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The role of G-CSF in the gowth and development of skeletal muscle cella vitro

C.R Wright,* E.L. Brown,* A.C. Ward? and A.P. Russell,! 1Centre for Physical Activity and Nutrition Research,
School of Exercise and Nutrition Sciences, Deakin University, 221 Burwood Hwy, Burwood, VIC 3125,
Australia and 2School of Medicine, Deakin University, Pigdons Road, Geelong, VIC 3217, Australia.

Background: Granulocyte-Colop Stimulating Factor (G-CSF) is ayikine which stimulates the
production of hematopoietic stem cells from bone mari@nce its disceery and appraa for clinical use,
various roles for G-CSF outside the hematopoietic systera Baeiged. RecentlyG-CSF treatment has been
shavn to increase skeletal muscle mass, strength and regeneration in rodent models of muscle disease an
damage (Stratost al., 2007; Pitzeret al., 2008). Havever, the molecular mechanisms underlining these
responses are poorly understood. In cells expressing the G-CSF Receptor (G-CSFR), ligand bivatewy acti
several intracellular signalling cascades such AK/$TAT, Akt, and ERK1/2 (Liongueet al., 2009). These
signalling pathways are of vital importance in the regulation of skeletal muscle dypedrbply, arophy and
regeneration. Havever, it is unknovn whether the G-CSFR is expressed in skeletal muscle, or if these signalling
pathways are aetited in response to G-CSF treatment.

Methods: RT-PCR: mRNA expression for the G-CSFR was determined ByPRR. The resulting PCR
fragment was separated and purified from a 2%rése gel and sequencedestern Blotting: Protein vas
separated on a polyacrylamide gel and transferred to PVDF membrane. The mendsgmehgd for the
proteins of interestProliferation: C,C,, proliferation was measured by the BrdU Labelling and Detection Kit
[ll (Roche), according the manufacturers instructioRsotein Degradation / Synthesis: Protein synthesis and
degradation was determined by the amount of radio-labelfetyidsine incorporated and released from the
cells, respectiely.

Results: The expression of the G-CSFR was detected,® Ccultures by R-PCR and western blotting,
as well as in mouse and human muscle by western blotting and immunofluorescence. 30 min G-CSF (4ng/ml,
40ng/ml) treatment in £C, , myotubes increased the phosphorylation oAl Preliminary data showed Akt
and ERK1/2 phosphorylation was also increasedweder, the rate of proliferation, protein synthesis and
protein degradation remained unchanged under basal and catabolic conditions.

Summary/Conclusion The expression of the G-CSFR irefital muscle suggests that G-CSF/G-CSFR
may be of importance to muscleysiology Activation of STAT3 dgnalling, and the potential agétion of Akt
and ERK1/2 in GC,, myotubes, elicits potential signalling pathways for G-CSF/G-CSFReletsk muscle.
However, a unctional outcome remains elvai
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B,-adrenoceptors ae the dominant subtype ivolved in early muscle regeneration after injury
J. 3 Church,! J. Trieu,> P. Moore,! P. Gregorevic? and G.S. Lynch,* Basic and Clinical Myology Laboratory,
Department of Physiology, The University of Melbourne, VIC 3010, Australia and ?Laboratory for Muscle
Research & Therapeutics Development, Baker IDI, PO Box 6492, S Kilda Road Central, VIC 8008, Australia.

Skeletal muscles can be injured by a myriad of insults that can compromise their functional .capacity
Regeneratie rocesses are often sl@and incomplete, and so dgoping novel therapeutic strategies to enhance
muscle rgeneration represents an important research akeataveshavn previously that th@-adrenoceptor
(AR) signalling pathwy plays an important role in skeletal muscle regeneration after injury (Betitak|
2004, 2007), and that transgenic mice lacking Hdthand B,-ARs hae celayed rgeneration follaving
myotoxic injury (Sheorget al., 2008). Inthe present study weviestigated the contribution @3-AR signalling
to early muscle generation, to determine the relationtribution of indvidual 3-AR subtypes to muscle repair
after injury.

