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the distal myopathy of Miyoshi appears to map to chro-
mosome 2p in the same region as LGMD2B (77-79).
Further, in some families, affected members can have
either an LGMD-phenotype or a distal myopathy/pheno-
type. In contrast to dystrophinopathies, mentation is
spared in the LGMDs. There appear to be few exceptions
to this so far (68-70).

Several points should be made regarding patients with
LGMD and cardiomyopathy. In AR LGMD, including
deficiency of sarcoglycans, CAPN3, and B-dystroglycan,
cardiomyopathy is unusual. At best, nonspecific T-wave
changes may be seen. One exception has been reported
in a patient with a Becker-like phenotype and a severe
cardiomyopathy who underwent successful orthotopic
heart transplant (71,72). Dystrophin was normal but both
o- and B-sarcoglycans were deficient in the skeletal and
cardiac muscle. Specific mutations were not reported in
any skeletal muscle proteins so the primary defect
remains unknown. Since this report, d-sarcoglycan has
been identified as the primary missing component of the
DGC in the cardiomyopathic hamster, so suggesting that
this patient and others may harbor a mutation in the -
sarcoglycan gene similar to the hamster (80).

In the AD LGMD, only LGMDI1B maps to chromo-
some 1ql1-21 and is associated with a cardiomyopathy
(57,58). In 62.5% of affected patients, cardiac conduc-
tion system disturbances occur at about age 50 years.
Because of atrioventricular conduction system distur-
bances, patients present with bradycardia and syncopal
attacks necessitating pacemaker implantation. Sudden
death may occur. The neuromuscular symptoms precede
cardiac involvement in nearly every instance.

Laboratory Features

The serum CK is elevated 2- to 350-fold above nor-
mal in patients with recessive inheritance and from nor-
mal to 6-fold increases in dominantly inherited LGMD.
Myopathic electromyograms and muscle biopsy fea-
tures with nonspecific myopathic or dystrophic changes
are characteristic.

A specific diagnosis can be established for o- and -
sarcoglycan deficiency using commercially available
antibodies on muscle biopsy sections. Western blot analy-
sis can also be done and represents a better method to
quantitate the amount of deficient protein. Antibodies to
other sarcoglycan proteins (B and ) are not available on
a widespread basis. Antibody to CAPN3 is also not gen-
erally available except by contacting the authors of previ-
ous publications (60-62).

Genetics

The LGMDs are inherited as AD (LGMDIA and 1B) or
AR (LGMD2A-F) disorders. The chromosomal linkage

and specific gene defect, if known, are listed in Table 1.
B-Dystroglycan deficiency awaits further confirmation
before being assigned a specific number (76).

It was predicted from the initial discovery of the DGC
that defects in other membrane proteins would account
for some forms of muscular dystrophy. This prophecy
has been more than fulfilled, as exemplified by LGMDs
with defects in the sarcoglycans (o, B, A, ) (67-75). o
Sarcoglycan deficiency is the most common of these
disorders. A wide range of gene mutations has been
found for each of these proteins: more than 40 muta-
tions of the o-sarcoglycan gene have been found; [-
sarcoglycan deficiency, 6 mutations; A-sarcoglycan
deficiency, 8 mutations; &-sarcoglycan deficiency, 8
mutations. These numbers can be expected to change as
new mutations are found.

The molecular defect in LGMD2A reveals a defect
independent of the membrane-associated proteins
(59-62). CAPN3 is a muscle-specific calcium-activated
neutral protease. The disorder was first recognized in
patients residing in a community living on Reunion
Island in the Indian Ocean and in families in Brazil and
in Amish patients of northern Indiana (59). Additional
families were found in the French metropolitan area of
Bern, Switzerland (60-62). CAPN3 deficiency is
unique thus far among these dystrophic conditions
because the disease is caused by mutations of a gene
encoding for an enzyme rather than a structural protein.
Over 40 mutations of the CAPN3 gene have been
described (61).

Molecular Pathogenesis of the Sarcoglycanopathies
and Calpainopathies

Absent, deficient, or altered sarcoglycans can severely
effect the membrane localization of the other sarcogly-
cans and the constituents of the DGC. a-Sarcoglycan
deficiency appears to have the most profound effect on
other components of the sarcoglycan complex (81). The
net result of deficiency is membrane instability. Repeated
tears in the sarcolemma cause leakage of CK into the
serum. More importantly, calcium enters through the
membrane tears, resulting in a cascade of events leading
to muscle fiber necrosis. Over time, the regenerative
capacity of the muscle cannot keep up with the loss of
muscle fibers, leading to replacement by fat and connec-
tive tissue. This is the essence of the dystrophic process,
simulating the pathogenic events in DMDs and BMDs.

