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Introduction

Laminin a2-related muscular dystrophy (LAMA2-MD) Or Non Syn-
dromic Congenital muscular dystrophy is a congenital muscular dys-
trophy with a spectrum of clinical presentations from the severe type 1A
congenital muscular dystrophy (MDC1A), characterized by complete
merosin deficiency, to a milder, later-onset form associated with partial
merosin deficiency [1]. The cardinal features include weakness in axial
and proximal muscles, delayed motor development, early spinal rigidity,
joint contractures, scoliosis and respiratory difficulties. In addition,
patients may experience different seizures semiology and exhibit char-
acteristic diffuse white matter lesions on magnetic resonance imaging
(MRI) [2]. The severe form of LAMA2-MD includes weak cry at birth,
marked hypotonia and decreased movements with the involvements of
facial weakness, tongue and limited extraocular movements which
gradually develops later on in life. In contrast, most patients with a mild
form of LAMA2-MD present with delayed motor milestones during early
childhood. The clinical diagnosis of LAMA2-MD is confirmed by the
presence clinical and neuroimaging features along with genetic testing
for pathogenic variants in the LAMA2 gene. Currently, no curative
treatments exist for LAMA2-MD, but preclinical studies are ongoing [3].
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We describe five genetically proven cases of LAMA2 related congenital
muscular dystrophy (MDC1) with atypical and varied presentation. Our
goal is to provide varied spectrum in LAMA2-related muscular dystro-
phy and to establish a well-characterized baseline cohort of patients
with LAMA2-MD for future studies.

Patient description
Case-1

A 3.9-years-old male, born to consanguineous parents, presented
with motor developmental delay, feeding difficulties, and respiratory
complaints, gradually improving with age. Comprehension and lan-
guage were relatively preserved. Child had no history of seizure. He
could sit without support and recite poems. He had hypotonia with
diminished deep tendon reflexes (DTRs). Serum creatine phosphokinase
(CPK) level was measured at 1416 IU/L. The whole exome sequencing
(WES) was done suspecting congenital myopathy or muscular dystrophy
and revealed homozygous variant ¢.7586_7589dup, [p. (Phe2531X)] on
exon 55 in LAMAZ2 gene, reported as a causative variant in the literature
[4] After getting the genetic diagnosis, MRI brain was done which
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Table 1
Characteristics of patients.
Clinical Case 1 Case 2 Case 3 Case 4 Case 5
features
Age/Gender 3.9y/M 7y/F 6y/F 3y/M lyr/F
Age of onset Early infancy Early infancy Early infancy Early infancy Early infancy
Tone Hypotonia Hypotonia Hypertonia (R > L) Hypotonia Hypotonia
Contractures + - - - -
Cognition N Mild ID Mild ID N N
Feeding/ ++ + _ + -
respiratory
complaints
Seizures - ++ (Eyelid myoclonia) + (GTCS) - -
EEG (Sleep) - Slow waves in occipital Bilateral temporal discharges - -
region
Ambulation NA A A NA NA
(A/NA)
Motor Sits without support Independent ambulation Independent ambulation Sits without support Sits with support
Neuropathy No Yes (axonal) No No No
Nerve Normal Motor axonal Normal Normal Normal
conduction polyneuropathy
study
EMG study Myopathic pattern Myopathic pattern Myopathic pattern Myopathic pattern Normal
CPK (Normal 1416 1918 501 325 120
range 100-
180 IU/L)
MRI Brain Symmetrical, confluent Symmetrical, confluent Symmetrical, confluent involvement of ~ Asymmetrical, patchy Symmetrical, confluent
involvement of WM- SC, PV, involvement of WM- PV, WM- SC, PV (cystic), deep involvement of WM- SC, involvement of WM- SC,
Deep deep CC, thalamus PV, Deep CC PV (cystic), deep
BS- MB, Pons Cerebellar peduncle BS- MB, Pons CC, thalamus
Cerebellar peduncle CcC Cerebellar peduncle BS- MB
Genetic Homozygous nonsense Homozygous Missense Compound heterozygous missense Homozygous pathogenic Homozygous nonsense
(LAMA2) pathogenic variant novel variant, ¢.2054T>G  likely pathogenic variant, variant, ¢.1306+2T>G pathogenic variant,

¢.7586_7589dup (p.
Phe2531X) mutation on exon
55 in LAMA2 gene

p-Leu685Arg on Exon 14,
in LAMA2 gene.

gene.

