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CARACTERISATION DU PHENOTYPE CARDIAQUE D’UN MODELE DROSOPHILIEN DE
LA DYSTROPHIE MYOTONIQUE DE TYPE 1 (DM1)
Lucie Picchio
GReD - Genetic Reproduction and Development Institute
CNRS UMR6247, INSERM U931, Clermont University, 28, Place Henri Dunant
63001 Clermont Ferrand Cedex, France
La dystrophie myotonique de type 1 (DM1) est une maladie multisystémique dominante
causée par une expansion de CTG dans la région 3’ non traduite du gène de la Dystrophy
Myotonic Protein Kinase (DMPK). Dans les cellules musculaires, le transcrit muté de la
DMPK est retenu au niveau de foci nucléaires où il séquestre ou modifie les niveaux de
facteurs régulant l’épissage alternatif : MBNL1 et CUGBP1. Ainsi, chez les patients DM1, la
quantité disponible de MBNL1 est diminuée alors que les niveaux de CUGBP1 sont
augmentés.
Pour comprendre les mécanismes sous-jacents à la DM1 et chercher le rôle de CUGBP1 et
MBNL1 dans cette myopathie, nous utilisons la Drosophile comme modèle expérimental.
Une étude fonctionelle suggère que le gène bru-3 est l’orthologue drosophilien de CUGBP1
(Delaunay et al., 2004). Des études physiologiques menées sur des adultes de 1 semaine
surexprimant bru-3 dans le tube cardiaque montrent une augmentation de la fréquence
cardiaque et une diminution des capacités de pompage du cœur. En outre, les larves et les
embryons surexprimant bru-3 dans le cœur présentent des défauts de différenciation des
cardioblastes.

Vestigial-like 2 is associated with muscle formation during chick development
Aline Bonnet and Delphine Duprez
Laboratoire de Biologie du Développement, CNRS, UMR 7622
Université Pierre et Marie Curie, 9 quai Saint-Bernard, 75252 Paris Cedex 05
Skeletal muscle formation is crucially dependent on four basic-helix-loop-helix (bHLH)
transcription factors, Myf5, MyoD, Mrf4 and Myogenin, which are named the myogenic
regulatory factors (MRFs). Beside this recognized master role of the MRFs in triggering
myogenesis in Vertebrates, there is emerging evidence that other factors are important for
muscle formation. Mammalian Vestigial-like 2 (Vgl-2), a cofactor of TEF-1 and MEF2
transcription factors, is expressed in skeletal muscles during mouse development. In vitro
studies have shown that Vgl-2 can promote skeletal muscle differentiation.
In order to understand the role of Vgl-2 in muscle formation in vivo, we have first analysed
the expression of Vgl-2 during chick development by in situ hybridisation. Vgl-2 is expressed
in all known sites of skeletal muscle formation (head, trunk and limb muscles) similarly to
MyoD. This suggests that Vgl-2 plays a general role in myogenesis.
We have analysed the regulation of Vgl-2 expression. It has been previously shown that
activation of the Notch pathway inhibits MyoD expression and muscle differentiation without
affecting the expression of Pax3 and Myf5. Vgl-2 expression is down-regulated after Notch
activation similarly to MyoD expression. We have also investigated the transcriptional
relationship between the MRFs and Vgl-2 using electroporation in neural tube and somite.
We showed that MyoD is sufficient to induce Vgl-2 expression in both contexts.
We are currently performing gain and loss of function experiments in chick embryos
in order to understand Vgl-2 function in myogenesis.

Bmp signal in tendon regulates the number of muscle progenitors and satellite cells
during chick limb development
Hui Wang, Frédérique Edom-Vovard, Fanny Noulet and Delphine Duprez
CNRS, UMR 7622, Biologie du développement, Université Pierre et Marie Curie, Campus de
Jussieu, 9 quai Saint Bernard, Bâtiment C, 6ème Etage, Case 24, 75252 Paris Cedex 05,
France

The mechanisms regulating muscle growth during development are not completely
understood. Pax7is a transcription factor labelling muscle progenitor cells and then satellite
cells. We have observed active Bmp signalling in a subset of Pax7-positive cells at the
extremities of the muscles and close to the source of Bmp4 in tendons. Overexpression of
Bmp4 using the RCAS virus in embryonic chick limbs led to activation of Bmp signalling in a
majority of Pax7-positive cells. The increase of
Bmp signalling led to an increase in the number of muscle progenitors and of myotubes.
Conversely block of Bmp signalling led to the opposite phenotype i.e. a decrease in the
number of muscle progenitors and ultimately to less muscles. In addition, modification of
Bmp signalling affected the number of satellite cells. We conclude that Bmp4 located in
tendons is important to regulate the number of muscle progenitors and satellite cells.

