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Using gene transfer technology to study muscle diseases
P. Gregorevic, Laboratory for Muscle Research & Therapeutics Development, Baker DI Heart and Diabetes
Institute, Melbourne, VIC 3004, Australia.

Marny of the world’s nost serious medical conditions are causedxacerbated by the loss of striated
muscle function, or resultant metabolic disturbance (Booth & Lees, 2007). Tventfye and treatment of
muscle-related illness could significantly impeduman health, but requires a more complete understanding of
the mechanisms that y@n muscle adaptation in health and diseasethis end, the advent of gene dety
technology is poised to velutionize the study of muscle, and accelerate theeldgment of innweative
therapeutic interventions for muscle-related diseaseg(Begic et al., 2004a). As anxample, recombinant
viral vectors dexied from non-pathogenic adeno-associated viruses\(réctors) offer a means of readily
delivering “gene expression cassettes” and transcriptigonlaéing elements to mammalian striated muscle, to
achieve sustained, highly-specific transgene expression (Blankinshgb., 2004). For research, thesectors
offer the opportunity to dissect the intracellular mechanisms underlying the phenotypic adaptation ofrmuscle
vivo with a level of precision and speed otherwise unachlide. Local intramuscular administration afotors
can elicit robust genexpression within days of treatment, and the ensuing gene expression can be maintained
for years without further inteentions if desired. Furthermore, modes of vector administration can be utilized to
transduce musculature body-wide (especially in murine modelsytravascular administration (Ggerevicet
al., 2004b).

As a prospecte nedicine, ectormediated gene modulation heralds the means with which to
correctively restore the xpression of defeate genes, or drie wmpensatory expression of other genes for
therapeutic gain. Various modes of Mfnediated gene dekry have dready established proof of “therapeutic
concept” in models of disease (@oeevicet al. 2004b, 2006) and in some instancegehedmmenced transition
to clinical trials. As an example of muscle-focused gene theslpwing promise for therapeutic application,
administration of rAAV6 vectors carrying an engineered dystrophin-based construct can rgstusatan of
sarcolemmal protein structures throughout the muscles of mice that modeleafsem of muscular dystrogh
to achi&e whole body amelioration of patholggycreasing muscle function and resulting in extended lifespan
(Gregorevicet al., 2004b, 2006). Work is underway toahiate the feasibility of desloping this approach for
clinical application. These findings and relatedrkv demonstrate that the combination of genevdsfi
technology with established andve®ping analytic and therapeutic methods holds trulyiteng prospects for
a rew @a in muscle research and medicine.
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Muscle hypertrophy and IGF-1 isoforms: is bigger better?

T. Shaviakadze,! R. Chai,! G.J. Pinniger,* K. Maley,! G. Grounds,* N. Winn,2 N. Rosenthal? and M.D. Grounds,*
1school of Anatomy and Human Biology, University of Western Australia, WA 6009, Australia and “Mouse
Biology Unit, EMBL Monterotondo Outstation, via Ramarini 32, 00016, Monterotondo, Rome, Italy.

Insulin like gowth factorl (IGF-1) plays a central role in musclgplertroply and muscle asting.

IGF-1 exists as di¢érent isoforms due to different exon splicing (Bhkadzeet al., 2005). IGF-1 isoforms that
initiate from exon 1 are termed Class 1 (C1) isoforms, while isoforms that initiate from exon 2 are termed Class
2 (C2) isoforms. It has been proposed that different IGF-1 isoforwes titferent biological effects and may

act through different signalling patlys. Preious studies shw that over-expression of the Class 1 IGF-1 Ea
(IGF-1:C1) causes skeletal musclgphrtroply, dows the rate of myofibre atrophollowing denervation and
delays onset of necrosis in skeletal muscles of dystrapiamice. Novel strains of non-dystrophic (normal)

and mdx transgenic mice thatver-express the Class 2 IGF-1 Ea (IGF-1:C2) isoformrehauscle specific
increase in total IGF-1Vels ((b times higher compared to non-transgenic controls) ang stare consistent
muscle hypertrophcompared to the IGF-1:C1 mice.