Mice (8-9 weeks) lackin@,-adrenoceptor3{-AR KO), 3,-adrenoceptors3(-AR KO), or both subtypes
of B-adrenoceptorsp(/B,-AR KO), were obtained from The Jackson Laboratory (Bar Hayld&r, USA).
Littermate wildtype mice were used as controls forR&R KO and 3,-AR KO mice, while control mice for
the B,/B,-AR KO mice were from a C57BL/6 background, as ergptb previously (Sheoyeet al., 2008).
Muscle function was determined by assessing the contractile propertiestibighe anterior (TA) musclein
situ (Gehriget al., 2010). Briefly mice were anaesthetised (60 mg/kg, sodium pentobarioitd),the right A
muscle was surgically exposed, and the distal tendon was attached teetlaenteof a force transducewith
the knee and foot immobilised. At the conclusion of the experiment the mice were killed by caciame
while still anaesthetised deeply.

When muscle function was examined in uninjurédriuscles, boti,-AR KO mice andf,/B,-AR KO
mice produced significantly less force than their respeabntrols @ < 0.05), havever, TA muscles from
B,-AR KO mice showed no significant deficit in force productidio. determine the relate cntribution of the
individual B-AR subtypes to early muscle regeneration, mice were anaesthetised (ketamine 80 mg/kg and
xylazine 10 mg/kgj.p.) and the A muscle of the right hindlimb &s injected with the myotoxin, Notexin (1
pg/ml, i.m.) to cause complete muscle fibregdmeration. Micevere allowed to rea@r for 7, 10 or 14 days,
after which A function was assessed situ. f3,/,-AR KO mice produced significantly less force than their
controls at 7 days post-injurp € 0.05) hut force production had increased to similaele as control at 10 and
14 days post-injury Muscles fromB,-AR KO mice showed a similar pattern of force production during
regeneration with significantly less force at 7 days &imilar force production at 10 and 14 days post-injury
while muscles fronf8,-AR KO mice did not exhibit force deficits atyastage during regeneration.

These results suggest that Bieadrenoceptor is the domina#AR subtype imolved in early muscle
fibre regeneration. Seleati dimulation of3,-adrenoceptors may therefore be a therapeutic strategy tovinpro
the rate, etent and dfcacy of the regeneratte pocess, and may e important implications for other
conditions where muscle wasting and weakness are indicated.
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Muscle-specific heat shock protein 72 (HSP72yerexpression improves muscle structure and
function in dystrophic mdx mice

SM. Gehrig,* T.A. Sayer,! C. van der Poel,! D. Henstridge,? J.D. Schertzer,! J.E. Church,! M.A. Febbraio? and
G.S Lynch,! 1Basic and Clinical Myology Laboratory, Department of Physiology, The University of Melbourne,
VIC 3010, Australia and 2Cellular and Molecular Metabolism Laboratory, Baker 1DI, PO Box 6492, S Kilda
Road Central, VIC 8008, Australia.

Duchenne muscular dystroptDMD) is the most seere of the muscular dystrophiesfeadting 1 in 3,500
live male births. Affected patients generally die in their twenties, with respiratory and/or ceaadiae f
ultimately causing death in most cases (Finst&X#6). Absence of the dystrophin protein results in muscle
fibre fragility, whereby contractions result in membrane tears arfd iGBux. Coupled with abnormalities in
intracellular C&* handling, this results in an elted cytosolic [C&], resulting in the subsequent aetion of
degeneratie pathways. Chronic muscle fibre generation and increasingly ifiegtive regeneration results in
fibrotic tissue infiltration leading to major functional impairments in DMD patients. Heat shock protein 72
(HSP72) has been shown to protect contractile function and wmpmicium handling dynamics under
conditions of stress in cardiac muscle (Kaal., 2006). W tested the hypothesis that HSPR2rexpression
would ameliorate the dystrophic pathology and thus presemscle function irmdx dystrophic mice.

