Co. eutactus
M. smithii

Gene number

tadiposity
tinsulin resistance (surrogates)
tinflammation (circulating

and adipose tissue)

Le Chatelier et al. Nature 2013;
Cotillard et al. Nature 2013




CfCAN Dietary intervention, phenotypes and Gene richness: MicroObes study

1t

restriction stabilization

Energy-restricted diet Body weight
(1200-1500 kcal) maintaining diet
Owk 6wks 12wks

Alipoprotedn profile measures the
level of cholesteral in the blood

@ e

|
‘ LoL o y
< ’_Food
” \ A

4
.?.‘ Triglycerides
»

. F4 & s
@ Total cholesteral -
Escherichia (E) coli Staphylococcus aureus

FADAM. HADAM

Diet Phenotype Gut flora*

K [ 49 subjects | \

49 obese or overweight
patients

Diet: High fiber and protein,
low carbohydrate index

¥ 650,000
e khkhkkk ek s
600,000
— . HGC
2 550,000 .
. —1
-2 500,000 0
: 130%
& 450,000
’ LGC

[1] Qin J. et al., g. Nature, 464 7285:59-65, 2010.

K * SOLID™ reads were mapped on a 3.3 million genes catalog [1] j

0 2 4 6 8 10 12
Time (weeks)

Cotillard et al. Nature 2013



Qualitative and quantitative alterations in CKD ?

ESRD patients: 190 OTU phyla Firmicutes (subphylum

Clostridia), Actinobacteria & Proteobacteria
(Gammaproteobacteria) vaziri ND, Kidney Int (2013)

Nephrectomized rats: 175 OTU. Dec Bacteroidetes &
Firmicutes, especially Lactobacillaceae and Prevotellaceae

ESRD vs. healthy : enrichment in bacteria producing urease and

uricase and less SCFA (Wong J, Am J Nephrol. 2014)

CKD : more Firmicutes > bacteroidetes (Barros AF, 2015)

ESRD patients (Pyrosequencing) > Klebsiella, Proteus,

Escherichia, and Pseudomonas (Wang et al, )
Lower richness species; lactobacillus & prevotellacae (Vaz

Bacterial translocation ? / LPS (Wang et al, 2012) >
ICAN



Bidirectional dialogue

T TNFa, IL-1, IL6,
IL-12, IFNy and other!
pro-inflammatory R

tokines

Ali Ramezani, and Dominic S. Raj JASN 2014;25:657-670

JASN

©2014 by American Society of Nephrology

Bacteria release
uremic toxins
(cleared by the
Kiney)

Others
Dietary fibers
Antibiotics
Slow transit
Acidocetosis
Oral iron



‘ICAN Microbiota, obesity and cardiovascular disease

TOGETHER

Metabolites
TMAO

TS Obesity and
co-morbidities

A CVD

Obesi’t\é

Bacterial components
Cell wall, LPS

pecific species (i.e. A
muciniphila)




Akkermansia muciniphila (Akk)

Bacteria

Verrucomicrobia g

Verrucomicrobiae Derrien et al. IJSEM 2004
N 3, 3
Verrucomicrobiales C 2 - .
£ w 150{2 2
L 8§ 2 E
Verrucomicrobiaceae > T 810
a S
E 1 E)
Akkermansia 5 %3 g %0
: o g o
- " — A w b o
Akkermansia muciniphila QSQ&\;‘* O
AV & AR
(O

Health implications

* Mouse studies: maintenance of glucose
homeostasis. Everard et al. PNAS 2013

* Links with Metformin. shin et al. Gut 2013

* |Inverse association between Akk and iR
humans (more clear in mice).

HF HF-Akk
Everard et al. PNAS, 2013



AIM: Study the association between A. muciniphila abundance, metabolic
status, and microbial richness

Akk abundance distribution

AKkk LO Akk HI

0.20
|

0.15
|

Density

TO
49 overweight
and obese adults

0.05
|

0.00
|
|

Dao et al. Gut 2015



Higher baseline A. muciniphila is associated with a healthier
metabolic status

*p<0.05, **p<0.01 “Cytoscape  pao et al. Gut 2015



1100

(pl)

P
-
o
o
o

Adipocyte volume
>
o

Methodology:

Subjects with higher A. muciniphila have smaller adipocytes

Fat mass vs. Akk .
1r=0.1
| (p= 0.5)

Residual plot l

10 2 50

0 30 40
Body fat mass (kg)

60

B AKk LO
B Akk HI

(40.7 * Kg Fat Mass)

Theoretical Adipocyte volume (pl) =

(1 + (0.025* Kg Fat Mass)

Hirsch et al. Lipid Res, 1968

Spalding et al.

