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Créée par la Société Francophone du Diabète (SFD), la FFRD s’est fixé pour unique objectif de promouvoir et 
soutenir la recherche sur le diabète et les maladies métaboliques, notamment par le biais de collaborations 
publiques ou privées.

Le continuum de la recherche étant une des conditions de la réussite, la FFRD s’engage à tous les stades de la 
recherche sur le diabète et les maladies métaboliques. Elle souhaite ainsi fournir des moyens pérennes favorisant 
des projets de recherche expérimentale et clinique s’inscrivant sur le long terme.

Reconnue d’utilité publique, la FFRD soutient des programmes de recherche de qualité et d’envergure 
internationale. Elle finance des projets ambitieux  et prometteurs visant à mieux comprendre l’épidémiologie et 
la physiopathologie du diabète et de ses complications, depuis la recherche fondamentale sur la maladie jusqu’à 
l’innovation thérapeutique, pour aboutir à une meilleure prise en charge des patients diabétiques.

La France et les pays francophones jouent un rôle clé dans la stratégie mondiale de Recherche & Développement. 
L’excellence de leur recherche fondamentale ainsi que leurs chercheurs de haut niveau, sont à même de relever 
les défis de la compétition internationale. 
Par ailleurs, son expertise dans les phases précoces de développement, notamment en recherche translationnelle, 
fait de la France un acteur majeur du développement de la recherche clinique.

Pour ce faire, la FFRD soutient chaque année des projets de recherche  
clinique, expérimentale et translationnelle, par le biais d’allocations de 
maximum 300.000 € chacune, sur 1 à 3 ans.
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Created by the Francophone Society of Diabetes (SFD), the FFRD set itself 
the unique goal of promoting and supporting research on diabetes and 
metabolic diseases, particularly through public and private collaboration.

As full coverage of the research spectrum is one of the conditions of success, 
the FFRD is engaged in all stages of research on diabetes and metabolic 
diseases. It thus wishes to provide permanent funding for long-term clinical 
and basic research.

State-recognised as serving the public interest, the FFRD supports quality research programmes that 
are international in scope. It funds innovative and promising projects that aim at better understanding the 
epidemiology and pathophysiology of diabetes and its complications, from basic research on the disease to 
therapeutic innovations, in order to achieve better management of diabetic patients.  

France and the francophone countries play a key role in the global approach for Research and Development. 
The excellence of their fundamental research, as well as the expertise of their top researchers helps them to 
meet the challenges of the international competition. 
Furthermore, their expertise in the early phases of development, particularly in translational research, makes 
France a leading figure in the development of clinical research.
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Pour permettre aux chercheurs d’avancer dans leurs travaux et 
donner un réel espoir aux patients, la FFRD souhaite les aider à :

Mieux comprendre l’épidémiologie du diabète et développer des techniques 
de prévention de ses complications

Faire progresser la recherche fondamentale sur le diabète  
et les maladies métaboliques

Améliorer la vie des patients 
grâce au développement de 
stratégies innovantes

Évaluer les innovations technologiques et  
thérapeutiques pour élaborer des traite-
ments ciblés efficaces

To enable the researchers to progress in their work and provide real hope to 
patients, the FFRD wishes to help them to: 

Better understand the epidemiology of diabetes and develop 
techniques to prevent its complications

Advance the basic research    
on diabetes and metabolic diseases

Evaluate the technological and therapeutic 
innovations for developing effective
targeted treatments

Improve patients’ lives through 
the development of innovative 
approaches

For these purposes, the FFRD supports every year clinical,  
basic and translational research projects through grants 

 of maximum €300,000 each, over 1 to 3 years.





A Foundation that is state-recognised as serving the public
interest for the advancement of diabetes research 

Created by the Francophone Society of Diabetes (SFD), the FFRD set itself
the unique goal of promoting and supporting research on diabetes and
metabolic diseases, particularly through public and private collaboration.

As full coverage of the research spectrum is one of the conditions of success,
the FFRD is engaged in all stages of research on diabetes and metabolic
diseases. It thus wishes to provide permanent funding for long-term clinical
and basic research.

State-recognised as serving the public interest, the FFRD supports quality research programmes that are
international in scope. It funds innovative and promising projects that aim at better understanding the
epidemiology and pathophysiology of diabetes and its complications, from basic research on the disease to
therapeutic innovations, in order to achieve better management of diabetic patients.  

France and the francophone countries play a key role in the global approach for Research and Development.
The excellence of their fundamental research, as well as the expertise of their top researchers helps them to
meet the challenges of the international competition. 
Furthermore, their expertise in the early phases of development, particularly in translational research, makes
France a leading figure in the development of clinical research.

Goal and missions

To enable the researchers to progress in their work and provide real hope to
patients, the FFRD wishes to help them to: 

Better understand the epidemiology of diabetes and develop
techniques to prevent its complications

Advance the basic research    
on diabetes and metabolic diseases

Evaluate the technological and therapeutic 
innovations for developing effective
targeted treatments

Improve patients’ lives through
the development of innovative
approaches

For these purposes, the FFRD supports every year clinical, 
basic and translational research projects through grants

of maximum €300,000 each, over 1 to 3 years.



296 PROJETS  
REÇUS

108 EXPERTS  
INTERROGÉS

63 CANDIDATS  
AUDITIONNÉS

24 LAURÉATS  
RÉCOMPENSÉS

Pr Miriam CNOP, Centre de Recherche en Diabétologie - ULB à Bruxelles (Belgique) 
"Modélisation du stress du réticulum endoplasmique et du diabète à l’aide de cellules bêta humaines dérivées des cellules 
souches".

Pr Emmanuel COSSON, Hôpital Jean Verdier de Bondy (France)
"Réduction de l’insulino-requérance sous myo-inositol dans le diabète gestationnel : une étude multicentrique prospective 
randomisée contrôlée versus placebo. (MYO-GDM study)".

Dr Julien DIANA, Inserm, Institut Necker Enfants Malades de Paris (France) 
“Remodelage du microbiote intestinal à l’aide des peptides antimicrobiens pour prévenir le diabète de type 1”.

Dr Fabienne FOUFELLE, Inserm, Centre de Recherche des Cordeliers de Paris (France) 
"Dihydrocéramides : de nouveaux acteurs impliqués dans les stéatopathies métaboliques et la progression du diabète de 
type 2 ". 

Pr Philippe FROGUEL, CNRS, CHRU de Lille (France) 
"L'impact épigénétique du diabète gestationnel sur le risque de diabète de type 2 de la mère et sur la santé de l'enfant : 
une approche intégrative".

Pr Mariana IGOILLO-ESTEVE, Centre de Recherche en Diabétologie - ULB à Bruxelles (Belgique 
“Etude de l’impact de la fragmentation des ARNt et la diminution en la méthylation m6A induite par une carence en TRMT10A 
sur pathogenèse du diabète de type 1 ”.

Pr Etienne LARGER, Université de Paris, APHP, Institut Cochin de Paris (France)
“Diabète de type 1 avec un seul auto anticorps : est-ce (toujours) une maladie autoimmune ?”. 

Dr Agnès LEHUEN, Institut Cochin de Paris (France) 
"Interactions entre les cellules MAIT, la muqueuse et le microbiote intestinal au cours du développement du diabète de type 1". 

Pr Kamel MOHAMMEDI, Faculté de médecine Hôpital universitaire de Bordeaux (France) 
"Déterminants pronostiques du pied diabétique - Etude de cohorte prospective française multicentrique".

Dr Xavier PRIEUR, Université de Nantes (France) 
"La déficience en Seipine comme modèle de dysfonctionnement adipocytaire extrême".

Dr Rémi RABASA-LHORET, Institut de recherche clinique de Montréal (Canada) 
"Relation entre la dysglycémie et l’évolution clinique en fibrose kystique : une étude prospective avec la surveillance en 
continu de la glycémie". 

Dr Hubert VIDAL, Inserm, INRA, Université de Lyon  (France) 
"Les probiotiques comme nouveau traitement du diabète de type 2". 

Dr Guillaume WALTHER, Laboratoire Cardiovasculaire Université d’Avignon (France) 
"Les édulcorants sont-ils bons pour la santé ? 
Mieux comprendre les effets sur le métabolisme du glucose et la fonction vasculaire". 

Projets en cours

Fondation reconnue d’utilité publique, créée en 2013 pour promouvoir et soutenir la 
recherche sur le diabète et les maladies métabolique

6,5 MILLIONS D’EUROS
POUR 24 ALLOCATIONS DE RECHERCHE

La FFRD en chiffres



24 LAUREATES 
AWARDED

63 CANDIDATES  
INTERVIEWED

108 EXPERTS  
SOLICITED

296 PROJECTS  
RECEIVED

6,5 MILLION EUROS
FOR 24 RESEARCH GRANTS

Pr Miriam CNOP, ULB Center for Diabetes Research in Brussels (Belgium)
"Modeling endoplasmic reticulum stress and diabetes using stem cell-derived human b cells".

Pr Emmanuel COSSON, Jean Verdier Hospital in Bondy (France)
“Reduction of insulin therapy under myo-inositol for the treatment of gestational diabetes mellitus: a Randomized 
Multicenter and Prospective Trial”.

Dr Julien DIANA, Inserm, Necker Enfants Malades Institute in Paris (France)
"Reshaping the gut microbiota with antimicrobial peptides to prevent type 1 diabetes".

