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Plenary session
8h30 —9h30

GENOMIC AND PROTEOMIC APPROACHES IN MUSCLE BIOLOGY

BEGGS A.
Harvard Medical School, Genomics Program, Children's Hospital, Boston, USA

Successful completion of the human genome project and advances in high throughput methods for identification and
quantification of genes, transcripts and proteins have revolutionized our approach to understanding normal biology and
the genetics and pathophysiology of disease. These approaches have been successfully applied to skeletal muscle and
the primary myopathic diseases. At the genome level, high throughput genotyping and candidate gene mutation
screening have led to identification of numerous disease genes for muscular dystrophies, congenital myopathies, and
other neuromuscular disorders. More recently, microarray-based gene expression profiling has been applied to
characterize gene expression patterns (i.e., the “transcriptome”) in normal and diseased skeletal muscles from human
patients and mouse models of their disorders. Analysis of gene expression in clinical biopsies has been complicated by
the variable degree of many secondary changes, such as fibrosis and fiber type changes, as well as by the impact of
additional variables such as age, gender, muscle type, treatment of the specimen, etc. Nevertheless, expression
patterns from muscles with distinct disorders often do clearly cluster into disease-specific groups, demonstrating
characteristic patterns of gene expression for each disorder. Analysis of cell cultures provides an opportunity to eliminate
many uncontrollable variables present in clinical tissue specimens. Several catalogs of gene expression patterns have
been published for differentiating myogenic C2C12 cells, as well as primary myoblast cultures, allowing identification of
new transcripts involved in muscle development. These systems also provide a baseline to compare with patterns
following gene knockdown for genes of both known and unknown function. Most recently, advances in analytical mass
spectroscopy, databasing and informatics, and 2-dimensional gel electrophoresis, have opened up the possibility to
assay large fractions of the total protein content (the “proteome”) of a tissue, cell type or organelle. The skeletal muscle
proteome is now being characterized in normal and diseased states and this approach also offers a powerful tool to
study the effects of gene knockdown at the protein level.



Symposium “Myogenesis and muscle specificity”
9h30 — 11h00

A PAX3/PAX7-DEPENDENT POPULATION OF CELLS THAT ARE THE PROGENITORS OF SKELETAL
MUSCLE.

RELAIX F.) ROCANCOURT D.®, MANSOURI A.? BUCKINGHAM M.
(1) C.N.R.S. URA 2375, Department of Developmental Biology, Pasteur Institute, 75724 Paris Cedex 15, France — (2) Max-Planck
Institute for Biophysical Chemistry, Department of Molecular Cell Biology, D-37077 Gottingen, Germany.

During the onset of skeletal myogenesis in the embryo, Pax3 is required for the survival of the ventro-lateral
dermomyotome, the part of the somite that gives rise to hypaxial body musculature and to that of the limb. Pax3 is also
implicated in the determination of myogenic cell fate, acting through MyoD (Kassar-Duchossoy et al., 2004; Tajbakhsh et
al., 1997). In the absence of the myogenic regulatory factors, MyoD, Myf5 and Mrf4, skeletal muscle does not form and
no myogenic cells are present. Most of the functions of Pax3 can be replaced by its paralogue Pax7 (Relaix et al., 2004).
However, this gene, also expressed in the somite, is only essential for myogenesis after birth when it is expressed in
satellite cells, the progenitors of adult skeletal muscle (Seale et al., 2000).

During vertebrate development successive phases of embryonic and foetal myogenesis lead to the formation and growth
of skeletal muscles. While the somitic origin and molecular regulation of the earliest embryonic muscle cells are well
understood, less is known about later stages of myogenesis (Cossu, 2001). Using murine molecular genetic tools, and
notably various mouse lines carrying reporter genes targeted into the Pax3 and Pax7 loci, we have recently identified a
novel cell population, present in somites and limbs, that expresses Pax3 and Pax7 but no skeletal muscle-specific
markers.