Vertebrate muscle fusion: a network of molecules conserved throughout evolution
Marie de la Celle, Irène Marics, Manuel Pelé and Christophe Marcelle
Developmental Biology Institute of Marseille Luminy (IBDML). Université de la Méditerranée,
Marseille. France
Myoblast fusion is essential for skeletal muscle growth during embryogenesis, but
also to repair muscles damaged by violent physical exercise or in case of muscular
pathologies. The fusion mechanism

has been extensively studied in Drosophila

Melanogaster, where cellular events leading to myoblast fusion and the molecular pathways
involved in this process have been characterised. However in vertebrate, the molecular
mechanisms that regulate fusion are unclear. We have initiated an analysis of muscle fusion
using the chick embryo as an experimental model. We have characterised the process of
fusion by determining when fusion takes place and the dynamics of this process during
embryonic development. We have also determined which myogenic precursor populations
are involved in the fusion process. Through an in situ hybridization screen we have observed
that many vertebrate genes orthologous of those involved in the fusion process in Drosophila
display an expression pattern compatible with a role in the regulation of myoblast fusion in
vertebrates. By electroporating expression vectors coding for various siRNA in the somite,
we have inhibited the expression of some of these orthologous (Rols1, Arf6, Kette).
Preliminary results show that when their function is inhibited, the fusion process is
significantly altered. This suggests that these genes, as they do in Drosophila, regulate the
fusion process in the chick embryo.

Collagen XXII, a new component of the myotendinous junction, is required for
muscle cell attachment to myosepta
Benjamin Charvet1, Hannah Bader1,2, Manuel Koch2 and Florence Ruggiero1
1

Institut de Biologie et Chimie des Protéines, Université Lyon 1, UMR CNRS 5086, IFR128 Lyon
Biosciences, 7, Passage du Vercors, 69367 Lyon cedex 07
2
Institut for Biochemistry II, Medical Faculty of the University of Cologne, Germany
The myotendinous junction (MTJ) provides a structural link between the muscle cell cytoskeleton

and the extracellular matrix (ECM) of tendons. Lack of one of the MTJ components can alter dramatically
muscle cell anchoring to the tendon. Still, its morphogenesis remains elusive and has been neglected by
biologists.
Collagen XXII (COLXXII) is a novel component of MTJ (Koch et al, J. Biol. Chem, 2004). It belongs
to the FACIT (Fibril-associated collagen with interrupted triple helices) subset of the collagen superfamily
that is characterized by their capacity to associate with the fibrillar collagens and to mediate protein
interactions. Its role has not been elucidated. The functional role of COLXXII was analyzed in developing
zebrafish. Visual direct observations of embryos and rapid and efficient protein knock-down unmatched
in other animal models make zebrafish a particularly attractive model for exploring muscle/tendon
development. The zebrafish ortholog of the human COLXXII gene (COL22A1) was identified and we
showed that its transcripts are exclusively expressed in myotomal muscle at 24 hpf. As muscle cells
differentiate, the signal concentrates at the extremities of muscle fibers close to the MJT and sandwiches
the myoseptal tendons. Confocal double immunofluorescence with antibodies to dystrophin and to
zebrafish COLXXII recombinant domain shows that collagen XXII is deposited at the MTJ. Morpholinobased knockdown of col22a1 caused bending of the tail and important morphofunctional alterations in
muscle/tendon formation: U-shaped somites, interruptions of myosepta structure, presence of giant
muscle cells spanning two myotomes at the interruption sites. In vivo time-lapse analysis of mechanically
loaded fibers showed that muscle fibers detached from the MJT and retracted fibers can be observed.
TEM observations indicated that the rupture occurred between the basement membrane and the
collagen fibrils of tendinous connective tissue. The phenotype of the col22a1MO-injected embryos is
reminiscent of the sapje (dystrophin mutation) and candyfloss (laminin alpha2 mutation) mutants, for
which muscle fiber detachment from myoseptal tendons was described.
Several mutations in ECM genes have been associated to myopathies. The genetic heterogeneity
of the disorders suggests that other matrix proteins could account for unexplained cases. Our results
suggest that collagen XXII plays a crucial role in muscle homeostasis and thereby represents a good
candidate gene for muscular dystrophies.

Muscle resident macrophages control immune
cell reaction to myoinjury
Madly Brigitte,1 Clementine Shilte,2 Anne Plonquet,3 Yasmine Baba-Amer,1 Adeline Henri,4
Caroline Charlier,5 Shahragim Tajbakhsh,6 Matthew Albert,2 Romain K.Gherardi,1* Fabrice
Chrétien1,6*
1

INSERM, Unité 955, IMRB, Equipe 10: "Cell interactions in the neuromuscular system",
Créteil, F-94000, France; Departement de Pathologie, hopital Henri Mondor, APHP ;
Université Paris 12 Val-de-Marne, Créteil, F-94000, France
2
Groupe “d’immunologie des cellules dendritiques”, Institut Pasteur, Paris, France
3
AP-HP, Groupe Henri Mondor-Albert Chenevier, Service d'immunologie-Biologie,
Créteil, F-94000, France
4
Plateforme cytométrie, IMRB, Unité 955, Université Paris 12 Val-de-Marne, Créteil, F94000,France
5
Unité « Mycologie Moleculaire », CNRS URA 3012, Institut Pasteur, France
6
Unité « Cellules Souches et developpement », CNRS URA 2578, Institut Pasteur, Paris,
France
Strikingly little is known about muscle resident macrophages (MPs), and dendritic cells
(DCs). We report that the connective tissue surrounding mouse muscle/fascicles
(epi/perimysium) hosts resident CD11b+F4/80+CD11c-Ly-6C-CX3CR1- MPs, and is used as a
migration pathway by leukocytes. Using BM transplantation experiments to discriminate
resident from exudate MPs, cytokine screening, and selective resident MP depletion in
GFP+BM chimeric Tg:CD11bDTR mice, we observed that resident MPs concentrate in the
epimysium after notexin myoinjury, selectively release KC and MCP-1, and crucially
contribute to massive recruitment of neutrophils and monocytes (MOs) from blood.
Myoinjury-induced