Dr Fabienne FOUFELLE, Inserm, Research Center Cordeliers in Paris (France)
"Dihydroceramides: novel actors involved in non alcoholic fatty liver diseases and type 2 diabetes progression". 

Pr Philippe FROGUEL, CNRS, CHRU in Lille (France)
"The epigenetic impact of gestational diabetes mellitus on mother type 2 diabetes risk and offspring health: a system biology 
approach".

Pr Mariana IGOILLO-ESTEVE, ULB Center for Diabetes Research in Brussels (Belgium)
“Unveiling the contribution of TRMT10A déficience-mediated tRNA fragmentation and impaire m6A methylation to the pathogenesis 
of type 1 diabetes”.

Pr Etienne LARGER, University of Paris, APHP, Cochin Institute in Paris (France)
“Single autoantibody-positive diabetes: is it always type 1, immune mediated, diabetes?”.

Dr Agnès LEHUEN, Cochin Institute in Paris (France)
"Crosstalk between MAIT cells and the gut microbiota and mucosa in the development of type 1 diabetes in children". 

Pr Kamel MOHAMMEDI, Faculty of Medicine - University Hospital in Bordeaux (France)
"Prognostic determinants in patients with Diabetic Food ulcer (PDF study) - A French prospective multicenter cohort".

Dr Xavier PRIEUR, University in Nantes (France)
"Seipin deficiency as a model of adipocyte dysfunction".

Dr Rémi RABASA-LHORET, Montreal Clinical Research Institute (Canada) 
"Identification of dysglycemia with continuous glucose monitoring: a propective study to assess the 

relationship with clinical evolution in cystic fibrosis". 

Dr Hubert VIDAL, Inserm, INRA, University in Lyon  (France)
"PROBIODIAB: probiotics as a new treatment for  type 2 diabetes". 

Dr Guillaume WALTHER, Cardiovascular Laboratory University in Avignon (France)
“Are non-nutritive sweeteners safe? A translationnal approach to decipher the effect 

on glucose metabolism and vascular function".

Ongoing projects
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The FFRD into figures



Lauréats 2019 :
Miriam Cnop (Bruxelles),
« Modélisation du stress du rétic-
ulum endoplasmique et du diabète 
à l’aide de cellules ß humaines  
dérivées des cellules souches ».
Le dysfonctionnement et la mort des 
cellules ß pancréatiques sont des 
événements centraux dans le dével-
oppement et la progression du dia-
bète de type 2 (DT2). Démontrés par 
l’équipe du Pr Cnop, des phénomènes 
de lipotoxicité entraînent un stress du 
réticulum endoplasmique (RE) ainsi 
qu’un dysfonctionnement et la mort 
des cellules ß. L’objectif de ce pro-
jet est d’en identifier les régulateurs 
clés, en étudiant l’exposition chronique 
des cellules ß humaines au stress 
métabolique induit par un régime riche 
en graisses saturées (occidental) ver-
sus monoinsaturées (méditerranéen) 
ou pauvre en graisses chez des souris 
humanisées. Il prévoit d’analyser les 
formes monogéniques du diabète lié au 
stress du RE qui conduit génétiquement 
à une défaillance des cellules ß. Ce pro-
jet ouvre la perspective de rechercher 
in silico des médicaments ciblant des 
régulateurs clés avec pour objectif de 
protéger les cellules ß.

Kamel Mohammedi (Bordeaux),
« Déterminants pronostiques du pied 
diabétique – Étude de cohorte pro-
spective française multicentrique ».
Le pied diabétique, première cause 
d’amputation non traumatique des 
membres inférieurs, est responsable 
d’une détérioration de la qualité de 
vie des patients. Cette complication 
est de plus en plus associée à un ris-
que élevé de mortalité précoce. Outre 
le risque élevé de maladies cardio-
vasculaires, d’autres causes, notam-
ment infectieuses, inflammatoires et 
néoplasiques, expliquent ce mauvais 

pronostic. Le projet du Pr Mohammedi 
vise à constituer une cohorte prospec-
tive nationale de patients atteints de 
pied diabétique afin de déterminer les 
causes et les facteurs pronostiques de 
mortalité à 5 ans. 
Les objectifs secondaires seront d’éval-
uer l’incidence et les déterminants 
de la cicatrisation, de la récidive, des 
événements micro et macrovasculaires 
ainsi que le déclin cognitif. Les ré-
sultats permettront de mesurer les 
conséquences sur la qualité de vie et 
l’impact économique engendré par 
cette complication, afin d’améliorer la 
prise en charge des patients présentant 
un pied diabétique et de contribuer à la 
mise en place de politiques et d’inter-
ventions adaptées dans le système de 
soins français.

Xavier Prieur (Nantes),
« La déficience en Seipine comme 
modèle de dysfonction adipocytaire 
extrême ».
La seipine est une protéine du RE for-
tement exprimée dans le tissu adipeux, 
impliquée dans la lipodystrophie con-
génitale de Berardinelli-Seip (BSCL). 
Elle semble jouer un rôle crucial dans 
l’homéostasie adipocytaire. L’équipe 
du Dr Prieur a montré que la déficience 
en seipine dans l’adipocyte mature 
induisait un stress cellulaire et activait 
l’apoptose, ce qui altèrerait la synthèse 
lipidique et l’homéostasie calcique. Le 
but de ce projet est de définir la fonction 
de la seipine dans l’adipocyte mature et 
comprendre en quoi son déficit conduit 
à la défaillance des adipocytes. Les 
résultats attendus concernent l’identi-
fication des voies biologiques affectées 
par l’absence de seipine et la com-
préhension de sa fonction cellulaire et 
permettre aux chercheurs de déter-
miner s’il existe une signature com-

mune du dysfonctionnement adipocy-
taire, découverte qui pourrait conduire 
à l’identification de nouvelles cibles 
thérapeutiques pour prévenir le dével-
oppement des maladies métaboliques 
associées à l’obésité.

Guillaume Walther (Avignon),
« Les édulcorants sont-ils bons pour 
la santé ? Mieux comprendre les ef-
fets sur le métabolisme du glucose et 
la fonction vasculaire ».
Des études ont mis en évidence une 
association entre la consommation de 
produits contenant des édulcorants et 
le risque accru de mortalité, notam-
ment d’origine cardiovasculaire, ainsi 
que des effets néfastes sur le métab-
olisme du glucose. Des récepteurs du 
gout sucré (T1Rs) seraient susceptibles 
d’être activés par les édulcorants dans 
le pancréas, l’intestin, le cerveau et les 
cellules endothéliales. Or la dysfonction 
endothéliale est reconnue pour son 
rôle précoce dans le développement de 
l’athérosclérose, mais aussi comme un 
marqueur sensible du développement 
des maladies cardiométaboliques. 
L’hypothèse émise par l’équipe du 
Dr Walther est que les T1Rs activés 
par les édulcorants sont impliqués 
de manière directe et indirecte dans 
la réactivité vasculaire. Ce projet vise 
à explorer les effets d’une consom-
mation chronique d’édulcorants sur 
la fonction vasculaire chez la souris, 
puis d’étudier, chez le volontaire sain 
et le patient obèse insulinorésistant, 
les effets d’une telle consommation 
sur la fonction macro et microvascu-
laire pour comprendre comment les 
T1Rs sont impliqués dans les réponses 
métaboliques et les conséquences sur 
la fonction vasculaire.

La Fondation Francophone pour la Recherche sur le Diabète soutient les projets des chercheurs de la communauté 
francophone, qu’ils soient de nature expérimentale, translationnelle ou clinique, ayant trait à tous les aspects du diabète 
sucré, aussi bien sur la nature du diabète (type 1 et type 2) que sur ses complications.

Panorama des Projets



Lauréats 2018 :
Agnès Lehuen (Paris),
« Interaction entre cellules MAIT 
(Macrophage Associated Intestinal 
Transport), microbiote et muqueuse 
dans le développement du diabète de 
type 1 chez l’enfant ».
D’après les chercheurs, il existe dans le 
diabète de type 1 (DT1) une interaction 
entre les cellules MAIT, la muqueuse 
intestinale et le microbiote. L’altéra-
tion du microbiote et de la perméabil-
ité intestinale chez les patients DT1 
pourrait alors influencer l’activation 
des MAIT. Inversement, les cellules 
MAIT pourraient réguler l’homéosta-
sie intestinale et ainsi contrôler le 
développement du DT1 chez les pa-
tients. L’objectif du projet mené par le  
Dr Lehuen est d’apporter de nou-
velles connaissances sur la physio-
pathologie du DT1 afin d’ouvrir des 
stratégies thérapeutiques basées 
sur la manipulation des MAIT par 
le microbiote. Une approche qui 
pourrait permettre de prévenir le  
développement du diabète.

Hubert Vidal (Lyon),
« Les probiotiques comme nouveau 
traitement du diabète de type 2 ».
Le projet PROBIODIAB du Pr Vidal a 
pour objectif d’identifier de nouvelles 
souches bactériennes possédant des 
propriétés antidiabétiques qui pourront 
être utilisées comme probiotiques. Ce 
projet s’appuie sur une stratégie in-
novante permettant de sélectionner 
des bactéries commensales sur la 
base de leurs propriétés fonctionnelles 
dans le modèle de la drosophile. On 
a identifié une trentaine de souch-
es bactériennes intestinales, qui sont 
régulées en réponse au traitement par 
la metformine chez la souris et l’Hom-
me, et qui pourraient posséder des 
propriétés antidiabétiques. Ce projet 
novateur vise à ouvrir la voie à l’utilisa-
tion de nouvelles souches bactériennes 
probiotiques (ou pharmabiotiques, en 

association avec des médicaments déjà 
commercialisés) afin d’améliorer la 
prise en charge thérapeutique du dia-
bète de type 2.