¢.2131_2134dup p. Pro712LeufsTer4
on Exon 15 and variant ¢.8396C>G p.
Ser2799Cys on Exon 60 in LAMA2

(5'Splice-site) on the
intron 9 in LAMA2 gene.

¢.7732C>T (p.
Ser315Trp) on Exon 55
in LAMA2 gene

NA- Non Ambulatory; A- Ambulatory; WM-white matter; PV- periventricular; SC- subcortical; BS- brainstem; MB- midbrain; CC- corpus callosum; MRI- magnetic
resonance imaging; CPK- creatinine phosphokinase; ID- intellectual disability; GTCS- generalized tonic clonic seizure; EEG- electroencephalography; EMG-

Electromyography.

demonstrated symmetrical confluent signal alterations in subcortical,
periventricular, and deep white matter regions, as well as in the
midbrain, pons, and cerebellar peduncle.

Case-2

A female child born to consanguineous parents, aged 7 years, pre-
sented with delayed achievement of motor milestones and floppiness
which improved with age. She had mild intellectual disability and recent
onset frequent eyelid myoclonia. She walked without support She had a
myopathic facies, positive Gower sign and bilateral tendo-achilles
contracture. She had hypotonia with diminished DTRs. Serum CPK
level was elevated at 1918 IU/1 with arterial lactate being 2.4 mmol/L.
Electroencephalography (EEG) showed multifocal polyspike-and-waves.
Her seizures were well controlled on single medicine, lamotrigine. Nerve
conduction study (NCS) showed motor axonal neuropathy involving all
four limbs. MRI brain revealed symmetrical confluent signal alterations
in the periventricular and deep white matter, cerebellar peduncle, and
corpus callosum. With suspicion of congenital muscular dystrophy or
mitochondrial disorder WES and mitochondrial genome sequencing
(MGS) was advised. WES identified a homozygous missense novel
variant, c.2054T>G on Exon 14, in LAMA2 gene reported in Clinvar data
base as variant of unknown significance. It is predicted that the p.
(Leu685Arg) might alter its composition and physico-chemical proper-
ties. MGS was negative.

Case-3

A 6-year-old female child born to non-consanguineous parents pre-
sented complaints of motor developmental delay and progressively

worsening asymmetric spastic gait. She had mild intellectual disability
and history of an episode of generalized tonic-clonic seizure with normal
EEG. On examination, she had average intelligence, spastic speech and
hypertonic of upper and lower limbs with brisk DTRs. Serum CPK level
was 501 IU/1 (Normal range 100-180 IU/L). She had a normal NCS. MRI
brain imaging revealed symmetrical confluent signal alterations in the
subcortical and deep white matter, periventricular cystic changes,
involvement of the midbrain, pons, cerebellar peduncle, and corpus
callosum. Leukodystrophy, mitochondrial disorders with cystic leu-
koencephalopathy were suspected. WES and MGS was done which
revealed compound heterozygous novel variants, c.2131_2134dup on
Exon 15 and ¢.8396C>G on Exon 60 in LAMA2 gene. MGS was negative.
Neither of the reported variants is reported in ClinVar database. The
variant ¢.2131_2134dup is novel and causes a frameshift starting with
codon Proline 712, changes this amino acid to Leucine residue and
creates a premature stop codon at position 4 of new reading frame. LOF
variants have been previously reported to be disease causing and clas-
sified as likely pathogenic. The variant ¢.8396C>G leads to amino acid
change from Ser to a Cys at position 2799 which might alter its
composition and physico-chemical properties.

Case-4

A 3-year-old female born to consanguineous parents, symptomatic
since early infancy, presented with delayed attainment of motor mile-
stones and floppiness, along with a history of feeding and respiratory
issues. She was cognitively age appropriate without history of seizure.
She could sit but not stand. She had myopathic face and nasal intonation
of voice. Serum CPK level was 325 IU/L and NCS was normal. She was
suspected to have congenital myopathy or spinal muscular atrophy
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Fig. 1. MRI Brain T2 weighted Sagittal (1a) and axial (1b-d) images of case 3 showing bilaterally symmetrical, confluent involvement of subcortical (SC), deep and
periventricular (PV) white matter (WM), corpus callosum (CC), midbrain (MB), pons, thalamus, cerebellar peduncle.

(SMA). SMA for deletion/duplication analysis by MLPA revealed het-
erozygous duplication in exon 7 and 8 of SMN1 gene and heterozygous
deletion in exon 7 and 8 of SMN2 gene. With SMA ruled out, WES was
ordered which identified a homozygous pathogenic variant,
¢.1306+2T>G(5'Splice-site) on the intron 9 in LAMA2 gene, classified as
pathogenic in the ClinVar database. MRI brain was done, and it showed
asymmetrical patchy signal changes in the subcortical and deep peri-
ventricular white matter, as well as in the corpus callosum.

