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Cardiac and skeletal actin gene
mutations are not a common cause of
dilated cardiomyopathy

Epitor—Idiopathic dilated cardiomyopathy (DCM) is a
primary disorder of heart muscle that is characterised by
dilatation and impaired contraction of the chambers of the
heart. Presentation is usually with heart failure, which is
progressive, with a five year mortality of 50% after the onset
of symptoms. Since the cause of this condition is unknown,
specific therapy is not possible, and heart transplantation is
the only definitive treatment for end stage disease.

A major advance in the study of the pathogenesis of
DCM has been the demonstration that 20-30% of cases are
familial, suggesting that genetic factors may be involved in
the aetiology of the condition.! Reported families most
commonly are compatible with autosomal dominant
inheritance, but some with X linked and autosomal reces-
sive inheritance have been documented. Genetic linkage
studies in single large dominant pedigrees have implicated
seven different chromosomal loci, underlining the genetic
heterogeneity of the condition.”™

Recently, missense mutations in the cardiac alpha actin
gene that appeared to cosegregate with DCM were identi-
fied in two unrelated small families, raising the possibility
that proteins involved in the generation or transmission of
force in cardiac myocytes may be involved in the
pathogenesis of DCM.? The evidence in favour of a patho-
logical role was confined to the conservation of the affected
residues and the absence of the mutations from a large
series of controls (870 chromosomes) (without unequivo-
cal evidence of linkage or a functional deficit induced by
the mutations). In addition, the prevalence of cardiac actin
mutations in DCM is unknown. Furthermore, cardiac and
skeletal actin genes are coexpressed in the heart, and the
skeletal isoform, which is highly homologous in structure
and function, is thought to be the predominant isoform in
adult human hearts based on mRNA expression data.’
Protein quantitation studies have shown a lower but
significant proportion of the skeletal actin isoform (20%)
compared to the cardiac actin isoform (80%) in the adult
human heart.” We postulated that both cardiac and skeletal
actin genes were important candidate genes for study in
patients with dilated cardiomyopathy.

The patients and families were identified through a pro-
spective multicentre study of the genetics of DCM in
South Africa. Informed consent was obtained from each
participant, and the study approved by the University of
Cape Town Faculty of Medicine Research Ethics Com-
mittee. After exclusion of other causes of heart disease and
known systemic disease, the diagnosis of DCM was based
on the demonstration by echocardiography of left ventricu-
lar dilatation (left ventricular end diastolic diameter >2.7
cm/m? body surface area), and impaired systolic function
(fractional shortening <25%).% Cardiac catheterisation was
performed in the majority of the patients to rule out
coronary artery or other heart disease.

A total of 57 patients aged 1-79 years (mean 40 years)
with DCM were studied, including 38 males. The majority
of the patients (56%) were of black African origin. Eleven
subjects from eight families had known familial disease
with an autosomal dominant pattern of inheritance. All
patients had a physical examination, ECG, and 2D
transthoracic echocardiography including M mode and
Doppler studies. None of the patients had clinical evidence
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of skeletal muscle disease. All patients had left ventricular
dilatation with a mean fractional shortening of 20% by
echocardiography.

Genomic DNA isolated from peripheral leucocytes was
amplified by PCR. The six exons of the cardiac alpha actin
gene were amplified using published intronic primers?
primers were designed for the amplification of the skeletal
alpha actin gene exons according to the published genomic
DNA sequence.” The skeletal alpha actin gene primer
sequences and the PCR product sizes are given in table 1.
Note that primers are positioned in introns to include splice
junctions and that exon 2 is amplified in two overlapping
fragments of appropriate size for SSCP. The PCR products
were analysed by SSCP performed on 6% polyacrylamide
gels with and without addition of glycerol as previously
described." Direct sequencing of abnormal SSCP conform-
ers was performed using a standard protocol.'

Four single nucleotide variants (T315C, C431T,
C675T, and C2918T) were found in the cardiac actin gene
as outlined in fig 1A. The only variant in a coding region
was a silent C to T transition affecting the third position of
codon 73, C431T (Ile73Ile). The T315C and C675T
variants are in intron 1 and intron 2, respectively, and are
sufficiently far from the splice sites not to have an effect on
the transcript. The C2918T variant is in the 3' untranslated
region of the cardiac actin gene and was present in 3/57
cases and 2/60 controls. Three variants were found in the
skeletal actin gene (fig 1B). Two were silent transversions
A2238C (Thr151Thr) and C3152A (Ile332]le) in exons 2
and 6 respectively. A T1910C transition at position -5 of
the splice acceptor site in intron 1 was found in two
subjects. As this substitution would not replace the
consensus pyrimidine base at this position it would not be
expected to affect splicing of the skeletal alpha actin gene
transcript.!! Thus, none of the 57 patients (54 unrelated
subjects) was found to have a mutation that was predicted
to alter either the cardiac or skeletal actin peptides. The
frequency of each of the cardiac and skeletal actin gene
polymorphisms was 2-5% in the sample studied.

