Neurogenetics Article

Recent Advances in Genetic Muscle Disease —
Possible New Treatments in Muscular Dystrophy

uscular dystrophies are amongst the most
l \ / I important genetic muscle diseases and patients
frequently come under the care of a neurologist.
Younger onset muscular dystrophies often result in signif-
icant disability and cardiorespiratory complications may
be fatal. In the last few years there have been significant
advances in the area of gene discovery in muscular dystro-
phy and this has aided diagnosis. Recent research is now
moving from gene discovery to molecular therapy and
here we have focussed on new gene intervention treat-
ments and new treatments to promote muscle regenera-
tion. Important phase I/II trials in these areas are either in
progress or starting.

Diagnosis

For many neuromuscular diseases diagnosis is based on a
combination of clinical features and careful evaluation,
including EMG, muscle biopsy and, increasingly, gene
testing. Standard light microscopy of a biopsy for diagno-
sis in muscular dystrophy is now inadequate and careful
immunohistochemical evaluation using a range of specif-
ic antibodies is mandatory to advance to a precise genetic
diagnosis - especially in the limb girdle muscular dystro-
phies. The discovery of causative genes in this group of
muscular disorders has led to more accurate diagnosis,
clinical management and genetic counselling' (Tables 1
and 2). The recognition of important phenotype-geno-
type relationships allows selection of patients at risk of
cardiorespiratory complications, facilitating early inter-
vention which prolongs life. An accurate genetic diagnosis
can enable prenatal diagnosis in carefully selected cases.

New treatment trials in muscular dystrophy

- Gene therapy and satellite cell stimulation
Recently two new treatment approaches for muscular dys-
trophy have reached the stage of phase I/II clinical trials.
The first group are new gene therapy approaches in
Duchenne muscular dystrophy and the second is the
modulating of muscle myostatin levels.

Several gene therapy approaches have been developed
in Duchenne muscular dystrophy (DMD); these include
exon skipping, transfection of truncated dystrophin mini-
genes using viral vectors and “read through” of premature
stop codons by small molecules that suppress stop
codons. Recognition of myostatin as an inhibitor of mus-
cle growth has led to the development of myostatin anti-
bodies that knock down myostatin production in muscle.
There is much interest in the potential of myostatin sup-

pression as a treatment in a range of genetic muscle dis-
eases including muscular dystrophy.

Duchenne muscular dystrophy

Duchenne muscular dystrophy (DMD) is the commonest
muscular dystrophy, affecting 1 in 3 500 live male births.”
It is an X-linked recessive disorder due to mutations in the
dystrophin gene that encode the subsarcolemmal protein
dystrophin leading to a lack of dystrophin expression in
skeletal and cardiac muscle. It is a progressive muscle
wasting disease and death usually occurs in the third
decade from respiratory or cardiac muscle involvement.
Animal models which also lack dystrophin expression due
to premature stop codons in the dystrophin gene have
been used extensively to research this disease. The mdx
mouse, although having an almost total lack of dys-
trophin, has a milder phenotype than that seen in
humans, with an almost normal life span.” Thus some
caution has to be used when considering how results of
trials in mice may relate to human disease. For this reason
the mdx dog is often used in treatment trials as its pheno-
type is much closer to that seen in boys, with a reduced
lifespan resulting from cardiac or respiratory involve-
ment. Furthermore, the muscle mass of the dog is more
comparable to that of a child with DMD.?

Exon skipping

Mutations of the dystrophin gene in DMD often disrupt
the reading frame, resulting in no production of the key
membrane structural protein dystrophin. In contrast
mutations in the dystrophin gene found in the milder
Becker Muscular Dystrophy (BMD) typically do not dis-
rupt the reading frame and there is some production of a
semi-functional dystrophin protein, hence the milder
phenotype.’ The recognition that a significantly truncated
dystrophin gene could still produce a functional protein
led to the concept of skipping mutated exons in DMD as
a therapeutic strategy. In the last few years morpholino
anti-sense oligonucleotides have been developed in DMD
to do just this with resultant restoration of the reading
frame and increased production of dystrophin.
Intramuscular delivery of such oligonucleotides in experi-
ments with the mdx mouse model of DMD confirmed a
transient local production of the dystrophin protein with
no significant immune response.” More recently, systemic
delivery to the mdx mouse has produced dystrophin
expression in all skeletal muscles with functional improve-
ment, although expression was not uniformly seen.® To

Table 1: The Dominantly Inherited Limb Girdle Muscular Dystrophies

LGMD Chromosome Gene Protein Additional Clinical Features
TA 5q22-g34 Myotilin Myotilin Dysarthria
Cardiomyopathy
1B 1q11-g21 Laminin A/C* Laminin A/C Cardiomyopathy
1C 3p25 Caveolin-3 Caveolin-3 Calf Hypertrophy
Rippling muscle disease
1D 6G23 Unknown Unknown Cardiac arrhythmias and cardiomyopathy
1E 7q Unknown Unknown Dysphagia
No associated systemic features
* Mutations in the Laminin A/C gene are also known to cause Emery-Dreifuss Muscular Dystrophy Type 2, Familial Partial
Lipodystrophy and peripheral neuropathy.
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