These cells initially are maintained as a proliferating population in the myotome, then in embryonic and fetal muscles of
the trunk and limbs throughout development. We have shown that they constitute resident muscle progenitor cells that
become myogenic and form skeletal muscle. We have further demonstrated that late in fetal development, these cells
adopt a satellite cell position characteristic of progenitor cells in post-natal muscle. Furthermore, in the absence of both
Pax3 and Pax7 only the early embryonic muscle of the myotome forms; further muscle development is arrested,
demonstrating that this resident Pax3/Pax7-depen-dent progenitor cell population constitutes a source of myogenic cells
of major importance for skeletal muscle formation. Progenitor cells, marked by Pax3/7 reporter gene expression change
fate in the absence of these factors or undergo apoptosis (Relaix et al., 2005).

We conclude that this resident Pax3/Pax7-dependent progenitor cell population constitutes a source of myogenic cells of
major importance for skeletal muscle formation, a finding also of potential value in the context of cell therapy for muscle
disease.

Cossu, G. (2001). Somitic and non somitic progenitors of skeletal muscle. Advances in Developmental Biology and
Biochemistry 6, 127-142.

Kassar-Duchossoy, L., Gayraud-Morel, B., Gomes, D., Rocancourt, D., Buckingham, M., Shinin, V., and Tajbakhsh, S.
(2004). Mrf4 determines skeletal muscle identity in Myf5:Myod double-mutant mice. Nature 431, 466-471.

Relaix, F., Rocancourt, D., Mansouri, A., and Buckingham, M. (2004). Divergent functions of murine Pax3 and Pax7 in
limb muscle development. Genes Dev 18, 1088-1105.

Relaix, F., Rocancourt, D., Mansouri, A., and Buckingham, M. (2005). A Pax3/Pax7-dependent population of cells
progenitors of skeletal muscle. Nature In Press.

Seale, P., Sabourin, L. A., Girgis-Gabardo, A., Mansouri, A., Gruss, P., and Rudnicki, M. A. (2000). Pax7 is required for
the specification of myogenic satellite cells. Cell 102, 777-786.

Tajbakhsh, S., Rocancourt, D., Cossu, G., and Buckingham, M. (1997). Redefining the genetic hierarchies controlling
skeletal myogenesis: Pax-3 and Myf-5 act upstream of MyoD. Cell 89, 127-138.

SIX1 AND SIX4 HOMEOPROTEINS ARE REQUIRED FOR PAX3 AND MRF EXPRESSION DURING
MYOGENESIS IN THE MOUSE EMBRYO.

MAIRE P., GRIFONE R., DEMIGNON J.,
Institut Cochin, GDPM, Paris, France

In mammals, Six5, Six4 and Six1 genes are co-expressed during mouse myogenesis. Six4 and Six5 single KO mice
have no developmental defects, while Six1 KO mice die at birth and show multiple organ developmental defects. We
generated Six1Six4 double KO mice and show an aggravation of the phenotype previously reported for the single Six1
KO. Six1Six4 double KO mice are characterized by severe craniofacial and rib defects and general muscle hypoplasia.
We presently demonstrate that Six1 and Six4 genes are required for all hypaxial muscles development. In the absence
of Six1 and Six4, Pax3, Lbx1 and c-Met expression is severely reduced in the hypaxial lips of occipital, cervical, thoracic
and lumbar somites, while Pax3 is activated independently of Six1 and Six4 in sacral and caudal somites and in the
anterior and posterior lips of the dermomyotome of all somites along the antero-posterior axis. Impaired in their
migratory pathway, cells of the somitic ventro-lateral dermomyotome are rerouted, lose their identity and die by
apoptosis. Absence of Six1 and Six4 impairs activation of Myod, MRF4 and Myogenin in the myotome, showing that in
most myogenic progenitors Six proteins act upstream of these determination and differentiation genes.