Nature, 2008

Dao et al. Gut 2015



“ Subjects with higher A. muciniphila abundance and
| gene richness have healthier metabolic profile

. Akk LO, LGC (N =9)
. Akk HI, LGC (N = 9)
I Akk LO, HGC (N = 11)
B Akk HI, HGC (N = 16)

Dao et al. Gut 2015

*p<0.05, **p<0.01; Kruskal-Wallis, Wilcoxon rank sum test, Bonferroni adjustment



Calorle nght
restriction stabilization

GU154 Akkermansia muciniphila

GU:111 NA

GU:314 NA

GU:21 Bacteroides caccae

GU:1 Subdoligranulum sp. 4_3_54A2FAA
GU200 Alistipes senegalensis

GU:331 NA

GU:30 Lachnospiraceae bacterium 3_1_57FAA_CT1
GU419 Clostridiales

GU:398 Encrma massiliensis

GU:12 Eubacterium hallii

GU296 NA

GU176 Clostridiales

GU:186 Methanobrevibacter smithii
GU428 NA

GU:243 unclassified Ruminococcaceae
GU:493 NA

GU:436 Clostridia

GU:37 uncultured Ruminococcus sp.
GU:49 Clostridiales

GU:131 Coprococcus sp. ARTS5/1
GU:409 Parabactercides

GU:230 Lachnospiraceae

GU:203 Bacteroides finegoldii

GU:287 Phascolarctobacterium succinatutens
GU:40 Bacteroides thetaiotaomicron
GU:489 Clostridiales

13 Firmicutes, 5 Bacteroidetes, 1 Actinobacteria and 1 Euryarchaeota

"

increasing baseline Akk gPCR

# 6.4e-06
7.6e-05

#

* 000026

(ER LT

0.0023

* 0.0035

* 0.0036

0.004

* 0.0045

0.0061
0.0061

0.0061

* 0.0083

* 00002

L

‘0012
*0.015
C0.024

0.082
0.33
0.33
0.0039
0.0089
0.0094

© 0013

0019
0.16
0.32

increasing baseline Akk QPCR

* 0.00043
©o.018

* 0.0038
“0.025

0.18
0.2

0.12
0.38

0011
" 0.045

0.56
0.094

*0.028

0.086

t0.011

0.21

o012

oot
0.4
0.08

©0.039
* 00042

0.44

* 0.0091
* 0.0056
©0.04

0.59

Dao et al. Gut 2015

"
i

Akk HI

T
g

i
#*

#*

Fy

#*

#*

#

Increasing baseline Akk gPCR

A core of MGS assoclated with Akk
over time in MicroObes

w12

* 0.00091

0.0011

" 0.014

0.14
0.13

F0.0017

o0&z
0.1

* 0.001

Wl

0.0061
019

©0.021

0.14

n o
[

0.003
0.003
0.0056

0.052

0.006
0.0067
0.063

© 0018

0.87
0.092
0.0061

* 0.0064
* 0.0089



‘ICAN Microbiota, obesity and cardiometabolic diseases

TOGETHER
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Gut microbiota
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Microbial richness

Specific species (i.e. A. _
muciniphila) Bacterial components

Cell wall, LPS




‘ICAN Microbiota, obesity and cardiometabolic diseases

TOGETHER

N/ EMOo N7 _
Gut Flora NH  ——— N —> Atherosclerosis

| >OH
\/O” / TMA TMAO

Carnitine

Chollne

Gut microbiota
Composition
Microbial richness

Specific species (i.e. A. _
muciniphila) Bacterial components

Cell wall, LPS




Gut Microbiota, TMAO & CVD risks

Fat-
enriched
diet

Z Intestinal permeability
and translocation

Fish and

——shelifish = >

Dietary
phosphatidylcholine

Inflammatory mediators

P

a Metabolic disease and CVD risk
Chronic low grade inflammation
Insulin resistance
Adipose tissue abnormalities

Betaine

Trimethylamine-N-oxide

/’- A=

Stroke Death
Heart attack

/

Adapted from R. Burcelin et al Seminars in Immunology 2012 et Wilson Tang et al, NEJM
2013 Cani P.D. et al. Diabetes 2007, Cani P.D. et al. Diabetologia 2007, Tsukumo et al. '
Diabetes 2007, Cani P.D. et al. Diabetes 2008, Kim et al. Circ. Res. 2007

‘ICAN

TOGETHER



EIOCAN TMAO: a link bewteen diet (choline), microbiota and CVD

TOGETHER

~

r

4007 patients
undergoing
elective coronary
angiography

3yr follow up

Myocardial Infarction, Stroke,
or Death (%)

Table 1. Baseline Characteristics of the Participants in the Clinical-Outcomes Study, According to Status with Respect to Major Adverse

Cardiovascular Events at 3 Years.*

25+

20+

15+

10+

Characteristic

Age —yr

Male sex — %

Medizn TMAD (interquartile range) —

Farticipants Participants
All Participants without Events with Events
[N=4007) (N=3494) (N=513) P Valuef
B3=11 B2+11 BE+10 <0001
o4 65 62 0.16
3.7 (24-6.2) 1.5 (2.4-5.9) 5.0 (3.0-8.8) <0.001

Older, higher glycemia, % T2DA % AHT A, Ml history

2.5-fold increase in risk

P<0.001 by log-rank test

Years

TMAO

Quartile 4

Quartile 3

Quartile 2
Quartile 1

A basal TMAO remains an
independent factor of CV events after
adjusting for traditional risk factors.

