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Childhood Muscular Dystrophies Sharing a
Common Pathogenesis of Membrane Instability

Chang-Yong Tsao and Jerry R. Mendell

In the premolecular era, there were very few clues that dif-
ferent clinical and genetic forms of muscular dystrophy
shared a common pathogenesis of membrane instability.
Since the cloning of the gene for Duchenne muscular dys-
trophy (DMD) in late 1987 (1), our concepts have dramat-
ically changed. Dystrophin is the product of the DMD
locus, and we know that it is part of a complex of mem-
brane-associated proteins, the dystrophin-glycoprotein
complex (DGC), that span the muscle sarcolemma, provid-
ing linkage between the intracellular cytoskeleton and the
extracellular matrix (2-4). In relation to human muscular
dystrophies, it is useful to consider the constituents of
the DGC: dystrophin, dystroglycans, and sarcoglycans.
Laminin-2, a trilaminar molecular complex in the basal
lamina, serves as the extracellular anchor for the DGC
(5-7). The syntrophins represent another group of proteins
bound to the DGC. They are composed of three isoforms,
ol, B1, and B2, each the product of individual genes (8).
Syntrophins are thought to function as modular adapters
for recruitment of signaling proteins to the membrane.
Their role in the pathogenesis of muscular dystrophy
remains to be defined (9,10). This chapter reviews essen-
tial aspects of childhood muscular dystrophies that share a
common pathogenesis of membrane instability.

DYSTROPHIN-GLYCOPROTEIN COMPLEX

Dystrophin is a large protein molecule of molecular
weight 427 kDa, localized to the cytoplasmic face of the
skeletal muscle membrane in a subsarcolemmal loca-
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tion. The dystrophin domains include the amino termi-
nus, the rod domain composed of 24-helical repeats, and
a carboxy terminus (1). At the amino terminus, dys-
trophin is bound to the cytoskeletal protein, f-actin. The
carboxy terminus includes a binding-site for the syn-
trophins, but more importantly its cysteine-rich region
serves as a ligand to the dystroglycans. o/B-Dystrogly-
can is encoded by a single gene on chromosome 3p21
(1-4). Two proteins are proteolytically cleaved and
undergo posttranslational modification. B-Dystroglycan
serves as the ligand for the cysteine-rich region of dys-
trophin. o-Dystroglycan serves as the ligand for
laminin-2 in the basal lamina. Thus, the dystroglycans
establish a bridge across the membrane from the
cytoskeleton and dystrophin to laminin-2 in the extra-
cellular matrix.

The sarcoglycan subcomplex is an integral part of the
DGC, composed of at least four transmembrane con-
stituents: o-sarcoglycan (50 kDa, formerly called
adhalin), B-sarcoglycan, A-sarcoglycan, and d-sarcogly-
can (1-4). The precise relationship between the sarcogly-
cans and dystroglycans is not well established, but trans-
genic mice deleted for certain domains of dystrophin
demonstrate that the sarcoglycan complex binds dys-
trophin via dystroglycan (8).

Laminins are ubiquitous integral constituents of the
basal lamina of all tissues; laminins in skeletal muscle are
designated laminin-2 (5-7). Laminin-2, as already noted,
bears an integral relationship to the DGC but is consid-
ered to be a separate component (2-4,8). Its het-
erotrimeric molecular structure is arranged in the shape
of a cross with one heavy o chain and two light chains, 3
and A. Originally called merosin, the laminin heavy chain
of skeletal muscle and Schwann cells is designated
laminin 0:2. The gene for laminin 2 chain maps to chro-
mosome 6g22-23 (11).
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UNIFYING HYPOTHESIS OF MEMBRANE
INSTABILITY