Femalemdx mice were crossed with male micepeessing a rat inducible HSP72 transgene under the
control of a chickn B-actin promoterwhich limited transgene expression to skeletal and cardiac muscle (and
brain) tissue (Marbeet al., 1995). F generation males were mated with femaiix mice to yield an equal
proportion of mdx"SP72 and mdx littermate controls. Mice (25-30 week old) were anaesthetised (60 mg/kg
sodium pentobarbitone), and the functional properties of diaphragm muscle strips were nmeagtn@as
described previously ginch et al., 1997). Mice were killed by diaphragm and cardiacigion while still
anaesthetized deepBiaphragm muscle strips were also frozen for subsequent histological analysis. Bkod w
sampled to measure serum creatine kinase (Gi)slea myoplasmic protein commonly used as a measure of
whole body muscle breakdown. In a separate group of mice, Evans blue dye (BBM)jected (1% wijv
10ul/g BM, i.p.) for assessment of damaged and necrotic muscle fibres.

HSP72 protein expression wasveted significantly in the muscles ofdx"SP72 compared withmadx
littermate control mice. HSP72verexpression impreed specific (normalised) force in isolated diaphragm
muscle stripsf{ < 0.05), reduced collagen infiltratiop € 0.05) and reduced minimal Fere@riance codicient
(used as an indeof the seerity of the pathology;p < 0.05). Serum CK hels were significantly lower in
madxSP72 compared withmadx littermate controls < 0.05), which was further supported by a reduction in
EBD-positie fibres indicating fewer damaged and/or necrotic filjpesq.05).

Overpression of HSP72 impved the dystrophic skeletal muscle pathologymdx mice, especially in
the seerely affected diaphragm muscle. Further research is required to determine the therapeutic potential of
this novel approach for DMD and related conditions.
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Properties and proteolytic activity of m-calpain in rat skeletal muscle
J.P. Mallica, RM. Murphy and G.D. Lamb, Department of Zoology, La Trobe University, Melbourne, VIC, 3086,
Australia.

m-Calpain is a ubiquitouslyxpressed Cd-dependent protease withvdise functionality in s&letal
muscle including, but not limited to, roles in cell migration, fusion and membrane tejsoelieved to require
>100 uM free [C&"] for actvation (Conget al., 1989; Elceet al., 1997), although this requirement may be
dependent on phosphorylation status and/or phospholipid binding €Gall 2003). Gizen the peak tetanic
[C&?*] within skeletal muscle fibres normally reaches only p#Q(Baylor & Hollingworth, 2003), this raises
the question of he m-calpain fulfills its role as a protease in skeletal muscle.

EDL and soleus muscles were dissected from male Long-Evans hooded rats sacrificed by anaesthetic
overdose (4% v: v halothane) with appebof the La Trobe Uniersity Animal Ethics Committee. ¥gtern
blotting was used to quantify the absolute amount of m-calpain by comparing known concentrations of pure rat
recombinant m-calpain to whole skeletal muscle homogenates. The total amount of m-cadptiona to be
(1.0 umol/kg muscle mass in predominantly slow-twitch soleus musclé®3dumol/kg muscle mass iraét-
twitch extensor digitorum longus muscle. Experiments in which mechanically skinned fibigmesmts were
washed in agueous solutions for set times showed @&zl of the total m-calpain is freely flisible within a
quiescent fibre.

The proteolytic activity of m-calpain was also assessed using mechanically-skinned single fibres. Once
skinned, the fibre segment was stretched to approximately twice its resting length so that no force-producing
cross-bridges could be formed, with the resulting paslirce being due to extension of titin, a large elastic
sarcomeric protein that is a known substrate for m-calpain. Proteolysis ofd#igauged from the decline in
passive force when a stretched fibre segment was exposedid rht recombinant m-calpainver a range of
elevated free [C&']. Proteolytic activity of m-calpain was observearewith free [C&*] as low & 4 M, and
the rate of decline of passiforce reached7% / min at 2QuM free C&*. The rate of passé force decline
was even greater at higher free [€4, reachingC250% / min at 50QuM C&*. In the presence of 20M free
[C&*], porcine-dened native m-calpain added exogenously afi¥l resulted in proteolysis of titin at 9% / min,
approximately half the rate obsed/with the rat recombinant mcalpain under the same conditiassiidPforce
decline wer the physiological range of free [Eawas also measured both with and without ATP present in the
solution and proteolytic asity was found to be the same in both cases. With bothenatd recombinant m-
calpain, proteolytic activity could wbys be rapidly stopped by lowering the free {Gato <10 nM.
Furthermore, the proteolytic activity of mcalpain gui free C&" was unchanged irrespegt d whether or
not the m-calpain had been aeted at higher [CH] beforehand.

