Therole of physiology in under standing muscle wasting, adaptation and plasticity
G.S. Lynch, Basic and Clinical Myology Laboratddgpartment of Physiolog¥he University of Melbourne,
VIC 3010, Australia.

Muscle wasting is an urgent and unmet health risk associated with diseases and conditions,
including: sarcopenia linked with ageing and fraitigncer cachexia, sepsis and other forms of catabolic stress,
denenation after nere injury, disuse atropp with plaster casting (unloading), inactivity and micragsa
burns, HIV-AIDS, chronic kidng or heart filure, chronic obstruate pulmonary disease and the muscular
dystrophies, especially Duchenne muscular dysyr¢ptvD). These conditions are linked by the inflammation,
atropty and weakness common to their pathggiblogy The consequences of muscle wasting can be
devastating and include weakness, impaired mobility aimyfie, reduced functional independence, and in the
worst cases death (Lynch & Ryall, 2008; Lynch, 2010; Myr&h_ynch 2009).

Therapeutic stratpes for attenuating muscle wasting and improving muscle function vary in their
efficag/. Exercise and nutritional interventions vea nerit for slowing the rate of muscle atrgpin some
conditions, but usually tlyecannot halt or reerse the wasting process. Hormonal and/or other drug gigate
are needed that can gat ley geps in the molecular pathways that ultimately regulate protein synthesis and
protein degradation. GH, IGF-I, testosterone, SARMs, and anabolic stergelsebaved limited acceptance
clinically because of potential serious side effects with hormonal manipulation, highlighting the urgent need to
identify non-hormonal treatments for these conditions.

Physiology plays an important role not only in the disgy of novel therapeutic targets but in the
rigorous @auation of nevly developed drugs. Unfortunatelythe preclinical testing of m&nemerging
compounds is often unsatgtory and incomplete due to inadequate testing of addfgtags to modulate
muscle phenotype sufficiently to enhance muscle functioen Ewaly published ®aluations of drugs and
targets for muscle wasting fail to assess whether there are true functional benefits, such as enhanced muscle
strength or paer or an impreed resistance to muscle fatigue. Comprehangihysiological ealuation
enhances the potential formelrugs to proceed to the next phase ofdigoment — ultimately twards safe and
effective therapies.

DMD is a seere and progres# muscle wasting disorder caused by mutations in the dystrophin gene
resulting in the absence of the membrane stabilizing protein dystrophin. Muscle fibers are fragile and
susceptible to a loss of €ahomeostasis which astites inflammatory and deneratie pathways. Although
considerable efforts are being directed to thesldpment of gene and cell therapies for DMD, mabstacles
currently preent their clinical application. In the interim, alternatitherapies that preservimuscle mass,
promote muscle growth and enhance muscle regeneration mustelmpdd.

Our recent studies showed that increasing intramuscular heat shock protein 72 (Bsp&g3ian
presered muscle strength and ameliorated the dystrophic pathology anmmuse models of muscular
dystroply (Gehriget al, 2012). Teatment with BGP-15 (a pharmacological co-inducer of Hsp72 used clinically
for diabetes;N-Geng improved muscle architecture, strength, and contractile function wérely afected
diaphragm muscles imdx mice. In dko mice, a phenocgpof DMD exhibiting seere kyphosis, muscle
weakness and premature death, BGP-15 redugaltbkis and impnged the dystrophic pathophysiology of limb
and diaphragm muscles and, most importamdtended lifespan. The results provide evidence that increasing
Hsp72 expression in muscle has therapeutic potential for DMD and related mastitegwonditions, either as
a dandalone thergpor as an djuvant with other treatments. That study also highlighted the importance of
rigorous complementary physiologicalakiations of cellular (single fibre) preparations, isolated musoles
vitro and working musclesn situ (with an intact ner@ and blood supply), supported by compreheasi
histological, immunohistochemical and molecular biochemical assessments that can better test the therapeuti
potential of emerging drugs for muscle wasting disorders.
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