There is general agreement that the DGC confers sta-
bility to the muscle membrane (12). In DMD and the
other muscular dystrophies, the serum CK elevation is
usually seen at the time of birth and persists throughout
life. Studies in DMD indicate that dystrophin deficiency
disrupts the membrane localization for the dystrogly-
cans and sarcoglycans. The same is true when the sarco-
glycans are deficient, particularly o-sarcoglycan, where
deficiency disrupts the integrity of localization for
many components of the DGC. A strong argument
favoring an integrated function of these proteins is the
clinical picture of overlapping phenotypes as seen in the
dystrophinopathy DMD and Becker muscular dystrophy
(BMD), the sarcoglycanopathy limb girdle muscular
dystrophy (LGMD), and the lamininopathy congenital
muscular dystrophy, as presented. These findings sup-
port a unifying pathogenic concept for these muscular
dystrophies as follows: Membrane tears from weaken-
ing of the sarcolemma cause excess calcium leak into
the muscle fiber, initiating a cascade of events leading
to muscle fiber necrosis. A combination of observations
justifies the hypothesis that the disorders affecting
structural proteins of the DGC and related proteins all
have associated membrane instability leading to muscle
fiber breakdown. The muscular dystrophy phenotype is
the final outcome.

DYSTROPHINOPATHIES
Clinical Features

The features of DMD and BMD have been well
described (13,14). Clinical symptoms of DMD are
unusual in the neonatal period. Occasional patients, espe-
cially those with mental retardation, may exhibit delayed
motor milestones. In most cases the disease becomes
clinically apparent between ages 2 and 3 years. The con-
dition shows relentless progression, with weakness and
wasting more profoundly affecting the proximal lower
extremity muscles. As the disease progresses, contrac-
tures develop that limit function, especially at the ankles
and hips. Scoliosis is common after wheelchair confine-
ment, which typically occurs about age 12. Most patients
die of complications of respiratory insufficiency at about
age 20 or slightly thereafter.

Cardiac involvement is a consistent part of DMD (15).
The heart demonstrates fibrosis in the posterobasal por-
tion of the left ventricular wall. The right ventricular sep-
tum and the right ventricular and atrial myocardium have
much less involvement. Degenerative changes affecting
the conduction system are infrequent. Despite known car-
diac disease, most Duchenne patients remain surprisingly
free of cardiovascular symptoms. Congestive heart fail-

ure and cardiac arrhythmias usually occur only in the late
stages and especially during times of stress from inter-
current infections. Rarely, however, DMD patients have
overt signs of congestive heart failure and, in fact, may
die of cardiac failure with relative sparing of respiratory
muscle function.

Clinical and pathologic involvement of smooth mus-
cle of the gastrointestinal tract, although frequently
overlooked, can be an important manifestation (16). A
syndrome of acute gastric dilatation, also referred to as
intestinal pseudo-obstruction, leads to sudden vomiting,
abdominal pain and distention, and possibly death if
untreated (16). Patients dying of this syndrome show
degeneration of the outer longitudinal smooth muscle
layer of the stomach; other regions of the gastrointesti-
nal tract can be affected, causing symptoms such as
severe constipation.

The average intelligence quotient falls approximately |
standard deviation below the mean (17). The impairment
of intellectual function appears to be nonprogressive and
affects the verbal ability more than performance. The
neuropathologic correlate for mental retardation in DMD
has not been established.

In BMD, the pattern of muscle wasting closely resem-
bles that seen in DMD. The natural history of the illness
permits distinction between the two disorders. Most
Becker patients experience difficulties between ages 5
and 15 years, although onset in the third to fourth decade
or even later can occur. By definition, Becker patients
ambulate beyond age 15, allowing clinical distinction
from Duchenne dystrophy. Becker patients have a
reduced life expectancy, but most patients survive at least
into the fourth or fifth decade.

The preceding discussion implies a clear distinction
between Duchenne and Becker patients, but a great het-
erogeneity of clinical presentation and course of illness can
be recognized, emphasizing a continuous spectrum ranging
from very severe to very mild (14). A well-recognized sub-
group of patients with an intermediate course are referred
to as outliers or the intermediate-form of dystrophinopathy.
These patients can be recognized usually by age 3 years
because of relative preservation of antigravity neck flexor
muscle strength, whereas Duchenne patients lack this abil-
ity throughout their entire life. Patients with an intermedi-
ate phenotype retain the ability to climb stairs and walk
after age 12 years but not beyond age 15 (18).

Other phenotypes of dystrophin deficiency have been
recognized, adding to the clinical heterogeneity of the
dystrophinopathies. A disorder of myalgia and myoglo-
binuria without persistent weakness has been described
(19), and even a cardiomyopathy with few or absent
skeletal muscle signs can occur (20). Perhaps the future
will hold observations, indicating a selective deficiency
of the brain dystrophin isoforms accounting for certain
types of mental retardation.