DROSOPHILA LEG MUSCULATURE, A NEW MODEL TO STUDY MULTIFIBRE MUSCLE FORMATION

JAGLA K., SOLER C., DACZEWSKA M., DASTUGUE B.
INSERM U.384, Genetic and Cellular Interactions, Clermont-Ferrand, France

Since morphological Miller's description (Miller, 1950), Drosophila leg musculature and its formation has not been
revisited. Here, using a set of GFP markers we provide evidence that the Drosophila leg muscle development is tightly
associated with the formation of internal tendons. Appendicular myogenesis is initiated in the imaginal leg discs of the
second instar larvae by massive proliferation of Twist positive adepithelial cells. In the third instar discs, in the vicinity of
tendon progenitors, some Twist positive myoblasts differentiate into dumbfounded expressing muscle founders. During
evagination of the leg discs, at early pupa stages, founder cells follow the developing precursors of internal tendons,
reach positions at which individual muscle fibres have to be generated and fuse with surrounding myoblasts to form
muscle precursors. This leads to a stereotyped pattern of multifibre muscles that ensure movements of the adult leg.
Interestingly, the appendicular muscles are the only Drosophila muscles attached to the internal tendons, thus
presenting a vertebrate-like multifibre organisation. Three types of appendicular muscles, the reductor, the levator and
the depressor, constitute leg musculature. Importantly, a similar organisation of limb muscles exists in vertebrates
making Drosophila as a powerful model in which to study mechanisms of appendicular myogenesis.

The pertinence of functional approaches that can be performed on Drosophila leg musculature is illustrated by the
analysis of pupae and adult flies expressing the dominant-negative (dn) or the constitutively active (ca) forms of the EGF
receptor. The forced expression of the ca-EGFR within developing appendicular muscles and tendons induces ectopic
muscle formation in the otherwise muscle-devoid tarsal segments. Moreover, the phenotypes resulting from the
attenuation of EGFR function indicate its crucial role for the correct attachment of a subset of appendicular muscle
fibres.



Symposium “Neuromuscular degeneration and regeneration”
9h30 — 11 h 00

HISTONE DEACETYLASE 9 COUPLES NEURONAL ACTIVITY TO MUSCLE CHROMATIN
ACETYLATION AND GENE EXPRESSION

SCHAEFFER L.%, MEJAT A. ¥, RAMOND F.%, HUZE C.*, RAVEL-CHAPUIS A."), ANCELIN K., BASSEL DUBY
R.®, SAADI KHOCHBIN®, OLSON EN. @

mEquipe Differenciation Neuromusculaire, IFR 128, UMR 5161 CNRS/ENS, Ecole Normale Superieure 46, allée d'ltalie 69364 Lyon
cedex 07, France. ®Department of Molecular Biology, University of Texas Southwestern Medical Center, Dallas, Texas 75390-9148.
®INSERM U309, Institut Albert Bonniot, 38706 La Tronche Cedex, France.

Electrical activity arising from motor innervation influences skeletal muscle physiology by controlling the expression of
many muscle genes, including acetylcholine receptor (AChR) subunits genes. How electrical activity is converted into a
transcriptional response remains largely unknown. We show that motor innervation controls chromatin acetylation in
skeletal muscle and that histone deacetylase 9 (HDACD9) is a signal-responsive transcriptional repressor, which is down-
regulated upon denervation, with consequent up-regulation of chromatin acetylation and AChR expression. Forced
expression of HDAC9 in denervated muscle prevents up-regulation of activity-dependent genes and chromatin
acetylation by linking MEF2 and class | HDACs. Conversely, HDAC9 null mice are supersensitive to denervation-
induced changes in gene expression and display chromatin hyperacetylation, and delayed perinatal downregulation of
myogenin, an activator of AChR genes. These findings reveal a mo lecular mechanism to account for the control of
chromatin acetylation by presynaptic neurons and activity-dependent regulation of skeletal muscle genes by motor
innervation.

