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G�en�etique
et �epig�en�etique
dans la non-
alcoholic fatty liver
disease

R�esum�e

La non-alcoholic fatty liver disease (NAFLD), qui regroupe
la st�eatose et la st�eatoh�epatite (non-alcoholic steatohe-
patitis – NASH), est un probl�eme de sant�e publique de par
sa fr�equence et les complications potentielles (fibrose,
cirrhose, carcinome h�epatocellulaire). �A l’heure actuelle,
la surveillance des patients ayant une st�eatose ou une
NASH n’est pas parfaitement codifi�ee et les traitements
actuels ne sont pas tr�es efficaces. La recherche sur
la g�en�etique et l’�epig�en�etique de la NAFLD est en
plein essor. La g�en�etique �etudie les modifications
dans la s�equence nucl�eotidique des g�enes, tandis que
l’�epig�en�etique explique les d�er�egulations de l’expression
d’un g�ene en l’absence d’alt�eration dans sa s�equence
nucl�eotidique.
PNPLA3, TM6SF2 et MBOAT7 sont les 3 principaux g�enes
pour lesquels un single nucleotide polymorphism est
associ�e �a la st�eatose, la NASH et la fibrose h�epatique
ind�ependamment de l’insulino-r�esistance et du syndrome
m�etabolique.
Parmi les m�ecanismes �epig�en�etiques, certains micro-ARN
(miR), petits ARN non codants, qui r�egulent l’expression
de certains g�enes en s’hybridant aux ARN messagers sont
modifi�es dans la NAFLD. Par exemple, le miR 122 a une
expression h�epatique diminu�ee avec la NAFLD alors que
son taux circulant augmente. Le miR 34a, quant �a lui, a
une expression h�epatique augment�ee avec la NAFLD.
La m�ethylation de certains g�enes sp�ecifiques est aussi
modifi�ee dans la NAFLD entraı̂nant des modifications de
l’expression de ceux-ci. C’est notamment le cas de PPARg,
g�ene cl�e du m�etabolisme lipidique.
Il est probable que, dans le futur, de nombreux facteurs
g�en�etiques et �epig�en�etiques puissent être �evalu�es pour
chaque individu, �a partir d’une simple prise de sang,
permettant une surveillance �a la carte et un traitement
personnalis�e dans la NAFLD, comme dans d’autres
maladies.
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Introduction

La non alcoholic fatty liver disease (NAFLD) est
�etroitement associ�ee au syndrome m�etabolique et �a
l’ob�esit�e. Du fait de l’augmentation de la pand�emie
d’ob�esit�e, la NAFLD est devenue, ces derni�eres ann�ees, la
premi�ere cause de maladie h�epatique dans les pays
d�evelopp�es et la deuxi�eme cause de transplantation
h�epatique aux �Etats-Unis. Cependant, tous les patients
ob�eses et/ou avec un syndrome m�etabolique ne
vont pas d�evelopper une NAFLD [1]. La NAFLD, et
donc les diff�erentes entit�es qu’elle regroupe (st�eatose,
non-alcoholic steatohepatitis (NASH), fibrose, cirrhose �

carcinome h�epatocellulaire), est une maladie complexe :
elle poss�ede un d�eterminisme g�en�etique mais dont la
transmission ne correspond �a aucun des modes

mend�eliens classiques de transmission, ni �a un mode de
transmission mitochondriale. Le d�eterminisme g�en�etique
est polyg�enique mais n’est pas suffisant pour expliquer
totalement la survenue de la maladie. Le poids des g�enes
expliquerait 30 �a 50 % du ph�enotype de la NAFLD. Cela a
�et�e mis en �evidence car des agr�egations familiales, des
diff�erences de susceptibilit�e selon l’ethnie, et des
polymorphismes g�en�etiques ont �et�e d�ecouverts [2]. La
prise en charge actuelle des patients avec une NAFLD
pr�esente des d�efis. La surveillance des patients sans
cirrhose n’est pas codifi�ee alors que le risque de carcinome
h�epatocellulaire existe et l’arsenal th�erapeutique m�edi-
camenteux est plutôt mince. Les mesures hygi�eno-
di�et�etiques, avec pour objectif une stabilisation puis
une perte de poids de 5-10 %, sont la pierre angulaire
de la prise en charge [3]. Lorsque celles-ci sont bien

n Mots cl�es : NAFLD, foie gras, st�eatose, NASH, PNPLA3, TM6SF2,
MBOAT7, micro-ARN

Abstract

Non-Alcoholic Fatty Liver Disease (NAFLD) is a spectrum of
liver diseases that encompass steatosis, Non-Alcoholic
Steatohepatitis (NASH) and fibrosis. It is a major public
health problem due to its frequency and potential
complications (cirrhosis, hepatocellular carcinoma). At
present, themonitoring of patients with steatosis or NASH
is not fully coded and current treatments are not very
effective. Research into the genetics and epigenetics of
NAFLD is booming. While genetics studies modifications
into the nucleotide sequence of genes, epigenetics studies
modifications in the function of a gene that cannot be
explained by alterations to the gene sequence. PNPLA3,
TM6SF2 and MBOAT7-TMC4 are the 3 main genes for
which single nucleotide polymorphisms are associated
with steatosis, NASH and hepatic fibrosis, independently
of insulin resistance and metabolic syndrome. MicroRNAs
(miR), small non-coding RNAs inhibit messenger RNAs and
thus regulate gene expression. The expression of some
miRs in the liver is modified in NAFLD: miR 122 is
decreased and miR 34a is increased. Some miRs are also
found in the circulation: for example, miR 122 is increased
in the case of NAFLD. Finally, the methylation of target
genes is modified in NAFLD resulting in changes in their
expression. This is particularly the case for PPAR, a key
gene for lipid metabolism. In future, it is likely that
substantial genetic and epigenetic data can be obtained
for each individual from a simple blood sample allowing
personalized monitoring and treatment for NAFLD, as for
other diseases.

n Keywords:NAFLD, fatty liver, steatosis, NASH, PNPLA3, TM6SF2,
MBOAT7, microRNAs
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respect�ees, elles sont tr�es efficaces mais seule une
minorit�e de patients r�eussit cette modification du mode
de vie [4]. De nombreuses �equipes de recherche travaillent
sur la physiopathologie de la NAFLD afin de d�ecouvrir
des nouvelles voies th�erapeutiques et des facteurs
de progression de la maladie, pour identifier les patients
n�ecessitant un suivi rapproch�e.
Nous d�etaillerons dans une premi�ere partie, l’�etat des
connaissances actuelles sur l’impact de la g�en�etique dans
la NAFLD. Dans une deuxi�eme partie, nous ferons une
mise au point sur les modifications �epig�en�etiques dans la
NAFLD et leurs potentiels impacts sur la prise en charge
future des patients.

G�en�etique et NAFLD

La g�en�etique �etudie l’h�er�edit�e et les g�enes. Un g�ene est
form�e par un nombre variable de nucl�eotides. Les
nucl�eotides contenus dans les introns ne sont pas
transcrits en ARN messager et servent �a r�eguler les g�enes.
Les nucl�eotides des exons sont transcrits en brin d’ARN
messager. Ces ARN messagers vont, dans le cytoplasme,
être traduits en prot�eines. A chaque triplet de nucl�eotides
correspond un acide amin�e propre. Les polymorphismes, �a
la base de la diversit�e des individus, sont de plusieurs
types : les single nucleotide polymorphisms (SNP), les copy
number variations (CNV) et les polymorphismes de
r�ep�etition (tableau 1). Les SNP sont r�epartis dans tout le
g�enome et sont tr�es nombreux (107 par g�enome humain).
Un SNP situ�e dans un exon entraı̂nera la modification de
l’un des nucl�eotides du triplet qui pourra entraı̂ner la
traduction d’un autre acide amin�e ou g�en�erer un codon
stop et donc donner une prot�eine tronqu�ee. Un SNP situ�e
dans un intron pourra entraı̂ner une modification de la
conformation de l’ADN, et participer �a l’augmentation ou
�a la r�epression du g�ene.

�A noter qu’il existe plusieurs populations dites « ances-
trales » (europ�eenne, africaine, hispanique, asiatique. . .)
pour lesquelles la r�epartition de ces polymorphismes est
diff�erente.
Les techniques d’identification des SNP ont pour principe
d’�etudier l’association entre un all�ele donn�e d’un SNP et le
ph�enotype « malade » ou « non malade ». Deux appro-
ches diff�erentes existent. La premi�ere est la technique
du « g�ene-candidat ». Elle repose sur des hypoth�eses a
priori, en �etudiant un g�ene connu potentiellement
impliqu�e dans le processus physiopathologique �etudi�e.
Le principal inconv�enient de cette technique est le nombre
limit�e de g�enes �etudi�es. La deuxi�eme technique est celle
de l’analyse du « g�enome entier » (GWAS pour Genome
Wide Association Study). Elle �etudie l’ensemble des g�enes
du g�enome sans a priori, soit par puce �a ADN soit par
s�equençage. C’est l’�etude de choix pour �etudier un grand
nombre de SNP sur beaucoup de g�enes �a la fois. Les
risques de cette technique sont de mettre en �evidence des
faux positifs. Dans les essais cliniques standard, le risque
d’erreur commun�ement admis est de 5 % (risque a).
Dans les �etudes GWAS, le nombre de g�enes �etudi�es
est trop important pour tol�erer cette marge d’erreur.
Le seuil de significativit�e varie selon le nombre de
g�enes �etudi�es (p = 1/nombre de g�enes �etudi�es) : c’est
la correction de Bonferoni. De plus, les r�esultats
doivent être syst�ematiquement valid�es sur une cohorte
ind�ependante.

‘‘
La d�etermination de single nucleotide
polymorphisms d’int�erêt se fait par

des analyses du g�enome entier (GWAS)

’’La d�ecouverte de nouveaux SNP a-t-elle un int�erêt en
pratique clinique ? Il est possible que dans le futur, chaque
individu puisse b�en�eficier d’un s�equençage complet

Tableau 1. D�efinitions de termes de g�en�etique.

Terme D�efinition

Mutation Variation de la s�equence d’ADN d’un all�ele d’un g�ene. Le terme de mutation ne
pr�esage pas de l’effet b�en�efice ou d�el�et�ere. Une mutation peut se situer en r�egion
codante ou non codante, sa longueur est variable.

Polymorphisme Mutation non pathog�ene pr�esente dans plus de 1 % de la population.

Single nucleotide polymorphism (SNP) Polymorphisme de substitution au niveau d’un seul nucl�eotide. Il s’agit du remplace-
ment d’un nucl�eotide par un autre. Les SNP sont tr�es nombreux (> 107 chez
l’Homme) et r�epartis sur tout le g�enome.

Copy number variations (CNV) Polymorphisme consistant en une variation du nombre d’exemplaires contigus de
grands segments g�enomiques.

Polymorphisme de r�ep�etition Polymorphisme consistant en des s�equences r�ep�et�ees en tandem de nombreuses
fois, �a partir de motifs de longueur variable.
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de son g�enome. Les polymorphismes protecteurs ou
aggravant seront connus et le patient pourrait avoir une
prise en charge adapt�ee et acc�eder �a une surveillance et
un traitement �a la carte. �A l’heure actuelle, cela est au
stade de recherche. Cette approche soul�eve des questions
�ethiques et m�edicales qui nourrissent de longs d�ebats.
La premi�ere �etude GWAS dans la NAFLD a �et�e publi�ee en
2008 par Romeo S et al. [5]. Les patients, d’origine
africaine, hispanique ou europ�eenne pr�esentaient
une NAFLD diagnostiqu�ee par spectro-IRM. La modifica-
tion d’une cytosine par une guanine, entraı̂nant en
position 148 le changement d’une isoleucine en methio-
nine (I148M) sur le g�ene de PNPLA3 (Patatine like
phospholipase domain-containing 3) rs 738409, �etait
associ�ee de mani�ere tr�es significative avec la st�eatose
(p = 5,9 � 10-10). Ce polymorphisme �etait plus fr�equent
dans la population ancestrale hispanique (fr�equence de
l’all�ele mineur (MAF) 0,49) que chez les Europ�eens (MAF
0,23) et les Africains am�ericains (MAF 0,17). Une m�eta-
analyse en 2011 a montr�e que ce SNP �etait associ�e �a la
st�eatoh�epatite avec un OR �a 3,48 et �a la fibrose avec un
OR �a 3,2 [6]. Cette m�eta-analyse avait inclus 2 124 sujets
qui avaient eu une biopsie h�epatique. De plus, ce SNP �etait
associ�e �a un risque de carcinome h�epatocellulaire chez les
patients avec une NAFLD prouv�ee histologiquement
comme chez les patients avec une maladie alcoolique
du foie [7]. De mani�ere assez surprenante, ce SNP n’est
associ�e ni �a l’insulino-r�esistance, ni au diab�ete. Au niveau
physiopathologique, PNPLA3, �egalement appel�ee adipo-
nutrine, est une prot�eine de 481 acides amin�es. Son g�ene
est situ�e sur le chromosome 21. Dans le foie, cette
prot�eine transmembranaire est pr�esente au niveau de
la gouttelette lipidique et au niveau du r�eticulum
endoplasmique dans les h�epatocytes. Elle a pour rôle
d’hydrolyser les triglyc�erides. Dans le cas du SNP I148M, le
changement de l’acide amin�e se fait �a proximit�e du site
catalytique de la prot�eine. Cela entraı̂ne un changement
de conformation et une diminution de l’acc�es au site

catalytique pour le substrat. La prot�eine mut�ee a des
capacit�es diminu�ees pour hydrolyser les triglyc�erides, ce
qui va conduire �a une augmentation de la taille des
gouttelettes lipidiques et la majoration de la st�eatose
(tableau 2) [2].
En 2014, un nouveau SNP important a �et�e d�ecouvert dans
la NAFLD. Il s’agit de TM6SF2 (transmembrane 6
superfamily 2) rs 58542926. Ce polymorphisme est
caract�eris�e par le changement d’un acide amin�e gluta-
mine (E) par une lysine (K) en position 167. Ce
polymorphisme est plus fr�equent dans la population
ancestrale europ�eenne (7,2 %) que chez les Africains
am�ericains (3,4 %) et les Hispaniques (4,7 %). Kozlitina
et al. ont �et�e les premiers �a d�ecrire ce SNP comme associ�e
�a la st�eatose dans une cohorte de patients dont la NAFLD
�etait diagnostiqu�ee par spectro-IRM [8]. Ces donn�ees ont
�et�e valid�ees sur une cohorte de 1 074 patients europ�eens
ayant eu une biopsie h�epatique [9]. TM6SF2 �etait associ�e
au degr�e de st�eatose (b = 0,192 � 0,056) [IC 95 %
(0,082-0,301)] ainsi qu’�a la fibrose. D’autres �equipes ont
valid�e son association avec la fibrose et ont aussi mis en
�evidence son association avec la st�eatoh�epatite dans une
cohorte de 1 200 patients avec une NAFLD prouv�ee
histologiquement [10]. Au niveau physiopathologique,
TM6SF2 est responsable d’un effet paradoxal, la pr�esence
du polymorphisme TT favoriserait l’accumulation de
lipides intra-h�epatiques mais prot�egerait les vaisseaux
art�eriels de l’ath�eroscl�erose. Au contraire le polymor-
phisme CC largement majoritaire prot�egerait de la
st�eatose en favorisant l’export des VLDL mais augmente-
rait le risque de d�evelopper des maladies cardiovasculai-
res. Cet effet a �et�e confirm�e dans diff�erentes �etudes
GWAS men�ees dans des populations de patients �a risque
cardio-vasculaire [2, 11]. Comme dans le cas du poly-
morphisme de PNPLA3, le SNP de TM6SF2 n’est associ�e ni
�a l’insulino-r�esistance, ni au diab�ete. Le polymorphisme TT
de TM6SF2 serait associ�e �a un risque de carcinome
h�epatocellulaire chez les patients ayant une maladie

Tableau 2. R�ecapitulatif du rôle des principaux single nucleotide polymorphisms identifi�es dans la NAFLD.

St�eatose NASH Fibrose Carcinome h�epatocellulaire M�ecanisme physiopathologique R�ef.

PNPLA3
Rs 738409

Oui Oui Oui Oui Hydrolyse les TG dans les
h�epatocytes

[5-7]

TM6SF2
Rs 58542926

Oui Oui Oui Possible mais incertain Export des VLDL dans la circulation
sanguine

[8, 9, 24]

MBOAT7
Rs 641738

Oui Oui Oui Non �evalu�e Remodelage de la chaı̂ne des acyl
phospholipides

[13, 14]

NAFLD = non-alcoholic fatty liver disease ; NASH = non-alcoholic steatohepatitis ; PNPLA3 = patatine like phospholipase domain-containing 3 ;

TM6SF2 = transmembrane 6 superfamily 2 ; MBOAT7 = membrane bound 0-acyltransferase domain containing 7 ; TG = triglyc�erides ; VLDL =

very low density lipoprotein.
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alcoolique du foie. Son effet potentiel pro-carcinomateux
au cours de la NAFLD n�ecessite d’être confirm�e [11].
R�ecemment un troisi�eme SNP sur le g�ene MBOAT7-TMC4
(membrane bound 0-acyltransferase domain containing
7-transmembrane channel-like 4) rs641738 a �et�e identifi�e
tout d’abord dans les maladies alcooliques puis dans la
NAFLD [12]. Le SNP de MBOAT7-TMC4 est caract�eris�e par
le changement d’un nucl�eotide C en T. Le polymorphisme
TT est associ�e �a un risque accru de st�eatose, de NASH et de
fibrose dans 2 �etudes ind�ependantes dont la NAFLD �etait
confirm�ee par biopsie h�epatique ou spectro-IRM [13, 14].
Comme les 2 SNP pr�ec�edents, MBOAT7 n’est pas associ�e
�a l’insulino-r�esistance. Au niveau physiopathologique,
MBOAT7-TMC4 code pour une enzyme, la lysophospha-
tidyl-inositol acyl-transferase 1, qui est impliqu�ee dans le
transfert d’un groupement acyl sur des phospholipides. En
cas d’all�ele T d�efavorable, cette enzyme serait pr�esente �a
des taux plus faibles et entraı̂nerait une modification de la
composition en phospholipides de l’h�epatocyte respon-
sable de la st�eatose. De plus, il y aurait une augmentation
des acides gras libres polyinsatur�es et de leurs m�etabolites
inflammatoires favorisant la NASH [13].
PNPLA 3, TM6SF2 et beaucoup plus r�ecemment
MBOAT7-TMC4 constituent donc les SNP les mieux
caract�eris�es �a ce jour, avec une association aux diff�erents
stades de la NAFLD (st�eatose, NASH et fibrose) et cela
ind�ependamment de l’insulino-r�esistance ou du syndrome
m�etabolique (tableau 2) [15]. Bien que d’autres SNP aient
�et�e publi�es par des �equipes isol�ees, ils n’ont g�en�eralement
pas �et�e valid�es sur des cohortes ind�ependantes (tableau 3
et figure 1) [11].

‘‘
Les single nucleotide polymorphisms
des g�enes PNPLA 3, TM6SF2 et MBOAT7

sont les mieux caract�eris�es dans la non-alcoholic
fatty liver disease

’’
�Epig�en�etique et NAFLD

L’�epig�en�etique est l’�etude des modifications dans
l’expression d’un g�ene qui ne peuvent pas être expliqu�ees
par des alt�erations de la s�equence nucl�eotidique. Dans le
noyau cellulaire, l’ADN s’enroule en pelotes autour des
histones pour former la chromatine. Celle-ci peut être plus
ou moins compact�ee permettant l’acc�es ou non de la
machinerie transcriptionnelle. L’ADN peu condens�e va
être transcrit en ARN messager (ARNm) qui, dans le
cytoplasme, sera traduit en prot�eine. Certains ARNm ne
vont pas être traduits en prot�eines mais vont r�eguler des
processus intracellulaires, ce sont les ARN non codants.
Les principaux m�ecanismes �epig�en�etiques impliquent une

modification de la compaction de l’ADN (m�ethylation de
l’ADN, m�ethylation, ac�etylation et modification des
histones) ou une r�epression de la transcription (micro-
ARN) (tableaux 4 et 5). L’�epig�en�etique constitue une voie
future tant dans le domaine du diagnostic des maladies
que dans celui de la th�erapeutique.
L’am�elioration des connaissances physiopathologiques
dans la NAFLD a permis un essor de l’�epig�en�etique dans ce
domaine [16, 17]. Cependant les connaissances sont
encore au stade de recherche et ne sont pas valid�ees pour
la pratique clinique. Nous donnerons ci-apr�es succincte-
ment les avanc�ees chez l’homme qui pourraient modifier
notre pratique dans les ann�ees �a venir.
La m�ethylation de l’ADN consiste en l’ajout d’un groupe
m�ethyl sur un groupement cytosine-guanine. Cela forme
un complexe dit « site CpG ». Ces sites sont principale-
ment situ�es au niveau des promoteurs de g�enes. La
m�ethylation induit en g�en�eral une r�epression g�enique. En
2013, Murphy et al. ont montr�e pour la premi�ere fois, �a
partir de biopsies h�epatiques de patients, que le degr�e de
m�ethylation de certains g�enes au niveau h�epatique �etait
corr�el�e �a la fibrose h�epatique [18]. Plus r�ecemment, le
degr�e de m�ethylation h�epatique d’un seul g�ene, per-
oxisome proliferator-activated receptor gamma (PPARg),
un r�ecepteur nucl�eaire impliqu�e dans la r�egulation du

Tableau 3. Rôle des potentiels SNP identifi�es dans
la NAFLD.

Les SNP soulign�es sont ceux qui sont associ�es de
mani�ere certaine �a la NAFLD [11].

Fonction des g�enes
identifi�es

G�enes dont un polymorphisme
a �et�e associ�e �a la NAFLD

M�etabolisme des lipides PNPLA3, TM6SF2, MBOAT7,
PEMT, FADS1, NR1I2

M�etabolisme glucidique ENPP1, IRS1, GCKR, SLC2A1

Modulation du stress
oxydatif

SOD2, UCP2

R�eponse immune TNF, IL6

Autres KLF6, CDKN1A

NAFLD = non-alcoholic fatty liver disease ; PNPLA3 = patatine like

phospholipase domain-containing 3 ; TM6SF2 = transmembrane 6

superfamily 2 ; MBOAT7 = membrane bound 0-acyltransferase

domain containing 7 ; PEMT = phosphatidylethanolamine-N-

methyltransferase ; FADS1 = fatty acid desaturase 1 ; NR1I2 =

nuclear receptor subfamily 1 group I member 2 ; ENPP1 = ecto

nucleotide pyrophosphate phosphodiesterase 1 ; IRS1 = insulin-

receptor substrate 1 ; GCKR = glucokinase regulatory protein ;

SLC2A1 = solute carrier family 2 member 1 ; SOD2 = superoxide

dismutase 2 ; UCP2 = uncoupling protein 2 ; TNF = tumor necrosis

factor ; IL6 = interleukin 6 ; KLF6 = kruppel-like factor 6 ; CDKN1A

= cyclin-dependent kinase inhibitor 1A.
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m�etabolisme des lipides, �evalu�e sur les biopsies
h�epatiques de patients avec diff�erents stades de NAFLD,
a permis de stratifier la fibrose. La même �equipe a
�egalement montr�e que l’�etude plasmatique du degr�e de
m�ethylation de PPARg �etait associ�ee �a la fibrose h�epatique
[16]. Le degr�e de m�ethylation de certains g�enes trouv�es
dans le sang pourrait donc �evaluer de mani�ere fiable et
non invasive la fibrose h�epatique.

‘‘
Le degr�e de m�ethylation de certains
g�enes au niveau h�epatique est corr�el�e

�a la fibrose

’’
Parmi les nombreux m�ecanismes �epig�en�etiques, les micro-
ARN (miR) sont en plein essort. Ce sont de petits ARN non
codants d’environ 22 nucl�eotides qui vont se fixer �a unARN

Tableau 4. D�efinitions de termes d’�epig�en�etique.

Terme D�efinition

Chromatine Complexe form�e par l’ADN et les histones. La chromatine comprend diff�erents niveaux de compaction

M�ethylation de l’ADN Groupement m�ethyl li�e par covalence �a une cytosine. Fr�equemment associ�e �a une extinction du g�ene

Histones Prot�eine de structure autour de laquelle l’ADN est enroul�e et qui permet la compaction de l’ADN

Micro-ARN (miR) Petits ARN non codant (environ 22 nucl�eotides) qui r�egulent les processus cellulaires en contrôlant la
transcription et la traduction des ARN messagers

ARN non codants La majorit�e du g�enome est transcrit en ARN non codant, qui sont impliqu�es dans beaucoup de processus
cellulaires

Nucl�eosome Unit�e structurale de la chromatine permettant la compaction. Un nucl�eosome comprend 147 paires de
bases organis�ees en double brin autour de 8 histones

FOIE
NORMAL

PNPLA3

MBOAT7

TM6SF2

PEMT

GCKR

FADS1

SOD2

KLF6

CDKN1A

STÉATOSE NASH CIRRHOSE CHC 

Figure 1. Les principaux SNP associ�es aux diff�erents stades de la NAFLD. NAFLD = non-alcoholic fatty liver disease ; NASH = non-alcoholic
steatohepatitis ; CHC = carcinome h�epatocellulaire ; PNPLA3 = patatine like phospholipase domain-containing 3 ; MBOAT7 =membrane bound
0-acyltransferase domain containing 7 ; TM6SF2 = transmembrane 6 superfamily 2 ; PEMT = phosphatidylethanolamine-N-methyltransferase ;
GCKR = glucokinase regulatory protein ; FADS1 = fatty acid desaturase 1 ; SOD2 = superoxide dismutase 2 ; KLF6 = kruppel-like factor 6 ;
CDKN1A = cyclin-dependent kinase inhibitor 1A.
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messager et entraı̂ner une inhibition de sa traduction.
Ces m�ecanismes sont complexes car un miR peut
moduler plusieurs ARNm et un ARNm peut être r�egul�e
par diff�erents miR. Les miR sont situ�es au sein des tissus
ou dans le plasma. Une des premi�eres observations
des miR dans le domaine de la NAFLD a montr�e que
parmi 474 miR intrah�epatiques, 46 �etaient exprim�es
diff�eremment chez les sujets pr�esentant une NASH par
rapport �a des sujets sains. Parmi ces miR, le miR-122, le
miR le plus abondant dans le foie (70 % de l’expression
des miR), �etait significativement diminu�e [19, 20].
Le miR-34a h�epatique, impliqu�e dans le m�etabolisme
lipidique, est corr�el�e positivement avec la s�ev�erit�e de la
NASH. Le mir-34a a pour cible la Sirtuin 1 (SIRT 1) qui a
un rôle cl�e dans l’hom�eostasie �energ�etique. Un blocage
de ce miR dans le foie serait une cible th�erapeutique
potentielle dans le traitement de la NAFLD comme l’est
le miR-122 dans l’�eradication du virus de l’h�epatite C.
Mais les miR sont aussi d�etectables dans les fluides
(sang ou salive) ; par exemple, le miR-34a s�erique est
corr�el�e �a la st�eatose et �a la NASH [21]. Le miR-122
s�erique est augment�e en cas de NASH et se normalise

lors de l’am�elioration des l�esions histologiques dans une
�etude de 36 patients japonais avec NAFLD qui ont
b�en�efici�e de 2 biopsies pour un suivi m�edian de 4,6 ans
[22]. Cette approche permettrait un diagnostic
non invasif de maladies h�epatiques mais il existe des
controverses notamment car les miR ne sont pas
sp�ecifiques d’organes [23]. Leur usage associ�e �a
d’autres marqueurs clinico-biologiques pourrait être
int�eressant. La liste des principaux miR h�epatiques
impliqu�es dans les diff�erents stades de NAFLD est
d�etaill�e dans la figure 2.

‘‘
Le miR-122 est diminu�e au niveau
h�epatique dans la non-alcoholic fatty liver

disease

’’
Conclusion

La g�en�etique et l’�epig�en�etique sont des domaines de
connaissance tr�es prometteurs dans la NAFLD. L’�etude
g�en�etique avec la d�ecouverte de certains SNP (PNPLA3,
TM6SF2 et MBOAT7-TMC4) a notamment pour objectif
de chercher des facteurs de progression de la fibrose pour
identifier les patients n�ecessitant un suivi rapproch�e. Il est
possible que dans le futur chacun puisse b�en�eficier d’un
s�equençage de son g�enome permettant notamment une
surveillance personnalis�ee « �a la carte » des risques
h�epatiques et extra-h�epatiques li�es �a la NAFLD.
L’�epig�en�etique, �a travers notamment la connaissance des
miR et la m�ethylation de l’ADN, apporte des �el�ements
�eclairant dans la compr�ehension et le diagnostic
(marqueurs circulants) de la NAFLD. Dans le futur,
l’�epig�en�etique h�epatique sera peut-être source de nou-
veaux proc�ed�es th�erapeutiques innovants et personnalis�es

Tableau 5. Principaux m�ecanismes �epig�en�etiques
et cons�equences au niveau de l’expression

du g�ene et de sa prot�eine.

Activation
de l’expression

R�epression
de l’expression

M�ethylation de l’ADN �

Ac�etylation des histones �

M�ethylation des histones � �

Micro-ARN �

miR-33a/b
miR-34a
miR-155
miR-199

FOIE
NORMAL

STÉATOSE NASH CIRRHOSE CHC 

miR-33a/b
miR-34a
miR-122
miR-451

miR-21
miR-122

miR-16
miR-21
miR-34a
miR-199

Figure 2. Les principaux micro-ARN h�epatiques impliqu�es dans les diff�erents stades de la NAFLD [23, 25]. NAFLD = non-alcoholic fatty liver
disease ; NASH = non-alcoholic steatohepatitis ; CHC = carcinome h�epatocellulaire ; miR = micro-ARN.
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(m�edicaments bloquant les miR ou modifiant le degr�e de
m�ethylation de certains g�enes).
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Programme Hospitalier de Recherche Clinique (Centre
Hospitalier Universitaire de Nice), et des dons (Association
Française pour l’Etude du Foie (AFEF), Soci�et�e Franco-
phone du Diab�ete (SFD)/Roche Pharma �a PG, bourse FARE
SNFGE). Ce travail a aussi �et�e financ�e par le gouvernement
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T ake home messages

& PNPLA3, TM6SF2 etMBOAT7-TMC4 sont des g�enes
dont un single nucleotide polymorphisms est impliqu�e
dans le d�eveloppement de la non-alcoholic fatty liver
disease.

& Le mir-122, miR le plus abondant du foie, est
diminu�e en cas de non-alcoholic steatohepatitis.

& L’hyperm�ethylation de certains g�enes cibles
h�epatiques est associ�ee la progression de la fibrose.

& Les retomb�ees de l’�etude de la g�en�etique et de
l’�epig�en�etique de la non-alcoholic fatty liver disease
permettraient dans le futur un diagnostic, un traitement
et une surveillance personnalis�es.
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Abstract

Background and Aims A deficiency in vitamin D could be

deleterious during chronic liver diseases. However, contradic-

tory data have been published in patients with non-alcoholic

fatty liver disease. The aim of the study was to compare the

blood level of 25 hydroxy vitamin D (25-OH vitamin D) with

the severity of liver lesions, in a large cohort of morbidly

obese patients.

