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Short Communication
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Abstract. Dominant mutations in CACNA1S gene mainly causes hypokalemic periodic paralysis (PP)(hypoPP). A 68-year-
old male proband developed a progressive proximal weakness from the age of 35. Muscle biopsy showed atrophic fibers
with vacuoles containing tubular aggregates. Exome sequencing revealed a heterozygous p.R528H (c.1583G>A) mutation in
the CACNA1S gene. CACNA1S-related HypoPP evolving to persistent myopathy in late adulthood is a well-known clinical
condition. However, isolated progressive myopathy (without PP) was only exceptionally reported and never with an early
onset. Reporting a case of early onset CACNA1S-related myopathy in a patient with no HypoPP we intend to alert clinicians
to consider it in the differential diagnosis of younger adult-onset myopathies especially when featuring vacuolar changes.
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INTRODUCTION

The CACNA1S (Cav1.1) gene encodes the pore-
forming subunit of the dihydropyridine receptor
(DHPR) located on the skeletal muscle T-tubules.
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DHPR is a voltage-gated L-type Ca2+ channel
responsible for the process of excitation–contraction
coupling (ECC) by interacting with the ryanodine
receptor (RYR1) at the triad: this interplay triggers
muscle contraction. Mutations in the CACNA1S gene
result in a paradoxical depolarization that reduces
fiber excitability and contractility during an attack of
HypoPP caused by an anomalous gating pore leakage
current in mutant CaV1.1 channels [1, 2]. Domi-
nant mutations in the CACNA1S gene are known
to cause hypokalemic periodic paralysis (HypoPP)
and malignant hyperthermia (MHS5) [3–6]. More
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recently, dominant and recessive mutations in the
CACNA1S gene have been linked to a novel class
of congenital myopathies and to a late-onset myopa-
thy without HypoPP [7, 8]. In describing progressive
early onset myopathy with heterozygous CACNA1S
mutation we aim to expand the phenotypical spectrum
of CACNA1S gene mutations beyond strict chan-
nelopathies to include other myopathies.

CASE REPORT

The proband (PII.2), a male Caucasian patient aged
68, coming from a family of 5 siblings (Fig. 1), with-
out evidence of consanguinity, was referred to our
tertiary center in 2020, for progressive weakness of
the four limbs evolving since the age of 35. The
patient had an asymptomatic 49-year-old daughter,
a living 58-year-old brother (who was also asymp-
tomatic), a deceased affected brother (PII.3), and a
deceased sister. The patient’s mother was wheelchair-
bound from the age of 55 and had presented attacks
of transient paralysis compatible with a diagnosis
of HypoPP. The proband had no history of typical
generalized periodic weakness. Physical examina-
tion revealed a proximal myopathy evaluated at 3/5
on the medical research council (MRC) scale. He
did not show any facial or bulbar weakness. Forced
vital capacity was 89%. He did not show any joint
contractures. He did not present any percussion nor
electrical myotonia. Electromyography of proximal
and distal muscles of the 4 limbs showed rare myo-

Fig. 1. Family tree. *p.R528H (c.1583G>A).

genic potentials. There was no evidence of loss of
amplitude on the long-effort test. Magnetic resonance
imaging (MRI) of lower limbs showed a major fatty
replacement of the thigh muscles with a partial spar-
ing of the adductor muscle, the rectus femoris and
the gracilis muscles and a complete fatty replace-
ment of the psoas muscles at the pelvis (Fig. 2 and
3). A moderate elevated serum CK-level was found
(value at last visit: 1826 U/L; normal range 39–308).
Muscle biopsy of the left biceps was sampled at
the age of 68 and showed numerous atrophic fibers

Fig. 2. Lower limb MRI. Major fatty replacement of the thigh muscles with partial sparing of the adductor muscle, the rectus femoris and
the gracilis muscles (arrows).
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with many vacuoles containing tubular aggregates
(Fig.4). Myosin ATPase staining showed a normal
fiber-type distribution. The proband’s brother (PII.3)
experienced paralytic attacks from the age of 27. He
was evaluated when aged 39 and clinical examina-
tion (beyond the paralytic episodes) was reported as
normal. Intravenous glucose administration did not
provoke conclusive results. Muscle biopsy (left del-
toid) showed moderate-to-severe vacuolar changes
with rare tubular aggregates. No further medical
information was available. He died at the age of 72.
Exome-sequencing was performed on the proband
and data were filtered according to a list of 548 genes
involved in neuromuscular diseases. The common
pathogenic p.R528H mutation in the CACNA1S gene

Fig. 3. MRI of the pelvis. Complete fatty replacement of the psoas
muscles (arrows).