inflammation

is

characterized

by

early

appearance

of

Ly-

6ChiCX3CR1loCD11c- cells in the epimysium, which are progressively substituted by Ly6CloCX3CR1hi cells with intermediate rather than high level of CD11c expression. These
CD11cint cells derive from circulating CCR2+MOs, functionally behave as immature APCs in
the absence of alloantigenic challenge, migrate to draining LNs while acquiring mature DC
phenotype (CD11c+Ia+CD80+), and thus correspond to "inflammatory" DCs. These results
show that resident MPs of epi/permysium govern the innate immune response to myoinjury
and indicate how it is linked to adaptative immunity.

A Drosophila model for the oculopharyngeal muscular dystrophy (OPMD): study
and development of an intracellular antibody therapeutic strategy
Chartier1 Aymeric, van der Maarel2 SM, Verrips3 T and Simonelig1 M
1-Dpt Génétique et Développement-Régulation des ARNm et Développement ; Institut de
Génétique Humaine, CNRS UPR 1142, 141 rue de la Cardonille, 34396 Montpellier Cedex
5, France. 2-Department of Human Genetics, Leiden University Medical Center, Leiden,
The Netherlands 3-Cellular Architecture and Dynamics (CAD), Utrecht University, Utrecht,
The Netherlands
Oculopharyngeal muscular dystrophy (OPMD) is a late onset disease characterized by
eyelid dropping, swallowing difficulties and limb weakness. Alanine expansions in the
coding region of poly(A) binding protein N1 (PABPN1) resulting from GCG trinucleotide
repeat extensions lead to the dominant autosomal inheritance of OPMD. In skeletal muscle
fibers of OPMD patients, mutant PABPN1 protein aggregates as fibrillar nuclear inclusions,
which are the hallmark of the disease.
We have generated a Drosophila model that recapitulates muscular phenotypes with
similarities to those of OPMD: i) muscle degeneration ii) fibrillar nuclear inclusions containing
PABPN1 in muscle nuclei (Chartier et al., EMBO J. 2006). Molecular analysis of this model
showed that muscle disorder in Drosophila is induced by an intrinsic toxicity of PABPN1
brought by the RNA binding domain and enhanced by the alanine expansions. We
investigated the potential of single-chain intracellular antibody (intrabody) as therapeutic
agent for OPMD. We could induce muscle expression of several intrabodies against
PABPN1 (Verhensen et al., HMG 2006), in the Drosophila OPMD model and we found that
several of them can prevent PABPN1 toxicity and muscular phenotypes

Positioning nuclei at the periphery of myofibers
Sestina Falcone; Edgar R. Gomes
UMR-S 787 INSERM, UPMC Université Paris VI, Paris – France
The formation and maturation of muscle fibers take place through consequential processes,
including myoblast fusion, myotube elongation and the formation of the contractile apparatus.
During all these steps nuclei become positioned in distinct regions of the syncytial cell:
initially, nuclei are in the center of the newly formed myotube then, in the elongating
myotube, nuclei align along the fiber and, finally, in the fully mature myofiber, nuclei become
peripheral and clustered at the neuromuscular junction.
It is generally accepted that positioning of the nuclei at the periphery of the myofiber is a
consequence of contractile apparatus formation. However, the observation that some muscle
disorders and regenerating muscle have centrally located nuclei in fully mature myofibers,
suggests that nuclear positioning at the periphery might have a physiological role in myofiber
function. Furthermore, it also might contribute to the defects observed in these muscle
disorders.
Thus, the study of the mechanisms controlling the correct nuclear position during myofiber
maturation and the knowledge of the key players implicated in this process have fundamental
importance to understand the function of nuclear positioning during myofiber formation and
muscle disorders.
Previous studies in rodents have been focused on the position of nuclei inside the fibers in
healthy or damaged muscle, but these methods only allow the detection of the final position
of the nuclei and not the dynamics leading to that organization. Moreover, in vitro
differentiation of myotubes does not induce further maturation of myotubes

into myofibers

with peripheral nuclei.
Here, we describe that co-culturing mouse primary myotubes with mouse motorneurons from
embryo’s spinal cord allow us to differentiate mytubes into myofiber with peripheral nuclei.
These myofibers have an average thickness of 7.85±1.25 µm, after 5 days in culture, and
this increases into 15.6 ±1.87 µm after 10 days. We also observe an increase of peripheral
nuclei during time in culture (5% at 5 days and 30% at 10 days). We are currently optimizing
the culture system to increase the number of peripheral nuclei and identifying the
cytoskeleton and nuclear envelope proteins involved in the positioning of the nuclei at the
periphery

