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An 18 year old man and his mother both presented with
persistent, isolated raised serum creatine kinase (hyperCK-
aemia) without muscle symptoms. Analysis of caveolin-3
protein expression in muscle biopsy of the propositus
showed a reduction in the protein. Genetic analysis
revealed a new heterozygous mutation in the caveolin-3
(CAV-3) gene: a C→T transition at nucleotide position 83
in exon 1 leading to a substitution of a proline for a leucine
at amino acid position 28 (P28L). This is the first
pathogenic mutation in the CAV-3 gene associated with
isolated familial hyperCKaemia. It expands the genetic
heterogeneity in patients with caveolin-3 deficiency and
confirms that caveolin-3 deficiency should be considered
in the differential diagnosis of isolated hyperCKaemia.

Raised serum creatine kinase (hyperCKaemia) is a
hallmark of hereditary neuromuscular disorders.1 How-
ever, several acquired conditions (for example, infections,

alcoholism, drugs, intramuscular injections) may also cause a
rise in creatine kinase, and as the enzyme is now often
included in routine blood tests the number of apparently
healthy individuals with persistent hyperCKaemia has
increased.2 The criteria for the diagnosis of isolated hyperCK-
aemia have been revised in recent decades, with emphasis on
the importance of a thorough muscle biopsy study.2–4

Caveolin-3, a muscle specific caveolin related protein, is the
principal structural protein of caveolar membrane domains in
skeletal muscle and in the heart.5 Mutations within the coding
sequence of the human caveolin-3 gene have been so far asso-
ciated with different muscle disorders: an autosomal domi-
nant form of limb girdle muscular dystrophy (LGMD-1C),6 an
idiopathic form of hyperCKaemia,7 and recently, a rare skeletal
muscle disorder characterised by mechanical hyperirritability
(rippling muscle disease, RMD).8 9

We previously described a sporadic heterozygous mutation
in the CAV-3 gene in two unrelated asymptomatic children
with isolated persistent hyperCKaemia.7 Here, we present two
members of another family with persistent hyperCKaemia
without any signs or symptoms of myopathy, in whom muscle
biopsy revealed partial caveolin-3 deficiency and genetic
analysis identified a new mutation in the caveolin-3 gene.

METHODS
Case 1
The propositus, an 18 year old man, was referred for further

evaluation of a raised serum creatine kinase discovered during

a routine blood test. Motor milestones were normal. He never

complained of muscle weakness, cramps, or premature

fatigue, even after exercise. Neurological examination showed

no muscle intolerance, signs of mechanical hyperirritability, or

central nervous system impairment. There was no calf hyper-

trophy or contractures. Resting serum creatine kinase was

2600 IU/l (normal value < 175 IU/l), while other routine labo-

ratory investigations were normal. Electromyography (EMG)

and nerve conduction studies were normal. An electrocardio-

gram was normal. Computed tomography of the shoulder,

abdominal, hip, and leg muscles was normal. The patient was

not taken any drugs or receiving intramuscular injections.

Case 2
A 49 year old woman, the mother of case 1, denied any myal-

gia or cramps. General physical examination was normal.

Neurological examination and electrophysiological studies

were unremarkable. Resting serum CK was 550 IU/l. Extensive

routine laboratory investigations were normal.

Investigations
In both cases, serum CK levels were raised on multiple

occasions; the father and the 24 year old sister had normal

values.

A muscle biopsy was obtained from the quadriceps muscle

of the propositus. Routine histological and histochemical

techniques, including staining for myophosphorylase, phos-

phofructokinase, and myoadenylate deaminase, were per-

formed by standard methods. For immunohistochemistry and

western blot analysis, muscle samples were processed as pre-

viously described.6 Genomic DNA was extracted from periph-

eral blood leucocytes using the standard phenol/chloroform

method. The full length coding region and the intron–exon

boundaries of the CAV-3 gene were screened for mutations by

direct sequencing of polymerase chain reaction products using

specific primers, as described.6

RESULTS
Muscle biopsy showed a mild increase in variability of fibre

size with some hypertrophic fibres, few internal nuclei, and

one necrotic fibre. On immunofluorescence microscopy, the

intensity of staining for caveolin-3 at the cell surface was

reduced (fig 1). On western blot analysis the caveolin-3

protein expression levels were reduced by 65% (data not

shown). Other membrane proteins involved in different forms

of muscular dystrophy (dystrophin, α-, β-, γ-, and

δ-sarcoglycan, α2-laminin) had normal immunostaining pat-

terns.

Sequence analysis of the CAV-3 gene in the propositus

identified a novel heterozygous C→T transition at nucleotide

position 83 in exon 1, leading to a substitution of a proline for

a leucine at amino acid position 28 (P28L) (fig 1). The muta-

tion was confirmed in the mother by direct sequencing analy-

sis. This mutation was not observed in 50 other patients with

different myopathies or in 100 normal controls.

