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Abstract

In addition to regulating renal sodium resorption and, thus, intravascular volume, aldosterone may have direct e�ects on the
cardiovascular system. We previously identi®ed a polymorphism (-344C/T) in the promoter of the aldosterone synthase

(CYP11B2) gene that a�ects binding of the SF-1 transcription factor and thus might in¯uence gene expression. We found that,
whereas this polymorphism has inconsistent associations with levels of aldosterone secretion and blood pressure, the -344C allele
is strongly associated with increased left ventricular size and decreased barore¯ex sensitivity in healthy individuals. These
physiological parameters are cardiovascular risk factors. Indeed, preliminary studies suggest that the -344C allele is also

associated with increased risk of myocardial infarction in high risk dyslipidemic males. # 1999 Elsevier Science Ltd. All rights
reserved.

1. Introduction

Hypertension is an important risk factor for coron-
ary heat disease (CHD). Other cardiovascular physio-
logical parameters that predict morbidity and
mortality from CHD include left ventricular hypertro-
phy [1] and altered autonomic function, evidenced by
chronotropic incompetence (failure to achieve an
appropriate heart rate with exercise) [2] or decreased
barore¯ex sensitivity [3]. Genetic factors that a�ect
these parameters might in turn be risk factors for
CHD.

The renin±angiotensin±aldosterone system is an im-
portant regulator of blood pressure and polymorph-
isms in genes encoding components of this system, and
have indeed been associated with physiological risk
factors for CHD. The most consistent of these associ-
ations are with the angiotensinogen (AGT) gene, the

T235 variant which is associated with essential hyper-
tension [4] and with increased CHD risk [5]. A deletion
polymorphism in the angiotensin converting enzyme
(ACE) gene in¯uences ACE levels [6] and, while hav-
ing little e�ect on blood pressure, it has been associ-
ated with left ventricular hypertrophy in some but not
other studies [7±9]. It has also been inconsistently as-
sociated with CHD risk [10].

Aldosterone is one of the main e�ectors of the
renin-angiotensin system. Its best characterized e�ect is
to increase sodium resorption in the distal nephron
and thus increase intravascular volume. Aldosterone
secretion is regulated largely at the level of expression
of the ®nal enzyme required for its biosynthesis, aldos-
terone synthase (CYP11B2) [11]. Genetic rearrange-
ments involving this locus lead to inappropriate
expression of CYP11B2, excessive aldosterone se-
cretion and high blood pressure, a rare disorder
termed glucocorticoid suppressible hyperaldosteronism
[12,13].

In addition to causing hypertension, aldosterone is
known to have e�ects on the cardiovascular system
that are independent of blood pressure. In rats on a
high salt diet, it causes myocardial ®brosis and cardiac
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hypertrophy at doses that do not a�ect blood pressure
[14,15]. In the isolated perfused rat heart, it decreases
coronary blood ¯ow [16]. In dogs, it decreases barore-
¯ex sensitivity [17]. Humans with primary aldosteron-
ism are more prone to left ventricular hypertrophy
than individuals with essential hypertension of equival-
ent severity [18]. These e�ects may all be mediated by
mineralocorticoid receptors in the heart [19] and/or in
the vascular endothelium.

Thus, it seemed plausible that other polymorphisms
in CYP11B2 might a�ect gene expression or enzymatic
activity and thus have e�ects on cardiovascular func-
tion. In this paper, we summarize our recent studies
delineating these e�ects.

2. Results and discussion

2.1. The -344C/T polymorphism in CYP11B2

Several polymorphisms in and near CYP11B2 have
been identi®ed [20,21]. Of these, the best candidate to
in¯uence CYP11B2 expression is located in the 5 '
¯anking region of the gene, 344 nucleotides upstream
from the start of translation within a binding site for
the transcription factor, Steroidogenic Factor-1 (SF-1)
[22]; this position may be either a C or T nucleotide (-
344C and -344 T alleles) [21]. These alleles are present
at approximately equal frequencies in Caucasian popu-
lations [21,23]. The SF-1 transcription factor is
required for development of the adrenal glands and
other steroidogenic tissues and for expression of all
enzymes involved in adrenal steroid biosynthesis [24].
The homolog of the -351 to -343 site is required for
full expression of the aldosterone synthase gene in
cattle and rodents. The -344C allele binds SF-1 four
times more strongly than the -344 T allele (unpub-
lished observations). All of these considerations make
it plausible that this polymorphism could in¯uence
CYP11B2 expression and, thus, aldosterone levels.
However, this site is unnecessary for either basal or
hormone-regulated expression of human CYP11B2
reporter constructs in human adrenocortical cells,
apparently because the human gene contains an ad-
ditional SF-1 site nearer to the start of transcription
that is preferentially utilized [22]. Nonetheless this site
might be required for full expression of CYP11B2 in
the intact adrenal cortex. Because of the obvious di�-
culty in obtaining human adrenal glands for direct
measurement of CYP11B2 expression, this possibility
is best assessed by measuring serum aldosterone levels
or urinary aldosterone excretion under controlled con-
ditions. Indeed, the -344C allele is strongly associated
with higher serum aldosterone levels and lower plasma
renin activity in a large French study [25]. Such an as-
sociation has not been seen in other studies [26], but

this may re¯ect di�erences in the conditions under
which aldosterone levels were measured.