ROD FORMATION IN INHERITED MYOPATHIES: ARE ALL RODS THE SAME?
Aurelie Vandebrouck1, Ana Domazetovska1,2, Nancy Mokbel1,2, Sandra T. Cooper1,2, Biljana
Ilkovski1 and Kathryn N. North1,2
1

The Institute for Neuroscience and Muscle Research , The Children's Hospital at
Westmead, Westmead, NSW, Australia. 2 Discipline of Paediatrics and Child Health, Faculty
of Medicine, University of Sydney, Sydney, NSW, Australia
Nemaline bodies or rods are the pathological hallmark of nemaline myopathy. Rods can also
occur as a secondary phenomenon in other disorders including mitochondrial myopathies
such as complex I deficiency. The mechanisms of rod formation are not well understood,
particularly when they can occur in diverse disorders with very different structural and
metabolic defects. Therefore we sought to determine whether there is a common mechanism
of rod formation associated with abnormalities in structural components of the thin filament
(mutations in the skeletal actin gene ACTA1) and rods induced by metabolic cell stressors
such as ATP depletion. We used a cell culture model and immunocytochemistry to study the
rods composition and conformation and Fluorescent Recovery After Photobleaching to
measure the actin dynamics inside the rods. Here we demonstrate that not all rods are the
same, and each may contain a unique fingerprint of actin-binding proteins and display a
unique actin dynamic turnover that are specific to the mutation, specific to the cellular
location of the rods (intranuclear versus cytoplasmic) and/or specific to the underlying
pathological process (i.e. mutant actin or ATP depletion). In addition, our study confirms a
link between structural and metabolic pathologies in the formation of rods.

Specific micro-RNA processing alteration in DM
RAU, F.1, FREYERMUTH, F. 1, FUGIER, C. 1, FISHER, M.C. 1, TAKAHASHI M.P., FURLING,
D. 2, CHARLET, N. 1
1) Department of Neurobiology and Genetic, IGBMC, U 964, Illikirch, FranceDepartment of
2) Neurology, Graduate School of Medecine, Osaka university, JapanUPMC Univ Paris 06/
3) INSERM, UMRS 974, Institute of Myology, Paris, France

Myotonic dystrophy (DM) is the most common form of adult muscular dystrophy. DM patients
exhibit several symptoms including cardiac conduction abnormalities resulting in sudden
death. DM is due to CUG or CCUG repeats expansion which accumulates in nuclear RNA
aggregates that sequester the Muscleblind like 1 (MBNL1) splicing factor, leading to
alternative splicing alterations.
Recently, it has been demonstrated that small RNA called microRNA (miRNA) play an
important role in heart function. miRNA are cell type dependent regulators of gene
expression by inhibiting mRNA translation or promoting its degradation.
Using DNA microarray in a muscle cellular model of DM, we found specific misregulation of
miRNA implicated in the regulation of genes important for cardiac conduction. These
misregulations were confirmed by quantitative PCR in this model but also in DM patient’s
heart samples. Misregulation of miRNA targets was shown at mRNA level and at protein
level in DM model cells. Moreover, by UV-Crosslink, we found that MBNL1 binds to miRNA
sequence. Furthermore, miRNA processing is impaired in cellulo with overexpression of long
CUG repeats or shMBNL1. These preliminary data suggest a role of MBNL1 in miRNA
processing.
In conclusion, our results suggest that MBNL1 may regulate maturation of specific miRNA
essential for heart conduction.
This work may shed light on the molecular mechanisms of heart conduction defect in DM
patients.

Defining domains of dysferlin required for normal anchorage at the plasma membrane
Rachel Peat1, Frances Evesson1,2, Angela Chen1,2, Harriet Lo1, Fabienne Brilot1, Alison
Compton1, Russell Dale1, Kathryn North1,2 and Sandra Cooper1,2.
1

2

Institute for Neuromuscular Research, The Children’s Hospital at Westmead, NSW 2145,
Discipline of Paediatrics and Child Health, Faculty of Medicine, University of Sydney, NSW
2006.

Limb girdle muscular dystrophy type 2B (LGMD2B) is an inherited muscle disorder with onset
in early adult-hood. It is caused by deficiency or abnormality of the muscle membrane protein
dysferlin. Dysferlin is a member of the ferlin family of proteins, and is important for rapid,
calcium-mediated muscle membrane repair. All ferlin proteins are tail-anchored and
contain large cytosolic domains bearing multiple tandem C2 domains. These C2 domains
have been highly conserved throughout evolution and likely effect calcium-regulated
functions that are required for membrane repair.
The precise role of dysferlin in membrane repair is poorly understood. To address this, we
have derived dysferlin expression constructs bearing patient missense mutations that
innately highlight residues vital for the correct functioning of dysferlin. To gain further insight
of the specific function of each C2 domain we have generated a panel of dysferlin deletion
constructs, lacking large regions of the dysferlin protein, as well as targeted deletion/mutation
of individual C2 domains.
We have assessed the expression, localisation and protein turnover of wild-type and mutant
dysferlin constructs. We have also developed a flow cytometry assay to assess the plasma
membrane half-life of dysferlin that is successfully exported to the plasma membrane. We
show that a truncated dysferlin construct, bearing only the most C-terminal C2 domain and
transmembrane domain, is effectively targeted to the same plasma microdomain as wild-type
dysferlin but is then rapidly endocytosed and degraded. Thus elements within the N-terminal
dysferlin cytosolic domain are required for stable anchorage at the plasma membrane.
Our efforts are now focused upon determining which component(s) of the cytosolic domain
are required for stable plasma membrane expression of dysferlin. By defining the minimal
components required for correct plasma membrane targeting of dysferlin, our research will
have direct implications for the development of therapeutic constructs to treat
dysferlinopathies.

