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Abstract.
Background: LAMA2-related muscular dystrophy is a disorder that causes muscle weakness and varies in severity, from a
severe, congenital type to a milder, late-onset form. However, the disease does not only affect the muscles, but has systemic
involvement and can lead to alterations such as brain malformation, epilepsy and intellectual disability.
Objective: Describe the frequency of cortical malformations, epilepsy and intellectual disability in LAMA2-RD in a Brazilian
cohort and correlate the neurological findings to genetic and motor function.
Methods: This is an observational study of 52 LAMA2-RD patients, who were divided into motor function subgroups and
compared based on brain MRI findings, epilepsy, intellectual disability, and type of variants and variant domains.
Results: 44 patients (84.6%) were only able to sit, and 8 patients (15.4%) were able to walk. 10 patients (19.2%) presented
with cortical malformations (polymicrogyria, lissencephaly-pachygyria, and cobblestone),10 patients (19.2%) presented with
epilepsy, and 8 (15.4%) had intellectual disability. CNS manifestations correlated with a more severe motor phenotype and
none of the patients able to walk presented with cortical malformation or epilepsy. There was a relation between gene variants
affecting the laminin-�2 LG-domain and the presence of brain malformation (P = 0.016). There was also a relation between
the presence of null variants and central nervous system involvement. A new brazilian possible founder variant was found in
11 patients (21,15%) (c.1255del; p. Ile419Leufs∗4).
Conclusion: Cortical malformations, epilepsy and intellectual disability are more frequent among LAMA2-RD patients than
previously reported and correlate with motor function severity and the presence of variants affecting the laminin-�2 LG
domain. This brings more insight for phenotype-genotype correlations, shows the importance of reviewing the brain MRI of
patients with LAMA2-RD and allows greater attention to the risk of brain malformation, epilepsy, and intellectual disability
in those patients with variants that affect the LG domain.
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INTRODUCTION

LAMA2 related dystrophies (LAMA2-RD) con-
sists of a continuous spectrum of diseases ranging
from a severe congenital muscular dystrophy) [1, 2]
to a milder late-onset form [3, 4]. The congenital form
is usually characterized by hypotonia, muscle weak-
ness, delayed motor development milestones with
inability to achieve independent ambulation, joint
contractures, and early restrictive pulmonary disease
[1, 2]. The milder form can present itself with man-
ifestations from early childhood to adulthood and
affected individuals present proximal muscle weak-
ness, joint contractures, and respiratory insufficiency
[4, 5].

LAMA2 has autosomal recessive inheritance and
patients develop muscle weakness, high CK, multiple
joint deformities, restrictive ventilatory disorder, and
white matter abnormalities in T2-weighted imaging
(T2-WI) and in fluid-attenuated inversion recov-
ery (FLAIR) in brain magnetic resonance images
(MRI). Sometimes patients present cortical malfor-
mations [6–8], epilepsy and intellectual disability
[9, 10].

The LAMA2 gene codifies the laminin-�2 pro-
tein, which is part of the laminin-211 (merosin),
a major constituent of the basement membrane
[7]. Laminin-211 consists of three similar but non-
identical polypeptide chains (�2, �1 and �1), which
assemble into a T-shaped heterotrimer with two short
arms and one long arm.

Laminin-�2 has three domains: The LN domain
(LN), which is responsible for protein self-
assembly; the coiled coil domain (LCC); and
the LG domain (LG), which binds to the
glycosylated residues of �-dystroglycan and to
the integrins [11]. Laminin-�2 is a widely
expressed protein and is essential in skeletal mus-
cle fibers but also important to the brain’s functions
[8, 12, 13].

To date, the presence of brain malformation,
epilepsy and intellectual disability in LAMA2-RD
hasn’t been well characterized and the correlation
between motor function and cortical malforma-
tion is not well established. Neither is the relation
between type and position of variants and cen-
tral nervous system findings. The aim of this
study was to characterize the central nervous sys-
tem (CNS) manifestations in a large cohort of
patients with LAMA2-RD and determine whether
they correlate with motor function and genetic
findings.

