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Introduction

Congenital muscular dystrophies (CMDs) are a heteroge-
neous group of neuromuscular disorders characterized by
muscular dystrophy and are further divided according to
different degrees of central nervous system involvement
(Banker 1994). In this group is included classic or pure
CMD (OMIM 156225), Fukuyama CMD (OMIM 253800),
α7 integrin congenital myopathy (OMIM 600536), rigid
spin CMD (OMIM 602771), and muscle-eye-brain disease
(OMIM 253280). The classic form of CMD without mental
deficiency presents muscle weakness with hypotonia and
weakness at birth or within the first few months of life
(Tome et al. 1994). Levels of serum creatine kinase (CK)
are normal or moderately raised. Although intelligence
remains normal, magnetic resonance imaging (MRI) of
the brain shows white matter changes (Tome et al. 1994;
Dubowitz 1994). Deficient expression of the laminin α2
chain has been identified in approximately 50% of cases
with classical CMD (Sewry et al. 1995). Laminin α2 CMD,
also known as merosin-deficient CMD (MDC1A),
shows autosomal recessive inheritance (Tome et al. 1994);
the locus of the gene (LAMA2) was located by linkage
analysis on 6q2 (Hillarie et al. 1994; Naom et al. 1997)
and is composed of 64 exons (Zhang et al. 1996). Partici-
pation of LAMA2 in CMD was also determined by
identification of mutations in the gene in some patients
(Helbling-Leclerc et al. 1995; Pegoraro et al. 1996;
Guicheney et al. 1998).

It has been observed that the severe phenotype is
caused by mutations that drastically affect the expression of
LAMA2 or the structure of the protein (Nissinen et al. 1996;
Pegoraro et al. 1996; Guichenney et al. 1998; Pegoraro
et al. 1998). On the other hand, a wide range of milder
phenotypes in CMD patients are caused by partial merosin
deficiency, which can be produced by an in-frame dele-
tion in LAMA2 (Allamand et al. 1997), or mutations
that permit production of a partially functional protein or
a reduced amount of normal protein (Naom et al. 1998,
2000).
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Abstract The congenital muscular dystrophies (CMDs) are
a heterogeneous group of autosomal recessive disorders.
Approximately one half of cases diagnosed with classic
CMD show primary deficiency of the laminin α2 chain of
merosin. Complete absence of this protein is usually associ-
ated with a severe phenotype characterized by drastic
muscle weakness and characteristic changes in white matter
in cerebral magnetic resonance imaging (MRI). Here we
report an 8-month-old Mexican female infant, from a con-
sanguineous family, with classical CMD. Serum creatine
kinase was elevated, muscle biopsy showed dystrophic
changes, and there were abnormalities in brain MRI.
Immunofluorescence analysis demonstrated the complete
absence of laminin α2. In contrast, expression of α-, �-, γ-,
and δ-sarcoglycans and dystrophin, all components of the
dystrophin–glycoprotein complex, appeared normal. A
homozygous C ➝ T substitution at position 7781 that
generated a stop codon in the G domain of the protein
was identified by mutation analysis of the laminin α2 gene
(LAMA2). Sequence analysis on available DNA samples of
the family showed that parents and other relatives were
carriers of the mutation.
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In this study, we report a homozygous new mutation in
a sibling from a consanguineous Mexican family. The
mutation, located on exon 54, corresponds to a substitution
(C7781T) that produces a stop codon (Arg2578Stop) and
therefore absence of the protein, which may eliminate one
half of the globular domain, avoiding the linkage between
merosin and the dystrophin–glycoprotein complex. Ab-
sence of the protein induces a severe CMD phenotype.

Patient and methods

Patient

The patient was admitted to the Hospital de Pediatria,
Centro Medico Nacional Siglo XXI-IMSS when she was 8
months of age. This Mexican infant was the second child of
healthy consanguineous parents (Fig. 1A). From the first
month of life, the patient was hypotonic with poor intake,
irritability, reduced spontaneous movements, and poor suc-
tion. Physical examination showed markedly generalized
muscle weakness in limb-girdle muscles; contractures of
elbows, wrists, knees, and ankles; and bilateral talipes
equinovarus. Upper and lower extremities were hyper-
trophic. Serum CK concentration was 2897U/l and lactate
dehydrogenase was 454U/l. An MRI scan of the cerebral
hemispheres and brainstem with a low signal intensity in T1-

weighted images and a high signal intensity in T2-weighted
images showed a myelinization pattern that corresponded to
the age of 3 months (Fig. 2). There were areas of periven-
tricular hyperintensity that corresponded to areas of demy-
elinization. A muscle biopsy specimen depicted diffuse
atrophy of fibers with scarce, small rounded muscle fibers
that alternated with several hypertrophic muscle fibers.