Case 5

A 1-year-old female born to consanguineous parents presented with
gross motor delay, tongue fasciculations, generalized hypotonia with
diminished DTRs. She had more of proximal limb weakness. She could
sit with support and could utter bisyllables. Blood CPK level was 120 IU/
L and NCS was normal. SMA was ruled out by MLPA testing. The whole
exome sequencing revealed homozygous nonsense pathogenic variant,
¢.7732C>T on Exon 55 in LAMAZ2 gene. This results in a stop codon and
a premature truncation of the protein at codon 2578 p. (Arg2578Ter)
and classified as pathogenic by ACMG recommendations. MRI (Brain)
revealed symmetrical, confluent signal changes in subcortical, periven-
tricular white matter changes along with involvement of corpus cal-
losum, thalamus and midbrain. The reference codon is conserved across
species. All case details are tabulated in Table 1. The detailed ACMG
scores and evidence are tabulated in a supplementary Table 1 for
reference.

Common points to all:

1. No positive family history

2. Normal value for serum CPK= 100-180 UI/L

3. Parental testing was not done in any of the patients due to financial
constraints

4. Functional study or muscle biopsy was not performed in any of the
patients

Discussion

Laminin alpha2 (merosin negative) congenital muscular dystrophy
(CMD) is among the most commonly seen muscular dystrophies and
accounts for approximately 25 % of cases of non-syndromic CMDs.
LAMA2 gene encodes 64 exons with variants distributed through 9.5
kgbase sequences. The Laminin protein functions in cell adhesions, cell
migration and cellular growth. The expression of laminin is present in
basement membranes of Schwann cells and in neuromuscular junctions
[5]. The severity of phenotype depends on partial or complete absence
of merosin. In LAMA2-related dystrophy, both the central nervous sys-
tem (CNS) and peripheral nervous system are frequently involved.
Complete absence of merosin deficiency patients present in the neonatal
period with severe hypotonia and generalized weakness of trunk and
limb muscles. Upper limbs are generally more involved than lower
limbs, and multiple joint fractures are frequently observed. Sometimes,
muscle hypertrophy is also observed in the initial months, respiratory
function and feeding are well preserved. Patients usually gain slow
milestones during infantile age, and the maximum milestone attained is
independent sitting in these children, however, some patients excep-
tionally attain standing with support and independent walking. Children
develop flexion contractures, and in due course of time, they develop
rigid kyphoscoliosis. Dysphagia and respiratory insufficiency develop
slowly, which necessitates feeding tubes and non-invasive ventilation
requirements [6,7]. The serum creatine phosphokinase (CPK) levels are
in the range of thousands during in neonatal period which gradually
decrease over time.

In our series, the children presented with clinical features that sug-
gested varied differential diagnosis like SMA, congenital myopathy or
muscular dystrophy, white matter degenerative brain diseases (WM-
DBDs or leukodystrophy) or mitochondrial disorders. This reflects the
wide variation in which the patients with mutation in LAMA2 present.
These patients do not fit into a typical clinical presentation despite early
onset of symptoms noted in all the five patients. Motor symptoms were
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Fig. 2. MRI Brain Flair axial (2a) and sagittal (2b) images of case 4 showing
asymmetrical, patchy involvement of SC, deep, and PV WM along with CC
involvement.

common to all with relative preservation of language and intelligence.
Seizure was present in 2/5, however well controlled. Epilepsy occurs in
approximately 30 % patients with seizure semiology varying from focal
to generalized, myoclonic, typical or atypical absences [8,9]. The pre-
vailing hypothesis concerning the aetiology of these seizures is that
abnormal neuronal firing results from deficient neuronal migration in
specific cortical areas, which may not be evident on neuroimaging [10].
Case 2 and 3 could achieve independent ambulation which is contrary to
belief that all cases having onset in early infancy will have severe
outcome which is interesting in this study.