Patients and Method Three hundred ninety-eight morbidly

obese patients had a liver biopsy. The non-alcoholic

steatohepatitis (NASH) Clinical Research Network Scoring

System Definition and Scores were used. 25-OH vitamin D

was evaluated with a Diasorin®Elisa Kit. Logistic regression

analyses were performed to obtain predictive factors of the

severity of liver histology.

Results 20.6 % of patients had NASH. The stage of fibrosis

was F0 12.9 %, F1 57.36 %, F2 25.32 %, F3 (bridging fibro-

sis) 3.88 %, and F4 (cirrhosis) 0.52 %. The 25-OH vitamin D

level inversely correlated to the NAS (r=0.12 and p=0.01)

and to steatosis (r=0.14 and p=0.007); however, it was not

associated with the presence of NASH. The level of vitamin D

was significantly lower in patients with significant fibrosis

compared to those without (15.9 (11.1–23.5) vs 19.6 (13.7–

24.7) ng/ml, p=0.02). There was an inverse correlation be-

tween the severity of fibrosis and the values of 25-OH vitamin

D (r=0.12 and p=0.01).

In a logistic regression analysis, no parameters were inde-

pendently associated with the severity of fibrosis except the

presence of steatohepatitis (1.94 (1.13–3.35) p=0.017).

Conclusion Low levels of 25-OH vitamin D were not inde-

pendently associated with liver damage in morbidly obese

patients with non-alcoholic fatty liver diseases (NAFLD).

Keywords Morbidly obesity . Non-alcoholic steatohepatitis .

25 hydroxy vitaminD . Fibrosis . Non-alcoholic fatty liver

disease
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BMI Body mass index
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NAS NAFLD activity score

NASH Non-alcoholic steatohepatitis
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W Women

M Men

NS Not significant

Introduction

An insufficiency in vitamin D is very common, as a billion

people are estimated to be deficient [1]. Recently, vitamin D

deficiency was suggested to promote liver damage [2, 3].

Among the liver diseases, non-alcoholic fatty liver diseases

(NAFLD) are major health problems in Europe [4]. Obesity

has been previously associated with a decrease in 25 hydroxy

vitamin D (25-OH vitamin D) [5, 6]. Central obesity and met-

abolic syndrome pave the road to NAFLD [7]. In NAFLD, a

low 25-OH vitamin D level could be associated with liver

damage (steatosis, inflammation and fibrosis) in overweight

adults and in overweight and obese children [8–11]. However,

contradictory results have also been published [12]. To date, it

is too preliminary to conclude on any causal relationship be-

tween the deficit in 25-OH vitamin D and the increased prev-

alence of liver damage. However, in vitro and in vivo models

suggested that the active form of vitamin D could decrease the

activation of stellate cells [13]. So the lack of vitamin D could

enhance progression to liver fibrosis. Vitamin D has also been

demonstrated to modulate the activation of lymphocytes to-

ward a Th2 anti-inflammatory profile [14]. This could explain

why a deficit in vitamin D may increase inflammation of the

liver in non-alcoholic or alcoholic steatohepatitis [15, 16].

The aim of this study was to assess the level of 25-OH vita-

min Dwith respect to the liver histology in patients with obesity.

For this purpose, we performed a transversal analysis in a pro-

spectively collected cohort of morbidly obese patients having a

large spectrum of liver damage as determined by liver biopsies.

Patients and Methods

Study Population

Morbidly Obese Patients Three hundred ninety-eight consec-

utive severely and morbidly obese patients, referred for bariatric

surgery, were included in the study between January 2006 and

July 2012. The study protocol was performed according to the

French legislation regarding Ethics and Human Research and

was approved by the local Ethics Committee (Huriet-Serusclat

law, DGS 2003/0395). Written informed consent was obtained

from all patients. All patients met the 1991 NIH Consensus

Conference guidelines for gastrointestinal surgery for obesity

[17]. All patients were negative for hepatitis B and C viral

markers, for autoantibodies indicative of autoimmune hepatitis,

and had negligible alcohol consumption (<20 g/day in women

and <30 g/day in men). Alcohol abuse was also excluded by

interviewing the patients’ relatives. Patients with a history of

inflammatory disease (including rheumatoid arthritis, systemic

lupus erythematous and inflammatory bowel disease), current

infections, recent history of cancer (<5 years) and severe pul-

monary or cardiac disease were not enrolled in the study. All

patients underwent bariatric surgery, and a surgical liver biopsy

was obtained during the operation.

Preoperative Assessment Clinico-biological preoperative as-

sessment was done 2 or 3 weeks before surgery and is detailed

in the supplementary materials. A systematic review of all the

prescribed treatments in the least 6 months was done. Patients

included in this study did not receive vitamin D supplementa-

tion before having bariatric surgery.

Pathological Liver Assessment Hepatic wedges were ob-

tained during bariatric surgery by surgeons specialized in liv-

er surgery and transplantation (AI and JG). Hepatic wedges

were at least 10-mm long. Surgical liver biopsies were

reviewed by one liver pathologist (MC-SP) without the

knowledge of the clinical or biological characteristics of the

patients. Routine haematoxylin-eosin-safran and Sirius red

staining was performed on all biopsies. The diagnosis was

retained according to the modified Brunt criteria for the diag-

nosis of non-alcoholic steatohepatitis (NASH) [18]. All biop-

sies were also graded according to the NAFLD activity score

(NAS) [19]. Liver fibrosis was assessed by Sirius red staining

and was classified into seven stages according to the NASH

Clinical Research Network Scoring System Definition and

Scores as follows: F0: no fibrosis, F1a: mild zone 3 sinusoi-

dal fibrosis, F1b: moderated zone 3 sinusoidal fibrosis, F1c:

peri-portal sinusoidal fibrosis, F2: zone 3 sinusoidal fibrosis

and peri-portal sinusoidal fibrosis, F3: bridging fibrosis and

F4: cirrhosis [19]. In this study, Bsignificant^ fibrosis in mor-

bidly obese patients was considered if fibrosis was ≥F2.

25-OH Vitamin D Assessment 25-OH vitamin D was mea-

sured on admission. Blood was collected in gel separator

tubes, and cells were separated from serum by centrifugation.

The assay was performed within 24 h of sample collection.

The Liaison 25-OH vitamin D assay (Diasorin, Inc, Stillwater,

USA) was used. The Liaison 25-OH vitamin D assay is a

direct competitive chemiluminescence immunoassay for

quantitative determination of total 25-OH vitamin D2 and

25-OH vitamin D3 in human serum. The laboratory is a mem-

ber of the Vitamin D External Quality Assessment Scheme

(DEQAS). Two hundred and fifty microliters of serum is nec-

essary for the test. The Liaison 25-OH vitamin D assay mea-

sures between 4 and 150 ng/ml. The lowest value was 4 ng/ml,

which is based on an inter-assay precision that approximates

20 % below (functional sensitivity). The observed reference

ranged, for the 2.5th to the 97.5th percentile, from 4.8 to

52.8 ng/ml. The following ranges for the classification of the
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25-OH vitamin D status were as follows: severe deficiency,

<10 ng/ml; deficiency, 10–20 ng/ml, insufficiency, 20–29 ng/

ml; sufficiency, 30–100 ng/ml; and toxicity, >100 ng/ml. (To

convert results into SI units: ng/ml×2.5=nmol/l.) The date of

the collection of blood samples was noted to take seasonality

into account. The same 25-OH vitamin assessment was used

for both cohorts.

Statistics Quantitative variables are presented as the median

and 25th–75th interquartile range. Quantitative values were

compared between patients with and without significant he-

patic fibrosis and in patients with and without liver inflamma-

tion using the Mann-Whitney test or the Student t test as re-

quired. The chi-square test was used to compare qualitative

values. Logistic regression analyses were performed to deter-

mine the independent parameters associated with liver inflam-

mation or associated with fibrosis ≥F2 in morbidly obese pa-

tients. The parameters included in the logistic regression anal-

ysis included significant and relevant ones avoiding redundan-

cies. All calculations were made using NCSS 2007 (Saugus

MA 01906, USA).

Results

General Characteristics

The cohort of 398 morbidly obese patients was mainly com-

posed of women (334W/64M), with a median age of 40 (31–

50) years and a median BMI of 42.2 (39.5–45.4) kg/m2

(Table 1). The median of the 25-OH vitamin D level was

18.8 (12.9–24.2) ng/ml. Median levels of 25-OH vitamin D

were similar between men and women (19.2 [13.3–26.7] vs

18.6 [12.7–24.2] ng/ml, p=0.7). Eighty-eight percent of mor-

bidly obese patients had an insufficient level (<30 ng/ml),

54.5 % were deficient (<20 ng/ml) and 15.3 % were severely

deficient (<10 ng/ml) in vitamin D. 25-OH vitamin D

inversely correlated with the BMI (r=−0.11, p=0.026) and

to the fat mass (r=−0.11, p=0.04). No difference in 25-OH

vitamin D was noted between patients with (n=218) and

without (n=180) metabolic syndrome (18.4 vs 19.6 ng/ml,

p=not significant (NS)). No correlation was found between

the number of elements constitutive of the metabolic syn-

drome and the levels of 25-OH vitamin D. No correlations

between 25-OH vitamin D and the homeostasis model assess-

ment of insulin resistance (HOMA-IR) or between 25-OH

vitamin D and the Adipo-IRi were noted.

Seasonality was not found in these patients, as the patients

in the summer/autumn seasons (n=172) had similar values to

those (n=226) included in winter/spring seasons (20.0 [12.5–

23.6] vs 18.2 [13.4–26.1] ng/ml, p=NS).

25-OH Vitamin D Is Not Independently Associated

with Liver Damage in Morbidly Obese Patients

Levels of 25-OH vitamin D inversely correlated with the NAS

(r=−0.12, p=0.01) and to steatosis (r=−0.14, p=0.007).

However, the 25-OH vitamin D levels did not correlate with

the severity of ballooning or inflammation as assessed as an

isolated component of NAS. Similarly, levels of 25-OH vita-

min D were not significantly different between patients with

and without NASH (17.2 vs 19.5 ng/ml, p=0.08). 25-OH

vitamin D levels did not correlate with alanine amino-

transferase (ALT) or aspartate amino-transferase (AST) levels.

The patients were compared according to the severity of the

stage of fibrosis. Patients with a stage of fibrosis equal or

higher than F2, according to the NASH Clinical Research

Network Scoring System Definition and Scores (significant

fibrosis), had a higher waist circumference and metabolic pa-

rameters such as low high-density-lipoprotein (HDL) choles-

terol, a high triglyceride level, a high blood glucose level and a

higher frequency of metabolic syndrome (Table 2). The level

of vitamin D was significantly lower in patients with signifi-

cant fibrosis than in those without (15.9 [11.1–23.5] vs 19.6

[13.7–24.7] ng/ml, p=0.02). There was an inverse correlation

between the severity of fibrosis and the values of 25-OH vi-

tamin D (r=−0.12, p=0.01). However, in a logistic regression

analysis, no parameters were independently associated with

the severity of fibrosis except the presence of steatohepatitis

(Table 3).

A severe deficiency in 25-OH vitamin D was observed in

15.3 % of non-alcoholic morbidly obese patients. No signifi-

cant difference in the proportion of patients with NASH was

noted between patients with and without a severe deficiency in

25-OH vitamin D (16.4 vs 21.4 %, p=NS). Similarly, no

significant difference in the proportion of patients with signif-

icant fibrosis was noted between patients with and without a

severe deficiency in 25-OH vitamin D (36.1 vs 27.6 %,

p=NS).

Table 1 Characteristics of the population

Morbidly obese patients

Gender (% of men) 16.1

Age (years) 40 [31–50]

BMI (kg/m2) 42.2 [39.5–45.4]

25-OH vitamin D (ng/ml) 18.8 [12.9–24.2]

Severe deficiency in 25-OH vitamin D (%) 15.3

Seasonality (winter to autumn, %) 43.2

Metabolic syndrome (%) 54.8

Steatohepatitis (%) 20.6

Bridging fibrosis (%) 4.3

BMI body mass index

OBES SURG



Discussion

In a cohort of 398 mainly morbidly obese women, the 25-OH

vitamin D deficiency was not associated with NASH. In this

cohort with a low prevalence of bridging fibrosis, the level of

25-OH vitamin D inversely correlated with severe fibrosis;

however, this association was not maintained in the logistic

regression analysis. To our knowledge, this is the first time

that the level of 25-OH vitamin D has been assessed together

with the liver histology of a large cohort of morbidly obese

patients.

Vitamin D deficiency is usually associated with increased

inflammatory damage and/or fibrosis of the liver, as has been

suggested for hepatitis C [20] and alcoholic liver disease [16].

Severe vitamin D deficiency may be associated with infec-

tious complications and mortality in cirrhotic patients [21, 22].

Several reports about a potential association between 25-

OH vitamin D and NAFLD have been published. However,

most of the studies only correlated the level of 25-OH vitamin

D with the presence of steatosis as assessed by ultrasound

examination of the liver or by the presence of increased liver

enzymes [23]. Few studies have reported a correlation be-

tween the severity of liver histology and the low level of 25-

OH vitamin D. Targher et al. reported this in a cohort of 60

patients of normal weight or of mild overweight (40 men/20

women) with a mean BMI of 26.3±2 kg/m2. The study of

Manco et al. was conducted on 64 (46 M/18 F) overweight

and obese children aged 12.6 ± 2.7 years, with a BMI z

score=1.94±0.34 kg/m2, and that of Barchetta et al. was con-

ducted on 25 obese patients (13 men/12 women) with a mean

BMI of 30.5±5.5 kg/m2 [8, 10, 24, 25]. Recently, a study

performed on 148 patients (28 % males, median BMI 35.7

Table 2 Comparison of

morbidly obese patients

according to the severity of liver

fibrosis

Fibrosis ≥F2

(n= 115)

Fibrosis <F2

(n= 283)

p

Gender 89 W/26 M 245 W/38 M 0.02

Age (years) 42 [32–48] 40 [31–50] NS

BMI (kg/m2) 42.5 [39.5–45.6] 42.0 [39.5–45.0] NS

Fat mass (kg) 56.4 [49.9–65.9] 55.7 [50.0–63.2] NS

Fat-free mass (kg) 55.4 [50.8–65.9] 55.3 [50.1–63.0] NS

γGT (IU/l) 32 [21.5–66.5] 28 [19–40] 0.005

AST (IU/l) 29 [23–38.5] 25 [21–31] 0.002

ALT (IU/l) 33 [22–51.5] 26.5 [19–40] 0.001

Blood insulin level (mIU/l) 22 [16–34] 19 [14–27] 0.006

Adipo-IRi 15.4 [9.2–23.3] 11.4 [7.4–16.7] 0.0006

HOMA IR 5.3 [3.3–9.0] 4.1 [3.0–5.9] 0.001

High waist circumference (%) 100 100 NS

High blood pressure (%) 53.9 48.1 NS

Low HDL cholesterol (%) 53.9 41.0 0.02

High triglyceride (%) 51.3 38.5 0.02

High blood glucose (%) 35.6 24.7 0.03

Presence of a metabolic syndrome (%) 64.0 51.0 0.01

Patients with NASH (%) 30.0 16.0 0.002

25-OH vitamin D (ng/ml) 15.9 [11.1–23.5] 19.6 [13.7–24.7] 0.02

Fibrosis in morbidly obese patients was assessed according to the NASH Clinical Research Network Scoring

System Definition and Scores. In this classification, F2 means the association of zone 3 sinusoidal fibrosis and

peri-portal sinusoidal fibrosis

ALT alanine amino-transferase, AST aspartate amino-transferase, BMI body mass index, HDL high density

lipoprotein, HOMA-IR homeostasis model assessment of insulin resistance, γGT gamma glutamyl-transferase,

NS not significant

Table 3 Logistic regression analysis for morbidly obese patients in

predicting the presence of fibrosis ≥F2 according to the NASH Clinical

Research Network Scoring System Definition and Scores (model

R2 = 0.05)

OR 95 % CI p

25-OH vitamin D 0.97 0.95–1.004 NS

γGT 1.00 0.99–1.001 NS

Presence of NASH 1.94 1.13–3.35 0.017

Gender 0.60 0.36–1.22 NS

Presence of a metabolic syndrome 1.35 0.84–2.18 NS

γGT gamma glutamyl-transferase, NS not significant
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±7 kg/m2) suggested that a low plasma vitamin D concentra-

tion was an independent predictor of the severity of NAFLD

[11]. On the contrary, another study conducted in 239 patients

(85 % males, median BMI 34.6 ± 0.4 kg/m2) showed that

plasma vitamin D levels were not associated with insulin re-

sistance, the amount of liver fat accumulation or the severity

of NASH [12].

In accordance with the paper of Bril et al., a low level of

vitamin D in our 398 morbidly obese patients was not associ-

ated with NASH. Moreover, patients with a higher level of

fibrosis had a lower level of 25-OH vitamin D, which was not

independently observed in the logistic regression analysis.

The only independent factor for the occurrence of fibrosis

was the presence of NASH.

The reasons for the discordance between our study and

the study by Dasarathy et al. could be due to the high

number of patients, ethnic differences or methodology for

measure of vitamin D. Our patients were included consec-

utively to have a bariatric surgery; as a consequence, their

liver histology reflected those found in a population of

morbidly obese patients. On the contrary, in Dasarathy’s

study, the recruitment was made by hepatologists in order

to characterize liver abnormalities in patients with a non-

alcoholic fatty liver disease [11]. Moreover, we assume

that these North American patients were exposed to spe-

cific genetic and environmental factors. These factors

could be associated with NAFLD and significant liver

damage. Dietary habits, low sun exposure and/or the in-

creased amount of adipose tissue (which could sequester

vitamin D) could participate in the decrease in the levels of

circulating 25-OH vitamin D [26]. Similarly, our cohort

was quite different compared to that reported by Targher

et al. which was mainly composed of mildly overweight

Italian men with 68.3 % of patients with NASH and 12 %

with bridging fibrosis [8]. Moreover, the levels of 25-OH

vitamin D were lower in the cohort of Targher et al. com-

pared to ours. For example, 25-OH vitamin D levels were

18.3 ± 9.6 ng/ml in our 98 patients with significant fibrosis

compared to around 9.8 ± 10 ng/ml for nine patients with

stage 2 fibrosis in the Italian cohort. 25-OH vitamin D

levels were 17.9 ± 7.5 ng/ml in our 82 patients with

NASH compared to around 15.2 ± 8.4 and 9.3 ± 10 ng/ml

in the Italian patients with grade 2 (n= 16) and grade 3

(n= 22) necroinflammation, respectively.

The proportion of our patients with an insufficiency, a def-

icit or a severe deficit was similar to those found in other

cohorts of morbidly obese patients [6, 27].

Morbidly obese patients are known to be at a risk of an

insufficient or a deficient level of 25-OH vitamin D, compared

to the general population [8, 27]. Seasonality was not found in

our morbidly obese patients. This has already been found in

some cohorts of morbidly obese patients before or after bar-

iatric surgery [27, 28]. The reasons are not known; however,

the possibility that the adipose tissue not only passively stores

vitamin D but also dynamically changes its capacity for acti-

vation and deactivation of vitamin D in obesity has been pro-

posed byWamberg et al. [29]. The adipose tissue possesses all

the enzymes involved in the production of 25-OH vitamin D

(CYP2R1, CYP27A1, CYP2J2) or 1,25-OH vitamin D

(CYP27B1) and the enzyme for degradation (CYP24A1)

[29]. The potential release into the general circulation of 25-

OH vitamin D locally produced by the adipose tissue has not

been demonstrated. If confirmed, it could explain the lack of

seasonality observed in some patients. Indeed, the adipose

tissue has been shown to produce hundreds of adipokines

and proteins such as adiponectin, leptin, interleukin 6 but also

C reactive protein, hepcidin and osteopontin [30–33].

The strength of our study lies in the high number of histo-

logically well-characterized morbidly obese patients studied.

One pathologist blinded to the clinical data reviewed all the

liver biopsies. No patients had decompensated liver cirrhosis

or severe cholestasis, avoiding the risk of the alteration of the

hepatic 25-hydroxylation or of the pool of 25-OH vitamin D

due to malabsorption. Finally, the quantification of 25-OH

vitamin D was done in our central laboratory using a robust

and a certificated technique.

In conclusion, in morbidly obese patients, a low prevalence

of a severe deficit in vitamin D was noted. No association

between the level of 25-OH vitamin D and the presence of

NASH was found. 25-OH vitamin D was inversely associated

with the degree of fibrosis but this association was not main-

tained in a multivariate analysis. The discrepancy between the

liver histology and the level of 25-OH vitamin D in patients

with NASH as recently published requires more study.
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St�eatoses
h�epatiques
m�etaboliques :
histoire naturelle,
physiopathologie
et d�emarche
diagnostique

R�esum�e

Les st�eatoses h�epatiques m�etaboliques (�egalement
appel�ees st�eatopathies dysm�etaboliques ou maladie
du foie gras non alcoolique, en anglais non-alcoholic
fatty liver disease (NAFLD)) sont un probl�eme de sant�e
publique. La NAFLD regroupe la st�eatose (en anglais non-
alcoholic fatty liver (NAFL)), la st�eatoh�epatite non
alcoolique (en anglais non-alcoholic steatohepatitis
(NASH)) et ses complications que sont la fibrose
h�epatique, la cirrhose et le carcinome h�epatocellulaire.
Environ 25 % de la population mondiale aurait une
NAFLD et 1,5 �a 6,5 % une NASH. Ces fortes pr�evalences
sont li�ees �a l’�epid�emie de surpoids et d’ob�esit�e. Comme
l’ob�esit�e, la NAFLD est une maladie complexe et
h�et�erog�ene. En effet, la gen�ese, les manifestations
cliniques h�epatiques et extrah�epatiques, et l’�evolution
de la NAFLD d�ependent de multiples facteurs environne-
mentaux et g�en�etiques. Le syndrome m�etabolique,
comprenant l’insulino-r�esistance, joue un rôle important
mais non exclusif dans l’apparition de la NASH. La NAFLD,
comme l’ob�esit�e et le diab�ete de type 2, est une maladie
multisyst�emique associ�ee �a diff�erentes complications
(maladies cardiovasculaires, cancers extrah�epatiques et
h�epatiques, atteinte r�enale. . .).
La compr�ehension de la physiopathologie de la NAFLD a
permis l’�emergence de nombreuses approches th�erapeu-
tiques m�edicamenteuses ou non m�edicamenteuses
innovantes en cours d’�evaluation.
La prise en charge des patients n�ecessite une d�emarche
diagnostique rigoureuse. La biopsie h�epatique, qui est
l’examen de r�ef�erence, ne peut pas être propos�ee �a
l’ensemble des sujets �a risque de NAFLD. Le d�evelop-
pement et la validation d’outils non-invasifs s�eriques et/ou
physiques �evaluant de façon fiable et reproductible, la
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Introduction

L a non-alcoholic fatty liver disease (NAFLD) constitue
une maladie complexe et h�et�erog�ene. Nous abor-

derons sa d�efinition histologique, son �epid�emiologie
et son histoire naturelle. Nous verrons ensuite les
bases physiopathologiques des traitements en cours
d’�evaluation pr�eclinique et clinique. Enfin, nous propo-
serons une d�emarche diagnostique. La prise en charge
th�erapeutique sera abord�ee dans d’autres documents

constituant le dossier th�ematique dans laquelle s’ins�ere
cette mise au point.

D�efinition

Le terme NAFLD regroupe un spectre d’anomalies
h�epatiques allant de la st�eatose (en anglais non-alcoholic
fatty liver (NAFL)), �a la st�eatoh�epatite non alcoolique
(en anglais non-alcoholic steatohepatitis (NASH)) et ses

fibrose mais aussi la NASH et la st�eatose sont un enjeu
majeur. La mise �a disposition de ces marqueurs non
invasifs permettra de d�epister, d’�evaluer et de suivre les
patients.

n Mots cl�es : NAFLD, NASH, foie gras, st�eatose, st�eatoh�epatite,
insulino-r�esistance, ob�esit�e, surpoids, syndrome m�etabolique

Abstract

Non-alcoholic fatty liver disease (NAFLD) is a major health
problem which is now recognized by governmental
agencies. NAFLD is a spectrum of diseases including
non-alcoholic fatty liver (NAFL), non-alcoholic steato-
hepatitis (NASH) and its complications: fibrosis, cirrhosis
and hepatocellular carcinoma. Worldwide, 25% of the
general population have NAFL, and 1.5 to 6.5% have
NASH. These high frequencies are linked to the epidemic
of overweight and obesity. As for obesity, NAFLD is a
complex and heterogeneous disease. The mechanisms,
the clinical occurrence, the associated diseases and the
natural history imply multiple genetic and environmental
factors. Insulin-resistance may play a central but not
exclusive role in the occurrence of NASH. NAFLD such as
obesity and type 2 diabetes is a multisystem disease
associated with various complications (cardio-vascular
events, hepatic and extra hepatic cancers, chronic kidney
disease. . .).
Advances in the knowledge of the mechanisms of NAFLD
led to the development of new pharmacological or non
pharmacological treatments, which are undergoing
clinical trials.
The management of patients with NAFLD must be well
structured, particularly because the liver biopsy, which is
still the gold standard, cannot be performed in all
suspected subjects.
There is a need to develop and validate new non-invasive
tools based on analyses of serum or on physical
assessment that allow reliable assessment of fibrosis,
the NASH and steatosis. Their availability will allow easy
screening, diagnosis and follow-up of patients.

n Key words: NAFLD, NASH, fatty liver, steatohepatitis, insulin-
resistance, obesity, overweight, metabolic syndrome
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complications : fibrose h�epatique, cirrhose et carcinome
h�epatocellulaire (CHC).

‘‘
Le terme non-alcoholic fatty liver disease
regroupe un spectre d’anomalies

h�epatiques allant de la st�eatose �a la st�eato-
h�epatite non alcoolique et ses complications :
fibrose h�epatique, cirrhose et carcinome
h�epatocellulaire

’’La caract�erisation pr�ecise d’une NAFLD n�ecessite une
analyse histologique par une biopsie du foie qui, du fait de
ses contraintes, ne peut pas être propos�ee �a l’ensemble
des sujets �a risque de NAFLD.
La st�eatose est d�efinie par la pr�esence de vacuoles
lipidiques, g�en�eralement macrov�esiculaires, au sein des
h�epatocytes. Elle est significative lorsqu’elle est sup�erieure
�a 5 % et d�ebute typiquement en r�egion p�eri-centrolo-
bulaire (figure 1A, B, C).
La NASH est d�efinie par l’association d’une st�eatose et
d’une activit�e inflammatoire qui comprend une infiltration
de cellules inflammatoires (dont des macrophages, des
lymphocytes voire des cellules polynucl�eaires neutrophi-
les) et des signes de souffrance h�epatocytaire �a type de
ballonisation (figure 1D). La NASH peut être associ�ee �a des
l�esions de fibrose de s�ev�erit�e variable. La fibrose au cours
de la NASH, comme dans la maladie alcoolique du foie, se
d�eveloppe selon une localisation particuli�ere, d’abord
p�erisinusoı̈dale en r�egion p�eri-centrolobulaire (zone 3)
(figure 1E), puis une fibrose sinusoı̈dale dense peut
apparaı̂tre, �eventuellement associ�ee �a une fibrose en
pont voire �a une cirrhose. Rarement, une inflammation
portale et une fibrose �a point de d�epart portale
peuvent être observ�ees. D’autres l�esions �el�ementaires
peuvent être pr�esentes (corps de Mallory-Denk, corps
apoptotiques, r�eaction ductulaire. . .), en moindre
intensit�e que ce qui est habituellement observ�e au cours
des maladies alcooliques du foie. Diff�erents scores
histologiques sont utiles en routine clinique et en
recherche, dont le score de fibrose selon la classification
NASH CRN, le score NAS (NAFLD Activity Score) et surtout
le score SAF (St�eatose, Activit�e, Fibrose), d�etaill�es dans les
(tableaux 1 et 2) [1-4].

‘‘
La st�eatoh�epatite non alcoolique
est d�efinie par l’association d’une st�eatose

et d’une activit�e inflammatoire qui comprend
une infiltration de cellules inflammatoires
(dont des macrophages, des lymphocytes voire
des cellules polynucl�eaires neutrophiles)
et des signes de souffrance h�epatocytaire
�a type de ballonisation

’’

Le d�eveloppement d’outils non invasifs, fiables, faciles
d’acc�es et si possible peu on�ereux, pour le diagnostic
diff�erentiel entre st�eatose et NASH et/ou d�efinissant la
pr�esence d’une fibrose est crucial. L’enjeu est que ces
outils soient disponibles pour l’ensemble du corps m�edical
prenant en charge ces patients (m�edecins g�en�eralistes,
endocrinologues/diab�etologues, cardiologues, h�epato-
gastroent�erologues de tout mode d’exercice et p�ediatres).

�Epid�emiologie

La NAFLD constitue un probl�eme de Sant�e publique en
raison de la grande fr�equence de ces l�esions �a travers le
monde. Les estimations �epid�emiologiques les plus fiables
sont bas�ees sur la pr�esence d’une st�eatose en imagerie.
Les �etudes prenant en consid�eration une �el�evation isol�ee
de l’activit�e des transaminases ou de la GGT sous-estiment
l’ampleur de la NAFLD, compte tenu de la fr�equence de
la normalit�e du bilan h�epatique dans ce contexte.
L’estimation de la NASH repose sur des approximations
�a partir de s�eries de patients ayant eu une biopsie
h�epatique. Globalement, la pr�evalence de la NAFLD serait
de 25 % de la population adulte mondiale (24 % en
Am�erique du Nord, 30,5 % en Am�erique du Sud, 24 %
en Europe, 13,5 % en Afrique, 32 % au Moyen-Orient,
27 % en Asie). La NASH serait pr�esente chez 1,5 �a 6,5 %
de la population g�en�erale [5].

‘‘
La pr�evalence de la non-alcoholic fatty
liver disease serait de 25 % de la popula-

tion adulte mondiale

’’
‘‘

La st�eatoh�epatite non alcoolique serait
pr�esente chez 1,5 �a 6,5 % de la popula-

tion g�en�erale

’’La pr�evalence de la NAFLD augmente avec l’âge des
patients (22,4 % chez 30-39 ans, 26,5 % chez les 40-49
ans, 27,4 % chez les 50-59 ans, 28,9 % chez les 60-69
ans, 34 % chez 70-79 ans). La NAFLD et la NASH sont tr�es
associ�ees �a l’ob�esit�e et aux param�etres du syndrome
m�etabolique (tableau 3).
Chez les patients am�ericains ayant un diab�ete de type 2, la
pr�evalence de la NAFLD est de 65 % dont 7 % aurait une
fibrose avanc�ee �evalu�ee par �elastographie par r�esonance
magn�etique [6].
L’agence am�ericaine du m�edicament FDA a reconnu que
cette maladie �etait une priorit�e pour les ann�ees �a venir.
Des recommandations pour le d�eveloppement acc�el�er�e
de traitements m�edicamenteux avec des crit�eres de
jugement adapt�es ont �et�e faites [7].
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Histoire naturelle

Plusieurs cohortes, avec des ponctions biopsies
h�epatiques r�ep�et�ees dans le temps, ont �eclair�e l’histoire
naturelle de la maladie (figure 2).
Classiquement, la st�eatose, pr�esente chez environ 80 %
des patients avec une NAFLD, est associ�ee �a un bon
pronostic h�epatique. Au contraire, la NASH, pr�esente chez
environ 20 % des patients avec une NAFLD, est associ�ee �a
un risque d’�evolution vers une fibrose voire une cirrhose.
Une notion r�ecente est que, parmi les patients non NASH,
ceuxqui pr�esentent une st�eatose et une inflammation (sans
ballonisation) peuvent d�evelopper une NASH et/ou une
fibrose h�epatique, quelques ann�ees plus tard. L’impact de
la pr�esence d’une st�eatose avec des l�esions de ballonisation
(sans inflammation), sur la progression de la fibrose, n’a
pas �et�e clairement �etudi�e. Enfin, si les patients avec une
« st�eatose pure » (sans inflammation, ni ballonisation
h�epatocytaire) ont un plus faible risque �evolutif h�epatique
vers une NASH et/ou une fibrose significative, celui-ci est
cependant bien pr�esent [8-10].

