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Abstract—The dystrophin—glycoprotein complex is considered to be a major trans-sarcolemmal
structure which provides a linkage between the subsarcolemmal actin cytoskeleton and the
extracellular matrix component laminin. Recently, deficiency of the dystrophin-associated
proteins has been shown to play an important role in the molecular pathogenesis of several forms
of muscular dystrophy. These include Duchenne muscular dystrophy (DMD), symptomatic
DMD carriers, Becker muscular dystrophy and severe childhood autosomal recessive muscular
dystrophy with DMD-like phenotype prevalent in North Africa. In Fukuyama-type congenital
muscular dystrophy (FCMD), the finding of abnormal expression of the dystrophin-associated
proteins may provide a clue to its molecular pathogenesis. These recent findings indicate that the
linkage between the subsarcolemmal cytoskeleton and extracellular matrix via the dystrophin—
glycoprotein complex is critical for maintaining the integrity of muscle cell function.
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THE STRUCTURAL ORGANIZATION OF THE
DYSTROPHIN-GLYCOPROTEIN COMPLEX

In skeletal muscle, dystrophin is associated with
a large oligomeric complex of novel sarcolemmal
proteins comprised of an extracellular glyco-
protein of 156 kDa, three transmembrane glyco-
proteins of 50 kDa, 43kDa and 35kDa, a
transmembrane protein of 25 kDa and a cyto-
skeletal protein of 59 kDa [1-4]. The 156/43 kDa
dystrophin-associated glycoproteins are encoded
by a single gene and are now called dystroglycan
[4]. The 156 kDa dystroglycan binds the extra-
cellular matrix component laminin with high
affinity [4]. Dystrophin has been shown to
interact with F-actin [5, 6]. Dystrophin consti-
tutes 2% of the total sarcolemmal proteins and
5% of total sarcolemmal cytoskeletal proteins [7,
8]. These findings indicate that the dystrophin—
glycoprotein complex is a major trans-sarcolem-
mal structure which links the subsarcolemmal
actin cytoskeleton to the extracellular matrix
component laminin.
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There are several forms of muscular dystro-
phies where deficiency of the components of the
dystrophin—glycoprotein complex appears to
play an important role in their molecular
pathogenesis.

Duchenne muscular dystrophy (DMD)

DMD is caused by the absence of dystrophin
which is due to the defects in the dystrophin gene.
However, the mechanism by which the absence
of dystrophin leads to muscle cell necrosis in this
devastating disease has been unclear until
recently. The structural organization of the
dystrophin—glycoprotein complex suggested that
the absence of dystrophin may disrupt the
linkage of the dystrophin-associated proteins to
the subsarcolemmal actin cytoskeleton in DMD
skeletal muscle. This could lead to the dysfunc-
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tion of the complex and/or the loss of the
dystrophin-associated proteins in the sarco-
lemma.

Immunohistochemical and immunoblot
analyses reveal a great reduction in all the
dystrophin-associated proteins in DMD patients
of various ages and severity [9]. Based on these
results, we have proposed that the disruption of
the dystrophin—glycoprotein complex plays a
key role in the cascade of events leading to
muscle cell necrosis in DMD [9]. The absence of
dystrophin causes the disruption of the linkage
of the dystrophin-associated proteins to the
subsarcolemmal cytoskeleton, leading to a great
reduction in all of these proteins. The resulting
disruption of the linkage between the subsarco-
lemmal cytoskeleton and extracellular matrix
may lead to sarcolemmal instability and
eventually to muscle cell necrosis in DMD [9].

DMD patients lacking the C-terminal domains
of dystrophin

Dystrophin lacking the C-terminal domains of
dystrophin is expressed along the sarcolemma in
some patients with the phenotype of DMD. In
these patients, the dystrophin-associated pro-
teins are reduced to the same level as in typical
DMD patients [10]. This indicates that the
glycoprotein-binding site in the C-terminal
domains is missing {11] and this causes the loss of
the dystrophin-associated proteins in these
patients [10]. These cases suggest that the status
of the dystrophin-associated proteins may be
more directly correlated with the severity of the
phenotype than the status of dystrophin itself.

Symptomatic DMD carriers

In symptomatic DMD carriers, some of the
muscle cells are known to be deficient in
dystrophin. These muscle cells are also deficient
in the dystrophin-associated proteins [12]. Thus,
instability of the sarcolemma similar to that in
DMD may play an important role in the muscle
cell degeneration in symptomatic DMD carriers.

Becker muscular dystrophy (BM D)

In BMD patients with in-frame deletions in the
rod domain of dystrophin, there is a mild
reduction in the density of the dystrophin-
glycoprotein complex in the sarcolemma [13]. In
these patients, two important domains of
dystrophin, the actin-binding site in the N-
terminal domain and the glycoprotein-binding
site in the C-terminal domains, are presumed to

be preserved, indicating that the linkage between
the subsarcolemmal cytoskeleton and extracellu-
lar matrix is also preserved. However, dystro-
phin lacking certain regions of the rod domain
may be unstable or may not function normally,
and this may lead to the reduction in the density
of the dystrophin—glycoprotein complex in the
sarcolemma, and eventually muscle cell degener-
ation.

Severe childhood autosomal recessive muscular
dystrophy with DM D-like phenotype
(SCARMD)

SCARMD is characterized by the specific
deficiency of the 50 kDa dystrophin-associated
glycoprotein (S0DAG) in the sarcolemma [14].
Other components of the dystrophin—glyco-
protein complex are relatively well preserved,
except the 35 kDa dystrophin-associated glyco-
protein which seems to be reduced secondary to
the deficiency of the SODAG [14]. Recently
Syrian cardiomyopathic hamsters have been
shown to be deficient in the SODAG in skeletal
and cardiac muscle [15]. Although it remains to
be clarified if the same genetic abnormality is
responsible for these two conditions, this
hamster could be useful as an animal model of
SCARMD.

Fukuyama-type congenital muscular dystrophy
(FCMD)

FCMD is characterized by the combination of
a severe brain anomaly and muscular dystrophy.
In FCMD patients, abnormal expression of the
dystrophin-associated proteins can be observed:
muscle cells are frequently deficient in these
proteins, but cells may show abnormally intense
staining of the sarcolemma or diffuse cytoplas-
mic staining for these proteins [16]. However,
this abnormality is not as uniform as in the case
of SODAG-deficient SCARMD, and may vary
among different FCMD patients [16].
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