Electrodiagnostic tests shows nonspecific findings of myopathic
pattern with needle electromyography. Nerve conduction velocities are
usually slow in these children [11]. One of our cases (Case-2) had motor
axonal polyneuropathy. Electromyography (EMG) was done in all our
cases which showed myopathic pattern except case no 5 which had
normal findings. Mild sensorimotor demyelinating neuropathy is
frequently observed in patients, although its contribution to muscle
weakness is minimal in humans. In contrast, this neuropathy plays a
significant role in muscle weakness in mouse models of LAMA2 defi-
ciency. As laminin-a2 is also expressed in Schwann cells, there is a range
of clinical features related with peripheral nerve involvement in
LAMAZ2-MD patients. The serum CPK level was in the range of 120 to
1900 IU/L in our patients while case 5 had normal CPK.

Muscle biopsy studies show dystrophic changes, and on immuno-
histochemistry, the absence of staining with laminin alpha two chain on
frozen muscles or skin tissues confirms the diagnosis. Partial merosin
deficiency is also observed among young onset or adult-onset patients,
but these patients present with less severe phenotypes [12]. Similarly
secondary merosin deficiency is also seen in MDC1 B, muscle eye brain
disease, fukutin-related protein gene (FKRP) related CMD and LGMD 21
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[13].

In our series, the neuroimaging pattern of all patients had typical
white matter signal changes. Cases 3 and 5 had periventricular cystic
changes, and Cases 2,3,5 have corpus callosum affected (Figs. 1,2). The
corpus callosum and cerebellar involvement is less common in LAMA 2
related congenital muscular dystrophy which is again interesting finding
in our series as all cases had corpus callosum involvement except one.
Characteristic neuroimaging features include brain white matter (WM)
hypointensity on T1-weighted magnetic resonance imaging and
increased T2 signal in the periventricular and subcortical WM, which are
invariably observed in most patients older than 6 months regardless of
clinically evident central nervous system (CNS) involvement [14,15].
The underlying pathogenesis of white matter changes is still unclear.
One hypothesis is that white matter contains increased water content
due to impaired selective filtration of blood-brain barrier caused by
laminin-a2 deficiency [16]. Another hypothesis is that these white
matter changes indicate structural changes because interactions be-
tween laminin-a2 and integrins on developing oligodendrocytes (mye-
linating cells of the CNS) enhance the myelin membrane’s development
[17]. The corpus callosum (CC) involvement in mitochondrial disease
includes cystic changes mostly involving middle blade of CC along with,
symmetric abnormalities in deep gray matter structures which is
generally unusual in LAMA2 [18]. Additionally, cerebral atrophy and
neuronal migration defects, such as focal cortical dysplasia, poly-
microgyria, or cortical anomalies typically affecting the occipital re-
gions, are observed in approximately 10 % to 40 % of patients across
various series.

Genetic confirmation is always necessary. The most frequent re-
ported genotypes include variants that create premature termination
codons (PTC) in both disease alleles and are associated with complete
deficiency of laminin-a2 in muscle biopsy as well as a MDC1A pheno-
type. In contrast, missense variants are present in a smaller number of
cases and usually correlate with partial laminin-a2 deficiency giving rise
to milder phenotypes. The asymmetrical proportion between truncating
and non-truncating variants, explains the higher prevalence of MDC1A
as compared with other emerging LAMA2-related phenotypes [19]. In
our series, muscle biopsy was not done due to resource constrain,
however all cases had undergone genetic testing (exome analysis) which
clearly highlighted that nonsense mutation had severe outcomes (cases
1,4 and 5).

The most appealing treatments can be therapies aimed at providing
constructs that could compensate for the lack of specific compounds (e.
g., use of linker proteins in LAMA2-RD) [20,21]. Probably in a near
future, we will witness a new generation of laminin-binding proteins
that, depending on the underlying genetic defects, are able to replace
defective domains of laminin and promote the assembly of a stable and
fully functional basement membrane.

Limitations: This case series had small cohort of patients with varied
spectrum in LAMAZ2-related muscular dystrophy. The muscle biopsy,
parental testing and functional studies could not be done due to limited
resource setting.

Conclusion

MDC1 typically represents the severe end of the spectrum of LAMA2-
related muscular dystrophy. Normal IQ, peripheral neuropathy, and
borderline CPK values do not argue against the diagnosis of MDC1. Also,
onset of clinical features in early infancy may not have severe outcome
which is interesting in our study. Neuroimaging findings play a crucial
role in the diagnosis of MDC1.The presence of corpus callosum (CC)
involvement in MDC1 may resemble the CC pattern seen in mitochon-
drial disorders. MDC1 should also be considered as a potential differ-
ential diagnosis in cases of cystic leukoencephalopathy. Both clinical
and imaging findings in MDC1 can exhibit variability, and it’s essential
to acknowledge that this data is continually evolving.
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