MICROGLIA DERIVED TNFA INSTRUCTS MOTONEURONS FOR A DELAYED APOPTOSIS DURING
DEVELOPMENT

SEDEL F., BERNARD D., TRILLER A., BESSIS A.
Biologie cellulaire de la synapses normale et pathologique, Inserm U497

Mechanisms inducing neuronal death at defined times during embryogenesis remain poorly understood. It has been
proposed that an intrinsic clock commits neurons to die unless they are saved by neurotrophic factors produced in
limiting amount by target muscle cells. However, upstream processes that would instruct newly differentiated neurons to
undergo cell death are poorly understood. We have developed spinal cord explants culture in order to study early events
of motoneurons differentiation and the influence of extrinsic signals. Using this system, we showed that a developmental
switch occurs between embryonic day 12 (E12) and E13 in rats that is 72-48 hr before programmed cell death. At E12,
half the motoneurons escape programmed cell death, whereas 90% of motoneurons isolated at E13 enter a delayed
death program. We could also demonstrate that the instruction occurring between E12 and E13 is given by microglia
located in the surrounding somite. This effect is mimicked by tumor necrosis factor (TNFa). It is inhibited by anti-TNFa
antibodies and in explants, motoneurons from TNFa or TNF receptor R1 (TNFR1) KO mice do not undergo apoptosis
when deprived of their muscle targets. In developing spinal cord, TNFa is detected within somite macrophages and
TNFR1 is detected within motoneurons precisely between E12 and E13. Thus, embryonic motoneurons acquire the
competence to die from extrinsic signals such as macrophage-derived TNFa before the onset of programmed cell death.
To understand the mechanisms of the delayed motoneurons death we analyzed the genes expressed in developing
motoneurons upon TNFa induction. We have now isolated several candidate genes including a non coding nuclear RNA
and an extruding calcium pump that are overexpressed in motoneurons during the acquisition of the competence to die.



REGENERATION AND AGING OF PERIPHERAL NERVES : A ROLE FOR STEROIDS AND
MITOCHONDRIAL CHOLESTEROL TRANSPORTERS

SCHUMACHER M.%, MASSAAD C.%), GRENIER J.%Y, GARCIA-SEGURA L.®, MELCANGI R.®, CADEPOND F.%,
GROYER G.%,

W nserm, U488, Kremlin-Bicétre, France - @ Institut Cajal, CSIC, Madrid, Espagne - © University of Milano, Institute of Endocrinology,
Milano, Italy

Schwann cells are a target for progestins and glucocorticoids. We have previously shown that progesterone can be
synthesized by Schwann cells and that this steroid promotes the remyelination of regenerating axons after lesion. Both
glucocorticosteroids and progestins increase the expression of the peripheral myelin proteins PO and PMP22 in
Schwann cells. Two recent studies have provided proofs of principle : 1) that the progesterone receptor is a promising
pharmacological target for the therapy of inherited peripheral neuropathies ; 2) that administration of progestins is a
therapeutical possibility for reversing age-related structural abnormalities of peripheral myelin sheaths. A therapeutical
strategy we are exploring is the stimulation of the local synthesis of progestins in peripheral nerves by ligands of the
mitochondrial benzodiazepine receptor (MBR). That is, the rate-limiting step in steroidogenesis is the transfer of
cholesterol by the MBR and its obligatory partner, the steroidogenic acute regulatory protein (StAR), from the outer to
the inner mitochondrial membrane, where the cytochrome P450scc is located. This enzyme catalyzes the conversion of
cholesterol to pregnenolone, the direct precursor of progesterone. Our observations show that the regulation of MBR
and StAR gene expression differs between Schwann cells and classical steroidogenic cells. Our recent findings also
point towards a novel and cell-specific mechanism of steroid signalling in Schwann cells. Thus, interactions of the
glucocorticoid receptor with nuclear coactivator proteins differs between Schwann cells and other cell types. Schwann
cell-specific regulation of neurosteroid synthesis and steroid signalling offer interesting perspectives for novel treatments
of lesions and diseases of the peripheral nervous system and for a better understanding of the role of steroids in
nervous functions and in the evolution of peripheral neuropathies.

