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Child Neurology:

LAMA?2 muscular dystrophy without

contractures

The limb-girdle muscular dystrophies (LGMD) com-
prise a large group of genetic disorders that lead to
shoulder and pelvic girdle muscle weakness. Although
these disorders are grouped together based on pheno-
typic presentation, there is extensive genetic variabil-
ity among them. The dysfunctional protein within
each disorder may be found at any level of the muscle
fiber structure. Mutations to proteins within the
extracellular matrix, including collagen VI and lami-
nin a2 proteins, can disrupt the normal basal lamina
architecture and lead to muscle weakness in a limb-
girdle distribution." We present an interesting case
with a novel mutation in the laminin a2 (LAMA2)
gene, which has not been reported previously; the
patient has a mixed clinical phenotype without
contractures.

CASE REPORT A 6-year-old boy who had recently
emigrated from Southeast Asia presented with pro-
gressive muscle weakness since birth. His mother
reported decreased fetal movements during preg-
nancy when compared to her first child. He was born
at full term with very low muscle tone and had
feeding difficulties as a neonate. He had marked
motor developmental delay and first walked at the age
of 3 years. His language, social, and cognitive devel-
opment were normal. Of note, there was consan-
guinity between his parents, as they were first cousins.
On physical examination, he had profound shoulder
and pelvic girdle muscle weakness (3/5 muscle power
on Medical Research Council scale), with relative
sparing of the distal muscles. There was also signifi-
cant proximal muscle atrophy and hypotonia. Con-
tractures were not present, and the deep tendon
reflexes were diminished. A prior workup at an out-
side hospital revealed consistently high creatine
phosphokinase (CK) levels (range 1,100 to 1,200
IU/L) since 1 year of age. Chromosome karyotype
was normal. Cardiac workup was normal. Pulmonary
function tests revealed a restrictive pattern. A left
vastus lateralis muscle biopsy was performed that was
suggestive of chronic muscular dystrophy (figure 1).
A congenital muscular dystrophy gene sequencing

panel identified 2 homozygous nucleotide variants
of unknown significance in the collagen VI
al (COL6AI) and laminin o2 (LAMA2) genes:
c.1823-8G>A (ivs29-8G>A) and c¢.713C>A
(p-aA238D), respectively. Using current modeling
software (polyphen-2 and SIFT), the COLG6AI
nucleotide change was suggested to be benign, as it
had previously been reported in the general population
(communication with Emory Genetics Laboratory,
Decatur, Georgia). Since a limb-girdle pattern of
weakness has previously been described with both
merosin  deficiency and collagen VI deficiency,
immunofluorescence staining was performed (figure
2). Partial deficiency of laminin a2 (merosin) was
observed using 3 different antimerosin antibodies
(figure 2, A-F), while normal staining was observed for
collagen VI (figure 2, G and H). Brain MRI revealed
diffusely abnormal cerebral white matter (figure 3).

DISCUSSION LGMD are a diverse group of disor-
ders that can present with a variety of genotype—
phenotype genotypic

variation may manifest with a number of different

combinations. A single
phenotypes and a single phenotype may result from
many different genetic abnormalities. This may be
due to complex interactions between environmental
and genetic factors. Due to this high variability, it is
difficult to classify and devise a consistently successful
algorithmic approach towards the diagnosis of pa-
tients suspected to have LGMD. Conventional
diagnostic steps including muscle enzyme levels,
electrophysiologic studies, and muscle biopsies may
not provide a definitive answer in many cases. Even
specialized centers may not be able to identify the
pathology in up to 25% of cases. Therefore, utilizing
gene sequencing early on during the diagnostic work
up may be a more rational approach.?

In our case, novel variants were found in both
the LAMA2 and COLGAI genes, and initial inter-
pretation suggested that either could explain the
patient’s clinical symptoms of limb-girdle muscle
weakness. Abnormal white matter by MRI and
partial deficiency of laminin o2 (merosin) by
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[ Figure 1 Hematoxylin & eosin photomicrographs from the patient’s muscle biopsy ]

(A, B) These images show wide variation in fiber size (atrophy and hypertrophy), moderately severe endomysial fibrosis and
fatty replacement, and a mild degree of ongoing myonecrosis/regeneration (upper left corner of B). The size bar in A is

100 um for A and B.

immunofluorescence staining of a muscle biopsy
indicated that the LAMA2 variant was very likely
to be pathologic. In contrast, muscle biopsy dual
label immunofluorescence staining showed normal
expression of collagen VI. Furthermore, the
COLGA1I variant was later determined to be benign
because it is found in more than 1% of the asymp-
tomatic general population (communication with
Emory Genetics Laboratory). Here, we review the
clinical presentations of collagen VI deficiency and
merosin deficiency and how they relate to our
patient.