In conclusion, these findings demonstrate that m-calpain displays considerable proteolytic acti
physiological C&* conditions occurring in muscle fibres. Furthermore, the findings distinguistyitkatien
from that of the other ubiquitous calpajrcalpain, which becomes more Taensitve following exposure to
elevated [C&"], suggestie hat the ubiquitous calpains likelyveacuite different roles in skeletal muscle.
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Properties of AMP kinase (AMPK) 3 isoforms and glycogen related proteins in segments of
single fibres from rat skeletal muscle

R.M. Murphy,! H. Latchman,* B. Kemp,? P. Gooley® and D.l. Stapleton,® 1Department of Zoology, La Trobe
University, Melbourne, VIC 3086, Australia, 2% Vincent's Ingtitute of Medical Research, Fitzroy, VIC 3065,
Australia and 3Bio21 Institute, The University of Melbourne, VIC 3010, Australia.

To understand function and regulation of proteins it is importantwe kaowledge about their properties
in the physiological environment. In this studye haveused small segments of single skeletal muscle fibres
dissected from rat skeletal muscle to examine diffusibility and fibre typegsion of a number of glycogen
related proteins as well as AMPK isoforms.

Male Long-Evans hooded rats (6-8 months old) were sacrificed using a le¢hddse of fluothane in
accordance with the Lardbe Unversity Animal Ethics Committee and thegtensor digitorum longus (EDL)
andsoleus (SOL) muscles were excisedo tompare fibre type differences EDLx{usively type 1) and SOL
(predominantly type I) muscle fibres were analyzed for AMRKand 32, glycogen branching enzyme (GBE),
glycogen debranching enzyme (GDE), glycogen phosphorylase (GP), phospho-GP and glycogen synthase (GS)
To measure protein difisibility, individual fibores were dissected from muscles that had been immersed in
parafin oil and then mechanically-skinned anghesed to physiological kbased solution (pCa < 10) for 1 and
10 min. The vash solution (W) and their matched fibres (F) were analyzed side by side using Western blotting
(Murphy et al., 2006). For fibre type comparisons, the amount of each protein was normalized to the amount of
an abundant muscle proteire( actin or myosin) and therxgressed relate © the amount of the gén protein
present in the SOL fibres. Identity of AMHAKisoforms was confirmed by their absence in muscle homogenates
from respectie knock-out mice.

Proteins related to glycogen breakdown (GDE, G&P) were present in higher amounts astf
compared with slow-twitch muscle dffle). Proteins related to glycogen synthesis were similar (GSyer lo
(GBE) in slow- compared withabt-twitch muscle (Table). The AMPEKisoforms had the oppositeaidances
in fast- and slow-twitch muscle. Some proteins were freely diffusible (GBE, AMP#&d [32), some appeared
to be weakly bound (GB-GP), whilst GDE was much more tightly associated with a muscle structure and
likely bound with glycogen which reportedly washes out <40% in 10 min (Goodnadn 2005). Gven that
[B0% of the GP appeared in thash, it is likely that there is considerable excess of this enzyme compared with
the amount of glycogen preserfthese findings strongly suggest that when glycogen related proteins or AMPK
are examined in ghetal muscle, the fibre type dependence must be taken into account. This is particularly
important in human @{etal muscle which is typically heterogeneous with respect to fibre types present and so
these proteins should be examined in individual fibres.

Protein / Approx amount  Amount appearing — — S MHC
enzyme in EDL in wash after 10

compared with  min ~05 kD s - e al -GP

SOL EDL SOL

AMPK B1 0.4 70%  70% A
AMPK [2 4 0% 70% —— e s - MHC
GBE 0.2 80% 85% 43 kDa — AVPK 1
GDE 5 20% 50% 34 kDa
GP 100 80%  40% 26kDa . SR AMPICE2
phospho-GP 10 60% 40% EDL SOL mix B1KO p2KO
GS 1 ND ND
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