MUSCLE PROPRIOCEPTION: MOLECULAR ANALYSIS OF DEVELOPMENT AND REGENERATION

VALMIER J.
INSERM U583, Institut des Neurosciences de Montpellier, Hopital Saint Eloi, 80 rue Augustin Fliche, BP 74103, 34091,Montpellier,
Cedex 5.

Coordination of movement and control of posture requires sensory feedback from muscle proprioceptive neurons onto
motoneurons as well as information from tendon, joint and skin mechanoreceptors. Dysfunction of this system leads to
uncoordinated movement and sometimes to painful neuropathies. As a consequence, any therapeutic intervention to
restore motor function should take into account integration of sensory information. Although the functional characteristics
of different DRG neuronal sub-types subserving different sensory modalities have studied over many years, there exist
at present few molecular markers of these neurons that allow the detailed analysis of specific sub-types. We have
carried out gene expression profiling on mouse sensory ganglia at different stages of development and after sciatic
nerve lesion, as well as in a mouse mutant lacking nociceptive neurons. We are combining the above functional
genomics approach with in vitro models of peripheral nerve lesion using electrophysiology and calcium imaging to
dissect out the molecular events leading to the functional differentiation of particular sub-types, the response of these
neurons to trauma and their ability to regenerate.



Plenary session
11h45 — 12h30

HEART CELL LINEAGE DIVERSIFICATION IN PHYSIOLOGY AND DISEASE: THE ISLET-1
CARDIOVASCULAR PROGENITOR STORY

CHIEN KR.
Massachusetts General Hospital, Harvard Medical School, and the Harvard Stem Cell Instite, Boston, MA, Etat-Unis

The heart is composed of diverse muscle and non-muscle cell lineages: atrial/ventricular/conduction system/smooth
muscle myocytes, endocardial/endothelial, and valvular. Congenital heart diseases can arise from defects in the
pathways for heart lineage specification (Pashmforoush et al, Cell 2004), and human degenerative diseases can arise in
a subset of ventricular and pacemaker cells, (for review see Chien and Karsenty, Cell, 2005). The pathways that guide
heart cell lineage diversification are relatively obscure, as the primordial heart precursor cells have not been clearly
identified. Recently, we reported the identification of isl1+ cardiac progenitors in post-natal rat, mouse, and human heart
muscle (Laugwitz et al Nature, 2005). A cardiac mesenchymal feeder layer drives progenitor cell renewal, maintaining
their triggered differentiation into fully mature cardiomyocyte phenotype in the absence of cell fusion. A tamoxifen-
inducible Cre/lox system allows selective in vivo marking of this progenitor cell population and purification by FACS
analysis. In lineage tracing studies with islet-cre knock-in mice, the islet precursors represent master heart progenitors
that give rise to all of the major muscle and non-muscle cell lineages, e.g., SA nodal, venous and coronary arterial
endothelial/smooth muscle, and valvular. Utilizing mouse ES cells that harbor a knock-in of LacZ into the Isl-1 locus,
there is now the feasibility of isolating isl1+ cardiac progenitors from mouse and human ES cell systems during in vitro
cardiogenesis. This system should allow the rapid and direct identification of the pathways which guide the formation,
renewal, and diversification of islet master heart progenitors into distinct heart cell lineages, and forms a biological
foundation for the tissue engineering of specific heart components
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Symposium “Cardiac muscle progenitors”
15h00 — 16h15

NADAL-GINARD B. : ABSTRACT NOT RECEIVED IN DUE TIME

CARDIAC PROGENITOR CELLS FROM ADULT MYOCARDIUM

SCHNEIDER M.
Baylor College of Medicine, Center for Cardiovascular Development, Houston, TX