‘‘
Parmi les patients non NASH, ceux qui
pr�esentent une st�eatose et une inflamma-

tion (sans ballonisation) peuvent d�evelopper
une NASH

’’La fibrose h�epatique est le principal facteur pronostique
de la mortalit�e h�epatique et globale chez les patients.

A

B

C

D

E

Figure 1. Exemples de l�esions histologiques de non-alcoholic fatty
liver disease (NAFLD). A) st�eatose pure S1 (5 %-33 %) ; B) st�eatose
pure S2 (33 %- 66 %) ; C) st�eatose pure S3 (� 67 %) ; D) non-
alcoholic steatohepatitis (NASH) caract�eris�ee par la pr�esence d’une
st�eatose, d’une inflammation lobulaire (fl�eches) et de ballonisations
h�epatocytaires (pointes defl�eches), colorationh�emat�eine et�eosine ; E)
fibrose F1 p�eri-centrolobulaire, coloration au trichrome de Masson.

Tableau 1. Fibrose selon la classification
NASH CRN (d’apr�es [1])

Fibrose de 0 �a 4 :

0 : normal

1 a : fibrose p�eri-centrolobulaire discr�ete

1 b : fibrose p�eri-centrolobulaire mod�er�ee

1 c : fibrose p�eri-portale

2 : fibrose sinusoı̈dale, p�eri-centrolobulaire et p�eri portale

3 : septa fibreux

4 : cirrhose
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Ce facteur pronostique majeur am�ene �a distinguer des
patients avec une NASH pr�ecoce (« Early NASH ») qui ont
une fibrose absente ouminime (F0-F1 selon la classification
NASH CRN) ; des patients avec une NASH fibrosante
(« Fibrotic NASH ») qui ont une fibrose significative (F2
selon la classificationNASHCRN), ouunefibroseenpontou
s�ev�ere (F3 selon la classification NASH CRN) ; et enfin les
patients avec une cirrhose NASH (« Cirrhotic NASH ») [11].

‘‘
La fibrose h�epatique est le principal fac-
teur pronostique de la mortalit�e h�epatique

et globale chez les patients

’’Dans une m�eta-analyse r�ecente, le taux annuel moyen de
progression de la fibrose chez les patients NASH �etait
de 0,09 (IC 95 % : 0,06-0,12) et le taux d’incidence pour
1 000 personnes-ann�ees de progression de la fibrose
�etait de 40,8 (IC 95 % : 34,7-47,1) [5].
Cependant, la r�eversibilit�e des l�esions de st�eatose, de
NASH et de fibrose (au moins dans les stades initiaux)
a �egalement �et�e mise en �evidence dans diff�erentes
circonstances : �evolution spontan�ee, perte de poids
� 8-10 %du poids initial, effets de certainsm�edicaments,
chirurgie bariatrique.
L’apparition d’un CHC est l’une des craintes chez un
patient ayant une NAFLD. L’incidence annuelle du CHC
chez les patients NAFLD �etait de 0,44 (IC 95 % 0,29-0,66)
pour 1 000 personnes-ann�ees contre 5,29 (IC 95 % 0,75-
37,56) pour 1 000 personnes-ann�ees chez les patients
NASH [5].
Un CHC au cours de la NAFLD survient dans 70 % des cas
chez des patients cirrhotiques mais aussi, dans 30 % des
cas, �a des stades plus pr�ecoces de la maladie (NASH voire
st�eatose pure). Cela soul�eve le probl�eme du d�epistage
du CHC chez ces patients qui sont actuellement tr�es
nombreux. Le d�eveloppement d’outils non invasifs afin
d’identifier les patients les plus �a risque de d�evelopper

Tableau 2. Scores histologiques NAS (NAFLD Activity Score) et score SAF (St�eatose, Activit�e, Fibrose)
pour la non-alcoholic fatty liver disease (NAFLD) (d’apr�es [1-3])

Score NAS (NASH CRN) Score SAF (Bedossa et al.)

St�eatose Inflammation
Nombre foyer
/grossissement
200

Ballonisation
des h�epatocytes

St�eatose Inflammation
Nombre foyer/
grossissement
200

Ballonisation des h�epatocytes

0 : < 5 % 0 : 0 0 : absence 0 : < 5 % 0 : 0 0 : absence

1 : 5-33 % 1 : < 2 1 : quelques
cellules

1 : 5-33 % 1 : � 2 1 : taille de l’h�epatocyte ballonis�e
< 2 h�epatocytes normaux

2 : 34-66 % 2 : 2-4 2 : nombreuses
cellules

2 : 34-66 % 2 : > 2 2 : taille de l’h�epatocyte ballonis�e
� 2 h�epatocytes normaux

3 : 67-100 % 3 : > 4 3 : 67-100 %

Score NAS = St�eatose + Inflammation + Ballonisation
Score NAS entre 0 et 2 : « Non NASH »

Score NAS entre 3 et 4 : « NASH borderline »
Score NAS � 5 : « NASH »

Score SAF :
St�eatose S0-S3,

Activit�e (Inflammation + Ballonisation) A0-A4,
Fibrose F0-F4 (selon la d�efinition NASH CRN du tableau 1)

Le score NAS ne doit pas être utilis�e pour porter le diagnostic de NASH. Son int�erêt est pr�esent dans l’�evaluation histologique sous traitement par

rapport �a la biopsie initiale avant traitement.

Le score SAF peut être utilis�e pour diagnostiquer une NASH (association d’une st�eatose � 1 et d’une activit�e (somme du score inflammation +

ballonisation)� 2 comportant au moins 1 point pour l’inflammation et au moins 1 point pour la ballonisation). Il peut �egalement être utilis�e lors de

l’�evaluation histologique sous traitement par rapport �a la biopsie initiale avant traitement.

Tableau 3. Pr�evalence des anomalies
m�etaboliques au cours de la non-alcoholic fatty
liver disease (NAFLD) (st�eatose + non-alcoholic

steatohepatitis - NASH) et de la NASH �a travers le
monde (d’apr�es [5])

NAFLD NASH

Ob�esit�e* 51,3 % 81,3 %

Diab�ete de type 2 22,5 % 43,6 %

Hyperlipid�emie/dyslipid�emie 69,2 % 72,1 %

Hypertension art�erielle 39,3 % 68 %

Syndrome m�etabolique 42,5 % 70,6 %

* des disparit�es r�egionales existent.

Les d�efinitions utilis�ees dans les �etudes de cette m�eta-analyse

n’�etaient pas homog�enes.
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cette complication et devant donc être d�epist�es est l’un
des enjeux des ann�ees futures [12].

‘‘
Un carcinome h�epatocellulaire au cours
de la non-alcoholic fatty liver disease sur-

vient dans 70 % des cas chez des patients cirrho-
tiques mais aussi, dans 30 % des cas, �a des
stades plus pr�ecoces de la maladie

’’La mortalit�e des patients ayant une NAFLD surtout dans le
groupe NASH est augment�ee par rapport �a la population
g�en�erale. Les causes de mortalit�e sont en premier lieu
d’origine cardiovasculaires, puis vient la mortalit�e par
cancers extrah�epatiques et en 3e place la mortalit�e
d’origine h�epatique [13, 14].

Les taux d’incidence de la mortalit�e h�epatique et de la
mortalit�e globale chez les patients NAFLD seraient de 0,77
(IC 95 % : 0,33-1,77) pour 1 000 personnes-ann�ees et
15,44 (IC 95 % : 11,72-20,34) pour 1 000 personnes-
ann�ees respectivement. Les taux d’incidence de la
mortalit�e h�epatique et de la mortalit�e globale chez les
patients NASH seraient de 11,77 (IC 95 % : 7,10-19,53)
pour 1 000 personnes-ann�ees et 25,56 (IC 95 % : 6,29-
103,8) pour 1 000 personnes-ann�ees respectivement [5].

‘‘
La mortalit�e des patients ayant une non-
alcoholic fatty liver disease surtout dans le

groupe st�eatoh�epatite non alcoolique est
augment�ee par rapport �a la population g�en�erale.
Les causes sont cardiovasculaires, par cancers
extrah�epatiques et d’origine h�epatique

’’

Stéatose hépatique pure (sans inflammation, sans ballonisation)

Progression possible vers la fibrose

Stéatose hépatique avec
inflammation sans ballonisation

Foie normal

Risque élevé de progression vers la fibrose

Augmentation du risque de décès par
rapport à la population générale

NASH avec cirrhose

NASH fibrosante

Décompensation

Carcinome hépatocellulaire

≈7% à 6,5 ans

≈31% à 8 ans

≈11% à 15 ans

?

NASH

≈80 %

≈20 %

Figure 2. Repr�esentation sch�ematique de l’histoire naturelle de la non-alcoholic fatty liver disease (NAFLD). Classiquement, la st�eatose, pr�esente
chez environ 80 %des patients avec une NAFLD, est associ�ee �a un bon pronostic h�epatique. Au contraire, la non-alcoholic steatohepatitis (NASH)
pr�esente chez environ 20 % des patients avec une NAFLD, est associ�ee �a un risque d’�evolution vers une fibrose voire une cirrhose. Cependant,
une st�eatose associ�ee �a une inflammation pr�esente un risque d’�evolution vers une NASH et/ou une fibrose h�epatique, en quelques ann�ees. De
plus, certains patients avec une « st�eatose pure » (sans inflammation, ni ballonisation h�epatocytaire) ont aussi un risque �evolutif h�epatique. La
fibrose h�epatique est le principal (mais non exclusif) facteur pronostique de la mortalit�e h�epatique et globale. Les l�esions de st�eatose, de NASH et
de fibrose (au moins dans les stades initiaux) sont r�eversibles. Au cours de la NAFLD, un carcinome h�epatocellulaire (CHC) peut compliquer une
cirrhose. Cependant, 30 % des CHC apparaissent hors cirrhose, voire hors NASH (sur st�eatose). Cela souligne la n�ecessit�e de d�efinir les patients
avec une NAFLD sans cirrhose devant b�en�eficier d’un d�epistage du CHC (pas de recommandation actuellement).
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La NASH et ses complications sont actuellement la
deuxi�eme cause de transplantation h�epatique aux USA.
Elle est annonc�ee comme future premi�ere cause d’ici
2025 [15].

Physiopathologie

Comme l’ob�esit�e ou le diab�ete de type 2, la NAFLD est
une maladie complexe qui implique l’interaction de
nombreux param�etres environnementaux, g�en�etiques et
�epig�en�etiques. Ces param�etres sont �eminemment varia-
bles d’un sujet �a un autre et expliquent l’h�et�erog�en�eit�e
de la maladie. Cette h�et�erog�en�eit�e se traduit par des
m�ecanismes, des expressions ph�enotypiques (cf. la section
consacr�ees aux formes particuli�eres de la NAFLD) et des
complications divers d’un sujet �a un autre, voire d’une
population (groupe ethno-g�eographique) �a une autre.
Comme pour l’ob�esit�e, il est possible que la NAFLD ou que
les conditions la favorisant s’acqui�erent tôt dans la vie,
possiblement avant la conception, in utero et dans les
premi�eres ann�ees [16].

‘‘
La non-alcoholic fatty liver disease
implique l’interaction de nombreux

param�etres environnementaux, g�en�etiques
et �epig�en�etiques

’’On estime que 40 % du d�eterminisme de la NAFLD est
d’origine g�en�etique. Une mini-revue d�edi�ee aux facteurs
g�en�etiques et �epig�en�etiques actuellement connus dans la
physiopathologie de la NAFLD, est pr�esente dans le dossier
th�ematique dans lequel s’ins�ere cette mise au point.
La NAFLD est souvent d�ecrite comme la complication
du surpoids, de l’ob�esit�e, du syndrome m�etabolique
(cf. d�efinition dans le tableau 4, [17]) et surtout de
l’insulino-r�esistance. Cela est souvent vrai, cependant, la
concordance n’est pas toujours parfaite. La NASH
n�ecessite souvent des facteurs compl�ementaires pour
apparaı̂tre et inversement l’am�elioration isol�ee (par
voie m�edicamenteuse) de l’insulino-r�esistance n’est pas
toujours suffisante pour traiter une NASH.

‘‘
La non-alcoholic fatty liver disease est
souvent d�ecrite comme la complication

du surpoids, de l’ob�esit�e, du syndrome
m�etabolique

’’Une maladie du tissu adipeux

L’une des causes de la NAFLD est un apport alimentaire
inadapt�e, associant un exc�es calorique et des d�es�equilibres

nutritionnels. L’exc�es d’acides gras satur�es, d’acides gras
polyinsatur�es om�ega-6 et de fructose industriel (issu du
sirop de maı̈s) est au premier plan. Tr�es fr�equemment, une
s�edentarit�e et un d�efaut d’activit�e physique participent �a
une balance �energ�etique entr�ee/sortie exc�edentaire pour
les apports caloriques avec en cons�equence un stockage
dans le tissu adipeux. Il semblerait qu’au-del�a d’une
certaine quantit�e (variable d’un sujet �a l’autre, selon la
th�eorie de l’expendabilit�e du tissu adipeux) l’augmentation
du tissu adipeux sous-cutan�e s’accompagne de diff�erentes
anomalies qui caract�erisent le surpoids ou l’ob�esit�e
« pathologique », dont une augmentation du tissu
adipeux visc�eral. En effet, il est frappant de constater
que certaines prises de poids relativement faibles (de
l’ordre d’une dizaine de kilos) peuvent s’associer �a des
NASH fibrosantes � accompagn�ees d’un diab�ete de type
2, alors qu’�a l’oppos�e 6 �a 10 % des patients ob�eses
morbides (indice de masse corporelle� 40 kg/m2) ont un
foie histologiquement normal.

‘‘
L’une des causes de la non-alcoholic fatty
liver disease est un apport alimentaire

inadapt�e, associant un exc�es calorique
et des d�es�equilibres nutritionnels.

’’
‘‘

Une s�edentarit�e et un d�efaut d’activit�e
physique participent �a une balance

�energ�etique entr�ee/sortie exc�edentaire
pour les apports caloriques

’’Chez la majorit�e des patients n�eanmoins, la pr�esence d’un
surpoids ou d’une ob�esit�e, en particulier lorsqu’elle est
situ�ee sur la partie sup�erieure du corps, s’accompagne de
complications m�etaboliques. L’augmentation de la cir-
conf�erence abdominale (qui est l’un des �el�ements cons-
titutifs de la d�efinition du syndrome m�etabolique) et/ou la
pr�esence d’une bosse de bison (lipohypertrophie dorso-
cervicale) sont pr�edictives de la pr�esence d’une NAFLD/
NASH.
L’augmentation du tissu adipeux (hypertrophie et hyper-
plasie des adipocytes) s’accompagne de diff�erentes
anomalies qui peuvent participer �a l’apparition et �a
l’aggravation de la NAFLD (figure 3). Parmi ces anomalies,
onnote, en premier, l’apparition d’une inflammation locale
du tissu adipeux caract�eris�ee par la pr�esence de cellules
inflammatoires (macrophages, lymphocytes et cellules
dendritiques) et par une inflammation syst�ematique de
bas grade (appel�ee �egalement inflammation m�etabolique
ou m�etaflammation) [18]. Cette inflammation locale
s’accompagne d’une discr�ete �el�evation s�erique des pro-
t�eines de la phase aig€ue de l’inflammation (dont la
C-reactive protein) et de cytokines pro-inflammatoires
(Interleukine (IL) 6, IL1b. . .) produites en partie, par le tissu
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adipeux. En effet, la modification de facteurs produits et
s�ecr�et�es par le tissu adipeux est la 2e anomalie pr�esente.
Ces substances – les adipokines – sont plus d’une centaine
et ont des actions autocrines, paracrines et endocrines.
Certaines, qui favorisent notamment l’inflammation,
l’insulino-r�esistance ou le tonus vasculaire, sont augmen-
t�ees (leptine, IL6, PAI-1, r�esistine. . .), d’autres comme
l’adiponectine, qui est insulino-sensibilisante, sont diminu�ees.
Une 3e anomalie est l’apparition d’une insulino-r�esistance
du tissu adipeux, m�edi�ee en partie par cette inflammation
locale, qui est associ�ee �a une �el�evation relative de la
lipolyse. Celle-ci cause un relargage massif d’acides gras
libres dans la circulation veineuse syst�emique (acides gras
en provenance du tissu adipeux sous-cutan�e) et dans la
circulation portale (acides gras en provenance du tissu
adipeux visc�eral).

‘‘
Diff�erentes anomalies peuvent participer
�a l’apparition et �a l’aggravation de la non-

alcoholic fatty liver disease : inflammation locale
du tissu adipeux, modification de facteurs produits
et s�ecr�et�es par le tissu adipeux, apparition d’une
insulino-r�esistance du tissu adipeux

’’Ces acides gras inondent le foie et participent largement �a
l’afflux de lipides qui entraı̂ne l’apparition de la st�eatose
(stockage ectopique). Ces acides gras vont �egalement
inonder le syst�eme musculaire squelettique et participent

�a l’apparition d’une insulino-r�esistance de ce dernier. Cela
entraı̂ne un d�efaut de captation du glucose s�erique par le
syst�eme musculaire. Cet exc�es de glucose circulant est
capt�e par le foie et participe �a la formation de lipides intra-
h�epatiques via la lipogen�ese de novo [19].
L’ensemble de ces anomalies est favoris�e par un r�egime
alimentaire d�es�equilibr�e, une s�edentarit�e excessive et
un manque d’activit�e physique. Il faut donc proposer
syst�ematiquement l’application de mesures di�et�etiques
(restriction calorique, limitation des aliments �a haute
densit�e �energ�etique, �equilibre dans l’apport des macro-
et des micronutriments), promouvoir une activit�e physique
r�eguli�ere (� 200 �a 300 mn d’activit�e mod�er�ee �a intense
chaque semaine) et lutter contre la s�edentarit�e (diminution
du temps pass�e assis ou allong�e devant un �ecran). La
modification durable du mode de vie peut être renforc�ee
par une approche de type th�erapie cognitivo-comporte-
mentale. Cette approche hygi�eno-di�et�etique qui a de
nombreux b�en�efices sur la sant�e en g�en�eral a cependant
des limites en termes d’efficacit�e (seuls 10 % des patients
en surpoids ou ob�eses arrivent �a perdre 10 % du poids
corporel initial, et 30 % des patients perdent 5 �a 8 % du
poids corporel). Une approche pr�eventive centr�ee sur les
enfants et les adolescents, serait essentielle �a l’�echelle de la
soci�et�e. Elle pourrait passer par des actions r�ep�et�ees
�educatives familiales et scolaires, voire par des actions
l�egales coercitives fortes (taxe soda et sucre raffin�e).

‘‘
Il faut proposer syst�ematiquement
l’application de mesures di�et�etiques,

la promotion d’une activit�e physique r�eguli�ere
et la lutte contre la s�edentarit�e

’’
‘‘

La modification durable du mode de vie
peut être renforc�ee par une th�erapie

cognitivo-comportementale

’’Rôle du microbiote intestinal

Le microbiote intestinal contient environ 1012 �a 1014

microorganismes (repr�esentant 3,3 millions de g�enes qui
constituent « notre autre g�enome »), principalement des
bact�eries, avec lesquels nous vivons en symbiose. Le micro-
biote intestinal nous fournit de nombreux avantages tels
qu’uneassimilationde substances nondig�er�ees autrement,
la production de m�etabolites trophiques pour les
cellules intestinales, une modulation du cycle ent�ero-
h�epatique des acides biliaires, une protection par rapport
�a la colonisation/infection par des bact�eries pathog�enes.
La modification durable du microbiote intestinal (dysbiose
intestinale) comme �el�ement central de l’apparition de
nombreuses maladies syst�emiques notamment l’ob�esit�e
et la NAFLD a �et�e bien document�ee grâce �a l’arriv�ee de

Tableau 4. D�efinition internationale du syndrome
m�etabolique (2009), (d’apr�es [16])

3 �el�ements parmi :

Ob�esit�e centrale Tour de taille (variable
selon l’ethnie) :
Sujet europ�een : H � 94 cm,
F � 80 cm
Sujet am�ericain : H � 102 cm,
F � 88 cm
Sujet asiatique : H � 90 cm
F � 80 cm

�El�evation des triglyc�erides �1,7 mmol/L (1,5 g/L)
ou traitement sp�ecifique

Baisse du HDL-cholest�erol H : < 1,03 mmol/L (0,4 g/L) ;
F : < 1,29 mmol/L (0,5 g/L)
ou traitement sp�ecifique

�El�evation de la pression
art�erielle

Systolique �130 mmHg ou
diastolique � 85 mmHg
ou traitement sp�ecifique

�El�evation de la glyc�emie � 5,6 mmol/L (1,0 g/L)
ou diab�ete de type 2 connu

H : Homme ; F : Femme ; HDL : high density lipoprotein.
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nouvelles technologies (m�etag�enomique) dans des
mod�eles exp�erimentaux murins et chez l’homme [20].
Chez l’homme, une diminution quantitative et qualitative
de la richesse des populations bact�eriennes est associ�ee �a
une augmentation de l’adiposit�e, de l’insulino-r�esistance,
d’une dyslipid�emie, et d’une inflammation syst�emique
de bas grade [21]. Certaines de ces anomalies sont
partiellement corrig�ees apr�es une perte de poids li�ee �a un
r�egime hypocalorique men�e pendant 6 semaines [22].

‘‘
La modification durable du microbiote
intestinal (dysbiose intestinale) comme

�el�ement central de l’apparition de nombreuses
maladies syst�emiques a �et�e bien document�ee

’’

Le microbiote intestinal du nourrisson s’acquiert �a la
naissance avec une transmission materno-fœtale qui est
influenc�ee par le mode d’accouchement (c�esarienne ou
voie basse), l’alimentation (allaitement maternelle ou
produits du commerce) et l’exposition �a l’environnement
et aux antibiotiques. Une transmission partielle de
l’ob�esit�e via le microbiote intestinal a �et�e d�emontr�ee
dans des mod�eles exp�erimentaux murins [23].
Chez l’adulte, diff�erents genres bact�eriens au niveau du
microbiote intestinal ont �et�e associ�es �a la pr�esence d’une
NASH (Bacteroı̈des) ou d’une fibrose significative (Pre-
votella) [24]. R�ecemment, l’augmentation de l’ADN
bact�erien dans le sang a �et�e corr�el�ee �a la pr�esence de
la fibrose h�epatique chez des patients ayant une NAFLD.

FOIE NORMAL NAFLD Insulino-résistance du système
musculaire squelettique :

ê de la captation de glucose

*Insulino-résistance du tissu adipeux : é lipolyse (=é du flux d’acides gras libres)
*Modification des adipokines (é leptine,ê adiponectine, é IL6…)

é Tissu adipeux, surpoids, obésité centrale

Inflammation métabolique de
bas grade locale et systémique

Tissu adipeux chez l’obèse

Gènes Environnement Inactivité physique
Sédentarité

Microbiote intestinal

Figure 3. Repr�esentation sch�ematique des anomalies syst�emiques pr�esentes au cours de l’augmentation du tissu adipeux conduisant au surpoids
et �a l’ob�esit�e. Diff�erents facteurs g�en�etiques, environnementaux (apports caloriques excessifs et d�es�equilibr�es), ainsi que la s�edentarit�e, le
manque d’activit�e physique et une dysbiose intestinale participent �a l’augmentation du tissu adipeux. Au-del�a d’un certain seuil, une
inflammation locale du tissu adipeux (avec infiltration de cellules macrophages et lymphocytaires) et une inflammation syst�emique de bas grade
apparaı̂traient. Celles-ci s’accompagnent d’une insulino-r�esistance du tissu adipeux caract�eris�ee par une augmentation de la lipolyse et par une
modification de la production et de la s�ecr�etion des adipokines. Un flux d’acides gras libres va inonder les organes p�eriph�eriques dont le foie et les
muscles. Les d�epôts graisseux ectopiques musculaires participeraient �a une insulino-r�esistance musculaire qui diminue la captation musculaire de
glucose et augmente le glucose circulant.
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Cette d�ecouverte du microbiote sanguin offrirait de
nouveaux marqueurs de NASH [25].
Les mod�eles murins sont en faveur d’une augmentation
de la perm�eabilit�e intestinale au cours de la NAFLD et de la
NASH, avec une augmentation de la circulation portale et
syst�emique de d�ebris bact�eriens, les pathogen-associated
molecular patterns (PAMP), et du lipopolysaccharide (LPS).
Ces �el�ements participeraient �a l’activation des macro-
phages h�epatiques via une activation de diff�erents
r�ecepteurs membranaires sp�ecifiques (Toll Like Receptor).
Cette activation des macrophages jouerait un rôle clef
dans l’apparition de la NASH. Au niveau intestinal, une
augmentation de la production d’acides gras �a chaı̂ne
courte, d’�ethanol endog�ene, de trim�ethylamine et
d’acides amin�es ramifi�es, associ�ee �a une diminution de la
disponibilit�e de la choline, et �a une modulation du fasting-
induced adipose factor (FIAF) favoriseraient une NASH.
Le FIAF est un inhibiteur circulant de la lipoprot�eine lipase
adipocytaire, produit par l’intestin, le foie et le tissu adi-
peux. La dysbiose intestinale est associ�ee �a des anomalies
de l’immunit�e de la paroi intestinale m�edi�ee par diff�erentes
cellules. La modulation de mol�ecules complexes intracel-
lulaires (inflammasome), qui jouent un rôle-cl�e dans la
r�eponse inflammatoire, a �et�e mise en �evidence lors de la
manipulation du microbiote intestinal [26].
Il est possible que les anomalies du microbiote intestinal
pr�esentes au cours de l’ob�esit�e et de la NAFLD soient �a la
fois cause et cons�equence au cours de ces maladies.
La modulation du microbiote intestinal par un r�egime
alimentaire adapt�e (riche en fibres), l’usage de pr�ebiotique
(s), de probiotique(s), d’antibiotique(s), voire �a terme la
transplantation f�ecale ou de compos�es issus du micro-
biote est une voie de recherche dans la NAFLD. De façon
similaire, des compos�es modulant la perm�eabilit�e intes-
tinale, la r�eponse inflammatoire intestinale ou interf�erant
avec le LPS ou avec diff�erents PAMP sont �egalement en
cours d’�evaluation pr�eclinique.

L�esions h�epatiques

� St�eatose

La st�eatose h�epatique chez l’homme au cours de la
NAFLD, r�esulte d’un exc�es d’apport de lipides au foie et
d’un d�efaut d’utilisation et d’export des lipides (figure 4).

‘‘
La st�eatose h�epatique chez l’homme
au cours de la non-alcoholic fatty liver

disease r�esulte d’un exc�es d’apport de lipides
au foie et d’un d�efaut d’utilisation et d’export
des lipides

’’Ainsi, il a �et�e d�emontr�e que la majorit�e (60 %) des lipides
h�epatiques est issue du flux d’acides gras venant d’un

relargage du tissu adipeux sous-cutan�e. Le tissu adipeux
visc�eral joue �egalement un rôle mais paradoxalement
dans une moindre mesure. Les autres apports de lipides
viendraient de l’alimentation sous forme de chylomicrons
(15 %) et par la lipogen�ese de novo (25 %). Les voies
d’utilisation des lipides sont la bêta-oxydation dans les
mitochondries et l’export de VLDL. Au cours de la NAFLD,
la bêta-oxydation semble plutôt augment�ee (les donn�ees
chez l’homme sont parfois contradictoires). Cette aug-
mentation de la bêta-oxydation augmente la production
de radicaux hydrog�en�es qui majorent le stress oxydatif.
Lorsque les d�efenses antioxydantes sont d�epass�ees, ce
stress oxydatif devient d�el�et�ere et alt�ere les mitochondries
et d’autres organelles cellulaires.
Au cours de la NAFLD, l’export des VLDL est augment�e ce
qui contribue �a l’augmentation des triglyc�erides et �a la
baisse du HDL-cholest�erol (2 �el�ements participant �a la
d�efinition du syndrome m�etabolique).
La pr�esence d’une st�eatose pure est, le plus souvent,
associ�ee �a un bon pronostic h�epatique. Cela vient du
fait que le stockage des acides gras libres sous forme
inerte de triglyc�erides n’est pas associ�e �a des l�esions
h�epatocytaires. Dans ce cas, la st�eatose isol�ee serait un
facteur protecteur pour le foie. Cependant, chez certains
patients un d�efaut d’expansion de la st�eatose entraı̂nerait
l’accumulation de lipides interm�ediaires (acides gras
libres, diacylglyc�erol, oxysterols, cholest�erol, phospholi-
pides, c�eramides. . .) particuli�erement toxiques pour
l’h�epatocyte (concept de la « lipotoxicit�e »). Ces lipides
toxiques peuvent �egalement s’accumuler lors de l’alt�era-
tion de la bêta-oxydation pr�esente lors de la dysfonction
mitochondriale. La lipotoxicit�e est particuli�erement
impliqu�ee dans l’apparition de la NASH en induisant
diff�erents stress cellulaires incluant le stress oxydatif et
celui du r�eticulum endoplasmique et une alt�eration de
l’autophagie.
La pr�esence d’une st�eatose est souvent associ�ee �a une
insulino-r�esistance h�epatique. Celle-ci se traduit par une
augmentation de la production endog�ene de glucose.
Celle-ci participe �a l’hyperglyc�emie �a jeun voire �a
l’apparition d’un diab�ete de type 2 (�el�ements participant
�a la d�efinition du syndrome m�etabolique) par �epuisement
des cellules insulino-s�ecr�etrices des ilôts de Langherans.
L’alt�eration de la voie de la signalisation de l’insuline au
niveau h�epatique au cours de la st�eatose, est favoris�ee par
diff�erents acteurs. Parmi ceux-ci, la translocation mem-
branaire de la protein kinase C (PKC) isoform e alt�ere
directement la fonctionnalit�e du r�ecepteur membranaire
de l’insuline [19].

‘‘
La pr�esence d’une st�eatose est souvent
associ�ee �a une insulino-r�esistance

h�epatique

’’
711HEPATO-GASTRO et Oncologie digestive

vol. 24 n8 7, septembre 2017

ossier th�ematique Mise-au-pointD

HEPATO

GASTRO

et Oncologie

digestive

St�eatoses

h�epatiques

m�etaboliques

C
op

yr
ig

ht
 ©

 2
01

9 
Jo

hn
 L

ib
be

y 
E

ur
ot

ex
t. 

T
él

éc
ha

rg
é 

pa
r 

M
M

E
 C

LE
M

E
N

C
E

 C
A

N
IV

E
T

 le
 1

2/
11

/2
01

9.



Ainsi, la st�eatose h�epatique est souvent consid�er�ee
comme �etant, �a la fois, une cons�equence et une cause
de l’insulino-r�esistance.

