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ABSTRACT

This study investigated the frequency of ACE genotypes in sporadic hypertrophic cardiomyopathy
(HCM) and compared these frequencies to those found in the general population and in familial HCM.
Delineation of the genotype of a 287 bp fragment in the ACE gene of 10 patients with confirmed
sporadic HCM demonstrated that 2 (20%) were of the DD genotype, 5 (50%) of the ID genotype, and 3
(30%) of the II genotype. These genotype distributions did not differ significantly from controls (pp <
0.57). Comparison of the present results with genotype frequencies in familial HCM reported in prior
studies revealed a significant difference in genotype distribution between sporadic and familial HCM
(pp < 0.04). These findings indicate that the frequency of the ACE genotype does not appear to differ
between patients with sporadic HCM and the general population. However, the results suggest that,
with regard to the ACE polymorphism studied, genetic differences may exist between the sporadic and
familial forms of HCM.

INTRODUCTION

Over the past decade, much interest has developed regarding the role of the renin-angiotensin system in
cardiovascular disease. Specifically, the angiotensin-I converting enzyme (ACE), the enzyme responsible for
converting angiotensin I to angiotensin II, has been the focus of a considerable number of investigations due
to its apparent widespread effects on multiple organ systems, including the heart, the vascular system, and the
kidneys. Angiotensin has been shown to have vasoconstrictor activity on vascular endothelium and may thus
play a role in the pathophysiology of hypertension. Also, angiotensin has been shown to stimulate smooth
muscle hypertrophy and hyperplasia through the release of growth factors, such as platelet derived growth
factor, and through the activation of proto-oncogenes (1). Recent advances in molecular biology have
localized the ACE gene to chromosome 17 (2). Further analysis demonstrated a polymorphic region
consisting of the presence or absence (insertion/deletion) of a 287 bp fragment (3).



Many studies have attempted to determine whether specific ACE genotypes are associated with certain traits
or diseases. For instance, Rigat et al. found that the insertion/deletion polymorphism accounted for nearly
half the variance of serum ACE levels, with deletion homozygotes (DD genotype) having significantly higher
serum ACE levels (4). Subsequently, Cambien et al. demonstrated that the DD genotype is more frequent in
patients who had a myocardial infarction (MI) and thus constitutes a risk factor for MI, particularly in those
patients considered to be at low risk (i.e. without hypertension, high plasma lipid levels, or smoking history)
(5). Further analysis revealed that, in patients with previous MI, there was increased frequency of the DD
genotype among those with a parental history of MI. This suggested that genetic variation at the ACE locus
may be involved in the risk for MI (6).

In another study, Raynolds et al. found an increased frequency of the DD genotype in patients with ischemic
or dilated cardiomyopathy, indicating that the ACE DD genotype may be a risk factor for heart failure
associated with these types of cardiomyopathy (7). An increased frequency of the DD genotype has also been
associated with left ventricular hypertrophy (LVH) (8), coronary artery disease (9), familial hypertrophic
cardiomyopathy (HCM), and a family history of sudden cardiac death (SCD) (10). In addition, the DD
genotype has been found to influence the phenotypic expression of left ventricular hypertrophy in HCM (11).

Considering the numerous associations of the ACE DD genotype to cardiac disease, the purpose of this
investigation was to delineate the frequency of the DD genotype in sporadic HCM and then compare these
findings to the frequency of the DD genotype in familial HCM and in the general population.

METHODS

Selection of Subjects and Controls

Blood samples were taken from 10 patients with sporadic HCM. The diagnosis was confirmed with
echocardiography and a detailed family history. The control group consisted of 25 patients with no
documented evidence of cardiac disease who had been randomly selected from an unrelated unpublished
study.

Informed consent for inclusion in this study was obtained from all patients.

Isolation of DNA

DNA was isolated from peripheral lymphocytes as previously described (12).

Amplification

Polymerase chain reaction was performed using 1.0-1.7 µg of template DNA and 25 pmol each of DCP-sense
(5'CTGGAGACCACTCCCATCCTTTCT 3') and DCP-anti-sense
(5'GATGTGGCCATCACATTCGTCAGAT 3') primers. These were prepared in a final volume of 50 µl of
buffer solution, containing 1.5 mM MgCl2, 50 mM KCl, 10 mM Tris-HCl pH 9.0, 0.5 mM of each dNTP, and
5 units of Taq polymerase (Pharmacia). The DNA was amplified for 28 cycles with denaturation at 95šC for 1
min, annealing at 55šC for 2 min, and extension at 72šC for 3 min, with a final extension at 72šC for 10 min
using a thermocycler (model PTC-150, MJ Research, Watertown, Massachusetts, USA). The PCR products
were visualized by electrophoresis on a 2% agarose gel stained with ethidium bromide.