Tang et al. NEJM 2013



EIO AN TMAO: prognostic value for patients with Heart Failure

TOGETHER

e

TABLE 1 Baseline Characteristics of Heart Failure Cohort (n = 720)
Overall TMAO <5 uM TMADO =5 uM p Value
Age, yrs 66 + 10 64 + 1 68 + 10 <0.001
Male 59 59 59 1.000
Diabetes mellitus 41 31 51 =<0.001
720 patients with Hypertension 78 76 79 0.316
stable HF Ischemic etiology &4 63 65 0.673
LV ejection fraction 35 35 40 0.567
5yr fO"OW up (25-50) (25-51) (25-50)
Body mass index, kg/m? 28.4 287 281 0.298
e 122 1% IR 322 2 A Q_27 ay
20— p < 0.0001 1.0
| |
- TMAO ENP
£ 09 -
15— &£ Low Low
s
=
— =
%_ = 0.8 —
= —_ & Low High
< 10— E High Low
= L
£ 07—
(=]
=
L7
5 £
0.6 —
High High
0] - - 03 | | | | |
Mo CHF CHF

Years

Tang et al. ) American College of Cardiology 2014



ICAN Emerging data for CKD patients

* CKD patients: incr. TMAQ (Tang WHW et al, J Card Fail, 2015)
 Hemodyalisis (1 session): Dec. TMAO (Bain MA, 2006)
* Kidney transplantation: Dec. TMAQ (stubbs JR, JASN. 2015)

* High TMAO: Predictor of all cause mortality (onopiuk A 2015)

or long-term cardiac death or coronary atherosclerosis
(Stubbs JR, JASN. 2015)

» No information on CKD stage of progression
» No information on food intake consumption
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TOGETHER

TMAOQO and Chronic Kidney Disease (2)

6 weeks

v

>

Chow (choline 0,08%)

Chow + Choline (1%)

% Chow + TMAO (0,12%)

A 1507
s
g D&1UU'
g g 50 .
[a W -
U.*

Chow TMAQ Choline
(0.12%) (1.0%)

Mason trlchrome hlstology

TMAO (0.12%)

L 4
Chow
C 40 4.0+ 0
Eﬁ L
©30 3.0 0
E-E e 0 9
=20 - 20{ 0O
i
& 0
3 19 1019 © O oo
0.0 T T T 0.0 T r -
Chow TMAQO Choline 0 50 100 150
(0.12%) (1.0%) TMAO (uM)

PSMAD3 / Total Ratio &

L

Choline (1.0%)

pSMADI

-——r—q

p
o

—
o

ot
o

ik

k2 g

Chow TMAO Choline
(0.12%) (1.0%)

Tang et al. 2015

2.51
0
200 0o o
®
1 o
151 @
109 r2=0.64
p<0.01
0.5 +———————
0 50 100 150 200
TMAO (uM)



éi’c:;tlhl Many other Metabolites +++ uremic

TOGETHER

Microbiota
Undigested food —_ W | Two candidates
material A ( ¥ S TrgtTeessssfeyens
>~ S
Mucous N .;',
Metformin ««« o d.gradlng - |ndOXV| SU |fate
bacteria \
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Summary : shared pathway?

——— High-fat Diet Dietary intake of
\\\}:3 phosphatidylcholine
Heart and _ e e

vessels

7 Atherosclerosis
7 All cause mortality

Dietary intake
of L-Carnitine

Metabolism

7 Endotoxemia
7 Intestinal permeability
& 7 Insulin resistance

7 Renal impairement 7 Steatosis

7 Renal lesions _Z‘Adlpose.tlssue OBESITY
7 All cause mortality inflammation

7 MACE -

Gut microbiota

Aron-Wisnewsky J and Clément K, Nature Nephr. In press )
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General conclusions

L)

*

L)

D)

Direct link shown between diet, microbiota and
CVD, especially in animal models.

Although mechanisms remain to be explored, '-:,":---GGT-T-":"
different factors of gut microbiota (composition Migr_.g;pi'_qta
and richness, bacterial function and structural AR
components) are linked with the health of the host.

Gut microbiota is modifiable, and this can serve as
target for improvement of disease.

THERAPY ? (PRE, PRO BIOTICS, TRANSFER..)

Faecalibacterium prausnitzii Ruminococcus Clostridium difficile Bactéries ancrées Bacteroides dorei ESchericniacol
Photos INRA spp en caecum souris dans une Plaque de

Peyer,

Intestin de souris
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