MATERIALS AND METHODS

Study design

This is an observational study conducted from
March 2018 to May 2022 at the Outpatient Ser-
vice of Neuromuscular Disorders at the HCFMUSP.
Sixty patients evaluated in this period had a clini-
cal/histological diagnosis of LAMA2-RD. Patients
without genetic tests or a brain MRI were excluded.
Therefore, 52 patients were included in this study.

Informed consent for study participation and
use of clinical photographs were obtained from
patients/parents/legal guardians, and the institution’s
ethics committee approved the project (CAAE:
87782318.2.0000.0068).

Patient classification

For a correlation between motor function and corti-
cal malformation, epilepsy and intellectual disability,
we classified the patients, based on motor severity,
into 1) not able to walk, 2) able to walk.

CNS analysis

All patients had underwent a brain MRI on either
1.5 or 3.0 Tesla machines during their clinical
investigation. The three-dimensional T1-weighted,
diffusion-weighted imaging, gradient-echo T2, T2-
WI and FLAIR imaging were performed. The first
author reevaluated all the images, and a second
reevaluation was performed by an experienced neu-
roradiologists (SFF, LTL, AJR). In those cases
where there was a divergence, there was discus-
sion between the evaluators to reach an agreement.
White matter signal alterations were classified in [1]
milder: involvement of periventricular white matter
with/without deep white matter, but without sub-
cortical involvement [2] more Severe: involvement
of periventricular and deep white matter, with sub-
cortical white matter. Cortical malformation was
described according to type and position and clas-
sified as extensive when more than one lobe was
affected.

Intellectual disability was suspected when the
patient presented speech and language delay. Mini-
mental state exam was performed in all patients
older than 14 years old and the modified mini-mental
state exam in all patients under 14 years old. The
Montreal Cognitive Assessment Scale (MOCA) were
performed in all patients. Values below 31 of 37
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points in the modified mini mental; 27 of 35 points in
the mini mental assessment suggested mental impair-
ment and values below 26 of 30 points in the MOCA
scale were considered abnormal [14]. The epilepsy
definition and classification followed the Interna-
tional League Against Epilepsy’s criteria [15].

Genetic analysis

Molecular studies were performed through
commercial genetic panels and/or whole-exome
sequencing. Variant interpretation followed the
standards and guidelines for the classification of
sequence variants the American College of Medical
Genetics and Genomics proposed [16]. We anno-
tated variants using ANNOVAR (http://annovar.
openbioinformatics.org) and filtered them with cus-
tom scripts. We used the Clinvar database (https://
www.ncbi.nlm.nih.gov) and Pubmed (https://
pubmed.ncbi.nlm.nih.gob) to identify previously
reported pathogenic variants. We used the UCSC
Genome Browser (https://genome.ucsc.edu) and
Gnomad (https://gnomad.broadinstitute.org) to
determine each variant’s frequency in the general
population. We used species conservation, amino acid
conservation, bioinformatic predictors (Polyphen
(http://genetics.bwh.harvard.edu/pph2/)), and
SpliceAI (https://spliceailookup.broadinstitute.org)
to predict the missense’s and splice-site variant’s
effects.

To analyze if there was a correlation between pro-
tein domain and cortical malformation, the variants
were divided according to the domain into LN, LCC,
and LG domains.

Statistical analysis

We compared two groups of patients (ambulantory
and not ambulantory), based on brain MRI findings,
epilepsy, intellectual disability, and type of variants.
Variant domains were compared based on cortical
malformation, epilepsy, and intellectual disability.
And the presence of missense variants was compared
based on the patient’s ability to walk, presence of
cortical malformation, epilepsy, and intellectual dis-
ability.

We presented continuous variables as mean and
discrete and categorical variables as counts and
percentages. We conducted univariate analysis to
describe and calculate the prevalence of the patients’
characteristics. We used the Fisher’s exact test for
count data with a 95% confidence interval (95% CI)

and calculated odds ratios. All tests were two-sided,
and we considered a P value of .05 the threshold
for statistical significance. We conducted statistical
analyses using R version 3.5.0.