Fabienne Foufelle (Paris),
« Dihydrocéramides : nouveaux ac-
teurs impliqués dans la progression 
vers la stéatohépatite non alcoolique 
et le diabète de type 2 (DT2) ».
Les stéatopathies métaboliques, ou 
NAFLD (Non Alcoholic Fatty Liver Dis-
ease), sont très communes parmi les 
patients atteints de DT2. Parmi les 
molécules lipidiques qui s’accumulent 
au niveau hépatique, les céramides 
sont connus pour induire une insuli-
norésistance et une inflammation au 
sein des tissus. Ils pourraient être un 
élément commun à ces 2 patholo-
gies. Récemment, une corrélation en-
tre les concentrations circulantes des 
précurseurs des céramides appelés 
dihydrocéramides (DHCer), l’insuli-
norésistance et l’apparition a posteri-
ori d’un DT2, a été mise en évidence. 
L’objectif du projet du Dr Foufelle est 
de prouver que les DHCer ont des effets 
(inflammation, insulinorésistance…) qui 
participent à la progression de la NA-
FLD et à l’apparition du DT2, et ainsi de 
les valider comme nouveaux acteurs et 
biomarqueurs de la progression vers la 
NAFLD – et notamment la stéatohépa-
tite non alcoolique (NASH) – et le DT2.

Lauréats 2017 :
Philippe Froguel (Lille),
« L’impact épigénétique du diabète 
gestationnel sur le risque de diabète 
de type 2 (DT2) de la mère et sur la 
santé de l‘enfant ».
Le diabète gestationnel (GDM), hy-
perglycémie diagnostiquée pendant 
la grossesse, augmente fortement le 
risque de DT2 chez la mère et en-
traîne des anomalies métaboliques 
persistantes chez l’enfant. L’exposition 
au GDM entraîne des modifications 
épigénétiques du génome, qui ont un 

impact métabolique après la nais-
sance de l’enfant mais aussi chez la 
mère. Aussi le GDM est un bon modèle 
d’analyse (épi)génétique du DT2 et un 
moyen d’identifier les mécanismes pré-
coces conduisant au DT2. Cette étude 
veut montrer que l’exposition à une 
hyperglycémie pendant la grossesse 
a des conséquences fonctionnelles 
sur les tissus clés du contrôle gly-
cémique, conduisant à des désordres 
métaboliques chez l’enfant et chez la 
mère. Ce projet associe physiologie du 
DT2, génomique du DT2, épigénétique 
épidémiologique ainsi que la biologie 
de la sécrétion et de l’action de l’insu-
line de manière à permettre une dé-
marche intégrative et multidisciplinaire 
du GDM. 

Raphael Scharfmann (Paris),
« Une reconstruction de l’or-
ganogénèse du pancréas fœtal  
humain ».
Un objectif de la recherche en diabétol-
ogie consiste à définir les conditions 
pour développer une source illimitée 
de cellules ß pancréatiques humaines 
fonctionnelles dérivantes de cellules 
souches multipotentes utilisées pour 
modéliser in vitro la destruction des 
cellules ß pancréatiques et la dys-
fonction de ces cellules, et découvrir 
de nouvelles molécules permettant de 
protéger les cellules ß de la destruc-
tion ou de la dysfonction. Les derniers 
progrès ont produit des cellules ß 
semblant encore immatures avec des 
capacités fonctionnelles limitées. Ce 
projet consiste à définir des stratégies 
alternatives, pour générer en masse 
des cellules  ß humaines fonction-
nelles à partir de cellules souches 
multipotentes. L’objectif global est de 
disséquer le développement des cel-
lules ß  humaines par des approches 
innovantes basées sur le tri cellulaire 
suivi d’analyses transcriptomiques et 
de reconstruction du développement 
du pancréas humain. 

Panorama des Projets



CONSEIL D’ADMINISTRATION
Collège des Fondateurs désignés par la SFD
Hélène Hanaire, Présidente 
Jean-Pierre Riveline, Secrétaire Général 
Lyse Bordier, Trésorière 
André Scheen

Collège des Personnalités Qualifiées
Nicolas Danchin 
Jean-Paul Delevoye
Jean-Marie Desmonts
Raphaël Hadas-Lebel

Collège des Partenaires Institutionnels
Christian Perrichot (CNMSS) 
Christian Boitard (INSERM)
Claude Jaffiol (Académie de Médecine)
Claude Chaumeil (FFD)

Commissaire du Gouvernement 

Commissaires aux Comptes

CONSEIL SCIENTIFIQUE
Hélène Hanaire, Présidente de la FFRD
Jean-Pierre Riveline, Secrétaire Général de la FFRD
Bruno Fève, Président du CS de la SFD

Membres désignés par le Conseil d’Administration 
André Scheen, Président 
Jean Girard, Vice-Président 

Pierre-Yves Benhamou
Christian Boitard
Lyse Bordier
Anne Bouloumié
Bertrand Cariou
Mireille Cormont
Marc Donath
Fabienne Foufelle
Pedro Luis Herrera
Raphaël Scharfmann
Eric Vicaut

BUREAU
Élu par le CA
Hélène Hanaire, Présidente
Claude Chaumeil, Vice-Président
Jean-Pierre Riveline, Secrétaire Général 
Lyse Bordier, Trésorière
André Scheen, Président du Conseil Scientifique
Stéphanie Nougaret, Administration et Communication
 

LES LIENS DE LA FFRD
 Instituts de Recherche
 Société Francophone du Diabète (SFD)
 Autorités de Tutelle
 Universités
 Donateurs
 Mécènes
 Comptables
 Commissaires aux Comptes
 Commissaire du Gouvernement

Organisation
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Commission of Founders appointed by the SFD

Hélène Hanaire, President
Jean-Pierre Riveline, Secretary General

Lyse Bordier, Treasurer
André Scheen

Commission of Experts
Nicolas Danchin 

Jean-Paul Delevoye
Jean-Marie Desmonts
Raphaël Hadas-Lebel

Commission of Institutional Partners
Christian Perrichot (CNMSS) 

Christian Boitard (INSERM)
Claude Jaffiol (Académie de Médecine)

Claude Chaumeil (FFD)

Government Commissioner 

Auditory Commissioners
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Hélène Hanaire, FFRD President 

Jean-Pierre Riveline, FFRD Secretary General
Bruno Fève, President of the SC of SFD

Members appointed by the Board of Directors
André Scheen, President

Jean Girard, Vice-President
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Soutenir la Fondation : un investissement pour l’avenir, un engagement solidaire
La FFRD ne peut financer les projets de recherche clinique et expérimentale soumis par les 
chercheurs que grâce à l’engagement et au soutien de ses partenaires.

C’est pourquoi la FFRD remercie ses généreux donateurs et mécènes pour leur engagement.
Rejoignez-les !

Soutenez la FFRD et devenez partenaire de la Fondation pour que la recherche sur le diabète et 
les maladies métaboliques avance.

   Engagez votre entreprise et valorisez votre image en devenant partie prenante des avancées 
innovantes de demain,

   Associez votre nom ou celui de votre société aux actions de la Fondation dans sa lutte contre 
le diabète et les maladies métaboliques, enjeu majeur de Santé Publique, 

   Mettez votre notoriété au service de la recherche par votre soutien aux chercheurs et votre 
aide à la promotion des lauréats des allocations de recherche.

Soutenir la FFRD

Une fiscalité avantageuse
En soutenant la FFRD, reconnue d’utilité publique par le décret du 
15 janvier 2013, vous bénéficiez d’avantages fiscaux pour chacune de 
vos aides.

Entreprises, votre subvention vous ouvre droit à une réduction 
d’impôt de 60% des montants versés à la FFRD (dans la limite 
de 5 pour 1000 du chiffre d’affaires hors taxes de votre 
entreprise, avec report possible sur 5 années).

Mécènes, votre don vous ouvre droit à :

   Une déduction fiscale à valoir sur l’impôt sur le 
revenu de 66% du montant versé (dans la limite de 
20% de votre revenu net imposable, avec report 
possible de l’excédent sur 5 années consécutives),

   Une réduction de l’Impôt sur la Fortune 
Immobilière (IFI, anciennement ISF) de 75% du 
montant versé (dans la limite de 50.000 €), soit un 
don équivalent à 66.667 €



Supporting the FFRD
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The FFRD is only able to fund clinical and basic research projects submitted by researchers because of 
the commitment and support of its partners.

For this reason the FFRD expresses its appreciation of its generous donors and sponsors for their 
commitment. Please join them!

Support the FFRD and become a partner in the Foundation so that the research on diabetes and 
metabolic diseases moves forward.

   Involve your company and promote your image  by becoming a participant in the innovative advances 
of the future,

   Associate your name or that of your company to the activities of the Foundation in its fight against 
diabetes and metabolic diseases, a major public health challenge,

   Use your notoriety to promote research by giving your support to the researchers and your assistance 
to the promotion of the candidates for research grants.

 

8*&/9*'(7,(&'1,
By supporting the FFRD, an association recognised as serving the public interest 

through the Decree of 15 January 2013, you will receive tax incentives for each 
of your contributions.