MURF-3 is necessary for stabilization of microtubules and for the motility of
rhabdomyosarcoma cells.
Selim Boudoukha, Sylvain Cuvellier, and Anna Polesskaya
CNRS FRE 2944 “Epigénétique et Cancer”, Institut André Lwoff, Villejuif F-94801
MURF-3 is a RING-finger protein that is specifically expressed in differentiating, but not in
proliferating skeletal myoblasts, and in skeletal muscle in vivo. Up-regulation of MURF-3
during myogenesis is indispensable for stabilization of microtubules (MT) and for terminal
myogenic differentiation. We now show that MURF-3 is highly expressed in embryonic and
alveolar rhabdomyosarcoma (RMS) cell lines, where it regulates the formation of a
developed network of stable MT. Depletion of MURF-3 specifically down-regulates the levels
of detyrosinated a-tubulin in RMS cells, which leads to a dramatic decrease in the motility of
these cells in culture. It was previously shown that high levels of detyrosinated a-tubulins in
breast cancer and in neuroblastomas are strongly linked to tumor progression and
aggressiveness. Our data suggest that the aberrant expression of MURF-3 in proliferating
RMS cells can contribute to their motility and invasive capacity via the phenomenon of MT
stabilization, which in a myogenic system is normally reserved for terminally differentiating
myoblasts.

Myogenic and adipogenic differentiation potentials related to
CD34 expression in human skeletal muscle cells
Claude A. Dechesne1, Didier F. Pisani1, Sabrina Sacconi1,2, Claude Desnuelle1,2 and
Christian Dani1.
1

Institute of Developmental Biology and Cancer, CNRS, UMR6543, University of Nice
Sophia-Antipolis, Nice, France
2
Centre de Référence Maladies Neuromusculaires, CHU de Nice, Nice, France.

Muscle progenitor cells have the capacity to enter adipogenic differentiation and on the other
hand, dystrophic skeletal muscle can be largely contaminated by fibrosis and adipocytes
from unknown origin. This may be a limitation for muscle cell therapy and multipotentiality of
muscle progenitor cells needs to be clarified. For this purpose, we wondered whether cell
subpopulations from human muscle may have different adipogenic and myogenic
differentiation potentials. We have based our study on the expression of known skeletal
muscle stem and progenitor cell markers. The classic myogenic marker CD56 was found to
be unable to separate adipogenic and myogenic fractions. Conversely using the stem cell
marker CD34, we were able to sort two distinct populations, a myo/adipogenic (CD34+) and
an only myogenic (CD34-) subpopulations. We have finely characterized these two
populations in vitro and in vivo in an immunodeficient mouse model of muscle regeneration
with or without fat deposition. Altogether, our results demonstrate that the CD34+ and CD34human muscle cell subpopulations are composed of progenitor and/or stem cells, with
equivalent qualities of amplification and myogenic capacities but with opposite adipogenic
capacities. Thus, it seems that a CD34 negative sorting of muscle cells could constitute an
interesting improvement of cell therapy for muscular dystrophies.

Aldehyde dehydrogenase activity promotes survival of human muscle progenitor cells
Elise Jean1, 2, Dalila Laoudj-Chenivesse 1,2 , Karl Rouger3, Nicolas Serratrice4, Anne
Bonnieu5, Stéphanie Gay5, Francis Bacou5, Cédric Duret6, and Gilles Carnac1, 2.
1

INSERM, ERI 25, « Muscle et Pathologies », F-34295 Montpellier ; 2Université Montpellier I,
EA4202, Montpellier ; 3INRA, UMR703, Ecole Nationale Vétérinaire, Nantes ; 4IGMM CNRS
5535 - Université Montpellier I et II, Montpellier ; 5INRA, UMR866, Montpellier ; 6INSERM,
U632, Montpellier.