The quest for novel heart-forming cells in adult myocardium can be traced to several rationales: the inability of skeletal
myocytes to transdifferentiate; challenges to claims of bone marrow-derived cells’ plasticity; and an emerging model of
tissue-resident progenitor cells, sharing some signatures of “stemness”, yet predisposed to differentiate into lineages of
the organ where they reside. In adults, the self-renewal potential of progenitor/stem cells is associated with telomerase
reverse transcriptase (TERT). Telomerase expression and activity are markedly down-regulated in the mouse heart
soon after birth. A small number of adult cardiac cells express the surface marker stem cell antigen-1 (Sca-1), and these
contain telomerase at levels akin to newborn hearts’. Cardiac Sca-1+ cells lack hematopoietic stem cell markers and
transcripts for cardiac structural genes but express the majority of known cardiogenic transcription factors, congruent
with the postulated properties of cardiac progenitor cells as undifferentiated yet predisposed to a cardiac muscle fate. In
culture, cardiac Sca-1+ cells express Nkx2.5, followed by activation of cardiac genes, if treated with 5’-azacytidine to
relax condensed chromatin. Full differentiation required an intact signaling pathway for bone morphogenetic proteins.
When given intravenously to mice just after ischemia-reperfusion injury, cardiac Sca-1+ cells home selectively to injured
myocardium, interdigitate with surrounding host myocytes, and constitute ~15% of the myocytes in the “border zone” two
weeks after grafting. Roughly 5% of donor-derived myocytes were still proliferating. To monitor potential cell fusion, a
pair of genetic tags was utilized: ?MHC-Cre plus R26R, a latent gene for ?-galactosidase behind a Cre-deletable “stop”
signal. Induction of Cre denotes donor cell identity and differentiation in situ; Cre+LacZ- cells are de novo differentiation
events, whereas Cret+LacZ+ ones denote differentiation associated with fusion. Both modes of differentiation were
equally prevalent. The extent of cell fusion in other models of cardiac repair must be determined empirically.

MYOGENIC PROGENITOR CELLS IN PHARYNGEAL MESODERM

KELLY R.
Developmental Biology Institute of Marseilles, LGPD-IBDM, Marseilles, France

The pharyngeal region of the embryo plays an essential role in cardiovascular and craniofacial development. Myocardial
progenitor cells in pharyngeal mesoderm have recently been shown to contribute to the rapidly growing poles of the
early heart tube at the time of cardiac looping and to give rise to the majority of cardiomyocytes in the formed heart.
Right ventricular and outflow tract myocardium are derived from cells of the anterior heart field which express the
fibroblast growth factor encoding genes Fgfl0 and Fgf8 and the transcription factor encoding genes Thx1 and Islet-1.
Experimental or genetic perturbation of this cell population leads to severe defects in cardiac morphogenesis. We are
investigating the role of FGF signaling and Tbx1 in the deployment of pharyngeal mesodermal progenitor cells during
heart development.

Branchiomeric skeletal muscles of the head and neck also originate in pharyngeal mesoderm. Branchiomeric muscles
are embryologically distinct from other skeletal muscles and include jaw opening and closing muscles, muscles of facial
expression, and muscles of the pharynx and larynx. Thx1, in addition to a role in the anterior heart field, controls
branchiomeric muscle specification by regulating transcriptional activation of the myogenic determination factor encoding
genes Myf5 and MyoD in pharyngeal mesoderm. In the mandibular arch, Thx1 functions to ensure the robustness of
myogenic specification. Sporadic myogenic regulatory factor activation in the absence of Thx1 leads to the development
of hypoplastic and asymmetric muscles at later developmental stages. TBX1 is the major gene implicated in del22q11.2
or DiGeorge syndrome, characterised by cardiovascular and craniofacial defects. del22g11.2 patients exhibit pharyngeal
muscle hypotonia which may be a direct result of reduced TBX1 levels.

