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Abstract
Background: The limb–girdle muscular dystrophies (LGMD) are a heterogeneous group of disorders characterized by weakness and
wasting of the pelvic and shoulder girdle muscles. Various clinical features may allow suspicion of a particular molecular diagnosis, including:
age of onset, relative muscle involvement, cardio-respiratory involvement, presence of contractures and inheritance type. LGMD2A is due to
mutation in the CAPN3 gene, resulting in a deficiency of the enzyme calpain.
Objective: Describe a family found to have a calpain mutation, in which heterozygous carriers manifested symptomatic facial weakness.

Methods: We describe a woman from a Jewish, Persian, consanguineous family who presented with an atypical myopathy pattern, including
prominent facial muscle weakness. Clinical and genetic analysis was performed on the index patient and family members.

Results: Symptomatic facial weakness was found in her mother and maternal aunts. Exome sequencing identified a homozygous mutation in
the CAPN3 gene, confirming recessively inherited LGMD2A. The mother and symptomatic aunts were found to be heterozygous for the mutation.
Conclusion: The presence of symptomatic facial weakness in heterozygous carriers of this CAPN3 mutation suggests either manifesting
carrier status, or involvement of an independent genetic cause.
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Introduction
Limb girdle muscular dystrophies (LGMD) are a group of
hereditary myopathies that affect primarily the proximal limb
musculature, but usually spare the facial muscles [1-3]. LGMD2A
is a recessive disorder due to calpain deficiency resulting from
homozygous or compound heterozygous mutations in the
CAPN3 gene [4,5].The phenotype is highly variable, and may
include ¬¬¬early scapular winging and rarely, facial weakness,
thus mistakenly suggesting the diagnosis of facio scapula
humeral dystrophy (FSHD)[6,7]. Here we describe an atypical
pedigree with calpain deficiency, where both the homozygous
index patient, and her heterozygous mother and aunts, had
prominent facial weakness.
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Pedigree
The index patient (IV-2) presented with waddling gait from
early childhood. Her parents (III-6 and III-7) were first cousins,
from Jewish Persian origin (). At age 18 she presented to our
neuromuscular clinic with gait deterioration and difficulty
climbing stairs. Examination revealed prominent facial muscle
weakness (Figure 2-left panel), scapular winging and proximal
limb weakness, most pronounced in the lower limbs. Gait was
waddling and there was a positive Gower’s sign. There were
no contractures, calf hypertrophy nor evidence of cardiorespiratory involvement. CPK was elevated in the 650-1200
range and EMG was interpreted as myopathic.
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unclear, genome wide linkage was performed, using 250KSNP
microarray (Affymetrix), and analyzed under various inheritance
models (X-linked, autosomal recessive and autosomal dominant).
The LOD scores obtained excluded an X-linked model. One
region at 20q11-13 (with a LOD score Zmax=3/0045 at =0.0)
was retained for an autosomal recessive inheritance model, with
a total of 240 candidate genes, and 2 further loci at 6q21 and
18q23 (with a maximum LOD score Zmax=2.4 at =0.0)were
retained for an autosomal dominant inheritance model, with 18
and 22 candidate genes respectively. The large number of genes
in each of the candidate regionsled us to perform whole exome
sequencing of the index patient.

Exome sequencing

Figure 1: Pedigree of the family.
Filled and unfilled symbols represent affected and unaffected
individuals, respectively.
Solid fill=LGMD2A phenotype
Hatched line = isolated facial weakness on examination
*Facial weakness reported by family in deceased maternal
grandmother of index patient
+: wild type allele, -: mutant allele

The mother (III-6) complained of a long history of facial
weakness, also present in two of her sisters (III-1 and III-4),
which the family had always referred to as a “bulldog face” (Figure
2-right panels). They also reported that their own mother-the
index patient’s maternal grandmother (II-2, deceased)-had the
same distinctive facial features. Examination of the mother and
the two affected aunts revealed isolated facial weakness (Figure
2-right panels). CPK was normal in the mother and affected
aunts. The father (III-7) and maternal uncles (III-2, III-3 and
III-5) were not affected. Microscopic examination of quadriceps
muscle biopsy submitted from the index patient was consistent
with a non-specific muscular dystrophy. Immuno histochemical
stains for sarcoglycans, dysferlin and merosin were normal.

Figure 2: Facial weakness in index patient and manifesting
carriers.
Prominent facial weakness was seen in the index patient (IV-2,
left). More subtle facial weakness, described by the family as a
“bulldog face” was present in the index patient’s mother (III-6,
center) and maternal aunts-the eldest show (III-1, right).

Genetic analysis
Informed consent was obtained for all family members
undergoing genetic analysis. The length of both D4Z4 alleles was
normal, excluding FSHD1. Because the inheritance pattern was
002

Figure 3: Effect of the p.R572W mutation on calpain expression
in patient and control muscle biopsies. The Western blot shows
a decrease of calpain expression in the muscle biopsy from IV2, compared to control biopsy. Protein expression levels were
normalized to the expression of dysferlin.

Exome sequencing (BGI Shenzhen) reached a mean
sequencing depth of 126 fold with coverage of 98.76% (with
90.78% of the targets covered ≥20x). Mutations in FSHD2
and SMCHD1 were excluded (covered at 99.83% with a mean
depth of 111x). The exome sequencing failed to identify
segregating mutations among the candidates listed by the
previous linkage analysis.In contrast, when crossed with the 333
genes associated with neuromuscular diseases (http://www.
musclegenetable.fr/) the gene list of all the variants obtained by
exome sequencing identified homozygote missense mutations
in 4 different genes involved in neuromuscular diseases. All 4
were Sanger sequenced, but only the homozygote mutation
in CAPN3, identified in the index patient, segregated within
the pedigree. The mutation is a homozygous C to T nucleotide
substitution at position 1714 (NM_000070.2) leading to an
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amino acid change p.R572W.Western blot analysis revealed a
low level of Capn3 protein in the muscle of the index patient
(Figure 3). The heterozygous mutation was confirmed by Sanger
sequencing to be present in the father (III-7) and uncle (III-3)who were completely asymptomatic-and the mother (III-6) and
two maternal aunts (III-1 and III-4), who all had isolated facial
weakness.
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