Businesses, your subsidy entitles you to a tax deduction of 60% of the 
amount paid to the FFRD (up to a limit of 0.5% of the turnover of your 

business before taxes, with payments possible over 5 years).

Sponsors, your contribution entitles you to:

    A tax deduction on income tax of 66% of the amount paid (up 
to a limit of 20% of your net taxable income, with payments 
possible over 5 years).

   A reduction in French Real Estate wealth tax (IFI, former 
ISF) of 75% of the amount paid (up to a limit of €50,000) 
which means a contribution equal to €66,667.
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Santé - Radio Public Santé: Le lien entre tube digestif, microbiote
et diabète, diabete microbiote digestion alimentation taritements
Visuel indisponible

Créée en 2013 à l'initiative de la Société Francophone du Diabète (SFD) avec le soutien de la Fédération
Française des Diabétiques (FFD), la Fondation Francophone pour la Recherche sur le Diabète (
objectif de promouvoir et de soutenir la recherche sur le diabète et les maladies métaboliques notamment par
le biais de collaborations publiques et privées.
Un déséquilibre du microbiote
Il existe, chez les patients diabétiques, un déséquilibre du microbiote qui ne se retrouve pas chez les
personnes non-diabétiques. La transplantation du microbiote d'un individu sain chez une personne atteinte
du diabète de type 2 pourrait permettre d'améliorer voire de guérir la maladie.
Une potentielle réduction du diabète
Autre observation importante concernant le tube digestif : la chirurgie bariatrique, indiquée dans le traitement
de l'obésité, entraîne un amaigrissement et une potentielle rémission du diabète de type 2 chez les patients
opérés.
Les probiotiques comme nouveau traitement
Parmi les projets récompensés cette année par la FFRD, celui de l'équipe du Pr Hubert Vidal a pour objectif
d'identifier de nouvelles souches bactériennes possédant des propriétés antidiabétiques qui pourront être
utilisées comme probiotiques.
La FFRD est soutenue par la SFD, la FFD et par les laboratoires Abbott, AstraZeneca, Lilly, MSD, Novo
Nordisk, Roche et Sanofi.
Plus d'infos sur www.ffrdiabète.org

FONDATION FRANCOPHONE POUR LA RECHERCHE SUR LE DIABÈTE (FFRD)

Une implication du fondamental à la thérapeutique
Lors de la Journée mondiale contre le diabète, la Fondation francophone pour la recherche sur le
diabète (FFRD) a récompensé deux projets, l'un sur l'épigénétique du diabète gestationnel, l'autre
sur le développement de cellules β pancréatiques. La FFRD et la Société francophone du diabète
saisissent l'occasion pour se prononcer en faveur des nouvelles classes médicamenteuses à l'ap-
proche de l'actualisation des recommandations de la HAS attendues début 2018.

Cela fait cinq ans que la Fondation

francophone pour la recherche

contre le diabète (FFRD), créée à

l'initiative de la Société franco-

phone du diabète (SFD) en lien

avec la Fédération française des

diabétiques (AFD), attribue

chaque année deux allocations de

300 000 euros, l'une à un projet de

recherche fondamentale, l'autre à

un projet de recherche clinique

translationnelle.

Cette année, la FFRD a sélectionné

deux lauréats déjà distingués par le

passé à 2 ans d'intervalle par le prix

Minkowski de l'EASD. Le Pr Philippe

Froguel (CHRU de Lille) se voit ré-

compensé pour son projet sur l'épi-

génétique du diabète gestationnel et

le Dr Raphaël Scharfmann (directeur

de recherche INSERM) pour le déve-

loppement de cellules β pancréa-

tiques à partir de cellules souches

multipotentes.

Deux projets innovants

Dans le diabète gestationnel (DG), le

Pr Froguel veut tester l'hypothèse

que l'hyperglycémie pendant la gros-

sesse, via des modifications épigéné-

tiques, agit sur des régions du gé-

nome communes à la mère et à son

enfant, avec des conséquences sur les

tissus clefs du contrôle glycémique.

L'originalité de ce projet repose sur

une approche multidisciplinaire, in-

tégrant à la fois la physiologie et gé-

nomique du DT2, épigénétique, épi-

démiologie, biologie de l'action de

l'insuline.

L'équipe dirigée par Raphaël Scharf-

mann, qui travaille sur l'organoge-

nèse du pancréas humain, cherche à

reconstruire les étapes de différen-

ciation des progéniteurs pancréa-

tiques. Les applications potentielles

sont multiples, d'abord pour la re-

cherche « pour disposer de cellules β
humaines en quantité illimitée en

culture », explique Raphaël Scharf-

mann, mais aussi pour la clinique en

vue d'une implantation dans des

encore via l'administration de molé-

cules capables d'induire la transfor-

mation de cellules non β en cellules

β.

Un plaidoyer pour 2 classes de mé-

dicaments

« Les progrès de la recherche profitent

aux malades, souligne le Pr Michel

Marre, président de la FFRD. L'inci-

dence des complications cardio-vascu-

laires a diminué, la mortalité toutes

causes aussi. La seule chose qui n'a pas

beaucoup bougé dans le diabète, c'est

l'insuffisance rénale ». Pour le diabé-

tologue, deux classes sont porteuses

d'espoir, celle des incrétinomimé-

tiques, notamment avec les ana-

logues du GLP1, mais aussi une 2e

classe qui n'est pas encore disponible

en France, les inhibiteurs du SGLT2.

« Cette classe médicamenteuse diminue

la glycémie, mais aussi la prise calo-

rique et la tension artérielle », plaide-

t-il pour obtenir un remboursement

auprès des autorités compétentes. ■
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Demonstration of a day-night rhythm in human
skeletal muscle oxidative capacity

Dirk van Moorsel 1,2,8, Jan Hansen 1,8, Bas Havekes 1,2, Frank A.J.L. Scheer 3,4, Johanna A. Jörgensen 1,
Joris Hoeks 1, Vera B. Schrauwen-Hinderling 1,5, Helene Duez 6, Philippe Lefebvre 6, Nicolaas C. Schaper 2,7,
Matthijs K.C. Hesselink 1, Bart Staels 6, Patrick Schrauwen 1,*

ABSTRACT

Objective: A disturbed day-night rhythm is associated with metabolic perturbations that can lead to obesity and type 2 diabetes mellitus (T2DM).
In skeletal muscle, a reduced oxidative capacity is also associated with the development of T2DM. However, whether oxidative capacity in skeletal
muscle displays a day-night rhythm in humans has so far not been investigated.
Methods: Lean, healthy subjects were enrolled in a standardized living protocol with regular meals, physical activity and sleep to reflect our
everyday lifestyle. Mitochondrial oxidative capacity was examined in skeletal muscle biopsies taken at five time points within a 24-hour period.
Results: Core-body temperature was lower during the early night, confirming a normal day-night rhythm. Skeletal muscle oxidative capacity
demonstrated a robust day-night rhythm, with a significant time effect in ADP-stimulated respiration (state 3 MO, state 3 MOG and state 3 MOGS,
p < 0.05). Respiration was lowest at 1 PM and highest at 11 PM (state 3 MOGS: 80.6 ! 4.0 vs. 95.8 ! 4.7 pmol/mg/s). Interestingly, the
fluctuation in mitochondrial function was also observed in whole-body energy expenditure, with peak energy expenditure at 11 PM and lowest
energy expenditure at 4 AM (p< 0.001). In addition, we demonstrate rhythmicity in mRNA expression of molecular clock genes in human skeletal
muscle.
Conclusions: Our results suggest that the biological clock drives robust rhythms in human skeletal muscle oxidative metabolism. It is tempting
to speculate that disruption of these rhythms contribute to the deterioration of metabolic health associated with circadian misalignment.

! 2016 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords Biological rhythm; Mitochondria; Oxidative capacity; Skeletal muscle; Energy metabolism; Molecular clock

1. INTRODUCTION

Many metabolic processes are synchronized to day-night cycles by the
circadian clock, thereby anticipating changes in metabolic activity
associated with feeding or fasting and physical activity or rest [1]. In
our modern “24/7” society, however, many individuals do not adhere
to the lifestyle imposed upon us by nature. In this respect, epidemi-
ological studies have shown that circadian misalignment e
desynchronization between the intrinsic circadian and behavioral cy-
cles, as is typical in shift-work e is associated with obesity, insulin
resistance and type 2 diabetes mellitus (T2DM) [2e5]. Moreover,
intervention studies have shown that challenging behavior by

controlled circadian misalignment results in metabolic aberrations like
decreased glucose tolerance and insulin sensitivity [6e8].
Circadian rhythms are governed by a central circadian clock, which is
situated in the suprachiasmatic nucleus of the hypothalamus and is
sensitive to light as the most important time cue (Zeitgeber) [9].
Interestingly, peripheral tissues have their own clocks. These periph-
eral clocks are synchronized by the central clock, but they can also be
influenced by behavior, such as feeding or exercise [10,11]. The pe-
ripheral clock consists of transcriptional-translational feedback loops.
The positive loop consists of the heterodimer of the CLOCK (circadian
locomotor output cycles kaput) and BMAL1 (brain and muscle ARNT-
like 1) proteins. The negative feedback loop is mediated via