DISCUSSION
We describe a novel heterozygous mutation—a C→T transi-

tion at nucleotide position 83 in exon 1 of the CAV-3 gene in

two adult family members, a young man and his mother—
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associated with isolated persistent hyperCKaemia (three- to

15-fold above normal values). Neither of these individuals had

muscle symptoms, and we excluded the other known causes

of hyperCKaemia.1 2 3 To our knowledge, this is the first report

of a mutation in the CAV-3 gene associated with familial

hyperCKaemia, confirming that caveolin-3 deficiency should

be considered in the differential diagnosis of isolated

hyperCKaemia. We believe this mutation is likely to be patho-

genic, for the following reasons: first, leucine at amino acid

position 28 is a highly conserved residue across evolution,

suggesting a central role for this amino acid in the normal

structure and function of the enzyme; second, there was

co-segregatation with hyperCKaemia in a dominant mode of

inheritance over two generations; third, there was co-

segregatation with the reduction in the protein expression;

and fourth, the anomaly was not found in any of 100 controls.

Different mutations in the CAV-3 gene have been associated

with various clinical phenotypes.6 7 8 9 10 11 12 We previously

identified a missense mutation and a microdeletion in eight

patients from two different families with a specific form of

limb girdle muscular dystrophy (LGMD-1C).6 We then

reported a novel sporadic mutation in two unrelated children

associated only with persistent hyperCKaemia without any

symptoms of myopathy.7 Recently, four mutations in the CAV-3

gene have been identified in five families with hereditary rip-

pling muscle disorders (RMD), an autosomal dominant

human disease characterised by mechanically triggered

contraction of skeletal muscle.8 9

Interestingly, same mutations have been associated with

different phenotypes, implying that other genes or factors are

involved in the clinical expression (table 1). In addition, a de

novo CAV-3 mutation (R26Q) localised in the N-terminal

domain was found in three different patients,7 9 suggesting

that this region of the first exon of the CAV-3 gene may be a

genetic hot spot for the development of a common sporadic

mutation.

We note that the reduction of caveolin-3 protein expression

observed on western blot in patients with hyperCKaemia,

either sporadic or familial, is less severe than that detected in

LGMD-1C. A possible explanation may be that mutations in

LGMD-1C involve the scaffolding domain or the membrane

Figure 1 Upper panels: Immunolocalisation of caveolin-3 in muscle biopsy. Left: fluorescent immunohistochemical labelling of caveolin-3 in
normal muscle, revealing strong positive staining at the sarcolemmal membrane. Right: immunohistochemical labelling of caveolin-3 in patient 1
showing reduced staining at the sarcolemma. Lower panels: Sequence analysis of the CAV-3 gene. Left: sequence DNA of caveolin-3 in a
normal control (exon1). Right: heterozygous C→T mutation at nucleotide position 83 (arrow) in patient 1, leading to a proline to leucine
substitution (P28L).

Normal control Patient 1

C/T

Table 1 Summary of mutations in the CAV-3 gene

Mutation Location Base pair variation Nucleotide position Phenotypes Reference

R26Q EXON 1 G→A 77 IHCK/RMD 7, 9
P28L EXON 1 C→T 83 FHCK Present report
A45T EXON 2 G→A 133 LGMD 1C/RMD 8, 11
A45V EXON 2 C→T 134 RMD 8
G55S EXON 2 G→A 163 LGMD 1C 10
?TFT (63–65) EXON 2 9 bp deletion 186–194 LGMD 1C 6
C71W EXON 2 C→G 213 LGMD 1C 10
P104L EXON 2 C→T 311 LGMD 1C/RMD 6, 8
R125H EXON 2 G→A 374 LGMD 1C 12

bp, base pair; FHCK, familial hyperCKaemia; IHCK, isolated hyperCKaemia; LGMD, limb girdle muscular dystrophy; RMD, rippling muscle disease.
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spanning domain of caveolin-3, which are essential for caveo-

lin homo-oligomerisation and for the formation of caveolae at

the cell membrane. In contrast, a mutation involving other

parts of the caveolin-3 protein, as observed in our patients

with hyperCKaemia, may have less severe consequences for

caveolin-3 protein expression at the plasmalemma. However,

these mutations may still partially destabilise the muscle cell

plasma membrane, resulting in asymptomatic release of crea-

tine kinase.

Although the absolute number of patients examined is still

too small to define the genotype–phenotype correlation, our

familial cases and the two sporadic patients previously

reported by us indicate that caveolin-3 deficiency may present

with persistent isolated hyperCKaemia that is clinically silent.

Irrespective the clinical course of the disease, we recom-

mend performing immunohistochemical evaluation of

caveolin-3 protein expression and molecular genetic analysis

of the CAV-3 gene in sporadic or familial cases of isolated per-

sistent hyperCKaemia.
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