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Abstract

Muscular dystrophy (MD) is a heterogeneous group of diseases that cause progressive weakness and loss of muscle mass. Specific signs and symptoms begin at
different ages and in different muscle groups, depending on the type of muscular dystrophy. We report here a case of a Tunisian patient suffering from a neuromuscular
disorder, highly suspicious of a Limb-Girdle Muscular Dystrophy (LGMD). Exome Sequencing revealed a one-base deletion variant in exon 4 of the CAPN3 gene. CAPN3 is
associated with a recessive form of LGMD, also known as Muscular Dystrophy, Limb-Girdle, Type 2a (LGMD2A). The variant was shown to segregate with the disease in
the family. The identification of the molecular defect in this family provided a rapid genotyping for the sister and an accurate diagnosis for the patient, allowing appropriate
clinical management at an early stage of the disease.

Abbreviations progressive weakness and loss of muscle mass. In muscular
dystrophies, pathogenic variants interfere with the production

CAPN3: Calpain-3 protein; dbSNP: SNP database; DMD: of proteins needed to form healthy muscle. The main sign in
Duchenne Muscular Dystrophy; LGMD2A: Limb-Girdle all MDs is progressive muscle weakness. Specific signs and
Muscular Dystrophy type 2A; LGMDR1: Limb-Girdle Muscular symptoms begin at different ages and in different muscle
Dystrophy Recessive 1; MD: Muscular dystrophy; ES: Exome groups, depending on the type of MD. In effect, MDs have a
Sequencing wide range of clinical forms (Duchenne, Becker, Limb-girdle,

Myotonic, Congenital and Facioscapulohumeral). The most
common type is Duchenne Muscular dystrophy (DMD). The

Muscular Dystrophy (MD) is a group of diseases that cause Limb-girdle form (LGMD) is the fourth most common form

Introduction
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with an estimated prevalence of about 2 in every 100,000
individuals [1,2,3]. LGMDs are classified by the respective
inheritance patterns: LGMD1 for autosomal dominant and
LGMD2 for autosomal recessive. Dozens of different genes,
when mutated, have been shown to cause different LGMD1 and
LGMD2 types. Depending on the genes involved, each type of
LGMD is further subdivided into several subtypes (LGMDI1A,
LGMD1B,..., LGMD1H) for dominant forms and (LGMD2A,
LGMD2B,...., LGMD2Y) for recessive forms. LGMD2A is the
most common type worldwide, accounting for 15-40% of
all LGMD cases [4]. As there are still many patients with the
symptom of LGMD for whom the molecular diagnosis is not
established even after receiving a genetic test, it is suspected
that there are novel genes yet to be discovered for LGMDs.

Here, we report a 24-year-old patient with multiple signs
of LGMD that started to manifest at the age of 10. A thorough
clinical evaluation has been performed but it could not specify
which type of LGMD the patient has, requiring a molecular
diagnosis.

Material and methods
Patient

The proband was a 24-year-old patient born from a first-
degree consanguineous marriage, suffering from LGMD.
His two parents did not show any symptoms of the disease.
However, two maternal aunts shared the same symptoms as
the proband (Figure 1). The pedigree supports an autosomal
recessive mode of inheritance that corresponds to the LGMD2
type. Since his schooling, the patient has had difficulty
running, climbing stairs and getting up from the ground.
These gradually worsened, reducing his physical activities.
His motor deficit was proximal, affecting both girdles, with
moderate atrophy of the hip and para-vertebral muscles. The
muscle biopsy confirmed progressive muscular dystrophy.
He also presented a worsening of dandian walking disorders,
sometimes needing a wheelchair for long distances.

Methods

Genomic DNA was extracted from white blood cells using
a standard phenol/chloroform method and sent to 3billion,
Inc for exome sequencing (ES). ES was performed following
3billion’s standard protocol: exome capture was performed by
xGen Exome Research Panel v2 (Integrated DNA Technologies,
Coralville, Iowa, USA) and sequencing was run on Illumina
NovaSeq 6000 (Illumina, Inc, San Diego, CA, USA) generating
150 bp paired-end reads. Sequence data analysis was performed
according to previously published protocol [5]. Mean depth of
~225x was generated and ~99 % of the targeted regions were
covered at >=20X. Variant analysis was performed using 3
billion’s EVIDENCE [5] to annotate, filter and classify the
variants based on the American College of Medical Genetics
and Genomics (ACMG) guideline [6] and prioritize by the
symptom similarity score. Finally, the variant was interpreted
in the context of the patient’s phenotype by 3 billion’s Medical
Geneticists. Sanger sequencing was performed on the proband
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and the family members using the ABI PRISM 3100 Genetic
Analyzer and the BigDye Terminator Cycle Sequencing Kit from
ThermoFisher scientific.