Aldehyde dehydrogenases (ALDH) are a family of enzymes that efficiently detoxify aldehydic
products generated by reactive oxygen species and might therefore participate in cell
survival. Since ALDH activity has been used to identify normal and malignant cells with stem
cell properties, we asked whether human myogenic precursor cells could be identified and
isolated based on their levels of ALDH activity. We found that ALDH activity positively
correlated with the myoblast-CD56 positive fraction in human muscle explant-derived cells.
However, not all myoblasts were ALDH-positive indicating that ALDH activity defines
subpopulations of human myogenic precursor cells. Using lentiviral mediated expression of
shRNA we demonstrated that ALDH activity was associated with expression of ALDH1A1
protein, a member of the retinaldehyde subgroup of this family. Surprisingly, we did not
detect ALDH activity and ALDH1A1 expression in mouse, rat, rabbit, and non-human primate
myoblasts. Using different approaches, from pharmacological inhibition of ALDH activity by
diethylaminobenzaldehyde (DEAB) to myoblast fractionation by FACS, we could correlate
high ALDH activity ex vivo to resistance to hydrogen peroxide (H2O2)-induced cytotoxic effect
and in vivo to increased survival when human myoblasts were transplanted into host muscle
of immune deficient SCID mice. Therefore detection of ALDH activity, as a purification
strategy, could allow non-toxic and efficient isolation of a subpopulation of human myoblasts
resistant to cytotoxic damages.

REGULATION DU TRANSPORTEUR DE LIPIDES FAT/CD36 DANS LES MYOBLASTES
PRIMAIRES HUMAINS
Céline Aguer1,2, Marc Foretz3,4, Louise Lantier3,4, Sophie Hébrard3,4, Benoit Viollet3,4, Jacques
Mercier1, 2, 5 and Magali Kitzmann1,2,*
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Au cours de l’obésité et du diabète de type 2, le muscle squelettique présente une
accumulation anormale de lipides. Une localisation membranaire aberrante du transporteur
FAT/CD36 a été montrée dans le muscle squelettique des sujets obèses et /ou diabétiques
de type 2 et pourrait provoquer une entrée accrue de lipides dans le muscle squelettique.
Nous avons isolé des cellules musculaires à partir de biopsies musculaires effectuées sur
des sujets sains et des diabétiques de type 2 afin de mieux caractériser les mécanismes de
régulation du transporteur FAT/CD36. Nous avons pu montrer que dans les cellules
contrôles, FAT/CD36 était transloqué à la membrane en réponse à une stimulation par
l’insuline ou après activation de l’AMPK tandis que dans les cellules provenant de patients
diabétiques de type 2, une fraction du transporteur FAT/CD36 était membranaire en
condition basale et sa localisation n’était pas modifiée après stimulation par l’insuline ou
activation de l’AMPK. Nous avons également pu montrer que la présence de FAT/CD36 à la
membrane dans les cellules provenant des diabétiques de type 2 induisait une plus grande
accumulation de lipides. Ces résultats montrent que la culture de myoblastes primaires
humains représente un bon modèle d’étude à la fois pour les défauts métaboliques observés
au niveau du muscle squelettique des diabétiques de type 2 mais également pour l’étude
des mécanismes moléculaires impliqués dans la régulation de FAT/CD36 dans un contexte
normal.

ASB2b a novel regulator of muscle differentiation targets filamin B to proteasomal
degradation
Nana F. Bello1, Isabelle Lamsoul1, Mélina L. Heuzé1, Arnaud Métais1, Guenièvre Moreaux1,
David A. Calderwood2, Delphine Duprez3, Pierre G. Lutz1 and Christel Moog-Lutz1.
1. Université de Toulouse, UPS, Institut de Pharmacologie et de Biologie Structurale, CNRS,
UMR 5089, Toulouse.
2. Department of Pharmacology, Yale University School of Medicine, New Haven, USA
3. Université Pierre et Marie Curie, CNRS, UMR 7622, Paris.
Ubiquitin-mediated protein degradation is the main mechanism for controlled proteolysis,
which is crucial for muscle development and maintenance. The ankyrin repeat-containing
protein with a suppressor of cytokine signaling box 2 gene (ASB2)
encodes the specificity subunit of an E3 ubiquitin ligase complex that we previously identified
as involved in hematopoietic cell differentiation. We have recently provided the first evidence
that a novel ASB2 isoform, ASB2b, expressed in muscle cells (during embryogenesis and
also in adult tissues), is important for muscle differentiation. Furthermore, we showed that
ASB2b drives proteasomal degradation of the actin binding protein filamin b (FLNb). ASB2b
expression is induced during in vitro myogenic differentiation and appeared with the
differentiation commitment of myoblasts. Knockdown of ASB2b expression delayed FLNb
degradation and markedly decreased myogenic differentiation. Finally, knockdown of FLNb
in ASB2b knockdown cells accelerates myogenic differentiation, demonstrating that the cell
differentiation defect of ASB2b knockdown cells is due, at least in part, to its effect on FLNb
degradation. Since FLNs act also as scaffolds for signalling molecules, ASB2b through FLNb
degradation may regulate signaling pathways that have to be activated during muscle
differentiation.