‘‘
La st�eatose h�epatique est souvent
consid�er�ee comme �etant, �a la fois,

une cons�equence et une cause
de l’insulino-r�esistance

’’� Non-alcoholic steatohepatitis

Comme vu ci-dessus, la dysfonction mitochondriale joue
un rôle essentiel dans l’apparition des l�esions de NASH. La
dysfonction mitochondriale se traduit par des anomalies
de la chaı̂ne respiratoire. L’alt�eration de la physiologie
mitochondriale peut amener �a l’activation de signaux de

mort cellulaire (voie de l’apoptose intrins�eque) qui sont
pr�esents lors de la souffrance cellulaire et peuvent
conduire �a l’apoptose h�epatocytaire (figure 5).

‘‘
La dysfonction mitochondriale joue un rôle
essentiel dans l’apparition des l�esions

de non-alcoholic steatohepatitis

’’La lipotoxicit�e participe �a une augmentation du stress du
r�eticulum endoplasmique qui, au final, peut aussi g�en�erer
des signaux de mort cellulaire (apoptose, n�ecrose,
pyroptose) et amener �a la production d’IL1b qui est
une puissante cytokine pro-inflammatoire. L’inflamma-
tion, elle-même, aggrave cette souffrance h�epatocytaire
(tumor necrosis factor a (TNFa), FAS. . .).

 

é Lipogenèse
de novo (25 %)

é Stockage sous forme
de triglycérides
(= STÉATOSE)

é Production
de VLDL Insulino-résistance

hépatique :
é Production endogène

de glucose

Insulino-résistance du tissu adipeux :
é lipolyse

Tissu adipeux chez l’obèse

é Espèces réactives de
l’oxygène

é Export des VLDL

é Acides gras
libres (60 %)

é Lipides alimentaires (15 %)

é Glucose circulant 

±é Bêta-oxydation

Figure 4. Repr�esentation sch�ematique de l’apparition d’une st�eatose h�epatique. La majorit�e (60 %) des lipides h�epatiques est issue du flux
d’acides gras venant d’un relargage du tissu adipeux sous-cutan�e. Le tissu adipeux visc�eral joue �egalement un rôle mais, paradoxalement, dans
unemoindremesure. Les autres lipides viendraient de l’apport alimentaire sous forme de chylomicrons (15 %) et de la lipogen�ese de novo (25 %)
qui est notamment aliment�ee par l’exc�es de glucose circulant. Les voies d’utilisation des lipides sont la b�eta-oxydation dans les mitochondries et
l’export de VLDL. Au cours de la NAFLD, la bêta-oxydation semble plutôt augment�ee (les donn�ees chez l’homme sont parfois contradictoires) ainsi
que l’export des VLDL. La pr�esence d’une st�eatose est souvent associ�ee �a une insulino-r�esistance h�epatique qui s’associe �a une augmentation de la
production endog�ene de glucose.
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La souffrance ou lamort h�epatocytaire lib�ere des damage-
associated molecular patterns (DAMP). Les DAMP
regroupent diff�erents �el�ements tels que les exosomes
(petites v�esicules membranaires qui v�ehiculent des
signaux de stress �a des cellules distantes), des d�ebris
membranaires ou de l’ADN cellulaire. Les DAMP peuvent
avoir des effets autocrines et paracrines et peuvent activer
les cellules inflammatoires h�epatiques (notamment les
cellules de Kupffer) et les cellules stellaires.
De nombreux autres signaux de souffrance h�epatocytaire
ont �et�e identifi�es incluant des morphog�enes, des
cytokines, des micro-ARN, et le ligand Sonic Hegdehog
qui vont entraı̂ner la transcription de diff�erents g�enes

h�epatocytaires impliqu�es dans la prolif�eration, la
diff�erentiation et la viabilit�e cellulaire.
Ces diff�erents signaux cellulaires vont activer les cellules
stellaires en myofibroblastes et initier la fibrogen�ese. Ces
signaux vont �egalement activer les cellules de Kupffer, les
lymphocytes et les cellules natural killer T (NKT). Bien que
les fonctions exactes des cellules lymphocytaires ne soient
pas parfaitement connues, on estime que l’activation et la
polarisation des lymphocytes T-helper (Th) 1 et Th17
contribueraient �a la NASH alors que l’activation des
cellules T r�egulatrices diminuerait la NASH en inhibant la
r�eponse immunitaire. Ces cellules inflammatoires vont
interagir entre elles et avec les cellules stellaires activ�ees.

STÉATOHÉPATITE

é Insulino-résistance du tissu adipeux :
lipolyse

Tissu adipeux chez l’obèse

CANCERS EXTRA-
HÉPATIQUES

é Acides gras
libres

é VLDL

ATHÉROSCLÉROSE

DYSLIPIDÉMIE

é Production endogène
de glucose

Dysfonction des ilôts
langheransiens

DIABÈTE DE TYPE 2

Souffrance hépatocytaire
(ballonisation, mort cellulaire)

DAMP
PAMP

…

*Lipotoxicité
*Stress

cellulaire
*Dysfonction

mitochondriale
…

INFLAMMATION

Artères

STEATOSE

FIBROSE
CANCER

PNN, Lymphocytes, NKT,
Cellules de Kupffer

Foie

Pancréas

Figure 5. Repr�esentation sch�ematique de l’apparition d’une non-alcoholic steatohepatitis (NASH). Au cours de la NASH, l’augmentation de la
bêta-oxydation s’associerait �a une augmentation de la production de radicaux hydrog�en�es qui participeraient au stress oxydatif. Lorsque les
d�efenses antioxydantes sont d�epass�ees ce stress oxydatif devient d�el�et�ere et alt�ere les mitochondries et d’autres organelles cellulaires conduisant
�a une souffrance h�epatocytaire. L’accumulation de lipides lipotoxiques (acides gras libres, diacylglyc�erol, oxysterols, cholest�erol, phospholipides,
c�eramides. . .) va aggraver la dysfonction mitochondriale, le stress cellulaire et l’inflammation. La souffrance ou la mort h�epatocytaire lib�ere des
damage-associated molecular patterns (DAMP) qui favorisent l’inflammation et les l�esions cellulaires. Ces signaux cellulaires vont activer les
cellules de Kupffer, les lymphocytes, les cellules natural killer T (NKT) ainsi que les cellules stellaires en myofibroblastes et d�eclencher la
fibrogen�ese. Les cellules de Kupffer du foie peuvent �egalement être activ�ees par les pathogen-associated molecular patterns (PAMP) issus du
microbiote intestinal, via des r�ecepteurs sp�ecifiques. Ces cellules inflammatoires et les cellules stellaires vont interagir entre elles et activeraient les
cellules prog�enitrices qui peuvent participer �a la carcinogen�ese.
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Enfin, les signaux cellulaires vont aussi activer les cellules
prog�enitrices qui peuvent participer �a la carcinogen�ese.
Les cellules de Kupffer du foie, entre autres, peuvent
�egalement être activ�ees par les pathogen associated
molecular patterns (PAMP) issus du microbiote intestinal
via leurs r�ecepteurs toll-like (TLR). La balance entre les
macrophages pro-inflammatoires de ph�enotype M1 et
ceuxanti-inflammatoiresdeph�enotypeM2serait d�es�equili-
br�eeenfaveurdu typeM1etde laproductiondediff�erentes
cytokines pro-inflammatoires (TNF a, IL1, IL6. . .).
Diff�erentes cibles mol�eculaires font l’objet d’une recher-
che intense. Notre �equipe a r�ecemment montr�e que
l’int�egrine membranaire CD44 exprim�ee sur les cellules
immunitaires activ�ees �etait impliqu�ee dans le recrutement
et l’activation des macrophages intra-h�epatiques (en
r�eponse aux DAMP, au LPS et aux acides gras satur�es).
Cette voie participerait aux l�esions h�epatiques inflamma-
toires et fibrosantes et serait une cible th�erapeutique
potentielle [27]. La voie du r�ecepteur nucl�eaire farsenoid X
receptor (FXR) serait �egalement impliqu�ee. FXR participe
au m�etabolisme normal des acides biliaires, a des
propri�et�es anti-inflammatoires au niveau h�epatique et
intestinal, et augmenterait l’expression h�epatique de la
nitric oxide synthase. Un analogue de FXR, l’acide
ob�eticholique est en cours d’�evaluation dans un essai
th�erapeutique de phase 3 apr�es que les donn�ees d’une
�etude de phase 2 aient montr�e une diminution de la
st�eatose, de l’inflammation, de la ballonisation et de la
fibrose h�epatique chez des patients avec une NASH.
Les r�ecepteurs nucl�eaires PPAR alpha sont impliqu�es dans
le m�etabolisme lipidique h�epatique en favorisant la bêta-
oxydation et l’export de VLDL. L’�elafibranor un double
agoniste PPAR alpha et PPAR delta (impliqu�e notamment
dans la bêta-oxydation musculaire) est en cours
d’�evaluation en phase 3 apr�es que les donn�ees de phase
2 aient montr�e dans un sous-groupe de patients NASH
une am�elioration de la st�eatose et de l’activit�e.
L’inhibition par le selonsertib de l’apoptosis signal kinase-
1 (ASK1), qui serait impliqu�e dans l’apoptose induite par le
stress oxydatif, aurait un effet antifibrosant. La modula-
tion des ch�emokines (C-C motif) receptor 2 (CCR 2) et
CCR 5 par le compos�e c�enicriviroc serait �egalement
associ�ee �a une diminution de la fibrose (mais pas de
l’inflammation) [19, 28].
La meilleure connaissance des m�ecanismes mol�eculaires
de la NASH, permet un foisonnement de la recherche
priv�ee et publique pour tester l’int�erêt de nouvelles
mol�ecules anti-NASH et /ou antifibrosante.

Manifestations extrah�epatiques

La NAFLD est une maladie multisyst�emique, ce qui
explique que de nombreuses maladies extrah�epatiques

y soient associ�ees. Ainsi, la NAFLD et la NASH sont
associ�ees �a une augmentation des �ev�enements cardio-
vasculaires qui sont la premi�ere cause de mortalit�e chez
ces patients.

‘‘
La non-alcoholic fatty liver disease
est une maladie multisyst�emique

’’La NASH est pr�edictive de l’apparition d’un diab�ete de
type 2. Le d�epistage d’un diab�ete doit donc être r�ealis�e par
une mesure de glyc�emie �a jeun (� 1,26 g/L) ou une
glyc�emie au hasard dans la journ�ee (� 2 g/L) ou la mesure
de l’h�emoglobine glyqu�ee (� 6,5 %) ou un test de
tol�erance orale du glucose, 2 heures apr�es l’ingestion de
75 g de glucose (glyc�emie � 2 g/L).
Une NAFLD peut être associ�ee �a la pr�esence de cancers
extrah�epatiques, d’une hypothyroı̈die, d’un syndrome des
apn�ees et hypopn�ees obstructives du sommeil, d’une
ost�eoporose, d’une maladie r�enale chronique et d’un
syndrome des ovaires polykystiques [11].

D�emarche diagnostique

�Evoquer le diagnostic

Une NAFLD doit être cherch�ee (par exemple en r�ealisant
une �echographie abdominale � un bilan h�epatique) chez
tout patient ayant une insulino-r�esistance (indice HOMA
IR �elev�e (� 2 �a 3 – le seuil optimal doit faire l’objet
d’�evaluations futures-)) et/ou un surpoids ou une ob�esit�e
ou un syndrome m�etabolique ou un diab�ete de type 2.
Ce d�epistage est particuli�erement important chez les
sujets �a risque de NASH fibrosante (> 50 ans, diab�ete de
type 2, syndrome m�etabolique).

‘‘
Une non-alcoholic fatty liver disease doit
être cherch�ee chez tout patient ayant une

insulino-r�esistance et/ou un surpoids ou une
ob�esit�e ou un syndrome m�etabolique ou un
diab�ete de type 2

’’Inversement, la d�ecouverte d’une st�eatose h�epati-
que (quel que soit le bilan h�epatique) doit faire
chercher les diff�erents param�etres du syndrome
m�etabolique.

‘‘
La d�ecouverte d’une st�eatose h�epatique
(quel que soit le bilan h�epatique) doit faire

rechercher les diff�erents param�etres du syndrome
m�etabolique

’’
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Enfin, une NAFLD doit être suspect�ee lors d’une
anomalie du bilan h�epatique (�el�evation de l’activit�e
de l’ALAT � ASAT, � GGT) inexpliqu�ee par ailleurs
[11].

Chercher syst�ematiquement une
comorbidit�e h�epatique associ�ee

La recherche d’une prise d’alcool excessive (principal
diagnostic diff�erentiel) est �a chercher de façon
syst�ematique. Malgr�e le nom de la NAFLD, l’association
d’une atteinte h�epatique li�ee �a une NAFLD et �a une prise
d’alcool excessive est possible et est même relativement
fr�equente. Une prise en charge mixte addictologique
et sp�ecifiquement anti NAFLD/NASH doit alors être
propos�ee.

‘‘
Chercher une prise d’alcool
excessive

’’Compte tenu de la fr�equence des NAFLD/NASH dans la
population g�en�erale, une d�emarche rigoureuse �eliminant
les diff�erentes causes « classiques » d’atteinte h�epatique
doit être faite, lors de l’exploration d’une anomalie du
bilan h�epatique ou de la d�ecouverte d’une st�eatose �a
l’imagerie. Ces diff�erentes causes, parfois associ�ees �a une
authentique NAFLD, sont une h�epatite virale C (st�eatose
au cours de l’infection par un virus de g�enotype 3), une
h�epatite B, une atteinte m�edicamenteuse, une
h�emochromatose, une h�epatite auto-immune, une mala-
die cœliaque. . . [11].

‘‘
Une d�emarche rigoureuse est n�ecessaire
pour �eliminer les diff�erentes causes

« classiques » d’atteinte h�epatique

’’�Evoquer une NAFLD secondaire « rare »

Avant de retenir le diagnostic de NAFLD classique
(primitive), il faut �evoquer voire �eliminer les causes rares
de NAFLD secondaires notamment : la prise d’un
m�edicament st�eatog�ene (glucocorticoı̈des, amiodarone,
tamoxif�ene, 5-fluorouracile, irinot�ecan, cisplatine, aspa-
raginase, m�ethotrexate, inhibiteurs nucl�eosidiques de
la reverse transcriptase du VIH, t�etracycline, acide
valproı̈que, perhexilline. . .), une maladie de Wilson,
une pullulation microbienne intestinale, une nutrition
parent�erale, une d�enutrition s�ev�ere, une a/hypo-
bêtalipoprot�ein�emie, un hypopituitarisme ou une hypo-
thyroı̈die. Exceptionnellement, un d�eficit partiel en lipase
acide lysosomal (st�eatose d’un sujet jeune avec une

dyslipid�emie) peut être diagnostiqu�e (un test buvard de
d�epistage est facilement disponible) [11].

‘‘
Avant de retenir le diagnostic de non-
alcoholic fatty liver disease classique (pri-

mitive), il faut �evoquer voire �eliminer les causes
rares de NAFLD secondaires

’’Pour tout patient avec une NAFLD, chercher et traiter

– les diff�erents param�etres du syndrome m�etabolique :
surpoids/ob�esit�e, intol�erance au glucose ou diab�ete
(prescrire une « glyc�emie �a jeun »), dyslipid�emie (prescrire
une « Exploration d’une Anomalie du bilan Lipidique
(EAL) »), hypertension art�erielle mais aussi les autres
facteurs de risque cardiovasculaire (tabagisme, �el�evation
du LDL, ant�ec�edents personnels et familiaux d’�ev�enements
cardiovasculaires). L’application des recommandations des
soci�et�es savantes doit être faite. L’aide d’un r�eseaum�edical
et param�edical (cardiologue, endocrinologue, addictolo-
gue, di�et�eticien, psychologue. . .) peut être utile ;
– les manifestations extrah�epatiques vues pr�ec�edemment
[11].

�Evaluer l’�etat h�epatique

L’�evaluation de la fibrose h�epatique est essentielle �a la
prise en charge des patients. Les recommandations 2016
de la soci�et�e europ�eenne d’�etude du foie (EASL)
pr�econisent la combinaison d’un test de biomarqueurs
s�eriques et d’une mesure de l’�elastographie impulsion-
nelle h�epatique (FibroScan1, sonde M ou sonde XL
sp�ecialement d�evelopp�ee pour les patients ob�eses).
Diff�erents tests s�eriques gratuits (NAFLD fibrosis score
(www.nafldscore.com), Fib 4 (medicalcul.free.fr/fib4.
html)) ou commerciaux (ELF1, Fibrotest1, FibroMeter1)
sont disponibles. Les tests s�eriques commerciaux ne sont
pas encore rembours�es en France ce qui limite leur usage.

‘‘
La Soci�et�e europ�eenne d’�etude du foie
pr�econise la combinaison d’un test

de biomarqueurs s�eriques et d’une mesure
de l’�elastographie impulsionnelle h�epatique

’’Parmi les tests physiques d’�evaluation de l’�elasticit�e
h�epatique, l’�elastographie impulsionnelle par FibroScan1

(Echosens, Paris, France) est la mieux �evalu�ee. D’autres
techniques prometteuses n�ecessitent des validations
compl�ementaires comme la point shear wave elastogra-
phy �egalement appel�ee acoustic radiation force impulse
(ARFI) (Virtual touch tissue quantificationTM, Siemens ;
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elastography quantification ElastQMTM, Philips), la 2D-
shear wave elastography (AixplorerTM Supersonic Image,
France) ou l’�elastographie par r�esonance magn�etique.
L’association du test s�erique FibroMeterTM et de
l’�elastographie impulsionnelle �a vibration contrôl�ee
(VCTETM) (FibroMeter VCTE) semble avoir une perfor-
mance diagnostique int�eressante.
La d�etermination de seuils pr�ecis avec ces diff�erents
marqueurs non invasifs est toujours l’objet de recherches
intenses. R�ecemment, l’�elastographie impulsionnelle par
FibroScan1 avec la sonde M a �et�e �evalu�ee dans une
cohorte bicentrique française de 291 patients NAFLD
ayant eu une biopsie du foie. Parmi ces patients
principalement en surpoids (30 %) ou ob�ese (60 %),
la mesure d’�elastographie impulsionnelle �etait en �echec
chez 14,4 % et n’�etait pas fiable (IQR/M > 0,3 pour des
r�esultats � 7,1 kPa) chez 9 %. Les crit�eres de fiabilit�e
(IQR/M < 0,3 ou > 0,3 avec des r�esultats < 7,1 kPa)
�etaient remplis chez 76,6 % des patients. Les seuils
associ�es �a une sensibilit�e � 90 %, �etaient de 6,2 kPa
pour une fibrose � F2, 8,2 kPa pour une fibrose � F3, et
9,5 kPa pour la cirrhose. Les seuils associ�es �a une
sp�ecificit�e � 90 %, �etaient 9,8 kPa pour une fibrose
� F2, 12,5 kPa pour une fibrose � F3 et 16,1 kPa pour la
cirrhose [29].
Dans les cas o�u l’�evaluation non invasive de la fibrose est
inefficace ou discordante, une biopsie h�epatique doit être
propos�ee. Dans le cas o�u les m�ethodes non invasives sont
en faveur de l�esions de fibrose s�ev�ere ou de cirrhose, une
biopsie h�epatique de confirmation peut être r�ealis�ee
[11, 30].
L’�evaluation quantitative initiale de la st�eatose n’est pas
utile en routine clinique. Elle pourrait être int�eressante
dans le suivi des patients. Elle peut être faite avec des
biomarqueurs (Fatty liver index, Steatotest1, NAFLD liver
fat score) ou par imagerie (att�enuation ultrasonore ou
controlled attenuation parameter (CAPTM)) ou spectro-
IRM-H1). L’utilisation du CAPTM coupl�e au FibroScan1

am�eliorerait la performance diagnostique de l’�evaluation
de la fibrose h�epatique surtout pour les patients avec une
fibrose F0-F2 [31].
L’�evaluation non invasive de la NASH fait �egalement
l’objet d’une recherche intense. Aucun test ou marqueur
propos�e avec une excellente performance diagnostique
n’a �et�e valid�e �a large �echelle [11]. La biopsie h�epatique est
actuellement exig�ee pour permettre l’inclusion et le suivi
dans les essais th�erapeutiques de phase 2b ou 3 �evaluant
les m�edicaments anti-NASH.

‘‘
L’�evaluation non invasive de la non-
alcoholic steatohepatitis fait �egalement

l’objet d’une recherche intense

’’

Formes particuli�eres

Non-alcoholic fatty liver disease chez l’enfant
et l’adolescent

Chez les enfants ob�eses ou en surpoids, les l�esions
anatomo-pathologiques de NASH sont particuli�eres.
La majorit�e (51 %) des enfants pr�esentent une forme
histologique « de type p�ediatrique » avec une quasi-
absence de l�esions de ballonisation et fr�equemment une
inflammation portale et une fibrose �a point de d�epart
portal. Environ 17 % pr�esentent une forme histologique
« de type adulte ». Les 32 % restant pr�esentent une
forme interm�ediaire. La NASH p�ediatrique s’associerait �a
une acc�el�eration des l�esions lorsque les adolescents
deviennent des adultes jeunes. Le suivi prospectif de
cohortes d’enfants et d’adolescents avec une NASH sera
important pour affiner nos connaissances.

‘‘
Chez les enfants ob�eses ou en surpoids,
les l�esions anatomo-pathologiques de non-

alcoholic steatohepatitis sont particuli�eres

’’L’utilisation des outils non invasifs d’�evaluation de
la fibrose h�epatique (biomarqueurs, l’�elastographie
impulsionnelle par FibroScan1 avec la sonde S ou M)
est particuli�erement utile chez eux. La biopsie du foie
est g�en�eralement r�ealis�ee avec prudence dans cette
population.
La prise en charge th�erapeutique repose, l�a encore,
sur l’application des mesures hygi�eno-di�et�etiques qui
am�eliore la st�eatose et l’inflammation mais peu ou pas la
fibrose. De même, aucun m�edicament n’a d�emontr�e un
effet sur la fibrose. Quelques cas de transplantations
h�epatiques pour NASH, chez des adolescents, ont �et�e
rapport�es.
La pr�evention et l’innovation diagnostique et th�erapeu-
tique sont donc importantes �a promouvoir chez les
enfants et les adolescents [32].

Non-alcoholic fatty liver disease chez les
patients « minces »

Une st�eatose ou une NASH peut se voir chez des patients
« minces » avec un indice de masse corporelle (IMC)
< 25 kg/m2 chez les occidentaux, et un IMC < 23 kg/m2
chez les asiatiques. La pr�evalence de la NAFLD chez les
sujets « minces » serait d’environ 7 % aux USA et en
Chine. Cela illustre l’h�et�erog�en�eit�e de la NAFLD et le fait
qu’un clinicien ne devrait pas exclure une NAFLD, �a priori,
pour le seul motif d’une absence de surpoids/ob�esit�e.
Selon les s�eries, seuls 5 �a 45 % de ces patients NAFLD
‘‘minces’’ ont un syndromem�etabolique. Ces patients ont
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n�eanmoins le plus souvent une insulino-r�esistance. La
derni�ere d�efinition du syndrome m�etabolique de 2009,
qui n’exige plus la pr�esence d’une augmentation du tour
de taille (reflet de l’ob�esit�e abdominal) pour le d�efinir,
peut aider au rep�erage de ces patients atypiques. En effet,
une insulino-r�esistance peut être pr�esente en l’absence
d’une ob�esit�e androı̈de, bien que la physiopathologie en
soit mal connue.

‘‘
Une st�eatose ou une non-alcoholic steato-
hepatitis peut se voir chez des patients

« minces »

’’Ces patients « minces » avec une NASH peuvent avoir
une �evolution fibrosante (F3-F4) dans les mêmes
proportions que les patients ob�eses et doivent donc être
surveill�es et pris en charge activement comme les patients
NAFLD/NASH classiques [11, 33-35].

Non-alcoholic steatohepatitis burnt-out

Au cours du temps, notamment chez le sujet âg�e, une
disparition progressive de l’activit�e inflammatoire voire de
la st�eatose peut être observ�ee alors qu’une fibrose
significative voire une cirrhose est pr�esente. Ces NASH
« burnt-out » seraient responsables de la majorit�e des
cirrhoses cryptog�eniques.

‘‘
Les non-alcoholic steatohepatitis
« burnt-out » seraient responsables

de la majorit�e des cirrhoses cryptog�eniques.

’’Non-alcoholic fatty liver disease
en post-transplantation h�epatique

La prise de poids et l’apparition d’un syndrome
m�etabolique voire d’un diab�ete de type 2 en post
transplantation h�epatique sont extrêmement fr�equentes.
Ces anomalies rel�event de diff�erents m�ecanismes, parmi
lesquels une reprise pond�erale chez les patients d�enutris
en pr�e-transplantation h�epatique, l’effet des corticoı̈des,
un ant�ec�edent d’ob�esit�e, une infection par le virus de
l’h�epatite C, un terrain de polyaddiction, notamment au
sucre.
Deux tableaux sont observ�es. D’une part, la r�ecidive d’une
NASH chez des patients transplant�es pour une cirrhose
NASH d�ecompens�ee ou compliqu�ee d’un CHC. D’autre
part, la NASH « de novo » qui apparaı̂t chez des sujets
transplant�es pour une h�epatopathie non li�ee �a une NASH
et qui ont une forte prise de poids et l’apparition
d’anomalies dysm�etaboliques en post transplantation
h�epatique.

La prise en charge th�erapeutique vise �a limiter les facteurs
favorisant la prise de poids en post transplantation
h�epatique, �a lutter �energiquement contre les diff�erents
param�etres du syndrome m�etabolique et �a appliquer les
mêmes recommandations que chez les patients NAFLD/
NASH hors transplantation h�epatique. Un suivi cardio-
vasculaire rapproch�e est particuli�erement important chez
ces patients [36, 37].

Conclusion

La NAFLD g�en�ere, �a travers le monde, une recherche
clinique et exp�erimentale tr�es active. Cela a permis et va
permettre encore une meilleure compr�ehension de sa
physiopathologie et le d�eveloppement d’outils non
invasifs afin de mieux d�epister, mieux diagnostiquer et
mieux suivre les patients. Les progr�es dans les th�erapeu-
tiques pharmacologiques et non pharmacologiques
devraient �egalement permettre une meilleure stabilisa-
tion voire une r�egression des l�esions h�epatiques et
extrah�epatiques.

Remerciements : les auteurs remercient le fond docu-
mentaire Servier qui a servi �a composer les figures 2, 3
et 4.

Liens d’int�erêts : les auteurs d�eclarent n’avoir aucun lien
d’int�erêt en rapport avec l’article. &

T ake home messages

& La non-alcoholic fatty liver disease (NAFLD) est un
spectre d’anomalies h�epatiques incluant la st�eatose
simple, la st�eatoh�epatite (NASH), la NASH fibrosante, la
cirrhose NASH et le carcinome h�epatocellulaire.

& La NAFLD toucherait environ 25 % de la population
mondiale.

& Une NASH serait pr�esente chez 1,5 �a 6,5 % de la
population mondiale.

& Le diagnostic positif et diff�erentiel de la NAFLD doit
être rigoureux.

& Les principales anomalies physiopathologiques au
cours de la NASH (inflammation m�etabolique, insulino-
r�esistance, dysbiose intestinale, lipotoxicit�e, dysfonction
mitochondriale, stress cellulaire, mort h�epatocytaire et
inflammation h�epatique. . .) sont de potentielles cibles
th�erapeutiques.
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CD44 is a key player in non-alcoholic steatohepatitis
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Marie-Christine Saint-Paul1,2,3, Antonio Iannelli1,2,4, Jean Gugenheim1,2,4, Rodolphe Anty1,2,4,
Albert Tran1,2,4, Béatrice Bailly-Maitre1,2, Philippe Gual1,2,⇑
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Background & Aims: Cluster of differentiation (CD)44 regulates
adipose tissue inflammation in obesity and hepatic leukocyte
recruitment in a lithogenic context. However, its role in hepatic
inflammation in a mouse model of steatohepatitis and its rele-
vance in humans have not yet been investigated. We aimed to
evaluated the contribution of CD44 to non-alcoholic steatohep-
atitis (NASH) development and liver injury in mouse models
and in patients at various stages of non-alcoholic fatty liver dis-
ease (NAFLD) progression.
Methods: The role of CD44 was evaluated in CD44�/� mice and
after injections of an aCD44 antibody in wild-type mice chal-
lenged with a methionine- and choline-deficient diet (MCDD).
In obese patients, hepatic CD44 (n = 30 and 5 NASH patients with
a second liver biopsy after bariatric surgery) and serum sCD44
(n = 64) were evaluated.
Results: Liver inflammation (including inflammatory foci num-
ber, macrophage and neutrophil infiltration and CCL2/CCR2
levels), liver injury and fibrosis strongly decreased in CD44�/�

mice compared to wild-type mice on MCDD. CD44 deficiency
enhanced the M2 polarization and strongly decreased the activa-
tion of macrophages by lipopolysaccharide (LPS), hepatocyte
damage-associated molecular patterns (DAMPs) and saturated
fatty acids. Neutralization of CD44 in mice with steatohepatitis
strongly decreased the macrophage infiltration and chemokine
ligand (CCL)2 expression with a partial correction of liver inflam-
mation and injury. In obese patients, hepatic CD44 was strongly
upregulated in NASH patients (p = 0.0008) and correlated with
NAFLD activity score (NAS) (p = 0.001), ballooning (p = 0.003),
alanine transaminase (p = 0.005) and hepatic CCL2 (p\0.001)
and macrophage marker CD68 (p\0.001) expression. Correction
of NASH was associated with a strong decrease in liver CD44+

cells. Finally, the soluble form of CD44 increased with severe
steatosis (p = 0.0005) and NASH (p = 0.007).