RESULTS

The study cohort comprised 52 patients from 50
families. Of the patients, 30 were female (57.7%), and
22 were male (42.3%), and the patients were between
2 and 27 years old at last assessment (mean = 11.4;
SD = 6.2).

Motor severity classification

44 patients (84.6%) were unable to walk, and two
of them were unable to sit (3.8%). 8 patients (15.4%)
were able to walk. Of those 8 patients, 2 became
wheelchair dependent at the age of 8, and 2 had the
limb girdle muscular dystrophy form and acquired
gait by the expected age (Fig. 1).

CNS abnormalities

All 52 patients had some degree of white matter
alteration in the brain MRI. White matter involve-
ment varied in degree of intensity according to the
patient’s clinical severity. It was milder in ambu-
lantory patients (especially in those with a clinical
picture of limb girdle muscular dystrophy) and more
severe in patients unable to sit or walk (Fig. 2).

In this cohort, after brain MRI reevaluation, 10
(19.2%) patients presented brain cortical malforma-
tions, as follows: occipital polymicrogyria (8/10),
temporal polymicrogyria (2/10), frontal polymi-
crogyria (1/10), occipital lissencephaly-pachygyria
(2/10), and occipital cobblestone malformation
(1/10). In addition, we observed temporal cysts in
3 patients (Figs. 3 and 4). Two patients had exten-
sive cortical malformation with more than one lobe
affected. Eight patients with cortical malformation
had epilepsy and five had intellectual disability.

Ten patients (19.2%) had epilepsy at a median
age of 8.1 years (range: 6–13 years). All of them
had focal-onset seizures with or without impaired
awareness. Of those patients, 8 achieved seizure
control using antiepileptic monotherapy, and both
patients who needed more than one antiepileptic
drug had extensive cortical malformation. Patient
36 (p36), who had the most extensive cortical
malformation, had refractory epilepsy, and needed
antiepileptic multi-therapy (valproate, vigabatrin,

http://annovar.openbioinformatics.org
https://www.ncbi.nlm.nih.gov
https://pubmed.ncbi.nlm.nih.gob
https://genome.ucsc.edu
https://gnomad.broadinstitute.org
http://genetics.bwh.harvard.edu/pph2/
https://spliceailookup.broadinstitute.org
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Fig. 1. LAMA2-RD phenotypes. (A) Patient never able to sit, (B) Patient able to sit, but unable to walk, (C) Patient able to walk, with
delayed motor development, and (D) Patient able to walk with LGMD phenotype.

Fig. 2. White Matter abnormalities in LAMA2-RD, showing variable involvement of periventricular, central, and subcortical white matter
regions on brain MRI, according to motor function - greater involvement in most severe motor phenotype. Patient able to walk (A – T2-WI),
unable to walk (B – T2-WI), and unable to sit (C - FLAIR).

and lacosamide). Two patients with epilepsy didn’t
present with cortical malformation.

Eight patients (15.4%) had intellectual disability,
five of them with cortical malformation. All of them
were ≥ 8 years old. One ambulantory patient had
intellectual disability associated with autism spec-
trum disorder (ASD) (Table 1).

LAMA2 variants

In this cohort of 52 patients, we found 40 distinct
variants; 80.8% were compound heterozygous and

19.2% homozygous. In two patients, we identified
only 1 pathogenic variant. Twenty-three variants were
predicted to be loss-of-funtion (10 frameshift, 10 non-
sense, 3 splice site). Ten variants were missense, and
7 were copy number variations. Twenty-two variants
were novel (65%).

Ten variants affected the LG domain, 8 the LCC
domain, and 22 the LN domain.

Eleven patients (21%) presented with a recur-
rent novel frameshift variant (c.1255del; p.
Ile419Leufs∗4), 3 of them homozygous. This variant
was not previously reported and is absent in Gnomad.
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Fig. 3. Brain malformations in three different CMD-LAMA2 patients MRI’s: (A) Lissencephaly-pachygyria in occipital lobe (T2-WI), (B)
Polymicrogyria and cobblestone in occipital lobe in (T1-WI), and (C) Pachygyria in occipital and temporal lobes in (T2-WI).