The main conclusion reached from this study is that
actin mutations are not a common cause of DCM. Thus,
although cardiac actin missense mutations have been
described in two small families with DCM, their absence
from 54 unrelated probands suggests that, at most, they
could contribute a few percent of the disease prevalence.

While the genetic background of our study population was

clearly quite different from that of Olson er al,’ previous
experience suggests that dominant mutations associated
with disease of this severity do not survive for long enough
to create marked founder effects and so are likely to be
evenly distributed among populations.'? On the other
hand, the frequency of silent polymorphisms in this South
African cohort (2-5%) does contrast with that of the previ-
ous report (no polymorphisms identified)’ and this may
reflect a population which is much older and had not been
affected by recent expansion or bottlenecks.

Table I PCR primers for the amplification of the skeletal alpha actin
gene exons (5'>3)

PCR
product

@)

CCGAGCCGGCTCCCTCTGCG 198
CGGTGAGCAGGGTGGGGTGC 230
CGGGACGAGGGGACTGGGGG 229
GCGGCCCTCCGCCCGGGTGC 23t
GCCTGGGGGCCGGGGCGAGG 262
CACCCCGCCGACAGCCCGCG 251
GTCCTGAGAAGTCGCGTGCT 213

Exon Forward Reverse

1 TCGCGGTCTCCCTGTCCTTG
2i GGCGTTAACGGGTGCGTGGT
2ii TCTGGCACCACACCTTCTAC
3 CCCCCAGCCACTCACTCTCT
4 AGTGAGGGCTCCTCTCCTGC
5 GAGCTTCTGCTCACGCTCCC
6 GGTGAGGTCTCCCCACCTCA
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Figure 1  Schematic representation of the cardiac alpha actin gene (A)
and the skeletal alpha actin gene (B). (A) Location of the four single
nucleotide variants found in this study (closed arrows) and the published
cardiac alpha mutations associated with dilated cardiomyopathy.® (B)
Location of the three single nucleotide variants found in the skeletal alpha
actin gene.

We could not find support for the involvement of skeletal
actin as a disease gene for DCM. However, if cardiac actin
mutations cause DCM at a very low frequency, the same
remains possible for the skeletal gene. The lack of an overt
skeletal myopathy despite expression in skeletal muscle
probably does not preclude skeletal actin as a candidate
gene, as a comparable situation applies in hypertrophic
cardiomyopathy caused by mutations in p-cardiac myosin
heavy chain or a-tropomyosin. The difficulty in defining or
excluding a role for candidate genes in DCM relates to the
anticipated extreme genetic heterogeneity, as indicated by
the multiple anonymous loci in man and the diversity of
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mouse knockout models with a DCM phenotype.” It
remains unknown whether there are disease genes that are
responsible for a significant proportion of this condition,
but if there are these do not include those encoding cardiac
or skeletal actin.
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Subclinical cognitive impairment in
autosomal dominant “pure” hereditary
spastic paraplegia

Eprror—The hereditary spastic paraplegias are character-
ised by progressive spasticity, predominantly affecting the
lower limbs. They have been divided into “pure” or
complicated forms.' > Four loci for autosomal dominant
pure hereditary spastic paraplegia (ADPHSP) have been
mapped, on chromosomes 2p (SPG4), 8q (SPG6), 14q
(SPG3), and 15q (SPG6)."?

Cognitive impairment may be present in apparently
“pure” hereditary spastic paraplegia. Tedeschi ez al* found
subclinical cognitive deficits in seven patients with
autosomal recessive or autosomal dominant pure heredi-
tary spastic paraplegia, when compared to normal,

- unrelated controls. Webb and Hutchinson® investigated 31
patients from 12 kindreds with ADPHSP (loci not
described) and found subclinical cognitive impairment,
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apparently restricted to cases over 50 years old. In addition,
the description of an SPG4 linked family with paraplegia
complicated by subcortical dementia suggests that “pure”
hereditary spastic paraplegia and hereditary spastic para-
plegia complicated by frank dementia may be allelic
disorders.®

As a pilot study, we investigated the presence of
subclinical cognitive impairment in family members from
four Welsh ADPHSP families (families 26, 27, 28, and 36)
using the Mini-Mental State Examination. Diagnostic cri-
teria and clinical details for these families have been
described previously.” None of the subjects had an existing
diagnosis of overt dementia.

The three largest families, 26, 27, and 28, were
genotyped by PCR amplification at microsatellite markers
flanking and within the relevant ADPHSP candidate
regions (table 1). Family 36 was not genotyped because of
its small size. For families 26 and 28, two point lod scores
do not support linkage to any of the four known loci, and
multipoint linkage analysis generated lod scores of <—2
throughout all four candidate regions, formally excluding
linkage. For family 27, two point and multipoint linkage
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