Conclusion: Human and experimental data suggest that CD44 is
a marker and key player of hepatic inflammation and its targeting
partially corrects NASH.
Lay summary: Human and experimental data suggest that CD44,
a cellular protein mainly expressed in immune cells, is a marker
and key player of non-alcoholic steatohepatitis (NASH). Indeed,
CD44 enhances the non-alcoholic fatty liver (NAFL) (hepatic
steatosis) to NASH progression by regulating hepatic macrophage
polarization (pro-inflammatory phenotype) and infiltration
(macrophage motility and the MCP1/CCL2/CCR2 system). Target-
ing CD44 partially corrects NASH, making it a potential therapeu-
tic strategy.
� 2017 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Global prevalence of non-alcoholic fatty liver diseases (NAFLD)
ranges from 22% to 28%.1 The spectrum of these hepatic
abnormalities extends from isolated steatosis to steatohepatitis
(non-alcoholic steatohepatitis, NASH) and steatofibrosis leading
to cirrhosis and hepatocellular carcinoma. NAFLD is one of the
main causes of cirrhosis and increases the risk of liver-related
death and hepatocellular carcinoma. Despite this major public
health concern, treatment of NAFLD is still elusive (apart from
lifestyle changes) as there is lack of efficacious pharmacological
treatment. Whereas the molecular mechanisms responsible for
the progression from a ‘‘safe” state to NASH are still unclear,
hepatic inflammation is a key factor involved in the progression
of NAFLD. Recent findings suggest that cluster of differentiation
(CD)44 could play an important role in the development and
progression of NAFLD, by regulating adipose tissue and liver
inflammation.2–5

CD44 is expressed on many cell types that contribute to
inflammation, such as leukocytes, neutrophils and macrophages.
It has been recently reported in an animal model of obesity that
CD44 plays an important role in adipose tissue inflammation by
promoting macrophage recruitment, which in turn enhances
insulin resistance and hepatic steatosis.2,3 Neutralization of
CD44 by specific antibodies reduces fasting blood glucose levels,
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weight gain, liver steatosis and insulin resistance in a dietary
mouse model of obesity.4 CD44 also promotes hepatic inflamma-
tory cell recruitment during fatty liver formation in a lithogenic
diet-fed mouse model.5 In line with these data, human adipose
tissue CD44 is associated with localized inflammation and sys-
temic insulin resistance;6 weight loss in obese patients is associ-
ated with a strong decrease in the gene expression of CD44 and
the macrophage marker CD68 in subcutaneous adipose tissue.7

Since osteopontin (OPN), E-selectin and hyaluronic acid (HA)
are the main ligands of CD44 and are involved in liver dis-
ease,8–12 we can presume that the activation of the CD44 path-
way could be involved in NAFLD progression. As previously
reported in human NAFLD, hepatic osteopontin and E-selectin
are strongly upregulated with fibrosis and NASH, respectively.8,9

Upon injury, local HA production increases and is fragmented,
generating low-molecular weight HA (LMW-HA) that functions
as a pro-inflammatory danger-associated molecular pattern and
cleared via CD44-mediated endocytosis.11 The interaction of
CD44 and HA is the dominant mechanism for neutrophil seques-
tration in inflamed liver sinusoids.13 HA is also a biomarker for
severe fibrosis and cirrhosis in various liver diseases including
NAFLD and alcoholic liver disease (ALD).14–16 The possible contri-
bution of the CD44 pathway to the evolution from simple steato-
sis to NASH and fibrosis has not been fully investigated so far. We
therefore evaluated the contribution of CD44 in NASH develop-
ment and liver injury in experimental mouse models and in a
cohort of patients at various stages of NAFLD progression.

Patients and methods

Human studies

Morbidly obese patients

A total of 93 patients (30 patients for the gene expression, 64 patients for the

sCD44 and 5 patients for the follow-up) were recruited through the Department

of Digestive Surgery and Liver Transplantation (Nice hospital) where they under-

went bariatric surgery for their morbid obesity. Bariatric surgery was indicated

for these patients in accordance with French guidelines. Exclusion criteria were:

presence of a hepatitis B or hepatitis C infection, excessive alcohol consumption

([20 g/d) or another cause of chronic liver disease as previously described.17–19

The characteristics of the study groups for the gene expression are described in

Table 1. Before surgery, fasting blood samples were obtained and used to measure

alanine and aspartate transaminases (ALT and AST, respectively), glucose, insulin

and HbA1c. Insulin resistance was calculated using the homeostatic model

assessment (HOMA-IR) index.20 Liver biopsies were obtained during surgery

and no ischemic preconditioning had been performed. A second liver biopsy

and a concomitant diagnostic work-up were offered to five patients who under-

went a laparoscopic Roux-en-Y gastric bypass (LRYGB), who initially displayed

biopsy-proven NASH and completed a minimum follow-up period of 30 months

after surgery. Hepatic histopathological analysis was performed according to

the scoring system of Kleiner et al.21 Four histopathological features were semi-

quantitatively evaluated: grade of steatosis (0, \5%; 1, 5%–30%; 2, [30%–60%;

3,[60%), lobular inflammation (0, no inflammatory foci; 1,\2 inflammatory foci

per 200x field; 2, 2–4 inflammatory foci per 200x field; 3,[4 inflammatory foci

per 200x field), hepatocellular ballooning (0, none; 1, few balloon cells; 2, many

cells/prominent ballooning), and stage of fibrosis (from 0, none to 4, cirrhosis).

Control participants

Liver tissue was obtained from five lean participants (5 women; age, 44 ± 9 years;

BMI, 21 ± 1.9 kg/m2) undergoing partial hepatectomy for benign tumours (neigh-

bour tissues from four adenoma and one focal nodular hyperplasia). Three partic-

ipants underwent a left lobectomy or a bisegmentectomy without ischemic

preconditioning and two patients underwent a right hepatectomy with a poten-

tial ischemic preconditioning (missing data). Liver samples did not display any

hepatic steatosis, inflammation or fibrosis. All participants gave their informed

written consent to participate in this study in accordance with French legislation

regarding Ethics and Human Research (Huriet-Serusclat law). The ‘‘Comité Con-

sultatif de Protection des Personnes dans la Recherche Biomédicale de Nice”

approved the study (07/04:2003, N� 03.017).

Animals and study design

19-week-old male wild-type (WT) and CD44-deficient (CD44�/�) (B6.Cg-

Cd44tm1Hbg/J from Jackson Laboratory, Bar Harbor, ME, USA) C57BL/6 mice were

acclimated to our animal facilities under a 12/12 h light/dark cycle at a temper-

ature of 21 ± 2 �C and were fed ad libitum either a methionine- and choline-

deficient diet (MCDD) or control diet (Ctr D) for 2, 4 or 7 weeks (diets from MP

Biomedicals (MCDD # 960439, Ctr diet # 960440) and Ssniff (MCDD # E15653-

94; Ctr diet # E15654-04)).

Table 1. Characteristics of the obese patients.

Without NAFLD Steatosis NASH

n 8 13 9

Age (years) 34.7 ± 4.4 36.8 ± 2.7 41.0 ± 3.3

BMI (kg/m2) 43.4 ± 0.5 42.9 ± 1.12 43.3 ± 1.9

ALT (IU/L) 17.4 ± 2.9 29.2 ± 2.4* 104.8 ± 28.0*,#

AST (IU/L) 20.7 ± 2.9 22.1 ± 1.0 60.2 ± 15.8*,#

Fasting insulin (mIU/L) 9.7 ± 2.4 15.2 ± 3.8 41.8 ± 10.2*,#

Fasting glucose (mmol/L) 4.8 ± 0.1 5.3 ± 0.2* 8.3 ± 1.7*

HOMA-IR 2.0 ± 0.5 3.7 ± 1.0 14.4 ± 3.9*,#

HbA1c (%) 5.3 ± 0.1 5.6 ± 0.1 7.0 ± 0.7*,#

NAFLD activity score (n) 0 (8) 2 (5) 3 (8) 5 (9)

Grade of steatosis (n) 0 (8) 2 (6) 3 (7) 3 (9)

Lobular inflammation (n) 0 (8) 0 (13) 1 (9)

Hepatocellular ballooning (n) 0 (8) 0 (13) 1 (9)

Hepatic gene expression (vs. lean)

TNFa 1.80 ± 0.52 2.28 ± 0.35 7.63 ± 1.35*,#

IL1b 1.23 ± 0.21 1.52 ± 0.28 7.80 ± 2.36*,#

MCP1 1.26 ± 0.33 2.64 ± 0.64* 6.48 ± 1.46*,#

Without NAFLD: patients with normal liver histology; Steatosis: patients with steatosis; NASH: patients with severe steatosis and NASH. Data are expressed as mean ± SEM

and compared using the non-parametric Mann Whitney test.
* p\0.05 compared with ‘‘Without NAFLD”.
# p\0.05 compared with Steatosis.
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Anti-CD44 treatment

WT C57BL/6 male mice (19 weeks of age) were fed MCDD for 4 weeks. During the

last 6 days of MCDD, mice received daily intra-peritoneal injections of either puri-

fied rat anti-mouse CD44 mAb (n = 5; IM7, BD Pharmingen, catalog #553131; BD

Biosciences) or purified rat IgG2b, j isotype control (n = 6; A95-1, BD Pharmin-

gen, catalog #553986; BD Biosciences) (100 lg/mouse the first day then

50 lg/mouse). At the end of the treatment, the blood was collected and mice

were immediately sacrificed, after which the liver was removed. One part of

the liver was immediately frozen in liquid nitrogen and stored at �80 �C until

analysis. The second part was fixed in buffered formalin, paraffin-embedded,

sectioned, and stained with hematoxylin-eosin-saffron or Masson’s trichrome.

The last part as used for flow cytometric analysis. The guidelines of laboratory

animal care were followed, and the local ethical committee approved the animal

experiments (NCE/2013-108, APAFIS#5100-2015121110477413 v6).

Flow cytometric analysis

The cells were surface-stained with antibodies against mouse CD45 (clone 30-

F11), CD44 (clone IM7), F4/80 (clone BM8), CD11b (clone M1/70), CD11c (clone

HL3), Gr1 (clone RB6-8C5), CD206 (clone C068C2) or CD301 (clone ER-MP23) pur-

chased from BD Biosciences, eBioscience, Bio Rad ABD Serotec. Samples were

acquired using a fluorescence activated cell sorting (FACS) Canto II flow cytome-

ter, and the data were analyzed using the FACSDiva software version 8.0.1 (BD

Biosciences).

Real-time quantitative PCR analysis

Total liver RNA was extracted using the RNeasy Mini Kit (74104, Qiagen, Hilden,

Germany) and treated with Turbo DNA-free (AM 1907, Thermo Fisher Scientific

Inc.) following the manufacturer’s protocol. The quantity and quality of the

RNA were determined using the Agilent 2100 Bioanalyzer with RNA 6000 Nano

Kit (5067-1511, Agilent Technologies, Santa Clara, CA, USA). Total RNA (1 lg)
was reverse transcribed with a High-Capacity cDNA Reverse Transcription Kit

(Thermo Fisher Scientific Inc.). Real-time quantitative PCR was performed in

duplicate for each sample using the StepOne Plus Real-Time PCR System (Thermo

Fisher Scientific Inc.) as previously described.15,22 TaqMan gene expression assays

were purchased from Thermo Fisher Scientific Inc. and listed in Supplementary

data. Gene expression was normalized to the housekeeping gene b2M (b2 micro

globuline, mouse) or RPLP0 (Ribosomal Phosphoprotein Large P0, mouse and

human) and calculated based on the comparative cycle threshold Ct method

(2�DDCt).

Immunohistochemistry

Sections measuring 2 lm were cut from each paraffin block and were put to dry

at 37 �C for 12 h. After deparaffinization and rehydration, all sections were pre-

treated at pH 6 with Flex Target Retrieval Solution (TRS) Low (PTLink DAKO,

Glostrup, Denmark) for 20 min. Endogenous peroxidase was blocked in 1% hydro-

gen peroxide for 5 min (DAKO, Glostrup, Denmark) at room temperature. After

rinsing with phosphate buffered saline, the sections were incubated with a ready

to use anti-CD44 (8E1, #5640, Cell signaling) antibody for 20 min at room tem-

perature. Then sections were incubated with an appropriate secondary antibody

from the Envision flex/HRP kit (Dako, Glostrup, Denmark) for 20 min, at room

temperature. Next, slides were incubated in phosphate buffered saline (PBS),

for 20 min, at room temperature, and then peroxidase activity was detected by

diaminobenzidinetetrahydrochloride for 8 min and used for visualization. Sides

were then counterstained with haematoxylin (Dako, Glostrup, Denmark) for

6 min.

Statistical analysis

Statistical significance of differential gene expression between two study groups

was determined using the nonparametric Mann-Whitney U test with the 2�DDCt

of each group. Other data from mice and cell preparations were statistically

analyzed using the Mann-Whitney U test or the Student’s t test. Data from cell

lines were statistically analyzed using the Student’s t test. Correlations were

analyzed using the Pearson’s correlation test. p\0.05 was considered as

significant.

For further details regarding the materials used, please refer to the Supple-

mentary material and the CTAT table

Results

Upregulation of hepatic expression of CD44 with steatohepatitis

We first evaluated the hepatic level of CD44 in wild-type (WT)
mice with MCDD-induced steatohepatitis. The hepatic level of
the CD44 was strongly increased after 2 weeks of MCDD at the
protein (Fig. 1A) and mRNA (Fig. 1B) levels. Steatohepatitis was
thus associated with the hepatic upregulation of CD44
expression.

CD44 deficiency partially prevented liver injury, hepatic steatosis

and steatohepatitis induced by MCDD challenge

The role of CD44 in liver injury and steatohepatitis induced by
MCDD was then investigated using mice deficient for CD44. As
expected, MCDD challenge was associated with elevated aspar-
tate (AST) and ALT activity in WT mice (Fig. 1C). The CD44�/�

mice showed less liver damage as shown by the lower AST and
ALT levels. Furthermore, histological analyses displayed less hep-
atic steatosis and showed less accumulation of inflammatory foci
in the livers of MCDD-fed CD44�/� mice compared with livers of
MCDD-fed WT mice (Fig. 1D, E). These results indicated that the
CD44 deficiency resulted in partial prevention of the liver injury,
steatosis and steatohepatitis induced by MCDD challenge.

CD44 deficiency strongly prevented the recruitment of monocytes

and neutrophils into the liver and liver inflammation induced by

MCDD challenge

Since CD44 can regulate the homing of immune cells,3,5,10,13,23

we investigated the composition of immune cells in the liver by
flow cytometric analysis. While MCDD challenge did not promote
the enrichment of T cells (CD4+ and CD8+ cells) in liver (data not
shown), MCDD challenge mediated a strong hepatic enrichment
in macrophages (F4/80+ cells), pro-inflammatory M1 macro-
phages (F4/80+ CD11c+) and monocytes/neutrophils (Gr1+)
(Fig. 1F). Interestingly, CD44 deficiency robustly prevented the
enrichment of monocyte/macrophages and M1 macrophages into
the liver (Fig. 1F). This later was associated with less hepatic
inflammation as evaluated by M1 markers including tumor
necrosis factor (TNF)a, interleukin (IL)1b, inducible nitric oxide
synthase (iNOS), and monocyte chemotactic protein (MCP)1
(Fig. 1G). CD44 deficiency still prevented the more severe accu-
mulation of inflammatory foci (MCDD-fed CD44�/� mice: 14 ± 4
foci number/10 fields, n = 7, vs. MCDD-fed WT mice: 34 ± 3 foci
number/10 fields, n = 6, p = 0.010, data not shown) and non-
parenchymal hepatic cells (MCDD-fed CD44�/� mice: 10 ± 1 mil-
lion/liver, n = 7, vs. MCDD-fed WT mice: 17 ± 1 million/liver,
n = 6, p = 0.045, data not shown) after four weeks of MCDD chal-
lenge. CD44 deficiency strongly prevented the recruitment of
infiltrating monocytes (F4/80+ CD11bhigh cells) vs. resident Kupf-
fer macrophages, (F4/80+ CD11b+ cells) (Fig. 2A, B) and infiltrat-
ing neutrophils (CD11b+ Gr1high cells) (Fig. 2A, B) into the liver.
Importantly, CD44 deficiency was not associated with the deple-
tion of monocytes from the circulation (Fig. 2C), which would
have explained the decreased infiltrating monocytes into the
liver. In contrast, hepatic infiltrating neutrophils correlated with
blood neutrophil levels (Fig. 2C). Since CD44 deficiency strongly
altered the chemotaxis of peritoneal macrophages in response
to MCP1/CCL223 and MCP1/CCL2 plays an important role in the
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recruitment of macrophages into the liver,24 the unresponsive-
ness of CD44-deficient macrophages to MCP1 and the lower
levels of hepatic MCP1 expression in MCDD-fed CD44�/� mice
(Fig. 1G) might be involved in the decreased number of hepatic
infiltrating monocytes.

CD44 silencing or deficiency strongly enhanced the M2 macrophage

polarization

In addition to the regulation of the MCP1-mediated macrophage
chemotaxis, CD44 could also control the properties and the
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activities of the macrophages. We then investigated its potential
role in the macrophage polarization. Whereas CD44 deficiency
did not alter the macrophage colony-stimulating factor (M-
CSF)-mediated macrophage differentiation of bone marrow
monocytes (Fig. 3A), it strongly enhanced the proportion of
M2 bone marrow derived macrophages (BMDM) (CD206+ -
F4/80+ CD11b+ BMDM) in the basal condition and in response
to IL4 (Fig. 3B). In RAW 264.7 macrophages, CD44 silencing with
siRNA also led to a substantial increase in M2 macrophages
(CD301+ cells), in the expression of CD301 and arginase 1
(Arg1; at the mRNA level) and in the IL10 secretion in response
to IL4 (Fig. S1).

CD44 silencing or deficiency strongly limited pro-inflammatory

phenotypes of macrophages

On the contrary, CD44 deficiency in BMDM or CD44 silencing
in RAW 264.7 macrophages strongly decreased the expression
of pro-inflammatory cytokines such as IL6 and TNFa in
response to lipopolysaccharides (LPS) (Figs. 3C, 4A, respec-
tively). In addition to LPS, CD44 silencing in LPS-primed RAW
264.7 macrophages also strongly decreased the expression of
pro-inflammatory cytokines such as IL6, TNFa and IL1b in
response to damage-associated molecular patterns (DAMPs)
from damaged fatty primary hepatocytes (Fig. 4A). Supernatant
of primary fatty hepatocytes isolated from MCDD-fed mice
(2 weeks) and exposed to heat shock (increased lactate dehy-
drogenase (LDH) release, data not shown) also increased the
CD44 expression in LPS-primed RAW 264.7 macrophages
(Fig. 4A). Finally, CD44 silencing in RAW 264.7 macrophages
also decreased the expression of IL6 and TNFa in response to
saturated fatty acid palmitate (PA) (Fig. 4B). palmitic acid
(PA) stimulation further decreased the mRNA levels of M2
marker CD206, which was strongly overcome by the CD44

silencing (Fig. 4B). These results indicate that the deficiency
of CD44 modified the properties of macrophages with higher
susceptibility to M2 polarization and accordingly, lower pro-
inflammatory phenotypes upon activation.

Neutralization of CD44 corrected the hepatic inflammation,

macrophage recruitment and liver injury induced by MCDD

challenge

We then investigated if the neutralization of CD44 by a speci-
fic antibody could correct the liver complications induced by
MCDD. After 3 weeks of MCDD, mice received a daily intra-
peritoneal injection of either purified rat anti-CD44 mAb or
isotype control for six additional days of MCDD. The treatment
with anti-mouse CD44 mAb strongly depleted the hepatic
CD44 positive cells (Fig. 5A), strongly decreased the liver
injury as evaluated by the AST/ALT activity (Fig. 5B) and hep-
atic inflammation as evaluated by the presence of inflamma-
tory foci (Fig. 5C, D). The correction of hepatic inflammation
was also associated with less hepatic enrichment in macro-
phages (F4/80+ cells), pro-inflammatory M1 macrophages
(F4/80+ CD11c+), monocytes/neutrophils (Gr1+) (Fig. 5E) and a
strong decrease in liver and serum MCP1 levels (Fig. 5F). In
these experimental conditions, the correction of steatohepatitis
by CD44 neutralization was not associated with an improve-
ment of hepatic steatosis (Fig. 5C, D).
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CD44 deficiency strongly decreased the hepatic fibrosis induced by

MCDD

Hepatic injury and inflammation are key actors in the fibrogenic
process. Since the development of hepatic fibrosis required a

long-lasting MCDD challenge, WT and CD44�/� mice were then
challenged with MCDD for 7 weeks. In addition to reduced hep-
atic steatosis and inflammation (Fig. 6A), CD44 deficiency was
also associated with less fibrosis as evaluated by collagen staining
(Masson’s trichrome stain, Fig. 6B) and lower gene expression of
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fibrosis markers like transforming growth factor (TGF)b, TIMP1

and Col1A1 (Fig. 6C). The partial prevention of hepatic fibrosis
induced by CD44 deficiency was again associated with reduced
liver injury, M1 macrophage enrichment as well as in MCP1
and CCR2 expression upon the long-term MCDD challenge
(Fig. S2). Interestingly, the CD44 deficiency already prevented
the upregulation of TGFb, TIMP1 and Col1A1 in the early stages
(in response to 2 weeks of MCDD) even before liver collagen
accumulation (Fig. 6C). By regulating hepatic inflammation and
liver injury, CD44 thus plays an important role in the progression
of NAFLD to more severe complication (NASH-related fibrosis).

Hepatic CD44 correlated with NASH, hepatic MCP1 expression and

liver macrophage enrichment in obese patients

We then investigated the relevance of our findings in the context
of human NAFLD. We examined the relationship of hepatic CD44
expression to the progression of normal liver to hepatic steatosis
and then NASH in liver biopsies obtained from morbidly obese
patients undergoing bariatric surgery (Table 1). Patients were
classified into three groups: without NAFLD, with hepatic steato-
sis (steatosis) and with NASH (NASH). Hepatic expression of
CD44 was specifically upregulated in NASH patients at the mRNA
(Fig. 7A) and protein levels (Fig. 7B) and preferentially correlated
with the presence of NASH, hepatocyte ballooning and ALT activ-
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ity levels (Table 2). In line with our animal results, NASH was
associated with the recruitment of additional macrophages (vs.
resident Kupffer cells) as evaluated by the expression of CD68

(Fig. 7C) which strongly correlated with hepatic expression of
CD44 (Fig. 7D). Hepatic expression of MCP1 (Table 1) and CCR2

(Fig. 7E) strongly increased with NASH. The upregulation of
CD44 also correlated with markers of inflammation including
TNFa, IL1b, MCP1 (Fig. S3) and CCR2 (Fig. 7F). MCP1, which could
play a key role in liver macrophage recruitment via CCR2, corre-
lated with the hepatic expression of CD68 (rs = 0.481, p = 0.007,
n = 30) (data not shown) and CCR2 (rs = 0.808, p\0.001, n = 30)
(Fig. S3).

Correction of NASH was associated with less hepatic CD44 positive

cells in patients

We then investigated the potentially beneficial effect of bariatric
surgery (LRYGB) on NASH, CD44 expression and macrophages
enrichment in morbidly obese patients. Four women and one
man, with a median age of 38 [26; 62] years at the time of LRYGB
and with biopsy-proven NASH, had a second liver biopsy after
P30 months of follow-up. The median interval between the
LRYGB and the second liver biopsy was 45 [37; 81] months.
LRYGB was associated with significant weight loss (Fig. 8A) (med-
ian BMI loss: �12.8 [�18.6; �8.7] kg/m2), improvement of hep-
atic steatosis in all patients (total resolution for two patients)
(Fig. 8B), and resolution of hepatic inflammation and hepatocyte
ballooning in 100% of the cases (Fig. 8B). The intensity of the hep-
atic CD44 labeling, in addition to the number of CD44 positive
cells, strongly decreased after surgery (Fig. 8C). This was associ-
ated with a decrease in hepatic macrophages (data not shown).
The correction of NASH by bariatric surgery was thus associated
with an improvement of CD44-positive cells (mainly monocytes/
macrophages) in patients.

Serum levels of soluble CD44 increased with the severity of steatosis

and NAFLD

Since soluble CD44 (sCD44) is generated by the proteolytic cleav-
age of the ectodomain of CD44 from cell surfaces and serum

sCD44 levels could be associated with insulin resistance and
hyperglycemia in patients,2 we evaluated the relationship
between sCD44 and liver complications in human. sCD44 levels
were evaluated in 64 obese patients with different grades of hep-
atic steatosis without or with NASH. As shown in Fig. 9A, the
serum level of sCD44 was higher in patients with severe steatosis
(S3) (21 S3 vs. 43 with mild or moderate hepatic steatosis (S1/
S2)) and tended to be higher in patients diagnosed NASH vs.

non-NASH (25 NASH vs. 39 non-NASH). We then classified the
patients with respect to their NAFLD activity score (NAS) gener-
ated by Brunt et al.25 The serum sCD44 level was significantly
higher in patients with NAS P5 vs. patients with NAS \5 (17
vs. 47 with NAS \5). In line with these results, the hepatic
expression of ADAM10, a membrane-associated matrix metallo-
proteinases (MMPs) involved in the cleavage of the ectodomain
of CD44, was upregulated in obese patients with severe steatosis
compared to obese patients with moderate steatosis (Fig. S3C).
Hepatic CD44 and its soluble form could thus be related to the
development of hepatic inflammation in obese patients.

Table 2. Correlation between hepatic CD44 expression and liver features in obese patients.

Steatosis NASH Ballooning NAS ALT

rs p value N rs p value N rs p value N rs p value N rs p value N

Liver CD44 0.480 0.007 30 0.668 \0.001 30 0.531 0.003 30 0.562 0.001 30 0.496 0.005 30

Spearman’s rank correlation test.
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Discussion

We first described in this study that steatohepatitis was associ-
ated with the upregulation of hepatic CD44 in mice and obese
patients. While this upregulation of CD44 has also been reported
in steatotic livers in mouse models of NAFLD,3,5 hepatic CD44 is
more specifically increased in NASH patients. We then reported
that CD44 deficiency strongly prevented liver steatosis, inflam-
mation, injury and fibrosis in mice challenged with MCDD. This
could be independent of adipose tissue inflammation and sys-
temic insulin resistance since both events are not induced by
MCDD.26,27 Furthermore, the prevention of hepatic complications
by CD44 deficiency was associated with a strong decrease in hep-
atic infiltration of monocyte/macrophages and inflammation as
evaluated by the number of inflammatory foci and expression
of TNFa, IL1b and iNOS, respectively. The prevention of macro-
phage infiltration into the liver by CD44 deficiency was not
related to the decrease in circulating levels of monocytes.
Whereas it has been reported that CD44 can direct lymphocytes
to inflammatory sites,28 the deficiency of CD44 did not impact the
number of hepatic CD3+, CD4+ and CD8+ cells in our mice (data
not shown). Since hepatic monocyte/macrophage infiltration
strongly contributes to the development of steatohepatitis,29,30

CD44 deficiency could prevent the development of steatohepati-
tis by regulating the liver monocyte/macrophage infiltration.

This effect of CD44 deficiency on liver monocyte/macrophage
recruitment could be explained by several mechanisms. It has
been clearly established that the deficiency of CD44 in macro-
phages abrogated the chemotaxis induced by various chemoat-
tractants including MCP1/CCL2 and osteopontin.23 The decrease
in hepatic expression of chemoattractants could also prevent
the liver recruitment of monocytes/macrophages. We here
reported that liver MCP1/CCL2 expression was already increased
after 2 weeks of MCDD and the deficiency of CD44 strongly pre-
vented this upregulation. In mice, CD44 deficiency also prevented
the upregulation of hepatic CCR2 expression (CCL2 receptor) after
2 (data not shown) and 7 weeks (Fig. S2D) of MCDD. In contrast,
hepatic (data not shown) and serum levels of osteopontin
(Fig. S4) was later upregulated (after 4–7 weeks of MCDD) with
a partial decrease in CD44�/� mice (Fig. S4). This could indicate
that osteopontin could be more related to hepatic fibrosis than
steatohepatitis, as previously reported.15,31–35

The prevention of hepatic inflammation by the CD44 defi-
ciency was also associated with less hepatic neutrophil infiltra-
tion. While further investigations are required, we can suggest
that CD44 could regulate the neutrophil infiltration via E-
selectin based on recent reports.10,12 This ligand of CD44 was
upregulated in NASH livers in mice (Fig. S2) and patients9 and
its hepatic expression decreased in MCDD-fed CD44�/� mice vs.

MCDD-fed WT mice (Fig. S2).
We also showed that targeting CD44 with a specific antibody

(daily injection for 6 days) corrected the steatohepatitis and liver
injury in MCDD-fed mice. This was associated with a decrease in
hepatic monocyte/macrophage enrichment and in hepatic and cir-
culating levels of MCP1/CCL2. While the depletion of CD44-
positive cells did not correct hepatic steatosis in ourmousemodels,
it has been recently reported that targeting CD44 with the same
approach (anti-CD44 antibody) for 4 weeks corrected liver steatosis
in a high fat diet-fed mouse model. But the beneficial effects of this
long-term treatment (4 weeks in this study vs. 6 days in our trial)
results froma strongdecrease inweight gain, visceral adipose tissue

macrophages and MCP1/CCL2 expression, fasting blood glucose
levels, and improvement of insulin sensitivity compared to con-
trols.4 This highlights that CD44 is also important in the recruitment
ofmacrophages into adipose tissue leading to adipose tissue inflam-
mation and insulin resistance as previously reported.2 Adipose tis-
sue insulin resistance increases lipolysis and the release of free
fatty acids from adipocytes into the circulation, which in turn pro-
mote liver steatosis and NAFLD.36 This upregulation of adipose tis-
sue CD44 has also been reported in obese people.2 Furthermore,
we have previously reported that the correction of adipose tissue
inflammation after bariatric surgery decreased the expression of
CD44 and macrophage marker CD68 in human adipose tissue.7

While different results on the role of the CCL2/CCR2 system
have been obtained in mice with different genetic back-
grounds,37,38 the contribution of this system has recently been
confirmed in mice challenged with a lithogenic diet through a
marked reduction in leukocyte recruitment in the absence of
CCL2 in mouse strains susceptible to fat accumulation.5 In vivo,
macrophage tracking also indicated that in the absence of CCL2
or CCR2, accumulation of macrophages is reduced by 80% in the
liver and around 40% in adipose tissue.24 Furthermore, targeting
CCR2 by deficiency or using a CCR2 inhibitor (CCR2-selective che-
mokine receptor antagonist RS102895) prevented the recruitment
ofmacrophages into the liver, hepatic inflammation and fibrosis in
choline-deficient amino acid-defined diet-fed mice.29 The phar-
macological inhibition of MCP1/CCL2 also prevented hepatic
monocyte/macrophage infiltration, hepatic steatosis and inflam-
mation in MCDD-fed mice.30

In addition to the regulation of the monocyte/macrophage
infiltration into the liver, we report here that the CD44 deficiency
modified the properties of macrophages with higher susceptibil-
ity to anti-inflammatory (M2) polarization and lower pro-
inflammatory phenotypes (M1) upon activation. The alteration
of the M1/M2 balance is an important mechanism in the initia-
tion of liver injury and NAFLD progression.39–41 The resulting
exacerbated release of M1 resident Kupffer cell-derived media-
tors (such as TNFa) contributes to the pathogenesis of several
liver lesions including hepatocyte steatosis and apoptosis, and
inflammatory cell recruitment.39,42,43,44 Interestingly, the CD44
deficiency in macrophages prevented the expression of pro-
inflammatory cytokines including TNFa and IL6 in response to
DAMPs from damaged fatty hepatocytes, saturated fatty acid
and pathogen-associated-molecular-pattern molecules such as
LPS. In our MCDD-fed mice, hepatocyte steatosis and injury and
LPS levels, as evaluated by the serum level of anti-LPS antibodies
(Ctr D-fed WT mice: 380 ± 58 ng/ml, n = 8, MCDD-fed mice:
629 ± 51, n = 15, p = 0.006, upon 7 weeks of MCDD challenge,
data not shown), strongly increased with steatohepatitis. CD44
deficiency in resident Kupffer cells could prevent their activation
by increased levels of DAMPs, LPS and fatty acid. In turn, CD44�/�

Kupffer cells could secrete less pro-inflammatory cytokines
(TNFa, IL6) and chemokines such as MCP1, leading to the preven-
tion of hepatocyte glucido-lipid alteration and hepatic macro-
phage infiltration, respectively. Concerning hepatocyte
alteration, MCDD-fed CD44�/� mice displayed a lower hepatic
expression of markers of cellular stresses (endoplasmic stress:
CHOP/BIP, oxidative stress: sestrin-2 [Sesn2]) and lipogenesis
(Srebp1) and hepatokine (FGF21) compared with MCDD-fed WT
mice (Fig. S5). The prevention of freshly infiltrating hepatic
macrophages could consecutively reduce the progression of
chronic liver injury and fibrosis.
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We then reported a specific increase in hepatic CD44 expres-
sion with NASH in obese patients. Hepatic CD44 expression also
correlated with hepatic expression of the macrophage markers
CD68, MCP1/CCL2, TNFa and IL1b. CCR2 was also specifically
upregulated with NASH and strongly correlated with MCP1
(rs = 0.808, p\0.001, n = 30). CD68 also correlated with the hep-
atic expression of MCP1 (rs = 0.481, p = 0.007, n = 30). Correction
of NASH after bariatric surgery-induced weight loss was associ-
ated with a strong decrease in CD44-positive cells in the liver.
While the recruitment of macrophages into the liver could be
mediated by several chemokines,45 MCP1/CCL2 is upregulated
in the serum and liver of patients with NASH.9,46 Upregulation
of hepatic CD44 could thus be related to the recruitment of
macrophages but also to the activation level of recruited and
resident macrophages (Kupffer cells). Indeed, we here reported
that the deficiency of CD44 strongly decreased the expression of
TNFa and IL6 in activated macrophages. In accordance with this,
the circulating level of sCD44, which results from the prote-
olytic cleavage of CD44 by membrane-associated matrix metal-
loproteinases such as ADAM10, was significantly higher in
obese patients with NAS P5 vs. patients with NAS \5. Since
CD44 is also expressed in the adipose tissue, we cannot rule
out that its circulating levels could also be related to adipose
tissue inflammation and insulin resistance as recently
reported.2 Although serum sCD44 and liver ADAM10 levels
increased in our mouse model of steatohepatitis (Fig. S2) and
sCD44 concentration increased in patients with severe acute
or chronic liver disease from different etiologies (142 patients
including 14 with acute hepatitis; 45 with noncirrhotic chronic
liver disease, 34 with cirrhosis),47 sCD44 as biomarker to accu-
rately estimate NASH should be validated in a larger cohort of
patients.