1Department of Human Biology and Human Movement Sciences, NUTRIM School for Nutrition and Translational Research in Metabolism, Maastricht University Medical
Center, PO Box 616, 6200 MD Maastricht, The Netherlands 2Department of Internal Medicine, Division of Endocrinology, Maastricht University Medical Center, PO Box 5800,
6202 AZ Maastricht, The Netherlands 3Medical Chronobiology Program, Division of Sleep and Circadian Disorders, Brigham and Women’s Hospital, Boston, MA 02115,
USA 4Division of Sleep Medicine, Harvard Medical School, Boston, MA 02115, USA 5Department of Radiology, Maastricht University Medical Center, PO Box 5800, 6202 AZ
Maastricht, The Netherlands 6Univ Lille, Inserm, Institut Pasteur de Lille, UMR1011-EGID, BP245, 59019 Lille, France 7CAPHRI School for Public Health and Primary Care,
Maastricht University Medical Center, Maastricht, The Netherlands

8 Dirk van Moorsel and Jan Hansen contributed equally to this work.
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Abbreviations: BMAL1, brain and muscle ARNT-like 1; BMI, body mass index; CLOCK, circadian locomotor output cycles kaput; CRY, cryptochrome; FCCP, carbonyl cyanide-
4-trifluoromethoxyphenylhydrazone; NADH, reduced nicotinamide adenine dinucleotide; PER, period; RER, respiratory exchange ratio; RT-QPCR, Real-Time Quantitative
Polymerase Chain Reaction; T2DM, type 2 diabetes mellitus; TCA cycle, tricarboxylic acid cycle

Received June 6, 2016 # Revision received June 23, 2016 # Accepted June 26, 2016 # Available online xxx

http://dx.doi.org/10.1016/j.molmet.2016.06.012

Original article

MOLECULAR METABOLISM- (2016) 1e11 ! 2016 TheAuthor(s). Published by Elsevier GmbH. This is an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
www.molecularmetabolism.com

1

Available online at

ScienceDirect
www.sciencedirect.com

Diabetes & Metabolism 41 (2015) 369–377

Review

MicroRNAs and the functional ! cell mass: For better or worse
C. Guay , R. Regazzi ∗
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Abstract

Insulin secretion from pancreatic ! cells plays a central role in the control of blood glucose levels. The amount of insulin released by ! cells is
precisely adjusted to match organism requirements. A number of conditions that arise during life, including pregnancy and obesity, can result in
a decreased sensitivity of insulin target tissues and a consequent rise in insulin needs. To preserve glucose homoeostasis, the augmented insulin
demand requires a compensatory expansion of the pancreatic ! cell mass and an increase in its secretory activity. This compensatory process
is accompanied by modifications in ! cell gene expression, although the molecular mechanisms underlying the phenomenon are still poorly
understood. Emerging evidence indicates that at least part of these compensatory events may be orchestrated by changes in the level of a novel
class of gene regulators, the microRNAs. Indeed, several of these small, non-coding RNAs have either positive or negative impacts on ! cell
proliferation and survival. The studies reviewed here suggest that the balance between the actions of these two groups of microRNAs, which have
opposing functional effects, can determine whether ! cells expand sufficiently to maintain blood glucose levels in the normal range or fail to meet
insulin demand and thus lead, as a consequence, towards diabetes manifestation. A better understanding of the mechanisms governing changes in
the microRNA profile will open the way for the development of new strategies to prevent and/or treat both type 2 and gestational diabetes.
© 2015 Elsevier Masson SAS. All rights reserved.

Keywords: Diabetes; Gene regulation; MicroRNAs; Pancreatic islets; ! cells

1. Introduction

Type 2 diabetes mellitus (T2DM) is a complex metabolic
disorder characterized by diminished sensitivity in insulin tar-
get tissues, including liver, skeletal muscle and adipose tissue,
and the inability of pancreatic ! cells to secrete enough insulin
to sustain organism demands. In prediabetic conditions, ! cells
compensate for the insulin-resistant state of target tissues by
increasing in number and size, and augmenting the amount of
hormone released in response to glucose and fatty acids [1]. The
duration of this compensatory state differs between individuals
and can eventually last an entire lifetime. When ! cells can
no longer meet the elevated insulin demand, they become dys-
functional and their survival is impaired, thereby favouring the
development of T2DM. Despite intensive efforts, the precise
mechanisms underlying compensatory ! cell mass expansion

∗ Corresponding author at: Department of Fundamental Neurosciences, rue
du Bugnon 9, 1005 Lausanne, Switzerland. Tel.: +41 21 692 52 80;
fax: +41 21 692 52 55.

E-mail address: Romano.Regazzi@unil.ch (R. Regazzi).

are still not well understood. Changes in the functional ! cell
mass are known to necessitate adaptations in gene expression
programmes, but the key factors driving this phenomenon are
still not fully elucidated.

Over the past few years, microRNAs (miRNAs) have been
discovered to form a complex regulatory network governing the
activities of ! cells. These small, non-coding RNA molecules
act as transcriptional repressors by binding to the three prime
untranslated region (3′UTR) of target mRNAs (Fig. 1) [2]. Cur-
rent estimations indicate that the human genome encodes for
more than 1800 miRNA precursors that produce up to 2585
mature miRNAs [3]. Notably, a single miRNA can bind more
than a hundred different target mRNAs, thus modulating directly
or indirectly the expression of numerous genes. Indeed, at least
60% of protein-coding genes are believed to be under the control
of miRNAs [4]. In view of this, miRNAs are now recognized as
major regulators of gene expression, and key players in the con-
trol of several biological and pathological processes, including
T2DM [5]. The potential role of miRNAs in the development
of diabetes and its complications has been reviewed extensively
over the past few years [6–10]. Here, the focus is specifically on

http://dx.doi.org/10.1016/j.diabet.2015.03.006
1262-3636/© 2015 Elsevier Masson SAS. All rights reserved.
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Synchronized human skeletal 
myotubes of lean, obese and type 2 
diabetic patients maintain circadian 
oscillation of clock genes
Jan Hansen1, Silvie Timmers1, Esther Moonen-Kornips1, Helene Duez2,3,4, Bart Staels2,3,4, 
Matthijs K. C. Hesselink1 & Patrick Schrauwen1

Cell and animal studies have demonstrated that circadian rhythm is governed by autonomous 
rhythmicity of clock genes. Although disturbances in circadian rhythm have been implicated in 
metabolic disease development, it remains unknown whether muscle circadian rhythm is altered in 
human models of type 2 diabetes. Here we used human primary myotubes (HPM) to investigate if 
rhythmicity of clock- and metabolic gene expression is altered in donors with obesity or type 2 diabetes 
compared to metabolically healthy donors. HPM were obtained from skeletal muscle biopsies of 
four groups: type 2 diabetic patients and their BMI- and age-matched obese controls and from lean, 
healthy and young endurance trained athletes and their age-matched sedentary controls. HPM were 
differentiated for 7 days before synchronization by serum shock followed by gene expression profiling 
over the next 72 hours. HPM display robust circadian rhythms in clock genes, but REVERBA displayed 
dampened rhythmicity in type 2 diabetes. Furthermore, rhythmicity in NAMPT and SIRT1 expression 
was only observed in HPM from trained athletes. Rhythmicity in expression of key-regulators of 
carbohydrate and lipid metabolism was modest. We demonstrate that in human skeletal muscle 
REVERBA/B, NAMPT and SIRT1 circadian rhythms are affected in donors of sedentary life style and 
poor health status.

Skeletal muscle plays an important role in maintaining whole body energy and substrate metabolism and is 
responsible for ~80% of postprandial glucose uptake in humans1. Type 2 diabetes (T2D) is indeed characterized 
by disturbances in skeletal muscle insulin sensitivity and mitochondrial function2,3, and the disability of skeletal 
muscle to adjust substrate oxidation to glucose or fat availability - called metabolic inflexibility - is associated with 
the development of muscle insulin resistance and type 2 diabetes4. These findings not only illustrate the impor-
tance of skeletal muscle in modulating blood glucose levels, but also indicate that in order to maintain metabolic 
health a fast switch between substrates is necessary to cope with the daily nutrient challenges.

To anticipate such metabolic adjustments at the cellular levels, peripheral tissues generate circadian oscilla-
tions by an intricate transcriptional-translational feedback loop, known as the molecular clock. This clockwork 
involves an activating limb, comprising the heterodimer of Brain and muscle ARNT-Like 1 (BMAL1) and cir-
cadian locomotor output cycles kaput (CLOCK). This complex promotes gene expression at E-boxes, and con-
trols thereby the expression of period (PER), cryptochrome (CRY) and nuclear receptor subfamily 1, group D, 
member 1 (REVERBA). The repressing limb comprises REVERBA, REVERBB and the heterodimer of PER with 
CRY. The timely shifted translocation of the PER/CRY heterodimer into the nucleus inhibits the activating limb. 
Independently, REVERBA inhibits the expression of BMAL15,6. In addition, the cellular energy status, reflected 
by nicotinamide adenine dinucleotide (NAD+), can activate sirtuin 1 (SIRT1), which in turn represses the active 
limb by deacetylation of both activating and repressing limb components 7. The fine-tuning of this mechanism is 
closely regulated on both limbs by post-transcriptional modifications7–9.