Fig. 4. Brain malformations in two different CMD-LAMA2 patients MRI’s: (A) Lissencephaly-pachygyria in occipital lobe (arrows head)
and temporal cists (arrows) (T2-WI), (B) Polymicrogyria in frontal, temporal and occipital lobes in (T1-WI) (arrows).

Table 1
Phenotypic/genotypic findings in patients with and without cortical malformation

Patients Intellectual Epilepsy Ambulation Biallelic loss-of- At least one variant
disability function variants in the LG variant

With Cortical malformation (N = 10) 5/10 (50%) 8/10 (80%) 0/10 (0%) 7/10 (70%) 6/10 (60%)
Without cortical malformation (N = 42) 3/42 (7%) 2/10 (20%) 8/42 (19%) 25/42 (60%) 8/42 (19%)

(Fig. 5) (All variants are cited in the Table 1 in
Supplementary data).

Genotype-phenotype correlations

Non-ambulantory patients
There are 44 patients in the cohort who are non-

ambulantory, and only patients from the this group
had cortical malformations and/or epilepsy. 10/44
(22.7%) had cortical malformations, 10/44 (22.7%)
had epilepsy, and 7/44 (15.9%) had intellectual

disability. Both patients unable to sit had severe intel-
lectual disability.

From these 44 patients, 36 (81,8%) presented pre-
dicted loss-of-function variants in both alleles and 6
(13.6%) had 1 predicted loss-of-function variant with
1 missense variant in the ither allele. In two patients,
only one variant was identified.

We observed cortical malformations more fre-
quently in patients with pathogenic variants affecting
the laminin-�2 LG domains (region that binds to �-
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Fig. 5. LAMA2 variants found in the cohort. (A) SNV variants according to exon localization and protein domain. The number of dots
represent the number of times this variant was found in the cohort. Black spots unveils the variants that originate premature termination
codons (PTC): nonsense and out-of-frame. Yellow spots show splice-site variants and Green spots display missense and inframe changes.
All variants are displayed in Table 1. (B) CNV variants represented as blue squares.

Table 2
Genetic profile of patients with cortical malformation

Patient First Variant Second variant Domain mRNA effect

7 c.4960-17C>A c.4960-17C>A LCC / LCC Splicing / Splicing
9 c.3976C>T p.(Arg1326∗) c.1128 1129insG p.(Tyr2527Ter) LN / LN Nonsense / Frameshift
17 c.8556 8558del (p.Ile2852del) c.8556 8558del (p.Ile2852del) LG / LG Inframe / Inframe
21 c.5234 + 1G>A Exon 56 deletion LCC / LG Splicing / CNV
30 c.1255del p.(Ile419Leufs∗4) c.8244 + 1G>A LN / LG Frameshift / Splicing
37 c.4348C>T p.(Arg1450∗) c.9223C>T p.(Gln3075∗) LN / LG Nonsense / Nonsense
39 c.8244 + 1G>A c.8244 + 1G>A LG / LG Splicing / Splicing
44 c..2486 2489del p.(Leu830Serfs∗57) Exon 1 deletion LN / LN Frameshift / CNV
51 c.7147C>T p.(Arg2383∗) c.4523G>A p.(Arg1508Lys) LG / LCC Nonsense / CNV
52 c.8775del p.(His2926Metfs∗35) c.3955C>T p.(Arg1319∗) LG / LN Frameshift / Nonsense

dystroglycan and integrins) than in other domains
(6/10 vs 8/42; p = 0.016; OR:6.48; Fig. 5), and 9 of
10 patients who presented cortical malformations had
null variants in both alleles (Table 2).

The presence of variants affecting the laminin-�2
LG domains correlated with epilepsy (6/10 vs 8/42;
p = 0.016; OR:6.48; Fig. 5). Epilepsy was present
only in the nonambulantory group, and 8 of the 10
patients with epilepsy had cortical malformations. We
confirmed a correlation between the presence of cor-
tical malformations and intellectual disability (5/8 vs
5/44 p = 0.0017; OR:20; Fig. 6). Of the 8 patients with
intellectual disability, 2 were unable to sit, 5 unable
to walk, and 1 able to walk.