Results
Genetic analysis

Exome sequencing identified a one-base deletion variant
15-42680000-CA-C (GRCh37) in exon 4 of the CAPN3 gene
on chromosome 15. This variant NM_000070.2:c.550delA
(Figure 1) is predicted to result in a frameshift (NP_000061.1:p.
Thri84ArgfsTer36), leading to early termination of the protein.
CAPN3 gene encodes calpain-3, a protein that constitutes a
muscle-specific calcium-dependent intracellular protease.
CAPNS3 is associated with both autosomal dominant LGMD4
(also known as LGMDil) and autosomal recessive LGMD1
(also known as LGMD2A). The variant is a well-established
pathogenic variant that has been reported in multiple other
patients with a similar phenotype (ClinVar ID: VCV000017621).
There were no additional variants that could explain the
proband’s phenotype.

Segregation analysis

Sanger sequencing confirmed the homozygous c.550delA
variant in the proband (IIL,). His two similarly-affected
aunts (IL; I1,) were also homozygous and the two unaffected
parents were each heterozygous (IL; IL) for the same variant.
The unaffected sister (IIL)(Figure 2) was homozygous for the
reference allele.

CAPN3 gene
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Figure 1: Location of the c.550delA variant on the CAPN3 gene.
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Figure 2: Pedigree of the patient’s family and results of direct sequencing.
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Discussion

The autosomal recessive Limb-girdle muscular dystrophy
type 2A (LGMD2A), also known as calpainopathy or LGMDR1
[7] (limb-girdle muscular dystrophy recessive 1) is caused by
homozygous or compound heterozygous variants in the calpain
3 (CAPN3) gene encoding for the proteolytic enzyme calpain 3
(CAPN3) [8]. LGMD2A is characterized by selective atrophy
and progressive weakness of the shoulder and proximal limb
and girdle muscles that usually appears in children and young
adults. It results in loss of ambulation within 10 to 20 years
after the disease onset in most patients [9,10].

Since the discovery of CAPN3 as the gene responsible for
LGMD2A, various studies performed in animal models and
human samples have shown that CAPN3 deficiency is associated
with different features in the skeletal muscle such as oxidative
damage, Ca2+ dysregulation, sarcomere disorganization,
mitochondrial abnormalities, abnormal muscle adaptation
and impaired muscle regeneration, which together would lead
to inflammation, necrosis, fibrosis, atrophy and progressive
muscle degeneration, characteristic of LGMD2A [9].

Even though the c.550delA variant is a well-established
pathogenic variant, it is found in the population of individuals
who are carriers. In the gnomAD v2.1.1 (https://gnomad.
broadinstitute.org/) dataset, it is observed in 65 individuals
as heterozygous with an allele frequency of 0.000228. Most
of these individuals are of European descent (allele frequency
of 0.000648) and only 1 out of 24,964 African population is
heterozygous for the variant (allele frequency of 0.0000401).
Being consistent with this observation, this variant is most
frequent in the patients from Eastern and Central Europe [11-
17]. For example, in Latvia, it had been described with an allele
frequency of 0.13 when compared to the controls group (0.001)
[11] while it has never been described in Tunisian and African
patients, making this case report significant. This variant in
our patient’s family could come from a common ancestor
who probably had migrated from Eastern Europe (especially
from Turkey where the variant has already been described))
to Tunisia during the Ottoman Empire. Indeed, the Ottomans
settled in Tunisia during the 16th century and mixed with
the endogenous population. Further haplotypic analysis may
clarify this hypothesis of the c.550delA origin in North Africa.

This variant is expected to cause a loss of normal calpain-3
protein function via nonsense-mediated mRNA decay although
there is no functional evidence reported.

The only variants previously identified on the CAPN3 gene in
LGMD2A Tunisian patients are c.1536+1G>T in the donor splice
site of the 12 intron [18] and a missense mutation (c.T1681C/p.
Y561H) in the 13t exon [19].

Since the pathophysiological mechanisms involved in
LGMDR1 remain mostly unknown, there is no effective
treatment or cure for this disease. However, medications and
therapy can help manage symptoms and slow the course of the
disease and therefore it is important to identify the molecular
diagnosis as early as possible. Performing further analyses at
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the biochemical level such as western blot using antibodies
directed against the calpain 3 protein and at the molecular level
using the real-time PCR technique to quantify the expression
of the CAPN3 gene in patients are in the work. A functional
study by site-directed mutagenesis of the c.550delA variant
can also be envisaged.

Conclusion

Exome sequencing allowed to end of the “diagnostic
odyssey” in this family, providing opportunities for early
clinical management and genetic counseling for the family
members.
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