1Department of Human Biology and Human Movement Sciences, NUTRIM School for Nutrition and Translational 
Research in Metabolism, Maastricht University Medical Center, Maastricht, The Netherlands. �Institut Pasteur 
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Lille, France. 4Univ. Lille, European Genomic Institute for Diabetes, Lille, France. Correspondence and requests for 
materials should be addressed to P.S. (email: p.schrauwen@maastrichtuniversity.nl)
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HUMAN DEVELOPMENT RESEARCH ARTICLE

Understanding human fetal pancreas development using
subpopulation sorting, RNA sequencing and single-cell profiling
Cyrille Ramond1,2,3,*, Belin Selcen Beydag-Tasöz4,*, Ajuna Azad4,*, Martijn van de Bunt5,6,7,
Maja Borup Kjær Petersen4,8, Nicola L. Beer9, Nicolas Glaser1,2,3, Claire Berthault1,2,3, Anna L. Gloyn5,6,9,
Mattias Hansson10, Mark I. McCarthy5,6,9, Christian Honoré8, Anne Grapin-Botton4,‡,§ and
Raphael Scharfmann1,2,3,‡,§

ABSTRACT
To decipher the populations of cells present in the human fetal
pancreas and their lineage relationships, we developed strategies to
isolate pancreatic progenitors, endocrine progenitors and endocrine
cells. Transcriptome analysis of the individual populations revealed a
large degree of conservation among vertebrates in the drivers of gene
expression changes that occur at different steps of differentiation,
although notably, sometimes, different members of the same gene
family are expressed. The transcriptome analysis establishes a
resource to identify novel genes and pathways involved in human
pancreas development. Single-cell profiling further captured
intermediate stages of differentiation and enabled us to decipher
the sequence of transcriptional events occurring during human
endocrine differentiation. Furthermore, we evaluate how well
individual pancreatic cells derived in vitro from human pluripotent
stem cells mirror the natural process occurring in human fetuses. This
comparison uncovers a few differences at the progenitor steps, a
convergence at the steps of endocrine induction, and the current
inability to fully resolve endocrine cell subtypes in vitro.

KEY WORDS: Diabetes, Endocrine, Human, Islets, Pancreas, Stem
cells

INTRODUCTION
Because of the limited availability of primary human tissue, much of
our knowledge of human organ development is extrapolated from
animal models. It is remarkable that the mechanisms of organ

formation are conserved enough between vertebrate species so as to
enable biologists to control the differentiation of organ-specific
cells from human pluripotent stem cells. In the pancreas, directed
differentiation informed by the knowledge of development has
enabled the field to progress to the production of beta cells, with the
ambition of transplanting these cells to treat diabetic patients who,
depending on subtype, have reduced β-cell function, or are without
them entirely (D’Amour et al., 2006). Over the years, the protocols
have become more efficient, adaptable to multiple pluripotent stem
cell lines and lead to the production of ever-more representative
functional cells (Pagliuca et al., 2014; Rezania et al., 2014; Russ et al.,
2015; Nostro et al., 2015; Ameri et al., 2017; Cogger et al., 2017).
Yet, in vitro-generated cells do not fully recapitulate the function of
bona fide β cells, notably lacking a tight control of insulin secretion
upon glucose stimulation (Johnson, 2016). Accordingly, it is very
important at this point to compare the cells we produce in vitro with
endogenous cell types. Moreover, comparing progenitors with
intermediates in the differentiation process may help to pinpoint
where the processes diverge, and how we can improve them. Some
divergences may originate from previously underappreciated
differences between human pancreas development and those model
organ vertebrates such as mouse, which are much easier to study.

The pancreas is both a digestive and an endocrine organ. The
digestive function is ensured by the acinar cells that secrete digestive
enzymes into the pancreatic ducts. The ductal cells also participate
in the process, notably by neutralizing stomach acidity. Pancreatic
endocrine cells are clustered into islets of Langerhans that are
composed of five different types of endocrine cells, α, β, δ, ε and PP,
secreting glucagon, insulin, somatostatin, ghrelin and pancreatic
polypeptide, respectively.

Pancreas development begins with the invagination of the foregut
into dorsal and ventral buds at embryonic day (E) 8 in themouse and at
∼4 weeks of development (WD) in humans (Jennings et al., 2013;
Larsen and Grapin-Botton, 2017). In both species, pancreatic buds
contain multipotent progenitors that are characterized by the
expression of several transcription factors, such as PDX1, NKX6-1
and SOX9 (Jonsson et al., 1994; Stoffers et al., 1997; Piper et al., 2004;
Seymour et al., 2007; Jennings et al., 2013; Cebola et al., 2015). They
proliferate and differentiate into all pancreatic lineages (acinar, ductal
and endocrine). In the mouse, proliferation is dependent on signals
from the mesenchyme and also from cell to cell interactions, notably
via the NOTCH pathway, which activates the transcription factor
HES1 (Bhushan et al., 2001; Pan and Wright, 2011; Jensen et al.,
2000). The function of the NOTCH pathway appears to be conserved
in humans (Jeon et al., 2009; Zhu et al., 2016; Jennings et al., 2017).

In mice, endocrine differentiation occurs from multipotent or
bipotent endocrine-ductal progenitors and is marked by the
expression of the transcriptional factor NEUROG3 (Solar et al.,Received 13 March 2018; Accepted 6 July 2018
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The immune system is traditionally divided into the 
adaptive and innate arms that together mount efficient 
immune responses against invading pathogens and pre-
serve body integrity. Conventional T and B cells of the 
adaptive immune system induce specific responses and 
provide long- term memory against microorganisms, 
whereas the innate immune system allows immediate 
recognition of pathogens and moulds adaptive immune 
responses. Mucosal- associated invariant T (MAIT) 
cells are innate- like T cells and thus can be considered 
to span both the innate and adaptive arms. They were 
originally identified on the basis of expression of an 
invariant T cell receptor (TCR) α- chain (Vα7.2–Jα33 
in humans, and Vα19–Jα33 in mice) associated with a 
limited TCR β- chain repertoire1–3. In 2003, Lantz and 
colleagues showed that MAIT cells are restricted by the 
non- polymorphic MHC class I- related (MR1) molecule, 
which is highly conserved in mammals and expressed 
by most cell types3. Subsequent studies revealed the 
antibacterial recognition and function of MAIT cells4–7.  
A critical advance in the biology of MAIT cells was the 
discovery by Rossjohn and McCluskey of the main bac-
terial ligands presented by the MR1 molecule to MAIT 
cells, namely agonist ligands derived from the microbial 
vitamin B2 (riboflavin) biosynthesis pathway and modi-
fied by the bacterial and host cell metabolites glyoxal 
and methylglyoxal, as well as non- activating ligands 
derived from vitamin B9 (folate)8–10 (BOX 1). The recent 
generation of a Vα7.2-specific monoclonal antibody and 
MR1 tetramers has allowed MAIT cell characterization 
in both humans and mice. Although MAIT cells were 
first described as being enriched in mucosal tissues such 
as those of the intestinal tract and lungs, they are also 
abundant in the blood and are present in several peri-
pheral tissues in physiological conditions11–19 (TABLE 1). 
The highest frequency of MAIT cells is found in the 
liver, whereas they are less frequent in lymphoid organs. 
MAIT cells are more abundant in humans (comprising 

1–35% of total αβ T cells) than in common laboratory 
mouse strains (comprising 0.01–5% of αβ T cells)4,20.

These innate- like T cells exhibit an effector- memory 
phenotype and are usually characterized in humans 
by high expression of the C- type lectin CD161. They 
produce a wide range of cytokines and molecules that 
induce cytotoxic responses, such as granzyme B and per-
forin, upon activation through their TCRs and/or cyto-
kine receptors, and they express integrins and chemokine  
receptors, allowing their migration to inflamed tis-
sues21–23. Due to their localization and function, MAIT  
cells can act as a first line of defence against infec-
tions, but they may also contribute to autoimmune 
and immune- mediated diseases. Unlike existing 
Reviews23–32, we highlight the pathophysiological roles 
of MAIT cells, emphasizing the common and distinct 
features of MAIT cells in various pathologies. We 
address the behaviour of MAIT cells in infectious and 
non-infectious pathologies and describe their homeo-
stasis, activation, tissue migration, apoptosis and  
different effector functions through which they can exert  
protective or deleterious roles.

MAIT cells in infectious diseases
MR1-dependent MAIT cell activation in bacterial infec-
tion. The first functional studies of MAIT cells showed 
that they are activated by certain bacteria and yeast in 
an MR1-dependent manner7,33,34. Subsequent analyses 
characterized MAIT cell agonist ligands as metabolites 
derived from the bacterial vitamin B2 synthesis path-
way8–10 that can be produced by both commensal and 
pathogenic strains3,35. Vitamin B2 biosynthesis path-
ways that are unique to yeast and bacteria allow MAIT 
cells to sense infection by recognition of conserved 
microbial metabolites. In patients with Mycobacterium 
tuberculosis infection, MAIT cells are decreased in the 
blood but seem to accumulate in the lungs, suggesting 
that they are recruited to the infected tissues and can 
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A Mathematical Model of the Liver Circadian ClockLinking Feeding and Fasting Cycles to ClockFunction
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d We construct a mathematical model of the mammalian liverclock and metabolic sensors

d The model integrates feeding and fasting cycles with theclock

d The model accurately reproduces high-fat-diet-induced lossof NAD+ oscillations

d NAD+ oscillations are predicted to be rescued by timeddelivery of clock modifiers
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In Brief
Woller et al. construct a mathematicalmodel that describes a link between themammalian circadian clock and
metabolic cycles in the liver. They use thismodel to understand how specific dietsmay disrupt the clock and to predict howsuch clock disruptions might be
alleviated.
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Inhibiting Microglia Expansion