All patients with the new variant c.1255del were
able to sit and unable to walk.

AMBULANTORY PATIENTS

Of the 8 patients who were able to walk, none had
cortical malformations, none had epilepsy, and 1 had
intellectual disability with autism spectrum disorder.
In the ambulantory group, we found a greater fre-
quency of missense variants than of other variants
(4/8 vs 5/39, p = 0.0228; OR:4.48; Fig. 6). LGMD
patients had missense variants in one allele and CNV
in the other. Two ambulantory patients had 2 null
variants but lost ambulation during the study period.



C.G. Camelo et al. / Brain MRI Abnormalities, Epilepsy and Intellectual Disability in LAMA2-RD 489

Fig. 6. Genotype-phenotype correlations. (A) Correlation between the presence of variants affecting the LG domain and cortical malforma-
tions. (B) Correlation between the presence of cortical malformations and intellectual disability. (C) Correlation between the type of variants
and intellectual disability. (D) Correlation between the type of variants and the ability to walk.

Patients with at least 1 missense variant did not
present with either epilepsy (P = 0.0891) or intellec-
tual disability (P = 0.17; Fig. 6).

DISCUSSION

In this large brazilian cohort of LAMA2-RD we
were able to evaluate cortical malformation, epilepsy
and intellectual disability frequency and correlate
with motor severity and genetic findings. Brain MRI
was reviewed in all patients and one-fifth presented
with cortical malformations, one-fifth with epilepsy,
and 15% also presented with intellectual disability.
Patients who presented with cortical brain malfor-
mations and epilepsy were exclusively from the
non-ambulantory group. Patients with cortical mal-
formations more frequently presented with 2 null
variants and variants affecting the laminin-�2 LG-
domain.

After reviewing all brain MRIs, the most common
brain malformation was polymicrogyria, as previ-
ously described [9, 10, 17, 18], but we also found
lissencephaly-pachygyria complex and cobblestone
malformation. Although it is complex to differentiate
polymicrogyria from cobblestone, it was possible to
identify in one patient the cobblestone malformation.
Such alterations have been described in patients of
large cohorts, but without correlation to motor func-
tion or genetic findings [17, 19]. Other large cohorts
of disease natural history didn’t present data on brain
involvement [20].

In our study, most of the patients with cortical mal-
formations presented lesions in the occipital lobe, but
we also found alterations in the frontal and tempo-
ral lobes. In patients with LAMA2-RD, moderated
or subtle changes in CNS anatomy, especially in
the occipital lobe, were the most common findings
[10], but gross structural abnormalities can also occur
[21]. It remains unclear why malformations are more
commonly found in the occipito-temporal regions;
however, malformations are not easily observable
and may be more extensive than believed. Jayakody
and colleagues, for example, described postmortem
observations of widespread, symmetric cobblestone
malformation and cerebellar dysplasia in the brain
of a LAMA2-RD patient, whose brain MRI showed
only subtle abnormalities [21].

Laminin-211, or merosin, is a basement-
membrane glycoprotein with an essential structural
and signaling roles. It is a heterotrimers comprised of
�, �, and � chains combined via interaction between
their LN domains and connected to �-dystroglycan
and integrins through the laminin-�2 LG domain
[22]. Patients with CNS manifestations had variants
of LAMA2 that affect the protein’s LG domain
(exons 45–65) more frequently. This finding could
be explained by the fact that laminin-�2 binds
with high affinity to the dystrophin-glycoprotein
complex and to integrins through the LG-domain
[23]. This connection appears to influence neu-
ronal adhesion, differentiation, growth, shape,
and migration [21]. Laminin-211 is expressed in
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various tissues, not only in muscle but also Schwann
cells, glia limitans, intracerebral micro vessels,
and leptomeninges [24]. The loss of laminin-�2
can result in neuronal migration defects that can
result in gross cortical malformation, as happens
in �-dystroglycanopathies. This suggests that
LAMA2-RD and �-dystroglycanopathies may share
cellular mechanisms underlying CNS pathology
[6].