The collagen VI disorders result from mutations in
the COL6AIL, COL6A2, or COLGA3 genes; they have
a broad spectrum of clinical phenotypes. Bethlem
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myopathy is on the mild end of the spectrum, while
Ullrich congenital muscular dystrophy (UCMD) is
the most severe form.? While contractures are prom-
inent in both Bethlem myopathy and UCMD,
a limb-girdle distribution of muscle involvement
without contractures has been reported in families
with COL6AI and COLGA2 gene mutations.* On
muscle biopsy, these patients had normal collagen
VI immunostaining, and instead, had a significant
reduction of laminin B1 immunostaining. It was pro-
posed that the mutation in the collagen VI protein
caused a disruption of the basal lamina and protein
interactions, which then led to abnormalities in the
laminin B1 protein. It is possible that the nucleotide
change in our patients COL6AI gene has also

© 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



[ Figure 2 Immunofluorescence of muscle biopsy
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(A-H) Anti-laminin «2 immunofluorescence images are from a normal control (A, C, E) and the patient (B, D, F). Partial
deficiency of merosin is demonstrated with 3 different antibodies. The 80 kd antibody (clone 5H2; Chemicon, Temecula,
CA), the 300 kd antibody (clone Mer3/22B2; Leica, Newcastle, UK), and the 4H8 antibody (Millipore, Billerica, MA) detect
different epitopes of laminin «2. G and H are dual label immunofluorescence images of anti-collagen VI (green) and anti-
perlecan (red). Nuclei in G and H are stained with DAPI (blue). The size bar in A is 100 pm for A-H.

affected the basal lamina and protein interactions;
however, the prevalence of our patient’s homozygous
mutation within the general population makes this
conclusion less likely.

Merosin deficiency can present with different pat-
terns of muscle weakness depending on the type and
location of mutation, which is similar to collagen VI
deficiency. The LAMA2 gene encodes for the a2

subunit of the laminin-2 protein (merosin) and is
located on the long arm of chromosome 6 (6q22-
q23). There are 3 subunits that comprise the merosin
protein: a2, 31, and y1. Each subunit is encoded by
a different gene, and together, the complex is found
in the basement membrane of skeletal muscle.” The
merosin protein is important in maintaining the
extracellular matrix structure, and mutations in
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[ Figure 3 Brain MRI and brain magnetic resonance spectroscopy ]

Left periventricular white matter TE 144

(A-C) Brain MRI. Axial T2 fluid-attenuated inversion-recovery MRI shows white matter hyper-
intensities in the frontal-parietal regions of the brain with sparing of the corpus callosum,
internal capsule, and basal ganglia (A). Subcortical U-fibers and external capsule are also
involved. Axial T1 reformatted images show white matter hypointensities in the frontal-
parietal regions (B). Diffusion-weighted images show no acute lesions (C). (D) Brain magnetic
resonance spectroscopy. Periventricular white matter shows slight elevation in NAA peak
with normal choline and creatine peaks.

e202

LAMA? can lead to partial or complete absence of the
merosin protein. Two classical forms of merosin defi-
ciency have been described: early-onset and late-
onset. The severe, early-onset form is also known as
congenital muscular dystrophy (CMD; also known as
MDCI1A) and presents within the first 6 months of
life with severe hypotonia. These patients often have
homozygous mutations that lead to the absence of the
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laminin &2 subunit and complete loss of merosin
from muscle and other tissues.® In contrast, the
late-onset form of merosin deficiency has a milder
course and typically presents in late childhood or
adulthood with a limb-girdle pattern of muscle weak-
ness. Usually there are compound heterozygous mu-
tations in the late-onset form that lead to a partial
deficiency of the laminin o2 subunit and reduced
merosin immunostaining in muscle. In both the
early- and late-onset forms, contractures are classically
present, creatinine kinase levels are elevated, and there
are T2 hyperintensities seen within brain white mat-
ter on MRL®” The above described findings in our
patient’s MRI are consistent with the typical mag-
netic resonance brain findings seen in CMD.?? It
has been proposed that the abnormal T2 white matter
signals in CMD may represent increased water
content in the white matter rather than a defect in
myelination.® However, an underlying mechanism
for this white matter abnormality has not been
established.

Our patient is unique in that he has features of
both the early- and late-onset forms of merosin defi-
ciency. He has a homozygous LAMA2 mutation and
presented with hypotonia at birth, which is consistent
with the early-onset form of merosin deficiency. He
did not, however, develop contractures or have con-
tinued feeding difficulties. Later in childhood, he
developed a limb-girdle pattern of weakness and dem-
onstrated a weak immunohistochemical staining pat-
tern for merosin on his muscle biopsy, which is more
traditionally seen with the late-onset form of merosin
deficiency. One reported case had a similar presenta-
tion of hypotonia at birth and became ambulatory at
2 years of age without substantial respiratory or feed-
ing problems; however, contractures were present.°

We present a novel LAMA2 mutation with a clin-
ical presentation of partial merosin deficiency that
does not fit into a single classic phenotype. The lack
of contractures on examination has rarely been re-
ported and contributes to the uniqueness of this
patient. It has been proposed that patients with
LAMAZ2 mutations manifest a spectrum of clinical
phenotypes rather than 2 distinct forms.'®'" Our
patient supports this proposal, as his clinical course
was not typical for either the early- or late-onset form
of merosin deficiency.

The absence of contractures with a limb-girdle
muscle pattern of weakness should not dissuade
physicians from considering the diagnosis of merosin
deficiency, as many different phenotypes exist. This
further emphasizes the importance of genetic testing
eatly in the diagnostic workup for these patients. It
is possible that reaching a diagnosis may not have
many clinical implications at this point in time. Nev-
ertheless, it may provide worthwhile information



regarding a need to screen other organ systems and
direction for counseling, prognostication, and future
research.
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