Prevents Diet-Induced Hypothalamic

and Peripheral Inflammation

Diabetes 2017;66:908–919 | DOI: 10.2337/db16-0586

Cell proliferation and neuroinflammation in the adult

hypothalamus may contribute to the pathogenesis of

obesity. We tested whether the intertwining of these

two processes plays a role in the metabolic changes

caused by 3 weeks of a high–saturated fat diet

(HFD) consumption. Compared with chow-fed mice,

HFD-fed mice had a rapid increase in body weight

and fat mass and specifically showed an increased

number of microglia in the arcuate nucleus (ARC) of

the hypothalamus. Microglia expansion required the

adequate presence of fats and carbohydrates in

the diet because feeding mice a very high-fat, very

low-carbohydrate diet did not affect cell prolifera-

tion. Blocking HFD-induced cell proliferation by central

delivery of the antimitotic drug arabinofuranosyl cytidin
e

(AraC) blunted food intake, body weight gain, and adi-

posity. AraC treatment completely prevented the in-

crease in number of activated microglia in the ARC,

the expression of the proinflammatory cytokine tumor

necrosis factor-a in microglia, and the recruitment of

the nuclear factor-kB pathway while restoring hypo-

thalamic leptin sensitivity. Central blockade of cell

proliferation also normalized circulating levels of the

cytokines leptin and interleukin 1b and decreased

peritoneal proinflammatory CD86 immunoreactive

macrophage number. These findings suggest that inhibi-

tion of diet-dependent microglia expansion hinders body

weight gain while preventing central and peripheral in-

flammatory responses due to caloric overload.

Consumption of a high saturated fat diet favors metabolic

disorders by causing inflammation in peripheral organs

(1–3). High-fat diet (HFD
)–induced peripheral inflamma-

tion is associated with inflammation in brain areas such as

the hippocampus and the hypothalamus (4–8). In particu-

lar, inflammation in the mediobasal hypothalamus, includ-

ing the arcuate nucleus (ARC), happens rapidly, before

obesity is established (9). Within the ARC, agouti-related

protein (AgRP)– and proopiomelanocortin (POMC)–producing

neurons sense and integrate nutrient and hormonal signals to

guarantee energy homeostasis (10,11). Hypothalamic inflam-

mation causes changes in ARC neurons and, in turn, is

responsible for diet-induced obesity (9,12,13) and insulin

resistance in peripheral organs (14). Studies have shown

that activation of the inflammatory nuclear factor-kB

(NF-kB) pathway and recru
itment of proinflammatory micro-

glia in the hypothalamus lead to obesity (9,12,15,16). HFD

intake can also induce cell proliferation and eventually

neurogenesis in the adult hypothalamus, which in turn

modifies the neural circuitry regulating energy balance

(17).
We hypothesized that cell proliferation plays a key role

in the central inflammatory response to HFD and in-

vestigated whether modulation of cell proliferation affects

adaptive behavioral and metabolic changes related to caloric

overload. Thus, mice were fed a chow diet or switched to a

diet high in saturated fat. To control for the impact of fat

and carbohydrate content on cell proliferation, chow-fe
d
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MAIT cells in metabolic diseases

Léo Bertrand
1,2,3, Agnès Lehuen

1,2,*

ABSTRACT

Background: Metabolic diseases represent a wide category of alterations affecting metabolism. These pathologies are notably marked by

inflammation that implicate
s the immune system. Mu

cosal Associated Invariant
(MAI)T cells are immune c

ells expressing a semi-inva
riant TCR

able to recognize bacterial
and fungal vitamin B metabolites. MAIT cells can promote inflammation and are present in many organs central to

metabolism, suggesting a role in the etiopathology of these
diseases.

Scope of the review: Here, we will revie
w what is known of the involvement of MAIT

cells in metabolic pathologies in humans and mice.

Major conclusions: MAIT
cells are severely affected, overactivated with a frequency reduction and a phenotype shift from protective to

deleterious. Therefore, the
y might be a novel target

to treat, in particular, pancreas and liver metabolic diseases.

! 2019 Published by Elsevier GmbH. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.or

g/licenses/by-nc-nd/4.0/).

Keywords Mucosal associated invariant T cells; Metabolic disease; L
iver; Pancreas; Diabetes; M

icrobiota

1. INTRODUCTION

Metabolism is defined as a list of chem
ical reactions taking place

in a

living organism. In the human body, any abnormal metabolic pro-

cesses can lead to a broad spectrum of pathologies called metabolic

diseases. They can either be congenital with an inherited enzyme

deficiency or acquired through disease or failure of an important

metabolic organ [1]. Amongst others, affec
ted organs include endo-

crine glands, liver, pancrea
s, kidneys, and the cardiov

ascular system.

Their malfunction has consequences on human health ranging from

mild to life-threatening.

Since the end of the 20th century, worldwide prevalence of these

pathologies has considerably increased, especially for acquired

metabolic diseases affecting liver and pancreas. One of the most

striking examples is diabetes mellitus, whose frequency has been

quadrupled since 1980 an
d which now affects more than 8.5% of the

human population [2]. This increase has been linked with the mean

Body Mass Index (BMI) augmentation worldwide. Indeed, more
than

13% of men and 21% of women are now obese worldwide, and this

proportion is expected to keep rising [3].

In recent years, it has beco
me clear that both inflamm

atory processes

and immune system involvement are central in
initiation, development

and pathogenesis of several m
etabolic diseases.

In particular, autoimmunity and chronic inflammation in metabolic

organs are the main driver
s of metabolic syndromes,

of liver diseases

and of diabetes mellitus [4].

Amongst all immune actors involved in these processes, Mucosal

Associated Invariant-T cells (MAIT cells) are of particular interest. As

their name suggests, they are mainly found in mucosal tissues and

lamina propria, at the inter
faces with environment; an

d they circulate

in blood and lymph [5e7]. These cells bear characteristics of the

innate immune system, such as their effector phenotype
after devel-

opment, or their presence
in mucosal tissues [8,9]. Yet, they also

develop properties that are specific to the adaptive immune system.

This includes semi-variant
T-Cell Receptor (TCR) exp

ression [10,11].

These cells act on the immune system memory [10e12]. There-

fore, they are classified as innate-like lymphocytes. MAIT cells are

mainly involved in early antimicrobial immuni
ty, as first suggested by

Le Bourhis et al. [13].

Mr1!/! mice deficient in MAIT cells were notably fo
und to be much

more sensitive to several bacterial and fungal infections, includin
g

Mycobacteria, Escherichia coli, Klebsellia pneumoniae, Salmonella

typhimurium, Francisella tularensis and Candida albicans [14]. MAIT

cells are also activated during virus-associated infections, mainly

through inflammatory contexts [15
].

Interestingly, these cells h
ave been reported to be involved in several

chronic inflammatory and autoimmune pathologies, notably in in-

flammatory bowel diseases [16]. Therefore, MAIT cells are now

thought to play an important role in the development of severa
l other

metabolic diseases, assoc
iated with gut microbiome alteration, since

they closely interact with gut.

This review will thus describe MAIT cells characteristics, what is

known about their involvem
ent in metabolic disease pa

thogenesis and

development both in humans and mouse models. We will als
o report

the interactions between m
icrobiota, MAIT cells, and m

etabolic disease

initiation.

2. CHARACTERISTICS OF MAIT CELLS

In 1993, Porcelli et al. descr
ibed specific double-negative (DN) lym-

phocytes present in the blo
od. These cells express TC

Rab, enriched in

some conserved recombinations on the a chain, especially Va7.2-
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d Glucose is absorbed only in the common limb in Roux-en-Y

gastric bypass

d Sodium-glucose co-transport is blunted in the bile-deprived

alimentary limb

d Sodium addition restores glucose uptake in the alimentary
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d Roux-en-Y gastric bypass decreases postprandial gluc
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response in humans
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The beneficial metabolic consequences

of bariatric surger
y independent of w

eight

loss remain largely unexplained. Bau
d

et al. identify sodium as a key factor and

show that Roux-en-Y gastric bypass

decreases the amount of sodium

normally brought into the intestine with

bile, thereby impairing intestinal glucose

uptake via sodium-glucose cotransport.
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Rev-erb-α regulates atrophy-related genes to control skeletal muscle mass
Alicia Mayeuf-Louchart1, Quentin Thorel1, Stéphane Delhaye1, Justine Beauchamp1, 

Christian Duhem1, Anne Danckaert2, Steve Lancel1, Benoit Pourcet1, Estelle Woldt1, Alexis 

Boulinguiez1, Lise Ferri1, Mathilde Zecchin1, Bart Staels1, Yasmine Sebti1 & Hélène Duez  1
The nuclear receptor Rev-erb-α modulates hepatic lipid and glucose metabolism, adipogenesis and 

thermogenesis. We have previously demonstrated that Rev-erb-α is also an important regulator of 

skeletal muscle mitochondrial biogenesis and function, and autophagy. As such, Rev-erb-α over-

expression in skeletal muscle or its pharmacological activation improved mitochondrial respiration 

and enhanced exercise capacity. Here, in gain- and loss-of function studies, we show that Rev-erb-α 

also controls muscle mass. Rev-erb-α-deficiency in skeletal muscle leads to increased expression of 

the atrophy-related genes (atrogenes), associated with reduced muscle mass and decreased fiber size. 