Fig. 1. A Pedigree of the consan-
guineous family affected with
congenital muscular dystrophy.
Arrow and filled ellipse indicate
index case; ellipses and boxes with
center dot represent carriers of
mutation. B Automated partial
nucleotide sequence of LAMA2
exon 54. The patient (right panel)
has a C ➝ T substitution at posi-
tion 7781, which changes arginine
to a stop codon (R2578X). The
parents (IV-1, IV-2) and other
relatives (II-1, II-4, and IV-3)
were C/T heterozygous (middle
panel). Individual III-1 was not
analyzed but is an obligate carrier

Fig. 2. Cerebral magnetic resonance imaging scan (T2-weighted
image) of the patient. The transversal images show patchy areas
of T2 hyperintensity of white matter
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Immunofluorescence analysis

Skeletal muscle biopsies from patient and control quadri-
ceps were frozen rapidly in liquid nitrogen–isopentane.
Seven-micrometer muscle cryosections were blocked with
5% bovine serum albumin in phosphate-buffered solution
(PBS) for 1h, and were then incubated with distinct primary
antibodies for 3h. After several washes with PBS, sections
were incubated with Cy3-secondary antibody (goat anti-
mouse, Jackson ImmunoResearch, WestGrove, PA, USA)
(1 :250) for 1h. After rinsing with PBS, sections were
mounted on Vectashield (Vector, Burlingame, CA, USA)
and observed under an Olympus BX60 fluorescence
microscope.

Antibodies

Mouse monoclonal antibodies were used against α-
sarcoglycan (1 :200) (NCL-a-SARC, Novocastra, Benton
Lane, Newcastle, UK), �-sarcoglycan (1 : 200) (NCL-b-
SARC, Novocastra), γ-sarcoglycan (1 :200) (NCL-g-SARC,
Novocastra), δ-sarcoglycan (1 :200) (NCL-d-SARC,
Novocastra), dystrophin N-terminus (1 :200) (NCL-DYS3,
Novocastra), dystrophin C-terminus (1 : 200) (NCL-DYS2,
Novocastra), and laminin α2 chain (1 : 1000) (NCL-
MEROSIN, Novocastra).

Molecular analysis of LAMA2

Genomic DNA was extracted from peripheral blood lym-
phocytes as described by Kempter (1992). Polymerase chain
reaction (PCR) amplification of LAMA2 64 exons was car-
ried out using primers and PCR touchdown conditions de-
signed by Guicheney et al. (1998). Each amplification was
performed using 100ng of genomic DNA in a 25-µl reac-
tion. PCR products were analyzed on 2% agarose electro-
phoresis gel and purified by Rapid Gel Extraction System
(Marligen Bioscience, Ijamsville, MD, USA). Purified prod-
ucts were sequenced using a Big Dye kit (Applied

Biosystems, Foster City, CA, USA), an Applied Biosystems
Automated Sequencer 3700, and the same primers as for
PCR amplification.

Results

The patient was born into a consanguineous family in a
small Mexican town and all clinical characteristics pointed
to a diagnosis of classical CMD. Furthermore, hema-
toxilin :eosin staining of muscle sections of the child showed
histopatology compatible with dystrophic changes charac-
terized by fibrotic tissue, increase of fatic connective tis-
sue, and few small surviving fibers (data not shown). To
explore the possibility of merosin-deficient CMD (Tome
et al. 1994), we analyzed cryosections of muscle biopsy
by immunofluorescence using monoclonal antibody (see
“Patient and Methods”) directed against laminin α2.
Immunostaining demonstrated a total absence of protein on
the surface of the patient’s muscle fibers (Fig. 3). In con-
trast, although there were very few small muscle fibers, it
was possible to observed expression of all sarcoglycans
(α-, �-, γ-, and δ-) and dystrophin (Fig. 3).

All clinical features and protein expression results on the
patient’s muscle prompted us to analyze the laminin α2
gene. Each 64 exons of the gene were amplified by touch-
down PCR (Guicheney et al. 1998) and a sequence of DNA
products was obtained by automated sequencing. The
nucleotide sequence of exon 54 in the patient’s DNA re-
vealed the presence of homozygous new point mutations at
nucleotide position 7781 (Fig. 1B). The mutation was a C ➝
T transition that caused replacement of an arginine residue
with a stop codon at amino acid position 2578 (R2578X).