Agrin-induced acetylcholine receptor clustering depends on actin-driven raft
coalescence
Annie Cartaud, Françoise Stetzkowski-Marden, Agathe Maoui and Jean Cartaud
Biologie Cellulaire des membranes, Institut Jacques Monod, UMR 7592, CNRS/Université
Paris 7-Denis Diderot
Cholesterol/sphingolipid-rich membrane micro-domains or lipid rafts are involved in
protein trafficking, formation of signaling complexes, and regulation of actin cytoskeleton. In
the nervous system, these micro-domains have been implicated in various aspects of
receptor function such as receptor activation, trafficking and localization. Most importantly,
rafts have recently been implicated in receptor clustering, a mechanism considered integral
to synapse formation and maintenance. In the past few years, we and others reported that
AChR as well as the muscle-specific receptor tyrosine kinase MuSK, essential to AChR
clustering following activation by the nerve-derived factor agrin, are associated with
cholesterol-rich lipid micro-domains (CRLMs), suggesting that lipid rafts are important for
AChR clustering (Stetzkowski-Marden et al., 2006). Since lipid rafts are specialized platforms
for actin reorganization upon cell signaling, and that actin polymerization is required for
AChR clustering, we address the relationships between actin and lipid rafts during
agrin/MuSK signaling. Here we show that in transfected COS-7 cells, MuSK associated with
CRLMs and was targeted to lamellipodia, membrane structures enriched in actin
cytoskeleton and lipid rafts. In C2C12 myotubes, AChR-associated CRLMs were recruited to
the actin cytoskeleton upon agrin stimulation. The actin nucleation factors the neuronal
Wiscott-Aldrich syndrome protein N-WASP and the actin-related protein Arp 2/3 were also
transiently recruited to rafts upon agrin stimulation. Consistent with these observations,
inactivation of N-WASP by wiskostatin impaired the formation of AChR clusters. In
agreement with biochemical observations, immuno-electron microscopy analyses revealed
that AChR present constitulively in raft nano-domains in the myotube membrane at steady
state
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rearrangement of the actin cytoskeleton. The Arp2/3 complex initially physically separated
from AChRs rafts was progressively targeted to these domains during the aggregation
process. Taken together, our observations suggest that membrane rafts are important for
postsynaptic membrane differentiation, providing adequate environment for coupling the
MuSK signaling process to rearrangements of the actin cytoskeleton, thereby allowing the
coalescence of AChR-associated rafts into macro-domains.

ROLE OF HERMES, A RNA BINDING PROTEIN IN CHRONIC INTESTINAL PSEUDOOBSTRUCTION
C. Notarnicola, C. Rouleau, L. le Guen and P. de Santa Barbara
INSERM ERI 25 « Muscle and Pathologies », Montpellier
Despite significant advances in the description of molecular controls of gut
development in different animal models, little works have been done on the pathways
involved during visceral smooth muscle cell differentiation. This differentiation is often
affected in patients with congenital gut malformations and motility disorders. These
malformations account for a significant percentage of all congenital defects, and the
molecular description of gut development would be beneficial in diagnostic and therapeutic
treatment of these common human gastrointestinal disorders.
Our aim was to investigate the molecular mechanisms that control the differentiation of
the visceral mesenchyme into visceral smooth muscle cells (SMCs) in vertebrates. In order
to identify these candidate pathways, we developed and analyzed the gene expression
profiles of undifferentiated and differentiated avian stomach by microarray approach. We
identified one new candidate HERMES, a RNA binding protein and examined the function of
this factor during the development and the differentiation of the SMC structure by performing
exhaustive in vivo and in primary SMC culture positive and negative approaches. We found
that HERMES is present from E5 in the undifferentiated mesenchyme of the gastrointestinal
tract (the oesophagus to the colon) and its expression is maintained during development in
the visceral SMCs. We also observed a spatio-temporal expression of Hermes similar to
smooth muscle marker αSMA. These data suggest that Hermes may play a role in the
regulation of transcripts involved in the differentiation of SMCs modulating the transition of
mesenchymal cells in visceral smooth muscle cells. We then used the avian retroviral system
to specifically misexpress Hermes in the visceral mesenchyme and shown that a
deregulation of its expression and function alter the development of both SMC and ENS
systems. In addition, we analyzed the expression of homologous HERMES gene in human
physiopathological conditions such as the Chronic Intestinal Pseudo-Obstruction syndrome
(CIPO). These findings provide new insights into molecular pathways linking visceral smooth
muscle differentiation with smooth muscle function.

Multipotent stem cells from adult skeletal muscle can give rise to cardiac pacemaker
cells
Daria Mamaeva, Nikola Arsic, Angelo Torrente*, Matteo Mangoni*, Ned J. Lamb,
Anne Fernandez.
Cell Biology Unit, Institut de Genetique Humaine, UPR1142, CNRS, *Departement de
Physiopathologie, Institut de Genomique Fonctionnelle, UMR5203, INSERM/UM1 and UM2;
141 rue de la Cardonille 34396, Montpellier cedex 5, France.
We have shown that multipotent stem cells can be isolated from adult mouse muscle.
These cells can be expanded and differentiated into neural, skeletal muscle, smooth muscle
and cardiac lineages. We are currently examining the conditions for their differentiation into
cardiac lineages, where spontaneous and autonomous beating of cardiomyocytes is
observed.
These cells show characteristics of cardiac pacemaker cells including morphological
feature, autonomous beating, expression of HCN4 (hyperpolarisation-activated cAMP-gated
potassium channel 4) and display of Ca++ transients. Pacemaker cells are specialized
cardiac cells from the sinoatrial node responsible for initiating and maintaining the cardiac
rhythm. We are analyzing the occurrence of this phenotype, which can be maintained over
weeks in culture, under a number of conditions such as cell type and matrix environments to
assess their effect on cardiac lineage determination and expression of pacemaker
phenotype. If present in human muscle, these progenitor cells capable of making pacemaker
cells, could represent a powerful alternative to genetically modified mesenchymal stem cells
or embryonic stem cell-derived cardiac cells for biological pacemaker and cardiac repair by
autologous cell transplantation.