2.2. Associations between the -344C/T polymorphism
and left ventricular size, mass and function

We analyzed a Finnish population sample of 84 per-
sons (44 women) aged 36 to 37 years that had been
studied by M-mode and Doppler echocardiography
[27]. The Finnish population is highly homogeneous
ethnically [28], making it particularly suitable for as-
sociation studies, and the study design eliminated age
as a variable. Subjects were genotyped for the -344C/T
and intron 2 polymorphisms in CYP11B2. Multiple re-
gression analyses were used to test the hypothesis of a
gene dosage e�ect. The genotype of the -344C/T poly-
morphism predicted statistically signi®cant variations
in left ventricular end-diastolic diameter (b=0.40, p<
0.0001), end-systolic diameter (b=0.33, p=0.0009),
and mass (b=0.17, p=0.023). In all cases, the -344C
allele (which is associated with increased binding of
SF-1) was associated with larger size or mass. These
e�ects were independent of potentially confounding
factors including sex, body size, blood pressure, physi-
cal activity, smoking and ethanol consumption.
Genotype groups also di�ered in a measure of left ven-
tricular diastolic function, the heart rate adjusted atrial
®lling fraction ( p=0.018). Increased dietary salt,
which is known to predict increased left ventricular
mass, had this e�ect only in association with the -344C
allele ( p<0.001); i.e., the regression of left ventricular
mass on salt intake was strong and statistically highly
signi®cant in the -344CC homozygous group, inter-
mediate in the -344CT heterozygous group and non-
existent in the -344TT homozygous group.

To the best of our knowledge, CYP11B2 genotype is
the only genetic factor identi®ed thus far that a�ects
heart size in young adults. Our analysis suggests that
as much as 16% of the variation in left ventricular and
end-diastolic diameter in our population sample was
attributable to the CYP11B2 promoter polymorphism.

2.3. Associations between the -344C/T polymorphism
and barore¯ex sensitivity

Encouraged by our ®ndings with heart size, we
decided to study other cardiovascular parameters.
Barore¯ex sensitivity (BRS) is the compensatory heart
rate deceleration that occurs when blood pressure is
increased by drugs or by the Valsalva maneuvre. It
varies widely between healthy individuals. This is not
well explained by demographic variables, cardiovascu-
lar risk factors or life style, suggesting a genetic com-
ponent to interindividual variation of BRS.

BRS, measured from the overshoot phase of the
Valsalva maneuvre, and genetic polymorphisms, were

P.C. White et al. / Journal of Steroid Biochemistry and Molecular Biology 69 (1999) 409±412410



examined in a subset of 29 men and 37 women aged
36 to 37 years from the group in which heart size had
been studied, and also in a random sample of 161
women and 154 men aged 41 to 61 years. In the
younger population, BRS was strongly related to the
CYP11B2 promoter genotype averaging 19.229.9, 12.9
2 5.1 and 9.72 4.1 ms mmHgÿ1 in the -344TT, CT
and CC groups, respectively, (P = 0.0003). The associ-
ation was statistically signi®cant both in men
(P = 0.015) and women (P = 0.03). There was no
strong correlation with heart size, suggesting that the
genetic e�ects on heart size and BRS were indepen-
dent. In the older population, BRS (mean2SD) dif-
fered signi®cantly across CYP11B2 genotype groups in
women (10.124.5, 8.723.8 and 7.123.2 ms mmHgÿ1

in genotypes -344TT, CT and CC, respectively,
P = 0.003), but not in men.

Thus, the -344C/T polymorphism predicts interindi-
vidual variation in BRS. The associations are stronger
in young subjects and may diminish earlier in aging
men.

3.4. The -344C allele in CYP11B2 increases risk of
coronary heart disease (CHD) in smokers

Considering that the -344C allele is associated with
increased left ventricular size and decreased barore¯ex
sensitivity, and that both of these physiological
changes are associated with increased morbidity and
mortality from CHD, it was of interest to determine if
the -344C allele constituted an independent risk factor
for CHD. Therefore, we used a nested case-control de-
sign to test this hypothesis in 141 cases and 270
matched controls of the Helsinki Heart Study, a cor-
onary primary prevention trial in dyslipidemic, middle-
aged men. Whereas there was a non-signi®cant trend
of increasing risk of myocardial infarction (MI) with a
number of copies of the -344C allele, this allele acted
in a gene dosage-dependent manner to markedly
increase MI risk conferred by classical risk factors.
Whereas smoking conferred a relative MI risk of 2.86
compared with nonsmokers in the entire study popu-
lation ( p=0.001), it carried a risk of 5.08 in -344CC
homozygous smokers, relative to nonsmokers with the
same genotype ( p=0.002), but a risk of only 1.30 in -
344TT homozygotes, relative to nonsmokers with this
genotype. Similarly, decreased high density lipoprotein
cholesterol was a more potent risk factor in -344CC
homozygotes, and less potent in -344TT homozygotes,
relative to the entire study population. We conclude
that the -344C allele of CYP11B2 is a risk factor for
myocardial infarction in dyslipidemic middle-aged
Finnish male smokers; further studies are required to
determine if this conclusion can be extended to other
populations.

It is remarkable that the -344C/T polymorphism has

such strong associations with left ventricular size, bar-
ore¯ex sensitivity and (in one population) cardiovascu-
lar risk whereas associations with levels of aldosterone
secretion are inconsistent. Thus one must consider an
explanation for our observations other than di�erences
in circulating aldosterone levels. For example,
CYP11B2 expression has been reported in human [29]
and rodent [30] vascular endothelium and rodent heart
[31], so that aldosterone might have autocrine or para-
crine e�ects on the heart and vasculature. If the -344C
allele increased expression of CYP11B2 in these tis-
sues, it might increase local concentrations of aldoster-
one and thus have cardiovascular e�ects without
signi®cantly increasing circulating aldosterone levels.
Alternatively, another polymorphism in genetic linkage
disequilibrium with -344C/T may be responsible for
the observed associations. Elucidation of the mechan-
ism(s) involved may provide useful insights into the
role of aldosterone in the cardiovascular system.
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