Ten patients manifested focal or complex partial
seizures, and 9 of them presented with cortical mal-
formations. Epilepsy was diagnosed at a median age
of 8.1 years (range 6–13 years), the same median
age Benito and colleagues found for the onset of
seizures [9]. In their cohort of 25 patients, all 9
who presented epilepsy had polymicrogyria [9], and
in our study, only 1 patient with epilepsy did not
present with cortical malformation in their brain MRI.
All patients in our cohort had focal-onset seizures
with or without impaired awareness, which may be a
more difficult type of seizure for the family to iden-
tify. Nine patients, described in this study, achieved
seizure control using antiepileptic monotherapy, and
only 1, who had the most extensive cortical malfor-
mation, needed multiple antiepileptic multi-therapy.
Seizures in patients with LAMA2-RD are usually
responsive to antiepileptic medications [10]; how-
ever, drug resistant epilepsy has been described [18],
including West syndrome, a severe childhood epilep-
tic encephalopathy [25].

Although patients with CMD-LAMA2 were previ-
ously mostly characterized with normal intelligence
[1, 12, 26–29], our cohort showed that the fre-
quency of intellectual disability among these patients
is not irrelevant and should be better assessed. Pro-
found intellectual disability, however, was found only
among the patients unable to sit. As expected, we
found a correlation between cortical malformation
and intellectual disability. These data are in agree-
ment with previously published ones [30–32], that
confirm that these patients are not that homogeneous,
neither clinically nor from an MRI standpoint.

Characteristic brain white matter hypointensity
on T1-WI MRI and an increased T2-WI signal
in the periventricular and subcortical white matter
are routinely observed in CMD-LAMA2 patients
older than 6 months [33] and was present in all
patients of this cohort. The underlying pathogen-
esis 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-�2 defi-

ciency [24, 34]. Another hypothesis is that these white
matter changes indicate structural changes because
interactions between laminin-�2 and integrins on
developing oligodendrocytes (myelinating cells of
the CNS) enhance the myelin membrane’s develop-
ment [35]. In this cohort, the intensity of white matter
involvement was related to motor function, with more
diffuse alterations among nonambulantory patients
and predominance of focal lesions in ambulantory
ones.

In this study, the relation between a milder motor
function phenotype, and the presence of missense
variants was confirmed [12, 17, 23, 36]. Patients
able to walk more frequently had at least 1 missense
variant. These patients did not present with cortical
malformations or epilepsy, and only 1 had an intellec-
tual disability associated to autism spectrum disorder.
Patients with epilepsy or intellectual disability did not
have missense variants.

Although nonsense variants are the most common
null variant in CMD-LAMA2 [12, 17, 19, 26], in
our cohort, the most common variant was a novel
frameshift variant (c.1255del) found in 16 allele. This
variant was present in patients able to sit, unable to
walk, and without cortical malformation, epilepsy or
intellectual disability. Although haplotype analysis
had not been performed, we speculate that c.1255del
might be a founder variant in the Brazilian population.

The increased frequency of cortical malformations
and epilepsy in this cohort cannot be attributed to
the apparent Brazilian founder variant, as this vari-
ant was not associated with cortical malformations
or epilepsy.

One limitation of this study was the small num-
ber of patients in the ambulantory group, what could
provide additional information about the gravity
spectrum of the brain manifestations in LAMA2-RD.
Another limitation was the lack of neuropsycholog-
ical evaluation and quality-of-life tests for a better
clinical characterization of the patients. Last, mini
mental and MOCA tests are limited tests to evaluate
intellectual disability and are more reliable in patients
older than eight years old.

In conclusion, cortical malformation, epilepsy
and intellectual disability may be common among
LAMA2-RD patients, as it was in this cohort, and the
most severe motor phenotypes correlate with these
findings. A correlation also exists between the pres-
ence of variants that affect the protein’s LG domain
and central nervous system involvement. This infor-
mation is important to better predict the course of the
disease and to improve patient care.
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