RESULTS

The results of gel electrophoresis on PCR products of DNA that was extracted from peripheral lymphocytes
of subjects having the DD genotype revealed a 190-bp fragment, whereas subjects with the II genotype
demonstrated a 490-bp fragment (Fig. 1). Heterozygotes for the ACE ID polymorphism produced both bands
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as well as an intermediate third band that represents a heteroduplex DNA fragment described previously (4).

Analysis of the results of electrophoresis from 10 patients with sporadic HCM demonstrated that 2 (20%)
were of the DD genotype, 5 (50%) of the ID genotype, and 3 (30%) of the II genotype, yielding an allele
frequency of 0.45 for the D allele and 0.55 for the I allele (Table 1). The 25 control subjects showed 4 (16%)
DD, 17 (68%) ID, and 4 (16%) II genotypes, yielding an allele frequency of 0.50 for the D allele and 0.50 for
the I allele.

Statistical analysis revealed that the ACE genotype frequencies were not significantly different between the
patients with sporadic HCM and controls (p < 0.57). Further comparison of patients from this study with
historical controls (Cambian et al., Marian et al., and Schunkert et al.) (5,8,10) failed to show a significant
difference in ACE genotype distribution (p < 0.69, p < 0.58, and p < 0.57, respectively). In addition, the ACE
genotype distribution in patients from this study was not significantly different from the distribution in
sporadic HCM patients reported by Lechin et al. (11) (p < 0.69) (Table 2).

The distribution of ACE genotypes in sporadic HCM patients in this study was significantly different (p <
0.04) from the ACE genotype distributions in familial HCM reported by Marian et al. This difference was
more significant (p < 0.006) when only patients with familial HCM and a family history of sudden cardiac
death (SCD) were included (Table 3).

DISCUSSION

The ACE genotypes of 10 patients with sporadic HCM have been determined in the present study, and the
distribution of these genotypes is similar to that reported by another author (11). No significant difference
was found in the distribution of the ACE genotypes between sporadic HCM and a control population.
Comparison of these results with ACE genotype distributions found in control populations from other studies
of ACE polymorphisms also showed no significant difference (5,8,10). These findings suggest that a similar
distribution of ACE genotypes exists between patients with sporadic HCM and the general population.

Previous literature has described the distribution of ACE polymorphisms in HCM subgroups (10). Data from
these studies demonstrated an increased frequency of the DD genotype in familial HCM as compared to a
control population. However, the present study does not support an increased frequency of the DD genotype
in the sporadic form of HCM. Although patients with sporadic HCM did not show a higher frequency of DD
genotype than controls, the frequency of this genotype (and thus of the D allele) in sporadic HCM patients
was significantly lower than that reported elsewhere for familial HCM patients.

The implications of the difference in DD genotype frequency between sporadic and familial HCM patients
are not entirely clear. Despite the influence of the DD genotype on LVH shown by Lechin et al., it is possible
that the ACE gene polymorphism has no influence on the phenotypic expression of HCM in the sporadic
form. It must be noted that neither the present study of sporadic HCM patients nor the study of familial HCM
patients by Marian et al. was controlled for LVH severity. Because a large proportion of the familial HCM
patients in the study by Marian et al. had a familial history of SCD, the increased frequency of the DD
genotype in these patients may actually represent the association between increased DD genotype frequency
and severity of LVH, and not an association between increased DD frequency and familial HCM. It remains
possible that the difference in DD genotype frequencies between familial and sporadic HCM reported here is
not truly a function of the form of the disease, but rather reflects a difference in LVH severity between the
two populations studied.

It should be noted that the frequency of the DD genotype reported for the HCM populations in prior studies
may be over-represented, whereas it is unlikely that a similar overestimation exists in the present study.
While the subjects in the present study represented totally unrelated cases of HCM, the 100 HCM patients in
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the study by Marian et al. spanned merely 18 families, which may have skewed the sample population toward
certain familial genotypes.

The possibility of mistyping ACE gene heterozygotes, as reported by Shanmugan et al (13), must also be
considered. Although mistyping of heterozygotes (ID) as deletion homozygotes (DD) would falsely increase
the frequency of the DD genotype, cases and controls within a given study would be affected to the same
degree, and thus the validity of associations found between genotype and disease would be preserved.
However, variability in the degree of mistyping among different studies may compromise the validity of
comparing numerical results from different studies, as performed here. In order to minimize this possibility of
mistyping, an excess (25 pmol, as opposed to the standard 10 pmol, per 50 µl) of each primer was used in the
present study, as suggested by Perna et al. (14). This method of using excess primer was not employed in
other studies investigating the association of the DD genotype with HCM.

In conclusion, this study demonstrates no significant difference in the distribution of the ACE gene
polymorphisms in sporadic HCM compared to the general population. When results from this study were
compared to the literature on familial HCM, there was no increased frequency of the DD genotype in
sporadic HCM. Although confirmation by studies of larger populations is necessary, this finding suggests
that, with regard to the ACE polymorphism studied, genetic differences may exist between the sporadic and
familial forms of HCM.
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