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During the past decade, advances in molecular genetics
have revealed the cause of the most common forms of
hereditary myopathies, including Duchenne and Becker
muscular dystrophy (DMD and BMD) and myotonic dys-
trophy. Similar studies are being conducted for other
forms of muscular dystrophy, and rapid progress is to be
expected in our understanding of the pathogenesis of
these disorders. Concomitant advances in muscle mor-
phology have been applied to the investigation of muscle
biopsies. This has led to important observations of the
cellular localization of normal and mutated gene prod-
ucts, contributed to a better understanding of the patho-
genesis of muscle cell dysfunction, and provided new
approaches for the diagnosis of muscular dystrophy.

This chapter is a signpost for the new directions that
have been taken in the evaluation of muscle pathology,
emphasizing the application of immunologic probes for
the diagnosis of muscular dystrophy. The metabolic
disorders, including the mitochondrial myopathies and
distal myopathies, inflammatory myopathies, and other
acquired myopathies, are discussed in Chapters 9, 10,
and 12 of this book.

MUSCULAR DYSTROPHIES

The muscular dystrophies comprise a group of heredi-
tary myopathies characterized by progressive muscle
weakness and wasting. The muscle pathology shows signs
of degeneration, regenerative changes, and proliferation
of connective tissue but no distinctive morphologic
abnormalities.
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Duchenne Muscular Dystrophy

DMD is the most common childhood dystrophy, affect-
ing approximately 1 male in 3,500. It is inherited as an X-
linked recessive trait, and about one third of cases are due
to new mutations (1). It begins in early childhood, usually
before the age of 4 years. Muscle biopsy shows various
degrees of the following changes, depending on the stage
of the disease: increased variation in fiber size, large hyper-
contracted fibers, focal areas of degenerating and regener-
ating fibers, increased numbers of internal nuclei, and
infiltration of fat and connective tissue. The diagnosis is
based on clinical features, muscle biopsy, analysis of serum
creatine kinase (CK) levels, and evidence of a mutation in
the DMD gene, which can be based either on the analysis
of DNA or the gene product, dystrophin. Mutations in the
DMD gene cause a shift in the translational reading frame
of the dystrophin messanger RNA, a nonsense mutation,
and therefore a failure of protein synthesis (2).

Dystrophin is a large (427 kDa) cytoskeletal protein
localized to the plasma membrane of the muscle fibers.
The protein is tightly associated through its cysteine-rich
and C-terminal domains to a large group of dystrophin-
associated proteins. These proteins have been divided into
three complexes: dystroglycan, syntrophin, and sarcogly-
can complexes. The dystroglycan complex consists of o
dystroglycan and B-dystroglycan. The syntrophin complex
consists of ou-syntrophin and [;-syntrophin. The sarcogly-
can complex consists of at least four proteins: o-sarcogly-
can, B-sarcoglycan, d-sarcoglycan, and t-sarcoglycan. In
muscle fibers, interactions between cytoskeletal actin fila-
ments and dystrophin and between o-dystroglycan and the
0-chain of laminin have been identified, suggesting that
one function of the dystrophin-glycoprotein complex is to
provide a link between the cytoskeleton and the extracellu-
lar matrix (2-5). Also, it should be noted that mutations in
at least five components of the dystrophin-based mem-
brane cytoskeleton (dystrophin, o-sarcoglycan, B-sarco-
glycan, t-sarcoglycan, and 3-sarcoglycan) each cause an
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inherited muscular dystrophy with very similar histopatho-
logic features (6).

DNA analysis detects about 65% of patients with
DMD, whereas immunologic analysis of the protein
allows the detection of all patients. Immunohistochem-
istry of frozen muscle sections using antibodies against
dystrophin shows no staining in DMD patients, whereas
in sections of normal muscle, dystrophin is localized at
the sarcolemma (Fig. 1). Similarly, immunoblot analysis
of muscle extracts shows a severe defect of dystrophin
with concentrations less than 3% of normal (Fig. 1).

Because of the lack of specific therapy, female carriers
must be detected to prevent new occurrences. Identifica-
tion of some, but not all, carriers can be achieved by
direct DNA analysis, the analysis of polymorphic DNA
sequences linked to the DMD gene, or dystrophin
immunohistochemistry of muscle biopsies (7). Prenatal
diagnosis is carried out by direct DNA analysis of amnio-
cytes or chorionic villi.

Becker Muscular Dystrophy

This is an allelic form of DMD that is about ten times
less common than DMD. The clinical manifestations and
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distribution of weakness are similar to those of DMD, but
the onset is usually after age 5 years. Most patients are still
able to walk beyond the age of 12 years. As in DMD, the
serum CK concentration is greatly increased even before
weakness becomes manifest. Muscle biopsy shows fiber
splitting, occasional hypercontracted fibers, segmental
myonecrosis, and proliferartion of connective tissue.

BMD is due to mutations in the dystrophin gene, but
mutations in this disorder do not cause a frame-shift of
the coding sequence. The result is synthesis of shorter
dystrophin molecules, which may be only partially func-
tional and more susceptible to degradation (5). In agree-
ment with these molecular defects, the immunohisto-
chemical stain for dystrophin in muscle biopsies is
present but shows low intensity and appears discontinu-
ous (Fig. 1). Immunoblot shows qualitative and quantita-
tive alterations of the protein with dystrophin molecules
that are smaller than normal (Fig. 1).

Familial X-linked Myalgia and Cramps

This disorder is considered a variant or milder form of
BMD. Onset varies, and the cramps, which are usually
exercise induced, may begin in early childhood or adoles-

FIG. 1. Dystrophin analysis in Du-
chenne/Becker muscular dystophies
(DMD/BMD). Top, left: Western blot
containing a sample from a normal
control (N), two brothers with BMD (B1
and B2), and samples from two broth-
ers with DMD (D7 and D2). The control
shows a normal dystrophin (Dys.); the
protein is absent in the brothers with
DMD, and in the brothers with BMD a
mutated protein is seen migrating at a
lower position. The corresponding im-
munostains on frozen sections show a
normal pattern in the control (N, top
right), low intensity immunostain in the
brothers with BMD (B71 and B2, mid-
dle), and a markedly reduced immuno-
reaction in the DMD brothers (D7 and
D2, bottom). x110.






