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T allele of �344C/T polymorphism in aldosterone
synthase gene is not associated with resistant
hypertension

Riccardo Lacchini1, Maricene Sabha1, Fernanda B Coeli2, Fabrı́cio F Favero1, Juan Yugar-Toledo1,
Tatiane C Izidoro-Toledo3, Valéria C Sandrim3, José E Tanus-Santos3, Maricilda P de Mello2 and
Heitor Moreno Jr1

Resistant hypertension (RH) is the maintenance of elevated blood pressure concurrent with the use of three different anti-

hypertensive drugs, one of which is a diuretic. The Renin-Angiotensin-Aldosterone System plays a major role in volume-

dependent hypertension. Therefore, its components are interesting targets for genetic association studies. This work focused on

the �344 C/T polymorphism in the CYP11b2 gene, which encodes aldosterone synthase. This work evaluates the association

between T allele and resistance to anti-hypertensive treatment. Genotyping analysis included 88 subjects with RH, 142 who

were responsive to anti-hypertensive treatment and 110 subjects as a control group. Plasmatic concentrations of aldosterone,

renin and cortisol, carotid intima-media thickness and carotid-femoral pulse wave velocity were assessed in a smaller subset of

hypertensive patients. An association was found between T allele and hypertension (Po0.005), but there was no difference in

allele frequencies between both hypertensive groups. There was no difference in plasmatic parameters either, in remodeling

indicators between the genotypic groups.
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INTRODUCTION

Hypertension is one of the most important issues in public health
care, and is associated with increased morbidity and mortality, mainly
through its secondary consequences.
Resistant (or refractory) hypertension (RH) is defined as the

maintenance of high blood pressure (140/80mmHg for systolic–
diastolic arterial pressure, respectively; 130/80 in diabetics), concur-
rent with the use of three different anti-hypertensive drugs (one of
which is a diuretic) in optimized doses, with a high compliance of the
patient to treatment.1 One of the probable causes of resistance to anti-
hypertensive treatment is the maintenance of an increased intravas-
cular volume, even using diuretics, and, therefore, the Renin-Angio-
tensin-Aldosterone System may have a pivotal role to play in this
phenomenon.2 Among the genes that participate in this system, the
gene that encodes aldosterone synthase (CYP11b2) is an interesting
target for genetic association studies, as this enzyme is responsible for
the final step of aldosterone synthesis in justaglomerular cells.3 Several
studies focused on the �344C/T polymorphism, which is located in
the promoter of this gene, in a region where the transcription factor,
steroidogenic factor-1, binds to the promoter.4 This polymorphism

could affect CYP11b2 expression, and indirectly aldosterone release.
Although there are some discordant reports, most of the studies link
the T allele to detrimental effects in hypertensive subjects.3,5–7 More-
over, there is an association between the T allele and higher plasma
aldosterone levels in subjects with a high salt load.8

Higher levels of aldosterone are correlated to hazardous effects on
the cardiovascular system: higher arterial stiffness, assessed through
carotid-femoral pulse wave velocity (PWV),9 and higher carotid
intima-media thickness (IMT),10 both parameters considered as pre-
dictive factors for cardiovascular outcomes.11,12 Furthermore, two
recent studies evaluating mineralocorticoid antagonists showed ben-
efits that cannot be explained merely by the reduction in plasma
volume through aldosterone blockade13,14 It has been shown that
aldosterone has a synergic effect with angiotensin II on vascular
smooth muscle cells growth; therefore, it can act directly on cardio-
vascular remodeling in noncontrolled hypertensive patients.15

This study aims to assess the relationship between T allele and the
pharmacological resistance to anti-hypertensive treatment. In addi-
tion, this study also investigates the possible physiological alterations
associated with genotypic influence on aldosterone release, such as
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plasmatic aldosterone, renin and cortisol; carotid IMT and carotid-
femoral PWV.

METHODS
In this study, we included 340 subjects, 88 of whom had RH, 140 were

responsive to anti-hypertensive treatment (RT) and 110 were healthy controls,

using the JNC 7 criteria.1 To investigate the genetic influence on physiological

parameters, we studied a smaller subset of patients, 36 of whomwere RTand 42

RH, who were divided according to genotypes. Briefly, the inclusion criterion

for the RH group was uncontrolled hypertension (systolic, SBP, and diastolic,

DBP, blood pressures higher than 140mmHg and 80mmHg, respectively)

concurrent with the use of three different anti-hypertensive drugs (among them

is a diuretic) in optimal doses, with a high patient compliance to the treatment.