In conclusion, CD44 plays an important role in the develop-
ment of NASH by regulating hepatic macrophage polarization
(pro-inflammatory phenotype) and infiltration (macrophage
motility and the MCP1/CCL2/CCR2 system). In mice, targeting
CD44 through deficiency or by depletion can prevent and correct
steatohepatitis, respectively. In patients, hepatic CD44 and serum
sCD44 increase with hepatic inflammation. By regulating the
macrophage infiltration in the adipose tissue, CD44 could also
enhance the development of adipose tissue inflammation and
hepatic steatosis. Since CD44 is also expressed in other immune
cells and in fibroblasts/stellate cells,48,49 studies focusing on the
role of CD44 in specific cells should provide more insight into
the pathogenesis of NASH/NAFLD.
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Summary

Background: The composite histological endpoint comprising nonalcoholic steato-

hepatitis (NASH) and NAFLD activity score ≥4 and advanced fibrosis (F ≥ 2) (“fi-

brotic NASH”) is becoming an important diagnostic target in NAFLD: it is currently

used to select patients for inclusion in phase III therapeutic trials and will ultimately

be used to indicate treatment in clinical practice once the new drugs are approved.

Aim: To develop a new blood test specifically dedicated for this new diagnostic tar-

get of interest.

Methods: Eight Hundred and forty-six biopsy-proven NAFLD patients from three

centres (Angers, Nice, Antwerp) were randomised into derivation and validation sets.

Results: The blood fibrosis tests BARD, NFS and FIB4 had poor accuracy for fibro-

tic NASH with respective AUROC: 0.566 � 0.023, 0.654 � 0.023, 0.732 � 0.021.

In the derivation set, fibrotic NASH was independently predicted by AST, HOMA

and CK18; all three were combined in the new blood test MACK-3 (hoMa, Ast,

CK18) for which 90% sensitivity and 95% specificity cut-offs were calculated. In the

validation set, MACK-3 had a significantly higher AUROC (0.847 � 0.030,

P ≤ 0.002) than blood fibrosis tests. Using liver biopsy in the grey zone between

the two cut-offs (36.0% of the patients), MACK-3 provided excellent accuracy for

the diagnosis of fibrotic NASH with 93.3% well-classified patients, sensitivity:

90.0%, specificity: 94.2%, positive predictive value: 81.8% and negative predictive

value: 97.0%.

Conclusion: The new blood test MACK-3 accurately diagnoses fibrotic NASH. This

new test will facilitate patient screening and inclusion in NAFLD therapeutic trials

and will enable the identification of patients who will benefit from the treatments

once approved.
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1 | INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD), the liver manifestation of

the metabolic syndrome (MetS), encompasses a wide spectrum of

liver lesions.1 While isolated steatosis is generally considered benign,

nonalcoholic steatohepatitis (NASH) represents the aggressive form

of the disease responsible for accelerated liver fibrosis progression,

higher rates of cirrhosis and its associated complications, and higher

rates of hepatocellular carcinoma.2 Now that the burden of NAFLD

among the general population has reached 25%,3 NASH is expected

to become the leading indication for liver transplantation in the Uni-

ted States within 10-20 years.4

Knowledge of the pathophysiological mechanisms driving NAFLD

has advanced considerably and resultantly research in drug develop-

ment has become a highly active field within which numerous thera-

peutic trials are underway.5 A recent workshop conducted by the

American Association for the Study of Liver Diseases concluded that

therapeutic trials in NAFLD should enrol patients having an active dis-

ease defined by the presence of steatohepatitis and a NAFLD activity

score (NAS) ≥ 4.6 The first phase III trials in NASH were recently

launched with the aim of demonstrating the clinical benefits of obeti-

cholic acid (REGENERATE study, NCT02548351) and Elafibranor

(RESOLVE-IT study, NCT02704403). These two trials are using clinical

outcomes as study endpoints and, to be included, patients must have

biopsy-proven NASH, a NAS ≥ 4 and significant/advanced F2-3 fibro-

sis. This enrichment of the study populations with fibrotic patients is

intended to ensure that the number of required clinical events will

occur during patient follow-up and within a reasonable time frame.

Because it is a condition required for inclusion in phase III trials, the

composite criterion of “NASH and NAS ≥4 and fibrosis F ≥ 2” is there-

fore becoming an important new diagnostic target in NAFLD. More

importantly, it will become an indication for treatment in clinical prac-

tice when and if these drugs receive their market authorisations. This

second aspect particularly reinforces the interest of non-invasive tests

able to accurately diagnose this composite histological endpoint. Sev-

eral blood fibrosis tests are available but they have been usually devel-

oped for the diagnosis of advanced fibrosis and they are less accurate

for earlier stages of fibrosis.7 Serum level of apoptotic caspase-3 gen-

erated cytokeratin-18 fragments (CK18) has been shown as a candi-

date biomarker for NASH8 but a large study has recently challenged

its diagnostic accuracy.9

In the present work, we aimed to evaluate the accuracy of blood

fibrosis tests and CK18 for the diagnosis of “NASH and NAS ≥4 and

fibrosis F ≥ 2” in a large multicentre series of NAFLD patients, and

to improve the accuracy by developing an accurate blood test specif-

ically designed for this new diagnostic target of interest.

2 | PATIENTS AND METHODS

2.1 | Patients

The study population was obtained by pooling the data from three

published studies performed in Angers (France),7 Antwerp (Belgium)10

and Nice (France).11 Inclusion criteria were biopsy-proven NAFLD as

defined by the presence of liver steatosis after exclusion of concomi-

tant steatosis-inducing drugs (such as corticosteroids, tamoxifen,

amiodarone, or methotrexate), excessive alcohol consumption (>30 g/

d in men or >20 g/d in women), chronic hepatitis B or C infection, and

histological evidence of other concomitant chronic liver disease.

Patients were excluded if they had cirrhosis complications (hepatic

encephalopathy, ascites, variceal bleeding, systemic infection or hepa-

tocellular carcinoma). Patient recruitment differed across the three

centres: Angers centre included out-patients from its hepatology

department; Antwerp centre included obese patients without pre-

existing diabetes who presented at their obesity clinic; and Nice centre

included morbidly obese patients referred for bariatric surgery. Meta-

bolic syndrome was defined as the presence of at least three of the

following parameters:12 elevated waist circumference (≥94 cm in men

or ≥80 cm in women), elevated blood pressure (systolic blood pressure

≥130 mm Hg or diastolic blood pressure ≥85 mm Hg or antihyperten-

sive drug), elevated glycemia (≥100 mg/dL or anti-diabetic drug), ele-

vated triglycerides (≥150 mg/dl or lipid-lowering drug), low HDL

cholesterol (<40 mg/dL in men or <50 mg/dL in women or lipid-lower-

ing drug).

2.2 | Histology

Liver biopsy was performed percutaneously (16-gauge Menghini in

Angers and Antwerp) or during surgery (14-gauge Tru-Cut in

Antwerp or hepatic wedges in Nice). In each centre, pathological

examination of liver biopsies was performed by a senior expert

specialised in hepatology and blinded for patient data. Steatosis,

lobular inflammation and ballooning were semi-quantitatively graded

using the NASH-CRN scoring system.13 The NAS, ranging from 0

to 8, corresponded to the sum of the scores for steatosis, lobular

inflammation and ballooning.14 NASH was defined according to the

latest recommendations6,15 as the presence of a score ≥1 for each

of the three components of the NAS. “Active NASH” was defined

as the presence of NASH with a NAS score ≥4. Liver fibrosis was

staged from F0 to F4 according to the NASH-CRN scoring sys-

tem.13 Significant fibrosis was defined as F ≥ 2 and advanced fibro-

sis as F ≥ 3. Finally, the presence of an active NASH with

significant fibrosis, ie NASH and NAS≥4 and fibrosis F ≥ 2, was ter-

med “fibrotic NASH”. This latter was the primary diagnostic target

of the study.

A subgroup of 30 patients covering the histological spectrum of

NAFLD lesions was selected in the Angers population to study the

inter-centre agreement on histopathological evaluation of liver

lesions. Liver biopsies were digitised using an Aperio digital slide

scanner (Scanscope CS System, Aperio Technologies, Vista CA

92081, USA) image processor that provided high quality

30 000 9 30 000 pixel images at a resolution of 0.5 lm/pixel (mag-

nification 920). Two slides were digitised for each patient: one

stained with haematoxylin and eosin and one with picrosirius red.

The digitised slides were sent to the expert pathologist from each of

the three investigating centres (SM, SP, AD) to score steatosis,
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lobular inflammation, ballooning and fibrosis according to the NASH-

CRN scoring system.

2.3 | Blood parameters

All blood samples from the three original studies were taken in fast-

ing conditions.7,10,11 The blood results available from these works

enabled the calculation of the following blood fibrosis tests accord-

ing to published formulas: BARD,16 FIB4,17 and NAFLD fibrosis

score (NFS).18 Serum level of insulin were measured on fresh sam-

ples using Chimiluminescence I2000 (Abbott) in Angers, Cobas

Instrument (Roche) in Antwerp, and Centaur XP (Siemens) in Nice.

HOMA was calculated as follow: fasting glucose (mmol/L) * fasting

insulin (lU/mL)/22.5. To limit the influence of supra-physiological

results of insulinemia induced by insulin therapy, the HOMA was

capped at 10. Serum levels of CK18 were measured on frozen

(�80°C) samples in each centre using the M30-Apoptosense

enzyme-linked immunosorbent assay kit (PEVIVA, Bromma, Sweden).

2.4 | Statistics

Quantitative variables were expressed as mean � standard devia-

tion. Inter-observer agreement of the histological scoring was deter-

mined using the Fleiss’ Kappa score.19 Correlations between

quantitative variables were determined using the Spearman correla-

tion coefficient (Rs). The accuracy of non-invasive tests was evalu-

ated using the area under the receiver operating characteristics

(AUROC) and compared between tests using the Delong test.

2.4.1 | Development of the new blood test for the

diagnosis of fibrotic NASH

To facilitate future automatic calculation by laboratory systems, only

biological parameters were considered for the development of the

new blood test dedicated to the diagnosis of fibrotic NASH. Vari-

ables with skewed distribution were ln transformed. The study popu-

lation was randomly divided into derivation and validation sets. In

the derivation set, the statistically significant variables identified by

the univariate analysis (P < 0.05) were introduced in a multivariate

analysis (stepwise forward binary logistic regression) whose regres-

sion formula was used to develop the new blood test. The diagnostic

accuracy of the new test was then evaluated in the validation set.

2.4.2 | Sample size calculation

With a risk: 5%, b risk: 10%, fibrotic NASH prevalence: 25%,

expected AUROC for fibrotic NASH: 0.70 for the best blood fibrosis

test and 0.85 for the new test, AUROC correlation: 0.30 and bilat-

eral testing, the required sample size for the validation set was 264

patients. The whole study population (n = 846) was therefore 2:1

randomly divided so that the validation set included 282 patients.

Statistical analyses were performed using SPSS version 18.0 soft-

ware (IBM, Armonk, NY, USA) and SAS 9.1 (SAS Institute Inc., Cary,

NC, USA). All authors had access to the study data and reviewed

and approved the final manuscript.

3 | RESULTS

3.1 | Patient characteristics

The characteristics of the 846 patients included in the study are

detailed in Table 1. A total of 62.1% were female and mean age was

47.5 � 13.6 years. MetS was present in 67.7% of the patients and

diabetes in 27.2% of them. In Angers and Antwerp, mean liver

biopsy length was 24 � 12 mm, 91.0% of biopsies were ≥10 mm,

73.9% were ≥15 mm and 60.8% were ≥20 mm. NASH was diag-

nosed in 54.0% of patients, NAS≥4 in 46.9% and F ≥ 2 in 51.4%.

Finally, 23.3% had fibrotic NASH as defined by the presence of all

the three criteria: NASH, NAS≥4 and F ≥ 2.

3.2 | Inter-observer agreement on histopathological

evaluation of liver lesions

The liver biopsies of the 30 patients were all read by the expert

pathologist from each investigating centre, for a total of 90 observa-

tions. The distribution of the recorded scores is shown in Table S1.

Fleiss’ Kappa score was 0.77 for steatosis, 0.62 for lobular inflamma-

tion, 0.64 for ballooning, 0.58 for NASH, 0.81 for the fibrosis stage,

and 0.60 for fibrotic NASH. These results were similar to those

obtained in a previous inter-observer reproducibility study performed

between nine experts of the NASH-CRN (Table S2).

3.3 | Accuracy of blood fibrosis tests and CK18 for

the diagnosis of fibrotic NASH

As expected, blood fibrosis tests performed better in diagnosing

advanced fibrosis and cirrhosis (Table 2). In contrast, their accuracy

was poor for the diagnosis of NASH or NAS ≥ 4 with

AUROCs ≤ 0.65. For the diagnosis of fibrotic NASH, FIB4 had a

higher AUROC (0.732 � 0.021) than NFS (0.654 � 0.023,

P < 0.001) or BARD (0.566 � 0.023, P < 0.001). Two diagnostic cut-

offs are published for FIB4 (1.30 and 2.67) and for NFS (�1.455 and

0.676) in NAFLD.18, 20 Their low cut-offs provided only poor to

moderate sensitivity for fibrotic NASH: 49.0% of the patients with

fibrotic NASH were included in the lower interval of the FIB4

(<1.30) and 30.4% in the lower interval of the NFS (<�1.455; Fig-

ure S1A). In addition, their high cut-offs identified very few patients

with fibrotic NASH (FIB4: 10.8%, NFS: 18.0%; Figure S1A) and had

poor positive predictive value (FIB4: 55.3%, NFS: 38.0%; Figure S1B).

Taken together, these results suggest that BARD, FIB4, and NFS do

not perform optimally for the detection of fibrotic NASH in NAFLD

patients.

CK18 correlated significantly with steatosis, lobular inflammation,

ballooning and fibrosis with significant differences between most of

the adjacent grades/stages (Table S3). Furthermore, CK18 was signif-

icantly higher in patients with NASH compared to those without
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(respectively: 319 � 316 vs 217 � 142 IU/l, P < 0.001). Despite

this, CK18 showed low accuracy for the diagnosis of NASH, with an

AUROC at 0.595 � 0.019 (Table 2). Thereafter, CK18 was evaluated

as a function of NASH, NAS ≥ 4 and F ≥ 2. In the NAS < 4 and

NAS ≥ 4 subgroups, CK18 levels did not differ significantly between

patients with or without NASH (Figure S2A). Interestingly, in the

four subgroups defined by NASH and NAS ≥ 4, CK18 levels were

significantly higher in F ≥ 2 patients compared to F0-1 patients (Fig-

ure S2B). Consequently, CK18 performed better in diagnosing fibro-

tic NASH (Table 2) and appeared to be a candidate biomarker for

this diagnostic target.

3.4 | New blood test for the non-invasive diagnosis

of fibrotic NASH

The 846 patients were 2:1 randomly divided into derivation and vali-

dation sets, between which patients characteristics were not

significantly different (Table S4). To facilitate a future automatic cal-

culation of the new test by laboratory systems, only biological

parameters were tested in the derivation set. Multivariate analysis

identified AST, HOMA and CK18 as independent predictors of fibro-

tic NASH (Table S5). A new blood test combining these three param-

eters was derived using the regression formula of the multivariate

analysis. This new test, called MACK-3 (hoMa, Ast, CK18), provides

a result ranging from 0 to 1. In the derivation set, the MACK-3

thresholds corresponding to 90% sensitivity and 95% specificity for

fibrotic NASH were, respectively, 0.134 and 0.550.

In the validation set, MACK-3 had a significantly higher AUROC

for the diagnosis of fibrotic NASH (0.847 � 0.030) than BARD, NFS

and FIB4 (P ≤ 0.002, Table 3). 48.3% of the patients had MACK-

3 ≤ 0.134 (90% sensitivity threshold), 36.0% were in the intermedi-

ate grey zone (0.135-0.549) and 15.7% had MACK-3 ≥ 0.550 (95%

specificity threshold). The prevalence of fibrotic NASH in these three

intervals was, respectively, 4.7%, 25.0% and 71.4% (P < 0.001,

TABLE 1 Patient characteristics at inclusion

Angers (n = 309) Antwerp (n = 270) Nice (n = 267) P
a

Age (y) 56.1 � 12.4 44.9 � 12.3 40.3 � 10.7 <0.001

Male sex (%) 60.8 37.8 11.6 <0.001

BMI (kg/m2) 32.5 � 6.0 40.0 � 6.6 43.8 � 4.8 <0.001

Elevated waist circumference (%)b 95.8 100.0 100.0 <0.001

Elevated blood pressure (%)c 79.5 69.7 51.3 <0.001

Elevated glycemia (%)d 75.7 19.3 44.4 <0.001

Elevated triglycerides (%)e 60.4 48.7 37.5 <0.001

Reduced HDL cholesterol (%)f 68.4 57.8 36.1 <0.001

Metabolic syndrome (%)g 83.1 62.8 54.4 <0.001

Diabetes (%)h 53.4 3.3 21.1 <0.001

Biopsy length (mm) 30 � 12 16 � 8 —

i
<0.001

Steatosis (0/1/2/3, %) 5.8/46.3/29.1/18.8 0.0/44.1/31.5/24.4 6.4/36.3/26.2/31.1 <0.001

Lobular inflammation (0/1/2/3, %) 17.2/69.9/12.9/0.0 18.9/44.4/25.6/11.1 83.5/16.1/0.4/0.0 <0.001

Ballooning (0/1/2, %) 23.0/50.2/26.9 17.8/44.1/38.1 82.4/16.9/0.7 <0.001

NAS 3.6 � 1.5 4.3 � 1.8 2.2 � 1.4 <0.001

NASH (%) 70.2 72.6 16.5 <0.001

Fibrosis stage (0/1/2/3/4, %) 8.4/26.2/29.8/29.4/6.1 60.4/18.1/12.6/8.1/0.7 1.5/33.0/60.3/5.2/0.0 <0.001

Fibrotic NASH (%)j 42.1 15.9 9.0 <0.001

AST (IU/l) 45 � 24 33 � 18 27 � 16 <0.001

ALT (IU/l) 64 � 38 48 � 28 35 � 28 <0.001

Gamma GT (IU/L) 118 � 141 44 � 33 43 � 40 <0.001

Bilirubin (lmol/L) 11 � 6 10 � 4 8 � 4 <0.001

Prothrombin time (%) 98 � 12 94 � 10 92 � 9 <0.001

Platelets (G/L) 224 � 67 294 � 66 278 � 66 <0.001

CK18 (IU/L) 289 � 321 264 � 243 260 � 172 0.082

HbA1c (%) 6.6 � 1.3 5.7 � 0.6 6.0 � 1.2 <0.001

BMI, body mass index.
aBy Kruskal–Wallis test; bwaist circumference ≥94 cm in men or ≥80 cm in women; csystolic blood pressure ≥130 mm Hg or diastolic blood pressure

≥85 mm Hg or antihypertensive drug; dglycemia ≥100 mg/dL or antidiabetic drug; etriglycerides ≥150 mg/dL or lipid-lowering drug; fHDL cholesterol

<40 mg/dL in men or <50 mg/dL in women or lipid-lowering drug; gdefined as ≥3 of the following parameters: elevated waist circumference, elevated

blood pressure, elevated glycemia, elevated triglycerides, low HDL cholesterol; hglycemia ≥126 mg/dL or antidiabetic drug; isurgical samples; jdefined as

the presence of NASH and NAS ≥4 and fibrosis F ≥ 2.
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Figure 1). MACK-3 ≤ 0.134 provided 90.0% sensitivity for fibrotic

NASH, and MACK-3 ≥ 0.550 had 94.2% specificity. Among the

patients in the highest interval (MACK-3 ≥ 0.550), 85.7% had fibrotic

NASH or advanced F3-4 fibrosis (Figure 1). Using liver biopsy in the

grey zone between the 0.134 and 0.550 thresholds, MACK-3

showed an excellent diagnostic accuracy for fibrotic NASH with

93.3% well-classified patients (Table 4).

3.5 | Sensitivity analysis

The accuracy of MACK-3 for the diagnosis of fibrotic NASH was

different across the three centres (Table S6), likely reflecting the

different populations they included. To evaluate whether there

was a centre effect or this was due to the different characteristics

of the three populations, we tested the influence of centre, age,

sex, BMI, MetS, oral antidiabetic treatment, insulin treatment,

biopsy length ≥20 mm, NAFLD/bariatric patients and derivation/

validation set. By multivariate analysis including all these parame-

ters, only MetS was independently associated with the rate of

well-classified patients by MACK-3 (Table S7). Diagnostic accuracy

of MACK-3 as a function of MetS presence/absence is presented

in Table S6.

3.6 | Practical algorithm for clinical practice

NAFLD represents a very large population in which using MACK-3

to identify the subgroup of patients who need to be treated would

require extensive measurement of CK18 and HOMA-IR. To limit

unnecessary measurements of these biomarkers, we evaluated

whether simple parameters available in routine practice (age, sex,

BMI, MetS, AST, ALT, GGT) can be used in a first step to identify a

subgroup with no need for MACK-3 calculation because of a very

low prevalence of fibrotic NASH. In the derivation set, multivariate

analysis including the seven simple parameters identified AST and

MetS as independent predictors of fibrotic NASH. 25.1% of the

patients had neither MetS nor elevated AST ≥35 UI/L with very low

prevalence of fibrotic NASH in this subgroup (0.7%). This result was

confirmed in the validation set where the prevalence of fibrotic

NASH was 1.5% in patients having neither MetS nor AST ≥35 UI/L.

This very low prevalence was also consistent across the three cen-

tres: 0.0% in Angers, 1.3% in Antwerp and 1.0% in Nice (P = 0.876).

Therefore, we derived the MACK-3 algorithm where we propose

to use MACK-3 only in patients having MetS and/or AST ≥35 UI/L

(Figure 2). Accuracy of the MACK-3 algorithm was not significantly

different between the derivation and the validation sets (Table S8).

TABLE 2 AUROCs of blood fibrosis tests and CK18 for the diagnosis of NAFLD lesions

Diagnostic target BARD NFS FIB4 CK18

Mild fibrosis (F ≥ 1) 0.626 � 0.022 0.721 � 0.020 0.653 � 0.021 0.607 � 0.022

Significant fibrosis (F ≥ 2) 0.641 � 0.019 0.686 � 0.018 0.648 � 0.019 0.634 � 0.019

Advanced fibrosis (F ≥ 3) 0.633 � 0.025 0.720 � 0.023 0.808 � 0.021 0.659 � 0.027

Cirrhosis (F4) 0.648 � 0.065 0.865 � 0.036 0.874 � 0.040 0.572 � 0.061

NASH 0.466 � 0.020 0.521 � 0.020 0.651 � 0.019 0.595 � 0.019

NAS ≥4 0.433 � 0.020 0.490 � 0.020 0.604 � 0.019 0.643 � 0.019

NASH and NAS ≥4 0.449 � 0.020 0.493 � 0.020 0.597 � 0.020 0.638 � 0.019

Fibrotic NASHa 0.566 � 0.023 0.654 � 0.023 0.732 � 0.021 0.715 � 0.022

NAS, NAFLD activity score.
aDefined as the presence of NASH and NAS ≥4 and F ≥ 2.

TABLE 3 AUROCs of MACK-3 and blood fibrosis tests for the diagnosis of fibrotic NASH

Test All Derivation set Validation set P

BARD 0.566 � 0.023 0.584 � 0.028 0.528 � 0.042 0.267

NFS 0.654 � 0.023 0.671 � 0.027 0.618 � 0.040 0.272

FIB4 0.732 � 0.021 0.738 � 0.025 0.721 � 0.037 0.703

MACK-3 0.846 � 0.016 0.845 � 0.019 0.847 � 0.030 0.955

Comparison (P)

BARD vs NFS <0.001 0.003 0.015 —

BARD vs FIB4 <0.001 <0.001 <0.001 —

BARD vs MACK-3 <0.001 <0.001 <0.001 —

NFS vs FIB4 <0.001 0.007 <0.001 —

NFS vs MACK-3 <0.001 <0.001 <0.001 —

FIB4 vs MACK-3 <0.001 <0.001 0.002 —
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In the whole population, the rates of patients included in the four

subgroups of the MACK-3 algorithm were, respectively, 25.6%,

26.1%, 34.4% and 13.9%. The prevalence of fibrotic NASH in the 4

subgroups of the MACK-3 algorithm was, respectively, 1.0%, 8.7%,

33.5% and 69.1% (Figure 3). Among the patients included in the last

subgroup (MetS and/or AST ≥35 UI/L with MACK-3 ≥ 0.550),

82.7% had fibrotic NASH or advanced F3-4 fibrosis (Figure 3). Only

10.7% of the patients with fibrotic NASH and 15.3% of the patients

with advanced F3-4 fibrosis were missed by the MACK-3 algorithm,

which respectively represented 2.5% and 2.8% of the whole popula-

tion. Finally, the MACK-3 algorithm provided an excellent accuracy

for the diagnosis of fibrotic NASH with 93.2% well-classified

patients, 89.3% sensitivity, 94.4% specificity, 83.1% positive predic-

tive value and 96.6% negative predictive value (Table S8).

4 | DISCUSSION

NAFLD is closely linked to obesity and insulin resistance, and conse-

quently its treatment is primarily based on lifestyle modifications.1

Weight loss of ≥10% is associated with a 90% resolution in NASH

but less than 10% of patients are able to achieve and maintain that

objective.21 In this context, the development of new drugs to reduce

liver inflammation and stop fibrosis progression in NAFLD is receiv-

ing a great amount of attention.22-26 Fibrotic NASH is now used in

the stratification of NAFLD severity by the latest international

EASL–EASD–EASO Clinical Practice Guidelines.1 Two recently

launched phase III therapeutic trials use the presence of fibrotic

NASH as an inclusion criterion. As it is very difficult to correctly

identify this subset of patients within the very large population of

NAFLD patients, we performed a large multicentre study that

resulted in the development of MACK-3. This new blood test

showed a very good 0.846 � 0.016 AUROC for the diagnosis of

fibrotic NASH. We finally proposed the new three-step MACK-3

algorithm with an excellent 93.2% diagnostic accuracy. To facilitate

MACK-3 calculation for a patient in clinical practice or for an entire

dataset in a clinical study, we have developed an online calculator

available at the following weblink: http://forge.info.univ-angers.fr/

~gh/wstat/mack3-calculator.php

Because fibrosis is part of the definition of fibrotic NASH, we

first evaluated known blood fibrosis tests for this diagnostic target.

NFS and FIB4 showed only moderate diagnostic accuracy, with

respective AUROCs at 0.65 and 0.73. We also evaluated CK18 and

our results (AUROC: 0.60) confirmed the poor diagnostic accuracy of

CK18 for the diagnosis of NASH recently reported by Cusi et al9

Interestingly, however, CK18 was significantly correlated with each

of the individual liver lesions observed in NAFLD (Table S3) and was

highest in patients with fibrotic NASH (Figure S2B). Finally, rather

than a biomarker for the single diagnosis of NASH, CK18 was more

globally associated with the severity of NAFLD and showed promise

as a potential candidate for the non-invasive diagnosis of fibrotic

NASH.

To improve the non-invasive diagnosis of fibrotic NASH, we

identified relevant biomarkers by multivariate analysis in the deriva-

tion set and combined them in a new blood test. The new blood test

MACK-3 includes biomarkers associated with liver inflammation

(AST), insulin resistance (HOMA), and apoptosis (CK18). All these
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TABLE 4 Accuracy of MACK-3 for the diagnosis of fibrotic

NASH. MACK-3 was used with its 2 thresholds (≤0.134: no fibrotic

NASH; ≥0.550: fibrotic NASH). Liver biopsy was performed in the

grey zone

All Derivation set Validation set P value

DA 93.5 93.6 93.3 0.881

Se 90.0 90.0 90.0 1.000

Spe 94.5 94.7 94.2 0.852

NPV 96.9 96.8 97.0 —

PPV 83.4 84.2 81.8 —

�LR 0.11 0.11 0.11 —

+LR 16.4 16.9 15.5 —

OR 155.1 160.0 146.3 —

LB 38.4 39.6 36.0 0.356

DA, overall diagnostic accuracy (ie, rate of well-classified patients, %); Se,

sensitivity (%); Spe, specificity (%); NPV, negative predictive value (%);

PPV, positive predictive value; �LR, negative likelihood ratio; +LR, posi-

tive likelihood ratio; OR, diagnostic odds ratio; LB, liver biopsy require-

ment (%).
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conditions are closely linked with NAFLD severity, providing thus

pathophysiological relevance for this new diagnostic test. Inclusions

in phase III therapeutic trials in the setting of NASH are currently

challenged by high rates of screening failure. Since the MACK-

3 ≥ 0.550 threshold identifies a subset of NAFLD patients with a

high rate of fibrotic NASH, the use of this new test should consider-

ably reduce the rate of screening failure.

NAFLD now concerns 25% of the general population.3 Conse-

quently, with the upcoming arrival of new treatments in the clinic,

many patients will need to be tested for the presence of fibrotic

NASH. With the aim of limiting extensive measurements of spe-

cialised biomarkers and therefore costs related to the use of MACK-

3 in clinical practice, we sought to identify simple parameters able to

exclude fibrotic NASH. Such approach has been previously devel-

oped for the non-invasive diagnosis of advanced fibrosis in chronic

liver diseases.27 In the derivation set, we found that the absence of

MetS combined with AST <35 UI/L defined a subgroup of patients

within which the prevalence of fibrotic NASH was only 0.7%. This

result was confirmed in the validation set and was consistent across

the three centres. Thus, in the MACK-3 algorithm, we propose to

perform MACK-3 calculation only for patients who have either MetS

or AST ≥35 UI/L, and to use liver biopsy in a third step if MACK-3

results fall in the grey zone. The MACK-3 algorithm provided excel-

lent accuracy for the diagnosis of fibrotic NASH: the rate of cor-

rectly classified patients was 93.2%, sensitivity was 89.3%, and

positive predictive value was 83.1%.