- 11 -



Symposium “Skeletal muscle progenitors”
16h15 - 17h30

MOLECULAR MECHANISMS REGULATING MYOGENIC SPECIFICATION DURING REGENERATIVE
MYOGENESIS

RUDNICKI MA.
Ottawa Health Research Institute, 501 Smyth Road, Ottawa, ON, Canada, K1H 8L6

Skeletal muscle regeneration has long been considered to be mediated solely by satellite cells that function as the
monopotential stem cell of skeletal muscle (1). However, novel populations of adult stem cells have been demonstrated
to participate in regeneration of skeletal muscle. Myogenic commitment of CD45+:Scal+ cells was induced by co-culture
with cells ectopically expressing Wnt proteins. The stabilization of nuclear b-catenin specifically in CD45+:Scal+ cells
isolated from regenerating muscle is consistent with the hypothesis that these cells are targeted for Wnt-induced
myogenesis in vivo. Moreover, the marked reduction in numbers of myogenic CD45+:Scal+ cells in injured muscle
treated with the Wnt antogists sSFRP2/3 demonstrated an in vivo requirement for Wnt in the myogenic specification of
these cells. Taken together, these findings unequivocally implicate Wnt signaling in the myogenic recruitment of adult
muscle stem cells during regenerative myogenesis. Endogenous CD45+ adult stem cells in muscle tissue undergo
myogenesis in response to acute injury. However, they are uniformly nonmyogenic when isolated from uninjured muscle.
The requirement for Pax7 in the specification of muscle satellite cells raised the question of whether Pax7 is capable of
inducing the myogenic program in adult stem cells. Significantly, CD45+:Scal+ cells purified from regenerating wild type
muscle expressed Pax7 and give rise to skeletal myoblasts. By contrast, CD45+:Scal+ cells from regenerating Pax7-/-
muscle did not activate MyoD and form myogenic progenitors. Retroviral expression of Pax7 in CD45+:Scal+ cells from
uninjured muscle induced the formation of myogenic progenitors. Cultures infected with Pax7-expressing virus but not
with control virus gave rise to colonies of myoblasts expressing Myf5 and MyoD, which differentiated into myogenin and
myosin heavy chain expressing myocytes. Moreover, the myoblasts readily formed dystrophin-expressing fibers after
injection into mdx muscle. Muscle in Pax7-mutant mice is incapable of normal regeneration following cardiotoxin
injection. However, injection of adenovirus-Pax7 directly into injured Pax7-/- muscle partially rescued this deficiency.
Together, these results demonstrate that Pax7 is required for the myogenic specification of muscle-derived adult stem
cells during regenerative myogenesis.

Key Words : skeletal muscle, regeneration, satellite cell, adult stem cell, CD45, Scal, Wnt, Pax7

MAINTAINING THE REGENERATIVE COMPARTMENT OF ADULT SKELETAL MUSCLE

BEAUCHAMP JR., ZAMMIT PS., NAGATA Y., GOLDING JP., PARTRIDGE TA.
Muscle Cell Biology Group, Medical Research Council Clinical Sciences Centre, Faculty of Medicine, Imperial College, Hammersmith
Hospital Campus, London, W12 ONN, UK.

Skeletal muscle is predominantly composed of highly specialised contractile myofibres, each maintained by hundreds of
postmitotic myonuclei. Throughout adult life, new myonuclei are required to meet the persistent demands of myofibre
turnover, growth and repair. These are provided by the differentiation of myoblasts, generated from the satellite cells that
reside between the plasmalemma and surrounding basal lamina of mature myofibres. Although the progression from
satellite cell to myonucleus is well established, the mechanisms by which an effective regenerative compartment is
maintained remain controversial. Indeed, it has been suggested that satellite cells are “arrested” myogenic precursors
that are replenished from other stem cells located within the muscle interstitium and/or from outside the tissue.

Using an isolated myofibre culture system to investigate early events of satellite cell activation, proliferation and
differentiation, we have shown that in the context of the sublaminal niche, satellite cell progeny can adopt divergent
fates. In this model system, quiescent Pax7+ve/MyoD-ve satellite cells are synchronously activated to produce a
homogenous Pax7+ve/MyoD+ve population. These cells proliferate and generate clusters of myoblasts, most of which
become Pax7-ve/myogenin+ve and are fated to undergo terminal differentiation. Significantly, some cells within the
clusters maintain expression of Pax7 and down regulate MyoD, apparently returning to a state of quiescence
comparable to that of the initial Pax7+ve/MyoD-ve population.