Over-epression of the IGF-1:C2 resulted in a significant increase in quadriceps muscle mass in male and
female IGF-1.C2 andndx/IGF-1:C2 mice compared to their wild type littermates. Musgipehtroply in
transgenic mice was more pronounced at 12 months of age compared to 3 months Mjafdee cross
sectional area (CSA) was also examined in IGF-1:C2rahdIGF-1:C2 mice. Average myofibre CSA was
larger in IGF:C2 mice compared to the wild type littermates at both 3 and 12 months. In muscles from
dystrophicmdx/IGF-1:C2 mice thewrage myofibre CSA s increased at 3 months but not at 12 morifhe
reduction in myofibre CSA in 12 month ohddx/IGF-1:C2 mice was due to myofibre splitting or branching.
Diaphragm width \as increased in 12 month but not in 3 month old male and fembéGF-1:C2 mice.
Despite the increased muscle mass, IGF-1:C2 did not increase specific force in muscles from non-dystrophic ol
mdx muscles and did not reduce myofibre necrosis in sedentary and treadmilsexd mdx mice. Inadult
(non-dystrophic anandx) muscles, IGF-1:C2 \@r-expression does not coincide with the upguiation of the
Akt/mTOR signalling. However, driking activation of Akt signalling was observed in growing muscles of
young 3 week old IGF-1:C2 mice. This study compared signallingasedi by the C1 and C2 IGF-1 Ea
isoforms and emphasized the impact of musclevtirolt also critically galuated medically releant scenarios
where IGF-1 induced muscle hypertrgphight have keneficial effects.
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Novel regeneration in nemaline myopathy

AJ. Kee 22 J. Joya,! V. Nair-Shalliker,! M.A. Nguyen! and E.H. Hardeman,® *Muscle Development Unit,
Children’s Medical Research I nstitute, Westmead, NSW 2145, Australia, 2Faculty of Medicine, University of
Sydney, NSW 2006, Australia and 3Department of Anatomy, School of Medical Science, University of New South
Wales, Kensington, NSW 2052, Australia.

Nemaline myopath (NM) is the most common of the congenital myopathies, presenting at birth or in
early childhood as ypotonia and muscle weakness. A defining feature of this condition is the presence of
electron dense rod-shaped structures in the sarcomeres termed nemaline rods. So far six genes with NM-causir
mutations in humans tia been identified. These genes code for proteins that form the thin filament of the
sarcomered-skeletal actinB-tropomyosing-tropomyosin, . nebulin, troponin T sk and cofilin-2).

Recent gene profiling studies on nemaline patients and-ffre,  (Met9Arg) transgenic mouse model
have dhown that focal muscle repair and altered regeneration are previously unrecognised features of NM.
Affymetric oligonucleotide array analysis of muscle from a heterogeneous groupafiieusvmutations) of
patients with NM showed increasegpeession of genes associated with proliferating myoblasts and satellite
cells NCAM1 andCDK4). This was confirmed immunohistochemically using a satellite-specific and?x7,
where there ws a 10-fold increase in satellite cell abundance in the nemaline patient samples compared to
normal healtli muscle. This is consistent with data from the mouse model where markers of satellite cell
number activated satellite cells and immature fibers (M-Cadherin, MyoD, desmin, Pax7 and Myf6) were
elevated by Western-blot and immunohistochemical analysis. This study showed direct evidence of focal muscle
repair in a number of muscles from the nemaline mousggnatal regeneration with centrally-located nuclei)
by electron microscop In keeping with ongoing repaithere was an increase in the number of fibres with
centralised nuclei compared to wild-type mice. The number of central nucleated fibres was waffiet2&0)
compared to diseases characterized \®ytaegeneration (e.g. muscular dystrophies), which nxglaen wty
this feature had not been reportedvpasly for NM. A novel regeneratve process was also observed in a
previous study on this mouse model, regeneration with a velddick of centralised nuclei in response to
chronic wer-stretch.