The populations included by the three centres in our study were

significantly different, due to different recruitment sources. That dif-

ference does however reflect the heterogeneity of NAFLD patients

in clinical practice. We decided to pool our three populations

because large multicentre samples are more suitable for the develop-

ment of diagnostic tests than single centre populations, the latter

being closely linked to intrinsic characteristics of the local popula-

tion, as well as centre procedures and expertise. Finally, we estimate

that pooling our three NAFLD populations was an advantage, allow-

ing us to cover a large spectrum of NAFLD patients and the wide

heterogeneity of the dysmetabolic disease. Our results are thus

probably more robust than they would have been if we had limited

our study population to a single centre.

NAFLD patients

No metabolic syndrome
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Metabolic syndrome
and/ or AST ≥35 IU/L

MACK-3

0.135 - 0.549

No fibrotic NASH
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F IGURE 2 MACK-3 algorithm for the

diagnosis of fibrotic NASH in clinical

practice
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The reading of liver biopsies by local pathologists as the dif-

ferent assays used to measure insulinemia could have introduced

inter-centre variability in our work.13,28 To test this, we performed

a multivariate analysis including the “center” variable and the

parameters that differed significantly between the three popula-

tions. The only parameter associated with the rate of correctly

classified patients by MACK-3 was the metabolic syndrome, with

no effect of the “center.” This suggested that the difference in

correctly classified patients we observed between the three inves-

tigating sites was linked to the different prevalence of the meta-

bolic syndrome and not to local expertise or procedures. The

reproducibility study between the three pathologists involved in

the study showed an inter-observer agreement that was very

close to what has been previously observed between nine expert

pathologists of the NASH-CRN.13 These results validate the exper-

tise of our pathologists and therefore the quality of the liver

biopsy examinations performed in our work. Nonetheless, we

acknowledge that further studies are required to independently

validate the diagnostic accuracy of MACK-3 in larger, “real-life”

NAFLD patient sets, and to evaluate inter-laboratory reproducibil-

ity.

Fibrotic NASH, defined by the presence of NASH +

NAS≥4 + F ≥ 2, has the limitation to exclude F3-4 patients without

NASH. Several accurate methods exist for the non-invasive evalua-

tion of liver fibrosis in NAFLD.29 In a recent large study where we

directly compared Fibroscan and eight blood fibrosis tests, FibroMe-

terV and Fibroscan showed the best accuracies for the non-invasive

diagnosis of advanced F3-4 fibrosis in NAFLD.7 Further works will

have to evaluate whether the combination of MACK-3 with Fibro-

MeterV and/or Fibroscan improves the stratification of NAFLD

patients.

Despite it is well established that fibrosis stage is the main

predictor of NAFLD prognosis,30 it remains to demonstrate that

fibrotic NASH is predictive of patient outcome. Liver biopsy is an

imperfect reference for liver lesions because of sample bias and

suboptimal inter-observer reproducibility.31,32 This is well illustrated

by our results: despite our three pathologists involved were all

senior experts specialised in hepatology, inter-observer repro-

ducibility for fibrotic NASH was modest with kappa index at 0.60.

Due to this lack of gold standard, it is not possible to assess the

true diagnostic accuracy of MACK-3. Longitudinal studies circum-

vent this limitation by evaluating the prognostic significance of

non-invasive tests.33 Such longitudinal works are now required to

validate if a blood test targeted for fibrotic NASH, like MACK-3,

accurately identifies the NAFLD patients who have impaired prog-

nosis and therefore require treatment with the upcoming new

drugs.

In conclusion, MACK-3 is a new blood test combining AST,

HOMA and CK18 for an accurate diagnosis of fibrotic NASH. This

test will improve the screening of patients for therapeutic trials in

NASH and, in the future, the identification of patients who will ben-

efit from treatment with the new drugs currently under evaluation.
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Non Alcoholic Fatty Liver Diseases (NAFLD) is a major public health concern with global prevalence ranging 
from 22% to 28%1. NAFLD is increasingly recognized as the most common chronic liver disease1. The spectrum 
of the hepatic diseases ranges from steatosis (fatty liver) to nonalcoholic steatohepatitis (NASH) (steatosis, inflam-
mation, liver injury) and subsequently to the activation of fibrogenic pathways, which correlates with a high risk 
of developing cirrhosis and hepatocellular carcinoma. Despite lifestyle changes and bariatric surgery for severe/
morbid obesity, the treatment of NAFLD (NASH) is still limited because of the lack of effective pharmacological 
treatment as well as lack of effective and practical diagnostic tools. NAFLD is associated with obesity and met-
abolic syndrome and the presence of type 2 diabetes mellitus can increase the risk of liver diseases2,3. Inversely, 
NAFLD is also a risk factor for many metabolic diseases, including type 2 diabetes4 and cardiovascular disease5.

The mechanisms underlying the transition from steatosis to NASH are multifactorial and not fully elucidated. 
The hepatocyte accumulation of triglycerides in lipid droplets is a protective mechanism that buffers free fatty 
acids and prevents lipotoxicity6. However, this protective mechanism can be overwhelmed. To illustrate this, it has 
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been reported that the inhibition of the triglyceride synthesis via the targeting of diacylglycerol acyltransferase 
2 (DGAT2) improves hepatic steatosis but exacerbates liver damage and fibrosis in obese mice with NASH7. The 
vulnerable fatty hepatocytes generate danger signals including the release of alarmins and damage-associated 
molecular patterns as well as the enrichment of apoptotic bodies. This activation of sterile inflammation is 
involved in the initiation of a vicious cycle, where inflammation enhances hepatocyte death and vice-versa.

The cell death-inducing DFF45 like effector (CIDE) protein family, including CIDEA, CIDEB and CIDEC/
fat-specific protein 27 (FSP27), are lipid droplet-associated proteins. Since these proteins regulate lipid droplet 
synthesis and hepatic lipid homeostasis, they could be key players in the control of NAFLD progression8. The 
CIDEA is a short-lived protein that is mainly controlled by the sterol regulatory element binding protein-1c 
(SREBP-1c; master transcription factor regulated de novo lipogenesis) and shows increased expression in the 
case of hepatic steatosis9,10. Its overexpression in mouse liver resulted in augmented hepatic lipid accumulation 
and the formation of large lipid droplets. In contrast, the hepatic knockdown of CIDEA in obese mice resulted in 
significantly reduced hepatic lipid accumulation and smaller lipid droplets10. CIDEB is highly and constitutively 
expressed in the liver and controls both insulin sensitivity and VLDL maturation11,12. CIDEC, also known as 
fat-specific protein 27 (FSP27) in mouse, is also highly expressed in fatty liver and knock-down of its expression 
in fatty liver tissue ameliorated hepatic steatosis13–17. Its overexpression in hepatic cells enhanced the triglyceride 
content of lipid droplets17. The two FSP27α and β isoforms of mouse FSP27 (corresponding to human CIDEC1 
and 2, respectively) are regulated by the peroxisome proliferator-activated receptor gamma (PPARγ)14–17 and 
Cyclic-AMP-responsive-element-binding protein H (CREBH)18,19. The CIDE protein family can also mediate cell 
death depending on their expression levels and cellular localization20–23.

The relative expression levels of the three CIDE members over the transition period from simple steatosis 
to NASH has not yet been investigated. Interestingly, it has recently been reported that the strong upregulation 
of FSP27/CIDEC, with no change to CIDEA and CIDEB expression levels, contributes to alcohol-induced liver 
damage19. We therefore evaluated the expression level of the three CIDE members in NASH development and 
liver injury in experimental mouse models and in a cohort of patients at various stages of NAFLD progression.

α β  
We first evaluated the hepatic expression levels of CIDEA, CIDEB and FSP27α and β in dietary mouse models 
of obesity and hepatic steatosis. After 33 weeks of high-fat diet (HFD), the wild-type C57BL/6 (Wt) mice devel-
oped obesity (Supplementary Fig. 1A), severe hepatic steatosis (Supplementary Fig. 1B,C) and hepatic injury as 
assessed by ALT activity (Supplementary Fig. 1D). The hepatic expression levels of CIDEA and FSP27 α and β 
were robustly increased upon 33 weeks of HFD at both the mRNA (Fig. 1A) and protein (CIDEA and FSP27) 
(Fig. 1B) level. Hepatic expression of CIDEA, FSP27 α and β also correlated with hepatic steatosis and liver injury 
(Fig. 2A,B). These occurred at the same extent as evaluated by the FSP27 α /CIDEA and FSP27 β/CIDEA ratios 
which did not change with hepatic steatosis and did not correlate with liver injury (Figs 1C, 2C). The hepatic 
expression of FSP27α and β were similarly increased in obese mice (Fig. 1C: relative expression of FSP27β versus 
FSP27α). Even though it is robustly expressed in the liver (data not shown), hepatic expression of CIDEB did not 
change with obesity or hepatic steatosis (Fig. 1A). Steatosis and/or obesity were thus associated with the upregu-
lation of the hepatic expression of CIDEA, FSP27α and β.

β
To subsequently investigate the behavior of the CIDECs in response to the progression 

and the severity of the NAFLD, we monitored their hepatic expression in wild-type mice fed a diet deficient in 
methionine and choline (MCDD) for 2 and 7 weeks. At 2 weeks, mice developed moderate hepatic steatosis with 
mild hepatic inflammation and liver injury (Supplementary Fig. 2). The long-lasting MCDD challenge (7 weeks) 
aggravated the liver complications with severe steatosis (from 50 ± 8% at 2 w to 81 ± 3% at 7 w, p = 0.0201), 
inflammation (from 9 ± 3 foci/10 fields at 2 w to 77 ± 7% at 7 w, p = 0.0024) and liver injury (ALT activity from 
51 ± 7 U/L at 2 w to 282 ± 42 U/L at 7 w, p = 0.0024) (Supplementary Fig. 2). Hepatic CIDEA decreased in concert 
with the severity of the NAFLD at both the mRNA and the protein level (Fig. 3A, D). Its hepatic expression nega-
tively correlated with hepatic inflammation (number of inflammatory foci) and liver injury (ALT activity) after 7 
weeks of MCDD (Fig. 4A). In contrast, the hepatic FSP27β was robustly augmented as NAFLD severity increased, 
from a 13-fold (±3) increase at 2 weeks to a 28-fold (±2) increase after 7 weeks of MCDD (Fig. 3B, D). Hepatic 
FSP27β also correlated with inflammation and liver injury after 7 weeks of MCDD (Fig. 4B). The increased 
FSP27 expression was mainly caused by the upregulation of FSP27β since FSP27α expression tended to decrease 
(Fig. 3B). This inverse regulation pattern for CIDEA and FSP27β expression was better illustrated by the FSP27β/
CIDEA ratio, with a 21-fold increase at 2 weeks versus a 48-fold increase at 7 weeks, p = 0.017 (Fig. 3C). This ratio 
also strongly correlated with hepatic inflammation and liver injury (Fig. 4C). The severity of the steatohepatitis 
was thus associated with an opposite expression of CIDEA and FSP27β.

To address the 
human relevance of our findings, we examined the relationship between hepatic CIDEA, CIDEB, CIDEC1 and 
CIDEC2 expression and the NAFLD progression from normal liver to steatosis and subsequent NASH in human 
liver biopsies from morbidly obese patients seeking for bariatric surgery. Patients were classified into 3 groups: 
without NAFLD, with hepatic steatosis (Steatosis) and with NASH (NASH) (assessed on the basis of three histo-
pathological features steatosis, lobular inflammation and hepatocellular ballooning; Table 1, Supplementary Fig. 3 
and Supplementary Methods). Liver mRNA levels of CIDEC2 were progressively upregulated with hepatic steato-
sis and subsequent NASH (Fig. 5A). This expression correlated with NAFLD features including hepatic steatosis, 
NASH and NAFLD activity score (NAS)(Fig. 5B). Hepatic CIDEC2 also correlated with hepatic injury as assessed 
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by ALT activity (Fig. 5C) and serum levels of keratin 18 (hepatocyte death marker) and caspase-generated keratin 
18 fragment (hepatocyte apoptotic marker)24,25 (Fig. 5C). As reported in the mouse model of steatohepatitis, the 
upregulation of CIDEC is mainly related to CIDEC2 expression since CIDEC1 is not altered (data not shown). In 
contrast, hepatic CIDEA tended to increase in obesity (lean versus obese patients without NAFLD) and then to 
decrease in NAFLD (Fig. 5A). This relationship was significantly amplified when the CIDEC2/CIDEA ratio was 
evaluated (with NAS: rs = 0.861, p < 0.001, n = 26)(Supplementary Fig. 3). Consistent with our animal results, the 
CIDEB expression was not modified with obesity and NAFLD (Fig. 5A) in human studies.

β  
Since FSP27β is localized on the surface of lipid droplets and is known to suppress lipolysis18, we therefore investi-
gated if altered FSP27β expression could affect hepatocyte lipid droplet synthesis. The down-regulation of FSP27β 
in AML12 hepatocytes (Fig. 6A), the main isoform expressed in hepatocyte (Fig. 6A), modified the size distribu-
tion of the lipid droplets in response to oleic acid (Fig. 6B, C). The number of small lipid droplets increased, while 
the number of large lipid droplets decreased. FSP27β expression could thus be involved in the development of 
hepatic macro-steatosis.

β α
FSP27, in addition to regulating lipid droplet devel-

opment, could also mediate apoptosis in an expression-dependent fashion21,22,26. Furthermore, our human and 
experimental data strongly suggested that the expression level of FSP27β (mouse)/CIDEC2 (human) was associ-
ated with NAFLD progression and correlated with liver injury in NAFLD (Figs 2, 4 and 5). As TNFα was strongly 
upregulated in NASH liver, strongly correlated with ALT activity (HFD mice: rs = 0.666, p = 0.007, n = 15; 7 
weeks MCDD mice: rs = 0.879, p = 0.002, n = 9) and well reported to mediate hepatocyte death27–30, we first 
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Figure 1. Hepatic expression of CIDEA, FSP27α and FSP27β increased with hepatic steatosis induced by 
HFD challenge. Wild-type mice fed a control diet (Ctrl D) (n = 7) or HFD (n = 7) for 33 weeks. (A, C) Hepatic 
expression of CIDEA, CIDEB, FSP27α and FSB27β was evaluated in Wt, Ctrl D and HFD mice at the mRNA 
level (7 mice/group). The gene expression was normalized to the mRNA levels of B2M or 36B4. Results are 
expressed relative to the expression level in controls (means ± SEM) and statistically analyzed using the Mann–
Whitney test. (B) Hepatic expression of CIDEA, FSP27 and HSP90 was evaluated in Wt, Ctrl D and HFD mice 
at the protein level (2–4 mice/group). *p < 0.05.
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evaluated the effect of the FSP27β overexpression on the sensitivity to cell death under basal conditions and in 
response to TNFα and TNFα with actinomycin D (Acti D). At baseline, the overexpression of FSP27β (Fig. 7A) 
caused minor increased cell death as evaluated by flow cytometry (Fig. 7B). This slight effect could be explained 
by the low percentage of transfected cells (20.48 ± 2.84% of GFP+ cells; n = 4). Interestingly, this cell death was 
associated with a decrease in anti-apoptotic BCL2 expression (Fig. 7A). Furthermore, these effects were further 
amplified in response to TNFα and TNFα with Acti D in HEPG2 cells overexpressing FSP27β, versus control 
HEPG2 hepatocytes (Fig. 7B). We then evaluated the effect of the FSP27β overexpression on HEPG2 viability in 
response to saturated fatty acid (palmitic acid), key player in hepatocyte lipotoxicity. Again, the cell viability was 
further decreased in response to palmitic acid in HEPG2 cells overexpressing FSP27β, versus control HEPG2 
hepatocytes (Fig. 7C). By regulating hepatic steatosis and liver injury, FSP27β thus plays a key role in the NAFLD 
progression to more severe complications, i.e., NASH.

Here we report differential hepatic expression of CIDEA and FSP27β/CIDEC2 in response to increasing NAFLD 
severity. Hepatic FSP27β/CIDEC2 expression was not associated with obesity, but progressively increased with 
hepatic steatosis and subsequent steatohepatitis in mouse and human studies, respectively. In contrast, hepatic 
CIDEA increased with obesity but its hepatic expression tended to decrease with the severity of the steatohep-
atitis. The FSP27β/CIDEC2 to CIDEA ratios better illustrated this opposing regulatory pattern and strongly 
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Figure 2. Hepatic CIDEA, FSP27α and FSP27β correlated with hepatic steatosis and liver injury in HFD-
induced obese mice. Correlation between hepatic expression of CIDEA (A), FSP27α, FSB27β (B), FSP27α/
CIDEA ratio or FSP27β/CIDEA ratio (C) (fold) with hepatic steatosis (%) and ALT in Wt, Ctrl D and HFD mice 
(7 mice/group, 33 weeks of challenges) were analyzed using the Pearson’s correlation test.
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correlated with hepatic inflammation (number of inflammatory foci in mouse studies, and NASH and NAS in 
patients) and liver injury (ALT activity in mouse and human studies).

As previously demonstrated, the hepatic expression of CIDEA is increased in a mouse model of diet-induced 
obesity and hepatic steatosis9,10. This upregulation could be more closely associated with obesity than hepatic 
steatosis. Indeed, its hepatic expression tended to increase in obese patients without liver complications and 
metabolic syndrome, compared to lean patients. It has also been reported that the hepatic expression of CIDEA 
correlates with body mass index in obese patients31. CIDEA polymorphism has also been associated with obe-
sity in human32,33, although this could be more closely related to its role in adipose tissue. The role of CIDEA in 
hepatic triglyceride accumulation and lipid droplet formation has been clearly demonstrated and its targeting 
(overexpression and down regulation) regulates hepatic steatosis in obese mice10. In our cohort of obese patients 
and in a mouse model of steatohepatitis, the hepatic expression of CIDEA decreased with the severity of liver 
injury and steatohepatitis. However, it is important to emphasize that this is specific for CIDEA. Indeed, other 
important elements in the regulation of lipid droplet synthesis, such as PLIN5 and PNPLA2, are still upregulated 
in the fatty liver tissue of MCDD mice (after 7 weeks of MCDD: 2.3-fold increase for PLIN5, p = 0.0142; 3.13-fold 
increase for PNPLA2) and strongly correlate with hepatic steatosis in obese patients (PLIN5: rs = 0.698, p < 0.001, 
n = 30; PNPLA2, rs = 0.767, p < 0.001, n = 30). Since CIDEA expression is mainly dependent on SREBP1c9,10 and 
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Figure 3. Hepatic expression of FSP27β strongly increased with the severity of NAFLD whereas CIDEA 
expression decreased. Wild-type mice fed a control diet (Ctrl D) (n = 4) or MCDD (n = 6) for 2 and 7 weeks. 
(A, B, C) Hepatic expression of CIDEA, CIDEB, FSP27α and FSP27β was evaluated in Wt, Ctrl D and MCDD 
mice at the mRNA level (4–6 mice/group). The gene expression was normalized to the mRNA levels of B2M or 
36B4. Results are expressed relative to the expression level in controls (means ± SEM) and statistically analyzed 
using the Mann–Whitney test. (D) Hepatic expression of CIDEA, FSP27 and HSP90 was evaluated in Wt, Ctrl 
D and MCDD mice at the protein level (2–5 mice/group). *, versus Ctrl D, p < 0.05
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the down-regulation of SREBP-1c has been associated with the development of burned-out NASH34, the decrease 
in CIDEA could reflect the severity of NAFLD (NASH with fibrosis).

Similarly, the progressive upregulation of FSP27β/CIDEC2 with the progression of NAFLD could be a marker 
but also an important player. This gradual increase is more closely associated with FSP27β/CIDEC2 than FSP27α/
CIDEC1 in mouse and human studies. Xu et al., who first described the β isoform of FSP27 in fatty liver, also 
reported its upregulation in mouse models of diet-induced obesity and steatohepatitis and in human studies18. 
The “mild” upregulation of FSP27β could be related to hepatic steatosis as we and other groups have previously 
reported (Fig. 1 and13–17). Furthermore, we have observed that its down-regulation in hepatic cells promoted 
the fractionation of lipid droplets in response to oleic acid. In accordance with this, it has been reported that the 
down-regulation of FSP27β in steatotic liver tissue resulted in reduced accumulation of hepatic triglycerides and 
lipid droplets17.

The strong upregulation of FSP27β/CIDEC2 could be more closely related to steatohepatitis and liver injury. 
Hepatic expression of FSP27β/CIDEC2 shows a strong correlation with liver injury as evaluated by ALT activity 
(in mouse and human studies) and a serum marker of hepatocyte apoptosis (in humans). With the increasing 
severity of the steatohepatitis, hepatic expression of FSP27β rises to a 28-fold (±2) increase in 7 weeks MCDD 
mice, versus a 13-fold (±3) increase in 2 weeks MCDD and HFD mice. We also observed that overexpression of 
FSP27β sensitized hepatocytes to cell death mediated by cytokine (TNFα) and saturated fatty acid (palmitic acid). 
Several groups have reported that FSP27 is a potent apoptotic inducer via the activation of the pro-apoptotic 
caspases, which trigger both the release of cytochrome c from mitochondria and DNA fragmentation20–23. 
This apoptotic role for FSP27 was found to require the CIDE-C domain. In line with this, overexpression of 
CIDE-C domain containing FSP27α also sensitized hepatocytes to cell death mediated by cytokine (TNFα) 
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mice/group, 7-week challenge) were analyzed using the Pearson’s correlation test.
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(Supplementary Fig. 4), while FSP27α expression tended to decrease with the severity of the steatohepatitis. 
Interestingly, the same domain of FSP27 also mediated its localization to lipid droplets and its interaction with 
CIDEA21,35. The inverse patterns of regulation for the hepatic expression of CIDEA (down-regulated) and FSP27β 
(up-regulated) is robustly amplified with the NAFLD progression (FSP27β/CIDEA ratio ranges from 1.6 ± 0.6 in 
simple steatosis (HFD mice) to 21 ± 2 in steatohepatitis (2 weeks MCDD mice) and 48 ± 7 with advanced steato-
hepatitis (7 weeks MCDD mice)). This opposing regulatory pattern could also modify the role of the C domain 
of FSP27β, which could be more involved in the alteration of lipid droplets or the initiation of the apoptotic pro-
gram, rather than binding with CIDEA.

Interestingly, the role of FSP27/CIDEC has recently been investigated in alcoholic steatohepatitis. Xu et al. 
have reported that the elevation of FSP27 (both isoforms with FSP27β 1000-fold higher than FSP27α) was likely 
to induce steatosis and liver injury in mouse model of chronic plus binge ethanol feeding. In this mouse model, 
the expression of CIDEA and CIDEB was not modified, hepatic FSP27 was strongly upregulated and the down 
regulation of FSP27 in hepatocytes prevented liver injury combined with the mitochondrial production of ROS. 
The authors also reported that hepatic expression of CIDEC mRNA increased more than 40-fold in samples from 
patients with alcoholic hepatitis and correlated with severity of the disease19. The authors further reported that 
the sustained FSP27 elevation in hepatocytes likely causes chronic liver injury and inflammation, and may subse-
quently induce fibrosis in a mouse model that combines chronic and acute-on chronic liver injury19.

Finally, we also report that the hepatic expression of CIDEB (at the mRNA level) is independent of obesity, as 
previously reported31,36, and also independent of hepatic steatosis and steahepatitits in mouse and human studies. 
While the level of gene expression was stable, CIDEB was the most highly expressed among the 3 members of the 
CIDE family in hepatocytes (2000x more than CIDEA and 400x more than FSP27/CIDEC in mice and humans) 
and could be an important player in the development of hepatic steatosis since it regulates the formation of 
triacylglycerol-enriched VLDL particles36.

In this current study, we demonstrated that the hepatic expressions of the members of the CIDE family are 
differentially regulated according to the development and the severity of NAFLD in mouse and human studies. 
The gradual elevation of FSP27β/CIDEC2 expression with the development of hepatic steatosis and subsequent 
steatohepatitis reinforces our interest in this protein as a potential therapeutic target. It would need to be targeted 
only when robustly upregulated, and in a hepatocyte-specific manner in order to maintain its beneficial role in 
the storage of lipids in adipocytes37.

In this study, human samples (blood, liver biopsy) were from twenty-eight morbidly obese 
patients and five lean subjects. All information relative to the patients are described in Supplementary Methods, 
Table 1 and Ethics approval section.

Male mice were used in all experiments described in Supplementary Methods. All animal experiments 
were approved by the CIEPAL and Use committee.

Real-time quantitative PCR analysis has been performed as previously described38,39 and described in the 
Supplementary Methods.

Cells or frozen tissues were solubilized in lysis buffer (20 mM Tris, pH 7.4, 150 mM NaCl, 
10 mM EDTA, 150 mM NaF, 2 mM sodium orthovanadate, 10 mM pyrophosphate, proteases inhibitors cocktail, 

without 
NAFLD with steatosis with NASH p

n 5 14 9

Age (years) 39.4 ± 5.9 37.4 ± 2.4 45.8 ± 3.6 0.186

Sex (F/M) 4/1 14/0 4/5 0.005

BMI (kg/m²) 43.4 ± 0.7 44.1 ± 1.4 43.3 ± 1.8 0.851

ALT (IU/L) 18.20 ± 4.48 26.47 ± 2.95 81.44 ± 26.19*,# <0.001

Insulin level (mIU/L) 7.00 ± 1.10 15.46 ± 3.21 28.67 ± 4.56*,# 0.003

Glucose level (mmol/L) 4.88 ± 0.14 5.44 ± 0.13* 6.70 ± 0.72* 0.014

HOMA-IR 1.52 ± 0.24 3.77 ± 0.80* 8.51 ± 1.36*,# 0.001

HbA1c (%) 5.34 ± 0.22 5.62 ± 0.12 6.40 ± 0.38*,# 0.028

Triglycerides (mmol/L) 1.05 ± 0.15 1.41 ± 0.17 3.42 ± 1.07*,# 0.007

HDL cholesterol (mmol/L) 1.53 ± 0.18 1.52 ± 0.10 1.07 ± 0.37*,# 0.006

NAFLD Activity Score (n) 0(5) 1(4)/2(4)/3(6) 5(9)

Grade of steatosis (n) 0(5) 1(4)/2(4)/3(6) 3(9)

Lobular inflammation (n) 0(5) 0(14) 1(9)

Hepatocellular ballooning (n) 0(5) 0(14) 1(9)

Table 1. Characteristics of 28 morbidly obese patients. Without NAFLD: patients with normal liver histology; 
Steatosis: patients with steatosis; NASH: patients with severe steatosis and NASH. Data are expressed as 
mean ± SEM and compared using the non parametric Kruskal-Wallis test (column p) and Mann Whitney test 
(*, #) for quantitative values and or Khi-deux test for qualitative values. *p < 0.05 compared with “Without 
NAFLD”. #p < 0.05 compared with “Steatosis”.
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and 1% Triton X-100) for 45 min at 4 °C. Lysates were cleared (14 000 rpm, 15 min). Proteins were quantified 
(BCA Protein assay kit, 23225 Thermo Fisher Scientific Inc.), separated by SDS-PAGE and immunoblotted as 
previously described38. The proteins were probed with anti-CIDEA (NBP1-76950, Novus Biologicals), anti-FSP27 
(ab77115, ab198204 Abcam), and anti-HSP90 (#4877, Cell Signaling) antibodies at 1 μg/mL.
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Figure 5. Hepatic CIDEC2 expression progressively increased with steatosis and NASH in obese patients. (A) 
Liver CIDEA, CIDEB and CIDEC2 mRNA expression levels were analyzed by real-time quantitative PCR in 
lean patients (n = 5), in morbidly obese patients without NAFLD (n = 5), with hepatic steatosis (n = 14) and 
with NASH (n = 9). The gene expression values were normalized to RPLP0 mRNA levels. Results are expressed 
relative to the expression level in controls (means ± SEM) and statistically analyzed using the Mann–Whitney 
test. (B, C) Correlation between hepatic CIDEC2 expression (fold) with hepatic steatosis (%), ALT, NASH and 
NAFLD activity score (NAS), serum markers of hepatocyte apoptosis (caspases-generated keratin 18 fragment) 
and hepatocyte death (keratin 18) in 25–28 obese patients were analyzed using the Pearson’s correlation test.
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Down regulation of FSP27. Down regulation of FSP27 was achieved 
using ON-TARGET plus SMART pool technologies (L-040997, Mouse FSP27, NM_178373 or non-targeting 
siRNA as a control, Darmacon, CO) and Lipofectamine RNAiMAX technologies (MSS236551, Mouse FSP27 Life 
Technologies) in AML-12 hepatocytes (ATCC, CRL-2254). Following a 24-hour transfection, oleic acid (0.5 mM) 
was applied to cells for 16 hours. Cells were then rinsed twice with PBS and fixed with 4% formaldehyde solution. 
Lipid droplets were stained by Oil-Red O solution for 5 min. Microscope slides were prepared (x60 magnification) 
for lipid droplet quantification. The area of the lipid droplets was quantified (in pixels squared) and normalized 
by the number of nuclei on the slides.

Overexpression of FSP27β. HEPG2 cells (ATCC HB-8065) were transfected with pCMV-HA FSP27β or 
the empty plasmid (provided by Drs Xu Xu and Ann-Hwee Lee18) using a Jet PEI-hepatocyte mix assay 
(102-05NOzyme). After 48 h, cells were treated with TNFα (20 ng/ml), actinomycin D (0.1 μg/ml) with TNFα 
(20 ng/ml) or palmitic acid (1 mM) for 16 h. Gene expression, cell viability and cell death were then evaluated as 
indicated.

The assay is dependent on the ability of viable cells to metabolize a water-soluble tetrazolium 
salt into a water-insoluble formazan product. Following the indicated treatments, cells were incubated for 2 h 
with 0.5 mg/mL MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) in serum-free medium 
(DMEM). After removing the supernatant, DMSO was added to completely dissolve the formazan product. 
Aliquots of the resulting solutions were transferred to 96-well plates and the absorbance was recorded at 550 nm 
using the microplate spectrophotometer system (ELX800, Bio-TEK instruments). Results are presented as a per-
centage of the control values.

Flow cytometry was used to evaluate cell death following double staining with annexin-V-PE and 
7-AAD according to the manufacturer’s instructions (Annexin V-PE apoptosis detection kit I, BD Biosciences, 
Pont de claix, France).
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Figure 6. Down regulation of FSP27β resulted in the fractionation of lipid droplets in AML12 hepatocytes. 
AML12 hepatocytes after control (siCtrl) or FSP27 silencing (si FSP27) were stimulated with oleic acid (0.5 mM) 
for 16 h (n = 3). (A) FSP27α and FSP27β mRNA expression levels were analyzed by real-time quantitative PCR. 
The gene expression was normalized to RPLP0 mRNA levels. (B,C) Lipid droplets were stained by Oil-Red O 
solution for 5 min. (B) Representative pictures are shown. (C) Lipid droplet areas were quantified (in pixels 
squared) and normalized according to the number of nuclei on the slides. Results are expressed relative to the 
control (siCtrl) as means ± SEM. Data were statistically analyzed using the Student’s t-test. *, versus siCtrl, 
p < 0.05.
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Statistical significance between two human or mouse study groups was determined 
using the nonparametric Mann–Whitney test. Data from cell lines were statistically analyzed using the Student 
t-test. Pearson’s correlation test has been used for the correlative analysis. Significance has been considered for 
P < 0.05.