The disease pathogenesis resulting from loss of
CAPN3 is poorly understood. How the loss of enzyme
function causes muscle fiber breakdown remains baf-
fling. There is no evidence for accumulation of toxic
products as might be anticipated in an enzyme-deficient
state. One hypothesis suggests that CAPN3 may be
important in signal transduction (62).
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Treatment

Only supportive treatment is available for LGMD
patients. Children can benefit from long leg braces. Use
of a wheelchair for shopping or recreational activities
will help preserve vital energy. In patients with life-
threatening cardiomyopathy, pacemaker implantation
(58) or heart transplantation (82) are life-saving.

CONGENITAL MUSCULAR DYSTROPHIES
Laminin o2 Chain Deficiency

The congenital muscular dystrophies represent a het-
erogeneous and confusing group of diseases (Table 2).
Laminin 02, formerly merosin, is the heavy chain com-
ponent of the heterotrimeric laminin-2 complex (5-7).
Laminin 2 chain deficiency is a very unique variant of
infantile congenital muscular dystrophy (83-86).

Clinical Features

The disease usually comes to attention at birth or in the
first few months of life because of hypotonia, delayed
motor milestones, and joint contractures affecting elbows,
hips, knees, and ankles. Severe contractures at birth are
referred to as arthrogryposis multiplex congenita. Congen-
ital hip dislocation may be seen in occasional patients. The
loss of strength involves proximal more than distal mus-
cles, and facial muscle weakness may be present; other cra-
nial nerve musculature is spared. Some patients have a
mild peripheral neuropathy manifesting as mild sensory
loss or decreased reflexes (87). The severity of the disease
varies greatly. Approximately one half remain severely dis-
abled, never achieving the ability to stand independently.
Rarely, patients die of respiratory insufficiency during the
first few years of life. In contrast, some patients do not
exhibit severe contractures and will learn to walk, although
difficulty in running and stair climbing persist. It may be
difficult to distinguish some of these patients from either
the dystrophinopathies or sarcoglycanopathies.

One distinguishing feature of congenital muscular dys-
trophy with laminin o2 chain deficiency is the cerebral

white matter hypomyelination recognized by computed
tomography or magnetic resonance imaging (83-86). The
low-density areas may be diffuse and symmetric or focal;
the hypodensity may diminish or disappear with time,
suggesting a delay in myelination. Cortical dysplasia and
polymicrogyria, in addition to white matter changes, are
seen in some patients (85,86). Most patients have no
intellectual impairment. Occasional patients exhibit
epilepsy or rarely mental retardation (85,86).

Laboratory Features

The serum CK 1is variably elevated in this disorder. It
tends to rise early in the course, especially in the postna-
tal period where values are six- to sevenfold above nor-
mal. Late in the course, the CK may range from normal
to fourfold.

Muscle biopsy shows the nonspecific features of a dys-
trophic process with fiber size variability, scattered
hypercontracted fibers, and occasional necrotic muscle
fibers. Endomysial connective tissue proliferation and fat
replacement for lost muscle fibers would be typical. A
specific diagnosis of laminin o2 chain deficiency can be
made by immunohistochemical studies demonstrating
absence of staining surrounding each muscle fiber (83).
Presently, only a commercial antibody to the carboxy ter-
minal of laminin o2 chain is available, making it very dif-
ficult to diagnose partial deficiency states that require an
additional antibody that recognizes defects in the mid or
amino terminal regions of the protein (88).

Skin biopsy represents an important alternative to
muscle biopsy for diagnosis of laminin o2 chain defi-
ciency. This basal lamina protein is also found in the skin,
and therefore a less invasive procedure can be offered for
diagnosis. A punch biopsy of the skin can show absence
of laminin o2 deficiency and suffice for diagnosis (89).

The computed tomography or magnetic resonance
imaging can be a valuable adjunctive laboratory study
because the finding of hypomyelination in the setting of
muscular dystrophy with no signs or at best subtle signs
of central nervous system disease is highly indicative of
laminin 02 chain deficiency.

TABLE 2. Congenital muscular dystrophies

La a2D FCMD WWS MEB
Inheritance AR AR AR AR
Chromosomal localization 6g22-23 9q31-33 Unknown Unknown
CWM hypomyelination Yes Yes Yes Sometimes
Cortical dysplasia Rare Yes Yes Yes
Mental retardation Rare Yes Yes Yes |
Eye abnormalities No Mild Severe Severe
400 kDa laminin-o.2 reduction Mild—severe Mild No Mild

AR, autosomal recessive; CWM, cerebral white matter; La a2D, laminin o2 chain deficiency; FCMD, Fukuyama congenital
muscular dystrophy; WWS, Walker-Warburg syndrome; MEB, muscle-eye-brain disease.