Our observations demonstrate that satellite cells have the potential to generate both myonuclei and new satellite cells
and suggest that the alternate fate decisions may be extrinsically imposed on a homogeneous population. Most
importantly, these findings suggest that the satellite cell pool may be maintained by self-renewal and does not
necessarily require a contribution from elsewhere.
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GENETIC AND CELLULAR REGULATION OF SKELETAL MUSCLE: THE ROLES OF PAX3, PAX7 AND
MYOGENIC REGULATORY FACTORS

TAJBAKHSH S., GAYRAUD-MOREL B., GIACONE E., GOMES D., JORY A., KASSAR-DUCHOSSOY L.,
SAMBASIVAN R., SHININ V.
Stem Cells & Development, Dept. of Developmental Biology, CNRS URA 2578, Pasteur Institute, Paris 75015, France

In the embryo, myogenesis initiates in three locations: 1) somites - generate all skeletal muscles of the body (trunk, tail,
limbs); 2) paraxial and prechordal head mesoderm give rise to head muscles. During prenatal development, skeletal
muscle is established by successive waves of progenitor and precursor cells. The relationship between those born in the
somite and adult progenitor satellite cells has been contested. Gene targeting studies in mice have unveiled key
regulators of myogenesis. These studies have shown that different regions of the organism deploy different genetic
networks. For example, Pax3, Myf5 and Mrf4 act upstream of Myod to regulate trunk muscle cell identity, but Pax3 and
Mrf4 do not play this role in the head (1). Furthermore, we have shown that the embryonic and foetal programmes are
genetically distinct since Mrf4 does not programme foetal myogenesis. These findings have lead to the proposal that
different cell populations participate in the skeletal muscle lineage (2). Whether the cell order in this lineage is
hierarchical or horizontal, or both, remains to be elucidated. We will present evidence that different cell states can be
identified in this lineage, marked by Pax3/Pax7 or the myogenic regulatory factors. During post-natal life, satellite cells
are the principal regenerative cell type residing in skeletal muscle. Whether these are stem cells has been a matter of
debate. To investigate satellite cell character, we have applied a generic strategy using pulse-chase labelling methods
and BrdU in combination with markers of satellite cells including Myf5nlacZ mice and Pax7. The results of these
experiments will be presented in the context of satellite cell heterogeneity, niche, and self-renewal.

(1) Kassar-Duchossoy et al. (2004) Nature 431:466.

(2) Tajbakhsh (2003). Curr Opin Genet Dev.13:413.

SKELETAL MUSCLE STEM CELLS AND CANCER RELATED PATHWAYS

SASSOON D., MARAZZI G., GOMAA |., SCHWARZKOPF M., COLETTI D.
Department of Molecular, Cell and Developmental, Biology, Mount Sinai Medical School, 1 G Levy Place, NY NY USA 10025

We have been focusing upon the role(s) of cell stress and tumor suppressor pathways specifically in skeletal muscle
stem cells. In contrast to other cell types tested and standard cultured fibroblasts, myogenic stem cells show elevated
levels of the tumor suppressor protein, p53 (work in progress) as well as constitutive activation of the cell survival stress
response protein, NF? B [1]. In addition, we have identified previously the PW1 gene which acts as a regulator of p53-
mediated cell death and as a regulator of NF? B activation in response to the inflammatory cytokine, TNF??[1-3]. In
order to determine the role of these pathways in myogenic cells in vitro and in vivo, we have employed a variety of
mouse model systems. We will present data demonstrating that p53 plays a critical role in vivo at the level of the muscle
stem cells in mediating muscle wasting in response to TNF? . In addition, transgenic mice which express a dominant
negative form of PW1 show precocious and severe muscle wasting reflecting a deregulation of normal postnatal stem
cell behavior [4]. Lastly, we will present preliminary evidence that skeletal muscle may have a novel role in vivo in
suppressing cancer via a stem-cell recruitment mechanism. These and other data will be presented.

1. Coletti, D., E. Yang, G. Marazzi, and D. Sassoon, TNFalpha inhibits skeletal myogenesis through a PW1-
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