Taken togethey these studies suggest that there is a process of ongoing focal repair in nemaline muscle.
This repair is distinct from the classical form of muscle regeneration as occurs in the muscular dystrophies
where there is myonecrosis andemsve rumbers of regenerating myofibers with centralized nuclei. The focal
repair in nemaline myopathmaybe specific to diseases of the sarcomeric thin filament and are distinct from
sarcolemmal repair in muscular dystrgph
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Acute Quadriplegic Myopathy and myosin loss in ICU patients: Underlying mechanisms,
impr oved diagnostics and a specific interention strategy

L. Larsson,}2 J. Ochala,! V. Banduseela,! A-M. Gustafsson,! P. Radell,2 L.I. Eriksson? and B. Dworkin,!
1Department of Clinical Neurophysiology, Uppsala University, Sveden, 2Dept of Anaesthesia and | ntensive
Care, Karolinska I nstitute, Sveden and 3Department of Neuroscience and Center for Development and Health
Genetics, Penn State University, Pennsylvania, U.SA. (Introduced by G.S Lynch)

Severe muscle wasting and impaired muscle function accoynpstical illness in intensie are unit
(ICU) patients with ngative mnsequences for reesy from primary disease and weaning from the respirator
While ICU outcome has traditionally focused simply on suatyimodern critical care also addresses post-ICU
complications and quality of life. 8eral recent studies shounambiguously that neuromuscular dysfunction,
resulting in muscle asting and weakness, is the most persistent and debilitating of problems fawsrsureim
the ICU for as long as twyears after hospital dischigr (Herridgeet al., 2003; Cheungt al., 2006). There is
accordingly a significant need for more research focused on the mechanisms underlying the muscle wasting ant
weakness in ICU patients. Primary disease, sepsis and maitfailure undoubtedly contribute to the impaired
muscle function, but there is heterogeneity of underlying disease and pharmacological treatment among patient:
with similar outcomes. Thus, it is highly likely that the common components of ICU tregtenesg such as
bed rest, muscle unloading, mechanicehtiation, neuromuscular block, and corticosteroids are directly
involved in the progresge impairment of muscle function during long-term ICU treatment.

Acute Quadriplegic Myopath(AQM) is considered a consequence of modern treatment in anesthesiology
and intensie are. The first ®M case report was published three decades ago by MacFarlane and Rosenthal
(1977). Patients with AQM are characterized by weakness/paralysis and preferential myosin losses in spinal
nene innenated muscles with craniofacial muscles being spared or lésseaf, and intact cognig and
sensory function. Prognosis is typically good if the patient gesvthe primary disease, but full or near full
recosery may tale as bng as 10-12 months. Beside®M, this disease has beewvayi a rumber of diferent
descriptve ftles, such as critical illness myopwgthhick filament myosin myopagh acute myopat in sevae
asthma, and myopattof intensve care. While AQM was initially thought to be a raneat, we nov know that
neuromuscular dysfunction is found in up to 30% of the general ICU population and 70-80% of certain sub-
groups. This potentially lethal condition prolongs the vegp of critical care patients, thereby increasing the
median ICU treatment costs three-fold per patieAtditional substantial costs are associated with the
subsequent extended rehabilitation requirements and drastically impaired quality of life.

The understanding of basic mechanisms underlyi@ylAn the clinical setting is popin part due to the
fact that the generalized muscle weakness is complicated by different underlying disease, polypbhgemac
gendey and collection of muscle samplesvemal weeks after admission to the ICUhere is, accordingly
compelling need forxg@erimental animal models mimicking the ICU conditions. In an attempt to mimic the
ICU condition, we hee wsed noel large (porcine) and small (rodent) experimental ICU models in time exbsolv
studies (hours to 3 weeks) in parallel with clinical studies in ICU patients. Specific interest is focused on
regulation of myofibrillar protein synthesis and degradation at the gede peotein expression at the muscle
fibre level, and regulation of muscle contraction at the single muscle fibrd.ldn addition, different methods
for improving monitoring and diagnosis are presently beiguated in the clinical studies and specific
intervention stratgies are tested in the rodent ICU model. Preliminary results demonstrate specifigypathw
controlling protein synthesis/degradation and a pes#ifect of mechanical loading on muscle structure and
function has been observed in pharmacologically paralysed limb muscles.
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