By contrast, in vivo and in vitro Rev-erb-α over-expression results in reduced atrogenes expression 

and increased fiber size. Finally, Rev-erb-α pharmacological activation blocks dexamethasone-

induced upregulation of atrogenes and muscle atrophy. This study identifies Rev-erb-α as a promising 

pharmacological target to preserve muscle mass.
Skeletal muscle is the most abundant tissue in the body, accounting for 30 to 40% of total body mass. Besides 

its role in locomotion and posture, skeletal muscle controls whole body energy metabolism by ensuring blood 

glucose control and is also the major source of amino acids (AAs) that can be used by various tissues during pro-

longed periods of fasting. Skeletal muscle is highly plastic and muscle mass, fiber type and size can undergo major 

remodeling to meet developmental and environmental challenges1. Muscle mass increases during development 

and in the adult in response to mechanical overload or hormonal stimulation, whereas muscle wasting is a com-

mon condition in diverse pathologies including obesity/type 2 diabetes, cancers, myopathies, chronic inflamma-

tory disorders and is also a hallmark of aging, undernutrition or inactivity2,3. Chronic glucocorticoid therapies for 

the treatment of inflammatory or auto-immune disorders are also characterized by a rapid muscle atrophy. Loss 

of muscle mass results in reduced ability to sustain contraction, weakness of peripheral and respiratory muscles 

that compromises mobility and negatively affects quality of life. Muscle wasting also results in poor prognosis in 

diverse diseases, and ultimately has major clinical implications3. Therefore, understanding the signaling pathways 

that control muscle mass is of special interest for the development of novel therapies to preserve muscle mass.

Skeletal muscle mass reflects the delicate balance between protein synthesis and degradation. Protein synthesis 

is essentially controlled by the insulin-like growth factor 1– phosphoinositide-3-kinase–Akt/protein kinase B–

mammalian target of rapamycin (IGF1-PI3K-Akt-mTOR) signaling pathway in response to a variety of stimuli 

such as IGF1, insulin, AAs derived from protein degradation, β2-adrenergic receptor agonists or androgens1. 

Activation of PI3K induces Akt phosphorylation which, in turn, inhibits the protein complex TSC1 (Tuberous 

Sclerosis Complex 1)-TSC2 thus activating the mTOR pathway through the two main downstream effectors of 

mTORC1: S6K (p70S6 kinase) and 4E-BP1 (eIF-4E-binding protein)4. pAkt also negatively regulates protein deg-

radation by phosphorylating the Forkhead box O (FoxO) transcription factors and by promoting their exclusion 

from the nucleus1.Protein degradation occurs via two proteolytic pathways that are tightly regulated by signaling pathways and 

transcription factors: the ubiquitin-proteasomal system, which predominantly breakdowns myofibrillar pro-

teins, and the autophagic-lysosomal machinery, which ensures the maintenance of cellular homeostasis and the 
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Les probiotiques : peuvent-il prendre une place dans le traitement du diabète de type 2 ? 
Le rôle du microbiote intestinal dans le diabète ouvre des perspectives nouvelles de traitement, comme 
l’utilisation de probiotiques (souches bactériennes bénéfiques pour la santé). En s’appuyant sur une 
stratégie innovante, brevetée par nos équipes, pour sélectionner des bactéries commensales sur la base 
de leurs propriétés fonctionnelles dans le modèle de la drosophile, puis dans un modèle de rongeur 
pré-diabétique, l’objectif du programme de recherche PROBIODIAB soutenu par la FFRD est d’identifier 
de nouvelles souches bactériennes possédant des propriétés antidiabétiques, de définir leur mécanisme 
d’action afin de lancer une étude pilote d’intervention chez des patients diabétiques de type 2. L’objectif à 
terme sera de pouvoir proposer des probiotiques validés en complément des traitements antidiabétiques 
classiques pour une meilleure prise en charge du diabète.
Dr Hubert Vidal, Directeur de Recherche INSERM, Laboratoire CarMeN, Lyon (France)

Les dihydrocéramides plasmatiques : pourquoi sont-ils un marqueur précoce de l’ap-
parition du diabète de type 2 ?
Dépister les patients les plus à risque de développer un diabète de type 2 est un enjeu clinique important. 
Des études récentes suggèrent que les dihydrocéramides plasmatiques, de la famille des sphingolipid-
es, sont des marqueurs précoces du diabète de type 2. Grâce au soutien de la FFRD, nous étudions les 
relations entre les dihydrocéramides plasmatiques et les caractéristiques cliniques et biochimiques de 
patients diabétiques. Des résultats préliminaires suggèrent que les dihydrocéramides pourraient traduire 
la présence d’une stéatose hépatique sévère. Nous étudions sous quelle forme circulent les dihydrocér-
amides, leur rôle dans les dérèglements métaboliques hépatiques et périphériques et les mécanismes 
biochimiques sous-jacents, afin d’en comprendre les voies métaboliques. 
Dr Fabienne Foufelle, Centre de Recherche des Cordeliers, Paris (France)

Les édulcorants sont-ils bons pour la santé cardiovasculaire ? 
La consommation des édulcorants, notamment par les patients diabétiques, est en pleine expansion, mais 
associée à un fort risque de morbi-mortalité cardiovasculaire. Néanmoins, les mécanismes sous-jacents 
explicatifs ne sont pas connus. Grâce au soutien de la FFRD, nous allons étudier la relation entre la con-
sommation d’édulcorants et les complications vasculaires et métaboliques chez les patients diabétiques 
de type 2. Nos données préliminaires chez l’animal nous indiquent également que les récepteurs au gout 
sucré (T1R) activés par les édulcorants sont impliqués de manière directe (au niveau du vaisseau) et indi-
recte (via le métabolisme) dans l’augmentation du risque cardiovasculaire. 
Dr Guillaume Walther, Laboratoire Cardiovasculaire Université d’Avignon (France)

La déficience en Seipine comme modèle extrême de dysfonction adipocytaire
La dysfonction adipocytaire est centrale dans le développement des complications métaboliques de l’obésité 
tel que le diabète de type 2. Notre équipe s’intéresse à un cas extrême de dysfonction adipocytaire, la 
lipodystrophie généralisée ou BSCL, caractérisée par une quasi-absence de tissu adipeux et une insuli-
norésistance sévère. Dans 50% des cas, la BSCL est due à une déficience en Seipine. Le but de notre projet 
soutenu par la FFRD est d’étudier la fonction de la Seipine dans l’adipocyte mature. L’objectif est de mettre 
en évidence de nouveaux facteurs qui déterminent la bonne santé de l’adipocyte et à terme d’identifier de 
nouvelles cibles thérapeutiques pour corriger la dysfonction adipocytaire.
Dr Xavier Prieur, Université de Nantes (France)
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Mucosal-associated invariant T (MAIT) cells, recognizing bacterial metabolites are particularly abundant 
in the gut mucosa. We have recently described MAIT cells alterations in blood of diabetic patients. 
Moreover our studies in mouse models revealed that MAIT cells in the gut mucosa exert a protective 
role against T1D development. Based on these results, with the support from FFRD we are investigating 
whether: i) MAIT cells in blood of at risk children represent a new biomarker associated with T1D 
development; ii) MAIT cells in the gut mucosa of patients loose their regulatory function; and iii) MAIT 
cells alteration in T1D patients is associated with modification of MAIT cell ligands produced by the gut 
microbiota. 
Dr Agnès Lehuen, Cochin Institute in Paris (France) 
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To travel from one place to another, we use a GPS that indicates the road to take from where we are 
to the point to reach. For the production, in a tissue culture plate, of functional human beta cells from 
multipotent stem cells, we know both the starting and endpoint, but not much on the road we need to 
take. We and others have proposed that the best road might be the one that is used in physiology during 
prenatal human pancreatic development. With the support from FFRD, we are thus deconstructing and 
reconstructing human pancreatic development. This roadmap should be fruitful to generate functional 
human beta cell from stem cells. 
Dr Raphael Scharfmann, INSERM, Cochin Institute, Paris (France) 
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The endoplasmic reticulum (ER) is the organelle in the pancreatic β-cell where insulin is synthesized. 
ER stress causes β-cell dysfunction and death in monogenic forms of diabetes. In these uncommon 
types of diabetes, the genetic loss-of-function of one protein perturbs ER stress signaling. In type 2 
diabetes, environmental factors such as saturated free fatty acids cause β-cell ER stress. Research has 
long been hampered by the limited access to human β-cells. With the generous support of the FFRD, we 
will use the breakthrough of human induced pluripotent stem cell (iPSC) differentiation into β-cells to 
gain mechanistic insight into β-cell failure induced by ER stress. This novel disease-relevant model will 
also be used to identify and test therapeutic targets to protect patients’ iPSC-β-cells.
Dr Miriam Cnop, Université Libre de Bruxelles, Brussels (Belgium)
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Diabetic foot ulcer is a major complication, associated with significant decrease in life expectancy 
despite major improvement in medical care. This worse prognosis may not be fully explained by a 
high cardiovascular risk, but mainly linked to different causes, including infectious, inflammatory and 
malignant conditions. Thanks to the support of the FFRD, we will conduct the first French prospective and 
multi-center study (PDF cohort) of patients with diabetic foot ulcer to evaluate the 5-year mortality rate, 
its causes and relevant prognostic determinants. One thousand participants will be included in 25 French 
diabetes centers. The PDF cohort, designed as a national collaborative network in France, will help to 
create interactions between different teams and stimulate further research in this topic.
Pr Kamel Mohammedi, Faculty of Medicine - University Hospital in Bordeaux (France)
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