All subjects gave their informed written consent to participate in this study in accord-
ance with French legislation regarding Ethics and Human Research (Huriet-Serusclat law). The “Comité 
Consultatif de Protection des Personnes dans la Recherche Biomédicale de Nice” approved the study (07/04:2003, 
N° 03.017). The guidelines of laboratory animal care were followed. The local CIEPAL committee (Comité 
Institutionel d’Ethique Pour l’Animal de Laboratoire, national agrement n° 28) has approved the animal exper-
iments (NCE/2013-108, APAFIS#51 00–20 15121 1 10477413 v6). (Authorization of the C3M animal facility: 
B06-088-20).
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Background & Aims: There is an urgent medical need to develop non-invasive tests for non-alcoholic steatohepatitis (NASH).

This study evaluates the diagnostic performance of an innovative model based on mid-infrared (MIR) spectroscopy for the

diagnosis of NASH.

Methods: Severely obese patients who underwent a bariatric procedure at the University Hospital of Nice, France (n = 395)

were prospectively recruited. The clinico-biological characteristicsweremeasuredprior to surgery. Liver biopsieswere collected

during the surgical procedure and assessed by a pathologist. A training group (316 patients, NASH: 16.8%) and a validation group

(79 patients, NASH: 16.5%) were randomly defined. MIR spectra were acquired by fiber evanescent wave spectroscopy, using

chalcogenide glass fiber optic sensors and a spectrometer. This absorption spectroscopic technique delivers a spectrum that

identifies the molecular composition of a sample, defining a patient's metabolic fingerprint.

Results: The areas under the receiver operating curve (AUROC) for the diagnosis of NASH were 0.82 and 0.77 in the training

and validation groups, respectively. The best threshold was 0.15, which was associated with a sensitivity of 0.75 and 0.69,

and a specificity of 0.72 and 0.76. Negative predictive values of 0.94 and 0.93 and positive predictive values of 0.35 and 0.36,

as well as correctly classified patient rates of 72% and 75% were obtained in the training and validation groups, respectively. A

composite model using aspartate aminotransferase level, triglyceride level and waist circumference alongside the MIR spectra

led to an increase in AUROC (0.88 and 0.84 for the training and validations groups, respectively).

Conclusions: MIR spectroscopy provides good sensitivity and negative predictive values for NASH screening in patients with

severe obesity.
© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
The global epidemic of obesity is responsible for numerous
chronic complications including non-alcoholic fatty liver disease
(NAFLD).1 Whereas NAFLD affects up to 25% of the world popula-
tion, non-alcoholic steatohepatitis (NASH) is present in 1.5–6.45%
of the world population.2 In severely obese individuals, the pre-
valence of NAFLD can reach 80–92%, with NASH occurring in
15–30% of patients.3,4 With such a high number of patients, the
development of non-invasive markers is needed to effectively
screen for liver injury.

Although several non-invasive blood or physical tests (such as
measurement of liver stiffness by elastography) have been devel-
oped for liver fibrosis over the past 15 years, the non-invasive

diagnosis of NASH remains a challenge, especially in routine prac-
tice.5 Currently, no non-invasive test for the screening or the
diagnosis of NASH has emerged that has good diagnostic perfor-
mance.6 Fibrosis has indeed been shown to be the main predictor
of liver-related and global mortality and NASH is well recognized
as the main driver of liver fibrosis.7,8 The presence of NASH is
associated with the occurrence of type 2 diabetes (T2D) and car-
diovascular complications, which are the main causes of mortal-
ity in patients with NAFLD without cirrhosis.9,10 Thus, there is
an urgent medical need to develop non-invasive tests.6 Indeed,
screening for the presence of NASH is of interest even in patients
with NAFLD and a low stage of fibrosis. To date, drug develop-
ment mainly targets patients with overt NASH and significant
fibrotic or cirrhotic NASH.7 However, one can hypothesize that
early screening of NASH among patients with NAFLD could lead
to early lifestyle modification proposals and help in patient com-
pliance. Indeed, 10%weight loss is well known to improve patient
liver condition and decrease cardiometabolic risks.9,11

Furthermore, screening for NASH among severely obese
patients could provide an indication for bariatric surgery (BS),
since BS has been demonstrated to be beneficial for the liver.12–14

However, liver biopsy, the sole tool to confirm the diagnosis of
NASH, cannot be proposed to all at-risk patients. In the field of

Keywords: Fiber evanescent wave spectroscopy; mid-infrared (MIR) spectroscopy;

chalcogenide glass; non-alcoholic steatohepatitis; NASH; severely obese patients;

non-invasive test; metabolic fingerprint.
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non-invasive tests, the main options are blood-based tests and
physical tests. An emerging technology with the potential to
meet these requirements is based on fiber evanescent wave spec-
troscopy (FEWS) performed in the mid-infrared (MIR) spectral
domain. Ideally, using such technology, screening for NASH
should be easily performed by the clinician, easily accepted by
the patient, reliable and cost-effective.

FEWS records a broad metabolic profile from a drop of serum
that is placed on a chalcogenide glass fiber optic sensor on
the basis of a MIR absorption spectrum.15 MIR spectroscopy is
based on the ability of organic molecular chemical bonds to
undergo vibrational transition in the MIR region and to generate
absorption bands in specific and thus assignable frequency
ranges. An evanescent wave is the part of the electromagnetic
field that propagates at the surface of a fiber when the infrared
(IR) beam is internally reflected at the fiber/air interface; this
evanescent wave is absorbed by the chemical groups that are in
close contact with the fiber. Thus, merely placing a biological
sample in contact with the fiber allows one to resolve an absorp-
tion spectrum at the fiber output. The spectrum reflects the
organic molecular composition of the whole sample, thus provid-
ing a metabolic fingerprint.16

Many bio-spectroscopic studies have demonstrated the poten-
tial of MIR spectroscopy for medical diagnosis, generally using
tissue,17 yet more recently also using biofluids like serum,18,19

plasma,20,21 and tears.22 In hepatology, pilot studies have unveiled
the relevance of MIR spectroscopy for the diagnosis of liver or
bile duct cancer, or for the prognostic evaluation of decompen-
sated cirrhosis.23–27

The aim of this study was to identify the relevance of FEWS
technology to identify obese patients with or without NASH
using a comparison approach between this novel technique and
liver biopsy-based NASH diagnosis.

Patients and methods

Patient inclusion

Three hundred and ninety-five consecutive severely and mor-
bidly obese patients referred for bariatric surgery to the Univer-
sity Hospital of Nice, were included in the study between
January 2006 and July 2012. These patients were indicated for
bariatric surgery in agreement with French guidelines and the
1991 NIH Consensus Conference guidelines for gastrointestinal
surgery for obesity.28,29 The study protocol was performed
according to French legislation regarding Ethics and Human
Research and was approved by the local Ethics Committee (Hur-
iet-Serusclat law, DGS 2003/0395). Written informed consent
was obtained from all patients. All patients were negative for
hepatitis B and C viral markers, for auto-antibodies indicative of
autoimmune hepatitis, and had negligible alcohol consumption
(<20 g/day in women and <30 g/day in men). Alcohol abuse was
also excluded by interviewing the patients’ relatives. Patients
with a history of inflammatory disease (including rheumatoid
arthritis, systemic lupus erythematous, and inflammatory bowel
disease), current infection, a recent history of cancer (<5 years),
and severe pulmonary or cardiac disease were not enrolled in
the study. Surgical liver biopsy was obtained during the operation
for all patients, as previously reported.30

Preoperative assessment

The data included in this study are issued from a prospective
cohort of morbidly obese patients undergoing bariatric surgery

at our tertiary bariatric referral center at a time when patients
had no preoperative diet restriction, or other preoperative treat-
ments (such as omega-3 fatty acids for example) that may have
interfered with the evolution of NAFLD. Clinico-biological preo-
perative assessment was performed 2 to 3 weeks before surgery
and included: a medical history and physical examination,
blood pressure analysis, anthropometric measurements (weight,
height, waist circumference), psychiatric and nutritional evalua-
tion, blood samples obtained after overnight fasting for determi-
nation of plasma levels of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyltransferase
(GGT), glucose, insulin, C-peptide, glycosylated hemoglobin,
triglycerides, high-density lipoprotein (HDL) cholesterol, and
low-density lipoprotein (LDL) cholesterol. ALT and AST levels
were determined using the Roche assay with pyridoxal phos-
phate on a Hitachi Modular according to the International
Federation of Clinical Chemistry and the Société Française de
Biologie Clinique recommendations. In our center, the upper
limit of normal ALT was 31 IU/L for women and 41 IU/L for
men. Glycosylated hemoglobin was determined with the Biorad
Dual kit A1c on a Variant 2 Biorad (Biorad, USA). All patients
also had a chest X-ray, electrocardiogram, abdominal ultrasound
and upper gastrointestinal endoscopy. Metabolic syndrome was
defined as the presence of at least 3 of the following parameters:
elevated waist circumference (≥94 cm in men or ≥80 cm in
women), elevated blood pressure (systolic blood pressure
≥130 mmHg or diastolic blood pressure ≥85 mmHg or antihyper-
tensive drug), elevated blood glucose (≥100 mg/dl or anti-
diabetic drug), elevated triglycerides (≥150 mg/dl or lipid-
lowering drug), and low HDL cholesterol (<40 mg/dl in men or
<50 mg/dl in women or lipid-lowering drug).31 Notably, all
obese patients who were candidates for bariatric surgery had a
waist circumference above the defined threshold for metabolic
syndrome. Type 2 diabetes was defined by 2 elevated measure-
ments for fasting plasma glucose ≥7mmol/L. Serumwas collected
from each patient and immediately stored at -80°C.

Liver assessment

Hepatic wedges were obtained during bariatric surgery by
surgeons specialized in liver surgery and transplantation (AI and
JG). Hepatic wedges were at least 10 mm long. Surgical liver
biopsies were reviewed by 1 liver pathologist (SP), blinded
regarding the clinical or biological characteristics of the patients.
Routine haematoxylin-eosin-safran and Sirius red staining was
performed on all biopsies. Biopsies were graded according to
the NAFLD activity score (NAS)33 and the steatosis, activity and
fibrosis (SAF) score.34 The diagnosis of NASH was retained in
patients with steatosis grade ≥1 + lobular inflammation grade
≥1 + ballooning grade ≥1 (according to the SAF score). Liver fibro-
sis was assessed by Sirius red staining and was classified into
7 stages according to the NASH Clinical Research Network
Scoring System Definition and Scores as follows: F0: no fibrosis,
F1a: mild zone 3 sinusoidal fibrosis, F1b: moderated zone 3
sinusoidal fibrosis, F1c: peri-portal sinusoidal fibrosis, F2: zone 3
sinusoidal fibrosis and peri-portal sinusoidal fibrosis, F3: bridging
fibrosis, F4: cirrhosis.32,34

Follow-up cohort

Ten patients with NASH at baseline, as determined by liver
biopsy, were contacted and had an additional liver biopsy to
follow changes in the liver pathology after bariatric surgery.
Clinico-biological data and serum were collected at the time of
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the follow-up liver biopsy. Diagnostic performance of the MIR
spectroscopy was also assessed.

Fiber evanescent wave spectroscopy

Acquisition of spectra

TheMIR spectra were recorded using a DIAFIR SPIDTM FT-IR spec-
trometer (Rennes - France). The FTIR absorption spectra were
acquired in the 4,000–600 cm-1 frequency range. The nominal
spectral resolution was set to 4 cm-1 and a zero-filling factor of
2 was employed, yielding a discrete spectral point spacing of
2 cm-1. A Blackman Harris 3-term apodization function was
used for Fourier transformation. For each spectrum, 64 scans
were co-added.

For spectral acquisition, a disposable FEWS infrared sensor
was placed in the spectrometer, the background signal was
recorded in air, and 7 μl of serum was deposited on the sensor.
The serum spectrum was acquired 8 min after deposition to
obtain an accurate signal and remove excess water that can
screen some infrared bands of interest.

All measures were made on thawed sera samples collected
before surgery.

Pre-treatments

MIR spectra were pre-processed and analyzed in the 3,800–950
cm-1 frequency domain, where most of the biomolecules
are apparent. Several signal quality parameters (signal intensity,
signal to noise ratio, water vapor) were measured and validated,
and data homogeneity (outlier identification) was visually
checked. A straight line was generated from 2,800 to 1,800 cm-1

to eliminate the contribution of environmental CO2. Second deri-
vatives were calculated, smoothed using a 13-point Savitzky-
Golay smoothing algorithm, and vector normalized over the
whole spectral range.

Statistical analysis of spectra

The statistical analyses of spectra aimed to discriminate patients
without NASH from those with NASH.

Spectral analysis required the number of spectral variables
(i.e., wavenumbers) to be reduced from a few hundred to
approximately a dozen, to minimize the influence of noisy and/
or redundant variables. The population was randomly separated
into 2 groups: the training group (4/5 of the cohort, 316 patients)
and the validation group (1/5 of the cohort, 79 patients) and the
sets were compared to make sure that there were no significant
differences in clinical and histological features (Table 1). Wave-
number selection and optimization were performed with the
sole training group to limit the overlearning risk. The spectro-
metric curves (vector normalized second derivatives) were first
projected on a Spline basis to reduce the dimension of the data
and smooth the curves. Variable selection was then performed
on the Spline coefficients, with a stability selection procedure
based on repetition of random forest variable selection35 with
subsamples of the training set. For each run of the stability selec-
tion procedure a subsample containing 4/5 individuals from the
training set was selected and a random forest regression per-
formed. The most important variables, according to the decrease
in the Gini index (a multivariate measure of variable importance
of the random forest), were collected.36 These steps were
repeated 200 times, and the variables that were finally retained
were those with the highest probability of selection. Once the
optimized wavenumber set (20 variables) was defined, a mixture
of a logistic regression model was built using this set with the

training population, and the performance was checked on the
validation population.

The best threshold was that which provided the best associa-
tion between sensitivity and specificity for the screening of NASH.
All the statistical analyses were performed with the R statistical
software. Algorithm performances of the MIR spectroscopy
model were estimated according to the area under the ROC
curve (AUROC), sensibility, specificity, negative predictive values
and positive predictive values at the best threshold.

Elaboration of a model using clinico-biological and spectral
data to diagnose NASH

Clinical and biological variables are given as the median and the
standard deviation. All variables were tested for a normal distri-
bution with the Shapiro-Wilk test. Comparisons were made
using the Student’s t test for normally distributed data or with
the Mann-Whitney U test. Nominal data were tested using the
Fisher’s exact test. A logistic regression analysis based on vari-
ables significantly associated with NASH was conducted using a
univariate analysis (p <0.05). Patients with missing clinical para-
meter data were not included in the multivariate model. The
clinico-biological data independently associated with NASH

Table 1. Characteristics of the patients in the training and validation groups.

Patients in the

training group

(n = 316)

Patients in the

validation group

(n = 79)

p value

Age (years) 40 (31–48) 41 (34–48) 0.4

Weight (kg) 117 (107–131) 113 (104–128) 0.2

BMI (kg/m2) 44 (41–47) 43 (40–47) 0.3

AST (IU/L) 24 (20–30) 24 (21–35) 0.5

ALT (IU/L) 27 (19–41) 24 (19–36) 0.6

GGT (IU/L) 31 (20–50) 28 (19–49) 0.5

Blood glucose level
(mmol/L)

5.2 (4.8–6.1) 5.3 (4.9–5.8) 0.7

Insulin (mmol/L) 19 (13–27) 18 (11–23) 0.08

HbA1c (%) 5.6 (5.4–6) 5.6 (5.3–6.1) 0.4

Total cholesterol
(mmol/L)

5.3 (4.6–6.1) 5.4 (4.7–6) 0.9

HDL cholesterol (mmol/L) 1.3 (1.2–1.6) 1.4 (1.2–1.7) 0.4

LDL cholesterol (mmol/L) 3.2 (2.6–3.8) 3.2 (2.6–3.8) 0.8

Triglyceride (mmol/L) 1.5 (1.1–2.2) 1.3 (1–1.9) 0.1

Waist circumference (cm) 120 (120–128) 117 (116–125) 0.06

Type 2 diabetes presence
(%)

20 23 0.7

Metabolic Syndrome
presence (%)

50 42 0.2

Steatosis (%), S0-S1-S2-S3 6-40-26-28 8-37-29-26 0.9

Ballooning (%), B0-B1-B2 80.4-19.3-0.3 81-16.5-2.5 0.1

Inflammation (%), I0-I1-I2 83-16-1 82-18-0 0.8

No NASH/NASH (%) 83.2/16.8 83.5/16.5 1

Fibrosis (%), F0-F1-F2-F3 13.1-61.7-
19.8-5.4

16.7-62.8-
16.7-3.8

0.7

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; GGT, gamma-glutamyltransferase; HbA1c, glycated hemoglobin; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; NASH, non-alcoholic steatohepatitis.
Quantitative values are displayed as median and interquartile range.
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were used to calculate a clinical model. Moreover, these clinico-
biological data were used with the score obtained on the spectral
analysis to construct a new model to diagnose NASH (composite
model). Comparisons of the AUROCs were made using Delong’s
tests37 and bootstrap sampling.

All the statistical analyses were performed with the R statisti-
cal software.

Results

Characteristics of the patients

Three hundred and ninety-five patients were included. Sixty-six
of these patients had NASH (17%). The cohort was randomly
split into 2 groups to obtain a training group (4/5 of the overall
cohort, including 53 patients with NASH and 263 patients with-
out NASH) and a validation group (1/5 of the overall cohort,
including 13 patients with NASH and 66 patients without
NASH). As mentioned in the patients and method section, the
training and validation groups were similar for all clinico-
biological variables (Table 1). The patient characteristics of the
overall cohort are shown in Table 2.

As expected, AST, ALT, GGT, blood glucose, insulin, glycosy-
lated hemoglobin, triglyceride level, waist circumference and
the prevalence of metabolic syndrome were higher in patients
with NASH compared to patients without NASH. HDL cholesterol
levels were lower in patients with NASH compared to patients
without NASH. The grade of steatosis and stage of fibrosis were
higher in patients with NASH.

Diagnostic performance of MIR spectroscopy for the diagnosis
of NASH in severely obese patients at the time of surgery

When comparing histological diagnosis of NASH to that obtained
by MIR spectroscopy, the AUROC for the diagnosis of NASH were
0.82 and 0.77 for the training and validation groups, respectively
(Fig. S1). The best threshold was 0.15, which was associated
with a sensitivity of 0.75 and 0.69, and a specificity of 0.72 and
0.76, negative predictive values of 0.94 and 0.93, positive predic-
tive values of 0.35 and 0.36. Finally, correctly classified patient
rates of 72% and 75%were obtained for the training and validation
groups, respectively (Table 3).

Association of the MIR spectroscopic score with the severity of
liver pathology

We next analyzed, in each group, the relationship between the
MIR technology-based score and individual histological lesions
defining NASH – steatosis, inflammation, ballooning – as well as
with the NAS and the fibrosis level (Fig. 1).

In the training group, despite large inter-individual variability,
the MIR spectroscopic score was significantly higher in patients
with steatosis S2 and S3 as compared to S0 and S1 (Fig. 1A). The
MIR technology score was also significantly higher in patients
with either grade 1 or grade 2 inflammation compared to grade 0
(Fig. 1B), as well as in patients with grade 1 ballooning compared
to grade 0 (Fig. 1C). A significantly higher MIR technology score
was also found in patients with NAS ≥5 compared to patients
with 3≤ NAS <5, and with NAS <3; and in patients with 3≤ NAS <5
compared to patients with NAS <3 (Fig. 1D), as well as in patients
with fibrosis grade 3 compared to grades 2, 1 and 0 (Fig. 1E).

In the validation group, similar observations were made
except for fibrosis, probably because of the limit number of
patients in each stage (Fig 1F-J).

Diagnostic performance of spectroscopy for NASH after
surgery

The model was also applied to a group of 10 severely obese
patients treated with laparoscopic Roux-en-Y gastric-by-pass
who were followed for 5 (3–6.5) years after surgery. Clinico-
biological data and liver pathology at baseline, and at the time
of the liver biopsy, are shown in Table S1. Initially all patients
had NASH. At the time of the additional biopsy, only 1 patient
had persistent NASH. The AUROC of the model was 0.81. The
only patient with NASH was correctly classified. Among the 9
patients without NASH, 5 were correctly classified (Table S2).

The individual variations of spectroscopy results in these 10
patients are presented in Fig. 2.

Table 2. Characteristics of the severely obese patients in the entire cohort.

Patients with

NASH (n = 66)

Patients without

NASH (n = 329)

p value

Age (years) 43 (38–51) 39 (31–47) 4.10–3

Weight (kg) 123 (110–135) 114 (106–129) 0.02

BMI (kg/m2) 44 (42–48) 43 (41–47) 0.15

AST (IU/L) 35 (26–44) 23 (19–29) 5.10–9

ALT (IU/L) 43 (28–64) 24 (18–36) 2.10–8

GGT (IU/L) 54 (30–81) 28 (19–45) 8.10–8

Blood glucose level
(mmol/L)

5.7 (5–8) 5.2 (4.8–5.8) 3.10–4

Insulin (mmol/L) 23 (15–33) 18 (11–25) 6.10–4

HbA1c (%) 6 (5.5–7.2) 5.6 (5.3–5.9) 2.10–6

Total cholesterol (mmol/L) 5.2 (4.5–6.1) 5.4 (4.7–6) 0.8

HDL cholesterol (mmol/L) 1.2 (1.1–1.5) 1.4 (1.2–1.6) 5.10–3

LDL cholesterol (mmol/L) 2.9 (2.4–3.7) 3.2 (2.6–3.8) 0.04

Triglyceride (mmol/L) 1.7 (1.1–2.9) 1.4 (1.1–1.9) 9.10–4

Waist circumference (cm) 127 (126–134) 118 (117–125) 1.10–6

Type 2 diabetes presence
(%)

38 17 3.10–4

Steatosis (%), S0-S1-S2-S3 72 46 4.10–4

Ballooning (%), B0-B1-B2 0-8-32-60 7-46-26-21 4.10–12

Inflammation (%), I0-I1-I2 0-95-5 97-3-0 10–16

Steatosis (%), S0-S1-S2-S3 0-97-3 99-1-0 10–16

Fibrosis (%), F0-F1-F2-F3 15.4-52.3-
16.9-15.4

13.5-63.8-
19.6-3.1

5.10–3

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; GGT, gamma-glutamyltransferase; HbA1c, glycated hemoglobin; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; NASH, non-alcoholic steatohepatitis.
Quantitative values are displayed as median and interquartile range.

Table 3. Diagnostic performance of MIR spectroscopy for the diagnosis of

NASH in severely obese patients at the time of the surgery.

Patients in the

training group

(n = 316)

Patients in the

validation group

(n = 79)

AUROC 0.82 0.77

Sensitivity 0.75 0.69

Specificity 0.72 0.76

Negative predictive value 0.94 0.93

Positive predictive value 0.35 0.36

Correctly classified patients (%) 72 75

AUROC, area under the receiver operating curve; MIR, mid-infrared; NASH, non-
alcoholic steatohepatitis.
Pure spectral model, at the best threshold (0.15).
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Fig. 1. Association of the MIR spectroscopic values with the severity of liver pathology, for the training and the validation groups. (A-E) Training group, various grades of (A) steatosis; (B) inflammation; (C) ballooning;
(D) NAFLD activity score; and (E) fibrosis are represented. (F-J) Validation group, various grades of (F) steatosis; (G) inflammation; (H) ballooning; (I) NAFLD activity score; and (J) fibrosis are represented. To facilitate
visualization, outliers are not represented; see method for details regarding the liver pathology analysis. MIR, mid-infrared; NAFLD, non-alcoholic fatty liver disease.
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Diagnostic performance of a composite model including
spectroscopic and clinico-biological data

To improve the diagnostic performance, a new composite model
was computed that also took clinico-biological data into account.
The multivariate analysis and the clinical variable selection for the
diagnosis of NASH were performed on the calibration set (see
Table S3 for details of the differences between patients with or
without NASH for the calibration set). Using a logistic regression
model, the AST, triglyceride level and waist circumference were
included, as they were the only independent parameters that
were significantly associated with NASH in the training group
(Table S4). The diagnostic values of a clinico-biological model that
only used these 3 parameters are presented in Table S5. A new
composite model was therefore computed to diagnose NASH. The
diagnostic performance is displayed in Table 4. The AUROC were
0.88 and 0.84 for the training and validation groups, respectively
(Fig. S2). The best threshold was 0.13, which was associated with
sensitivities of 0.80 and 0.67, specificities of 0.79 and 0.80, negative
predictive values of 0.95 and 0.93, positive predictive values of 0.43
and 0.38, as well as correctly classified patient rates of 79% and 78%
for the training and validation groups, respectively. Even if the
AUROC were slightly higher in this composite model (0.88 and
0.84), compared to the sole spectral model (0.82 and 0.77), there
was no statistical difference between them for the validation set
(p = 0.09) due to the small sample size. However, we noted that
there was a significant difference between the AUROC of these 2
models for the calibration set (p = 0.02). The bootstrap sampling
confirmed these results (Table S6).

Discussion
This clinical study using a newly developed technology demon-
strated that FEWS performed in the MIR spectral domain is an
encouraging method for the non-invasive diagnose of NASH in
obese patients. The diagnostic performance, with good sensitivity

and a very good negative predictive value, suggests thatMIR tech-
nology could be used in routine care as a screening test for NASH.

Development of non-invasive tests for patients with NAFLD/
NASH remains a major challenge.6,38 Although numerous tests
have been proposed for non-invasive assessment of fibrosis, no
satisfactory test has yet been developed for the diagnosis and
screening of NASH.6,38

In this context, FEWS performed with MIR provides several
benefits: it is minimally invasive, easy both to perform and to
interpret for the clinician, and provides a quick answer, almost
at the bedside. Easy and rapid screening for NASH with this sen-
sitive test offers several advantages, in the new area of persona-
lized medicine: i) it identifies patients at a low risk of NASH,
thus enabling clinicians to reassure these patients and propose
a lighter follow-up dedicated towards prevention and efforts to
control cardiovascular risk factors, which will also avoid non-
useful and potentially expensive complementary liver tests for
these patients; ii) it will enable clinicians to focus on more
aggressive care for patients diagnosed with NASH.

It might be anticipated that in the future, the MIR technology
should be associated with other non-invasive tests dedicated to
screening for the presence and/or severity of fibrosis in patients
diagnosed with “NASH”, since MIR technology displayed poor spe-
cificity and a low positive predictive value. For example, common
liver fibrosis tests such as FIB-4 or the NAFLD fibrosis score, or the
measurement of liver stiffness by elastography, could be performed
to identify patients at a high risk of fibrotic NASH.39 The precise
potential contribution of the MIR spectroscopy model to the algo-
rithm for the diagnosis of NASH and NASH with fibrosis will have
to be determined in the future. The lack of a strong positive predic-
tive value is a critical issue in non-invasive test development for
fibrosis particularly for intermediate stages of fibrosis.39 We com-
bined clinico-biological variables to the spectral ones to improve
the MIR spectroscopy model. Although we did not succeed in sig-
nificantly improving the positive predictive value, we observed a
significant difference between the AUROC of these 2 models, for
the diagnosis of NASH, for the calibration set (0.88 vs. 0.82; p =
0.02). Moreover, the distribution of the AUROC values according
to the bootstrap sampling showed that the performance of the
composite model was higher and less variable.

The lack of positive predictive values probably originates from
the low prevalence of patients with NASH in our cohort (17%),
nevertheless concordant with other series studying severely
obese patients referred for bariatric surgery.40 This relatively
low prevalence is particularly challenging for a diagnostic test.

0

0.15

1

0

1

Baseline spectral
 score

Follow−up
 spectral
 score

Fig. 2. Individual variations of spectroscopy results in the 10 severely obese

patients from the follow-up cohort. Circle in red: patients with NASH; circle in
black: patients without NASH; Blue dash line: threshold of the spectral model.
NASH, non-alcoholic steatohepatitis.

Table 4. Diagnostic performance of a multivariatemodel for the diagnosis of

NASH in severely obese patients at the time of surgery.

Patients in the

training group

(n = 297)

Patients in the

validation group

(n = 77)

AUROC 0.88 0.84

Sensitivity 0.8 0.67

Specificity 0.79 0.8

Negative predictive value 0.95 0.93

Positive predictive value 0.43 0.38

Correctly classified patients (%) 79 78

Mixed model associating spectral data with clinico-biological data for the diagnosis of
NASH at the best threshold (0.13). AUROC, area under the receiver operating curve;
NASH, non-alcoholic steatohepatitis.

Please cite this article as: Anty R et al. Themid-infrared spectroscopy: A novel non-invasive diagnostic tool for NASH diagnosis in severe obesity. JHEP Reports (2019), https://doi.org/10.1016/j.

jhepr.2019.09.005

Research Article

JHEP Reports 2019 vol. xxx | xxx–xxx 6



This study is then the first to demonstrate the potential for
FEWS to be performed with MIR for the diagnosis of NASH in
severely obese patients. This is a monocentric study performed
on a large number of well-characterized patients. All patients
had a liver biopsy assessed by 1 pathologist (SP), which is the
reference examination to classify the severity of NAFLD. A robust
spectral method has been implemented to yield a model that
allows patients with and without NASH to be detected using
training and validation groups. Based on the current study, asses-
sing the relationships between the different hepatic lesions and
the MIR spectroscopic score, our data support the idea that
serum metabolic alterations associated with inflammation and
ballooning are critical in determining the score. This finding rein-
forces the potential interest of the test for the follow-up of
patients and is in line with data that we obtained from the
group of patients for whom the histological studies after post-
bariatric surgery evolved in parallel to the decreasing score.

We nevertheless have a number of challenges to address. The
relevance of this technology will have to be replicated and exter-
nally validated in several independent cohorts of severely obese
patients. Accordingly, a European multicentric prospective study
of severely obese patients is being developed to validate this
technology and will start recruitment in the near future (NCT
03978247). Of course, validation in populations of patients with
NAFLD outside bariatric surgery is required before transfer to
clinical practice. So, the tests have to be extended for the diagno-
sis of NASH in overweight and moderately obese patients who

represent most of the patients seen by hepatologists. Its interest
in the sequential or parallel association with other non-invasive
tests for fibrosis or fibrotic NASH screening will have to be
defined. Finally, its potential interest for patients in diabetic
clinics and/or in the general population will have to be assessed.
Interestingly in our cohort, T2D status did not improve nor
change the accuracy of this new non-invasive tool, suggesting
that it could adequately screen for NASH in patients T2D.

In conclusion, MIR-FEWS offers new opportunities to non-
invasively assess the liver of severely obese patients, thereby pro-
viding a sensitive test to screen for NASH. Further multicentric stu-
dies are required to complete the clinical validation of this
technology and to confirm its potential as a non-invasive test to
detect NASH.
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score; NASH, non-alcoholic steatohepatitis; SAF, steatosis, activity
and fibrosis; T2D, type 2 diabetes.
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