To determine the presence of the mutation in other fam-
ily members, we obtained an exon 54 nucleotide sequence
of individuals II-1, II-4, IV-1, IV-2, and IV-3 (Fig. 1A,B).
The patient’s parents, obligate carriers, were heterozygous
for the nonsense mutation, in addition to individuals II-1,
II-4, and IV-1. Nevertheless, it was not possible to study

Fig. 3. Immunocytochemical an-
alysis of normal and patient mu-
scle. Skeletal muscle cryosections
were stained with monoclonal
antibodies against α-, �-, γ-, and
δ-sarcoglycan (SG), dystrophin
C-terminus (DYS), and laminin
α2 as described in “Patient and
Methods”. Laminin α2 protein
was absent on the surface of the
patient’s skeletal muscle fibers
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other family members; thus, the carrier state of individual
III-1 was inferred by the segregation pattern of the
mutation.

Discussion

The first studies on laminin α2 deficiency CMD reported
patients with a similar phenotype (Tome et al. 1994;
Helbling-Leclerc et al. 1995; Dubowitz 1996) characterized
by the presence of muscle weakness and hypotonia, a
severe clinical course with inability to achieve independent
ambulation, and abnormal white matter signal by MRI
(Tome et al. 1994). In recent years, there have been several
reports showing variability in the clinical phenotype associ-
ated with laminin α2 deficiency. In these cases, patients less
severely affected presented a clinical course characterized
by late-onset muscle weakness, achievement of ambulation,
and a CK level below 1000U/l, with and without neuronal
migration defects in MRI (Herrmann et al. 1996; Mora et al.
1996; Allamand et al. 1997; Naom et al. 1997; Morandi et al.
1999). Severe phenotypes can be induced by mutations
that completely avoid expression of the protein (Helbling-
Leclerc et al. 1995; Nissinen et al. 1996; Pegoraro et al. 1996;
Guicheney et al. 1998; Pegoraro et al. 1998); milder CMD
phenotypes have been observed in patients with mutations
that induce production of a reduced amount of normal
protein or expression of a partially functional protein
(Allamand et al. 1997; Naom et al. 2000).

Herein we describe a Mexican child from a consanguin-
eous family with a classical CMD phenotype. The patient,
who was studied at the age of 8 months and died at 12
months of age, never walked and had cerebral white matter
changes in MRI, as reported in persons with complete ab-
sence of laminin α2 (Tome et al. 1994; Voit 1997). Results
obtained by immunofluorescence with an antibody that
recognized laminin α2 confirmed the absence of protein on
the muscle fiber surface. In contrast, α-, �-, γ-, and δ-
sarcoglycans and dystrophin were present on the muscle
membrane. By immunofluorescence assay, it was not
possible to determine whether there was alteration in ex-
pression of these proteins. However, Jones et al. (1998)
reported a case with the absence of laminin α2 and abnor-
mal staining with dystrophin and α-sarcoglycan.

Pegoraro et al. (1998) observed, in a study of patients
with complete deficiency of laminin α2, that the majority
presented primary mutations on LAMA2. However, it
has not always been determined that complete absence
of laminin α2 is due to primary mutations on LAMA2
(Pegoraro et al. 1998; Guicheney et al. 1998). Recently,
Jones et al. (2001) showed in a case series and review study
that mutations confirming the primary abnormality of
laminin α2 have been reported in only 25% of cases.

The patient described in our study had a homozygous
mutation that corresponded to a C ➝ T substitution, pro-
ducing a stop codon (R2578X). It is located at the carboxyl
terminus of the laminin α2 gene and predicts the loss of the
last 532 amino acids, which may avoid linkage of merosin to

α-dystroglycan (Yamada et al. 1994). Disruption in the link
between the extracellular matrix and the cytoskeleton can
lead to basal membrane instability and muscle fiber necrosis
(Xu et al. 1994; Campbell 1995; Minetti et al. 1996; Osari et
al. 1996). Patients with a similar phenotype and mutations
in other codons of the G domain of laminin α2 have been
reported (Pegoraro et al. 1998; Allamand and Guicheney
2002). Mutation analysis carried out in parents and other
relatives showed that one paternal grandmother, one ma-
ternal great-grandfather, and the patient’s mother’ sister
(her maternal aunt) were carriers of the mutation. These
results suggest that the mutation originated at least three
generations ago and has been segregating in a broadly
endogamic community.

In summary, we demonstrated that primary deficiency
of laminin α2, caused by a new nonsense mutation that is
segregating in an endogamic community, produced a phe-
notype of classical CMD. This information is important for
correlating the molecular basis of muscular dystrophy with
a clinical phenotype and for improving the quality of ge-
netic counseling.
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