Altérations du transcriptome et du protéome cardiaque résultant de l'inactivation du
facteur
de réponse au sérum (SRF)
Diguet N., Mericskay M., Li Z.
UPMC/UR4, Physiologie, physiopathologie et vieillissement, Paris, France
SRF, un facteur de transcription qui coordonne l'expression d'un grand nombre de gènes
musculaires est régulé par la voie des MAPK, des Kinases calcium-dépendantes, des Rho
GTPases. Il est également stimulé par les signaux biomécaniques et directement régulé par
le taux de polymérisation de l’actine. SRF est également un partenaire de facteurs de
transcription impliqués dans l'hypertrophie cardiaque comme Gata4.
Notre modèle de souris Cre-lox permettant l’inactivation ciblée de SRF dans le coeur de
souris adulte par une recombinase Cre inductible au tamoxifène (TAM) développe une
cardiomyopathie dilatée. Nous menons une analyse parallèle du transcriptome et du
protéome cardiaque chez le mutant SRF à différents temps au cours de la mise en place de
la pathologie. Nos résultats montrent un chute précoce du taux de transcript d'actine
cardiaque (dès 8 jours post-TAM) mais un maintient du taux de protéine sur une longue
période avec une chute de 50% à 45 jours post-TAM. En revanche nous observons une
altération précoce du taux de polymérisation de l'actine suggérant que des protéines
impliquées dans la polymérisation et/ou le maintient du filament fin d'actine sont altérées.
Nos analyses protéomique montrent
que l'état de phosphorylation l'aB-crystalline, une chaperone du cytosquelette et notamment
de l’actine, est altéré. Il existe également chez ces mutants une altération du réseau de
desmine, partenaire de l’actine et de l’aB-crystalline.
Notre étude du transcriptome à différents temps après l’invalidation de SRF en condition
normale ou hypertrophique a permis d’identifier plusieurs centaines de gènes dérégulés et
plus spécifiquement 21 gènes impliqués dans l’hypertrophie cardiaque qui sont dépendants
de SRF. L'expression de deux protéines connues pour interagir avec à l’intégrine béta1 : la
mélusine et MIBP est particulièrement altérée chez les mutants SRF. Par différentes
stratégies d'inactivation ou de surexpression de ces cibles, nous recherchons l’implication de
ces protéines dans l’adhésion cellulaire des cardiomyocytes à la matrice extracellulaire et le
remodelage. Cette étude devrait permettre de mieux comprendre le lien entre SRF et la voie
de signalisation des intégrines, la contractilité cardiaque et la réponse hypertrophique.

Establishment of anteroposterior patterning of the cardiac field.
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Congenital heart disease (CHD) is the most common class of birth defect. Abnormalities are
thought

to

originate

during

early

cardiogenesis

and

therefore

identification

and

characterization of genetic pathways operating in heart development is important. The
correct establishment of anterior-posterior (AP) polarity in the vertebrate embryonic heat tube
during embryogenesis is crucial for the proper morphogenesis of the mature heart, however
the molecular details of this process are poorly understood. Several studies using various
animal models have implicated retinoic acid (RA) in the communication of the AP polarity to
the heart.
Recent studies using transgenic analysis, Cre-mediated cell tracing analysis and
retrospective clonal lineage analysis have changed our view on the origin of the cardiac
progenitor cells in the mouse embryo, and indicate that the linear heart tube, derived from
the first heart field (FHF), provides a scaffold to which cells from the second heart field (SHF)
add at both arterial and venous poles to build the future cardiac chambers. Based on this
new model we have recently reinvestigated the phenotype of embryos lacking Raldh2
(required for the biosynthesis of RA) and shown that RA is required to restrict the SHF
posteriorly [1]. Moreover, using different experimental approaches we have shown that the
contribution of the SHF to both arterial (anterior) and venous (posterior) poles was perturbed
under RA deficiency, creating a disorganization of the heart tube.
In a goal to understand the mechanisms contributing to AP polarity of the heart tube, we
have analysed the expression of several Hox genes, known as RA targets, within the lateral
mesoderm. Our data show that Hoxa1 and Hoxb1 are expressed within the Raldh2 domain,
adjacent to and overlapping with cardiac progenitor cells, respectively. Using lineage tracing
of Hoxa1- and Hoxb1-expressing progenitors, we demonstrate a common origin of both
poles of the heart. Moreover, Hoxa1- and Hoxb1-Cre lineage analysis shows a difference in
the contribution of these populations along the proximal and distal OFT myocardium.
Together these data suggest a role for Hox genes during establishment of cardiac AP fates.
[1] Ryckebusch et al. 2008. PNAS, 105, 2913-2918
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