Fig. 4. (a) H& E stain x10; note the internalized nuclei (arrows), necrotic fibers (spike arrows) and the numerous atrophic fibers (non-
indicated) bars = 100�m. (b) ATPase pH 9,4 stain x2; normal fiber-type distribution, as Type II atrophic fibers can be spotted (arrow);
bars = 1000μm. Type I predominance. (c,d) Same spot in Gömöri trichrome stain (c) and NADH (d) stain x20, respectively; note the variable
aspect of vacuoles (arrow) in each stain. Tubular aggregates have a dark staining pattern in NADH ((d) - arrow) despite the aspect of vacuoles
(+/- rimmed) in Gömöri trichrome stain ((c) - arrow) bars = 100�m.
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was identified in a heterozygote state and was con-
firmed by Sanger sequencing. DNA from other family
members was not available. This mutation has been
commonly reported in affected individuals from dif-
ferent families with HypoPP [4, 9, 10]. Contrastingly,
our patient did not present episodic paralysis and
early-onset myopathy was the sole manifestation.

DISCUSSION

Primary hypokalemic periodic paralysis (HypoPP)
typically presents before the age of 20 with transient
attacks of muscle weakness. Severity and dura-
tion of the episodes vary, lasting from hours to
days [9]. Paralytic attacks are usually precipitated
by carbohydrate-rich meals, rest after exercise and
stress-related illness; all are conditions that favor
the entry of potassium into cells. The HypoPP phe-
notype classically involves normal muscle-strength
between paralytic episodes. Some patients may how-
ever develop a permanent muscle-weakness over
time, generally after the fourth decade, whereby
paralytic attacks decrease in frequency [10]. The
association between periodic paralysis and perma-
nent muscle weakness has long fueled debates, since
the relationship between the frequency and severity
of previous attacks and the myopathy has not been
well-established. It is thought that weakness might
be the result of a more complex process than just
the damage accumulated by repetitive attacks [11].
Pathologically, HypoPP-related myopathy is charac-
terized by the presence in muscle fibers of vacuoles
containing granular material and abnormal dilata-
tion of the sarcoplasmic reticulum [12]. Vacuolar
changes, though non-pathognomonic, are considered
as the histological hallmark of HypoPP and can be
found at disease-onset. Links et al. stated in 1990
that vacuolar changes were the primum movens of a
myopathy unrelated to paralysis attacks [11]. Many
authors nowadays agree with this statement [8]. Con-
cerning the distribution of weakness, HypoPP related
myopathy shows both a proximal and distal involve-
ment, mainly involving the lower limbs. Our patient
presented a major, symmetrical involvement of the
posterior compartment of the thighs and a sparing
of rectus femoris and gracilis as depicted in previ-
ous observations [8]. In the family we are reporting
here, the phenotypic expression in the different fam-
ily members was heterogeneous: in the proband, the
myopathy was early-onset and with no PP. The two
other affected family-members however seemingly

presented HypoPP based on their clinical history. It
is noteworthy that the p.R528H mutation was previ-
ously identified in a large family as causing HypoPP
and a late-onset myopathy without paralytic attacks
[13]. These findings were further confirmed in a more
recent, large cohort study on the CACNA1S muta-
tions spectrum [8]. Our case additionally highlights
the intra-familial phenotypic variability of CACNA1S
gene mutation and related HypoPP. The question
of what determines this pronounced intra-familial
variability remains open and should be investigated
in future studies. In summary, the proband in this
affected family presented with an early-onset myopa-
thy evolving since the age of 35. CACNA1S-related
pathogenic mutation can rarely present with a purely
myopathic phenotype. To the best of our knowledge,
this had been previously reported in only 7 patients,
and never with a clinical onset younger than the age
of 35 [8, 13, 14]. Our report on this progressive
early-onset myopathy associated with a heterozy-
gous CACNA1S mutation expands the phenotypical
spectrum of CACNA1S-related muscle diseases and
should imply considering it in the differential diag-
nosis of younger adult-onset myopathies especially
when featuring myopathies with tubular aggregates.
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