The inclusion criterion for the RT group was controlled hypertension with up

to three different anti-hypertensive drugs. The control group was defined as

subjects with SBP and DBP below 140mmHg and 80mmHg, respectively,

with no familial history of cardiovascular diseases. All patients had, at least 6

months of follow-up, were compliant to treatment, and had signed the

informed consent form. The exclusion criteria were concurrent cardiovascular,

hepatic or renal diseases, drug abuse and noncompliance of the patient to

pharmacological treatment. This work was approved by the Human Research

Ethics Committee at the State University of Campinas.

Blood pressure was assessed by a calibrated sphygmomanometer with a

mercury column, in a calm and quiet room, after 15min of resting time in

sitting position. Patients were instructed to abstain from nicotine and caffeine

for at least 60min before blood pressure measurements; and at least 12h before

IMT and PWV exams. All subjects with high blood pressure had the diagnosis

confirmed by 24h ambulatory blood pressure monitoring. Blood samples were

collected after a 12 h fasting period between 0800 and 0900 h for laboratory

examinations and for DNA extraction. Patient compliance was assessed by

counting the tablets,16 and 0.8 was the minimum value accepted for the

administered/prescription tablets rate. IMT was assessed by a high-resolution

ultra-sound using the Powervision 6000 (Toshiba, Japan) equipment, and PWV

was determined using the Complior SP (Artech Medical, France) equipment,

both following the manufacturer’s protocols. DNA was extracted using the

salting-out method.

Genotyping of CYP11b2 �344C/T polymorphism was carried out using the

restriction fragment length polymorphism method. Polymerase chain reaction

(PCR) was carried out with primers forward (5¢- AGG CGTGGG GTC TGG ACT

– 3¢) and reverse (5¢- GTG TCA GGG CAG GGG GTA – 3¢), using the following
steps: initial denaturation of 3min at 94 1C, 30 cycles of denaturation (1min at

93 1C), annealing (1min at 68 1C) and extension (1min at 72 1C) and a final

extension step of 7min at 72 1C. The amplified PCR product (228pb) was then

digested with an HaeIII endonuclease (New England Biolabs, USA) for 2h at

37 1C. The digestion product was separated finally by electrophoresis using a 3%

METAPHOR agarose gel (Lonza, USA). The C allele of �344C/T polymorphism

creates a new restriction site, hence C homozygous (CC) individuals will generate

three fragments (106, 69 and 53pb), T homozygous (TT) individuals will generate

two fragments (175 and 53pb), and heterozygous (CT) individuals will generate

four fragments (175, 106, 69 and 53pb). Figure 1 shows a digestion example.

Statistical analysis was performed as follows: Allelic and genotypic distribu-

tions were expressed as frequencies, and were compared using the chi-squared

method. Numerical parameters were expressed as mean±s.d.; when comparing

three groups, the test used was one-way ANOVA with Tukey’s post test; when

comparing two groups, the Student’s t-test was used. Po0.005 was considered

as statistically significant.

RESULTS

The characteristics of the groups are shown in Table 1.
Genotypic and allelic frequencies are presented in Figures 2 and 3,

respectively. All genotypic distributions were in the Hardy–Weinberg
equilibrium (P¼1 for the control group; P¼0.7370 for RT group and
P¼0.7919 for RH group).
A smaller subset of the hypertensive patients (36 RT and 42 RH)

was divided as CC, CT and TT genotype carriers to assess the genetic

influence on plasmatic aldosterone, renin, cortisol and in remodeling
indicators PWV and IMT (Table 2).

DISCUSSION

Two important findings reported here are the following: T allele of
�344C/T polymorphism in the CYP11b2 gene is more frequent in
both hypertensive groups when compared with control groups, thus
suggesting that this allele is associated with hypertension. The second
important result is that there is no difference in T allele frequency
when hypertensives that respond to treatment and those that are
resistant are compared, thus suggesting that this allele is not linked to
resistance to anti-hypertensive treatment.
Besides the association with hypertension phenotype, we found no

alteration in plasmatic aldosterone in T allele carriers (CT and TT
genotypes) compared with that in noncarriers. Low salt load in
alimentation was used as one of the nonpharmacological approaches
to the treatment of all hypertensive subjects. As the maintenance of
high salt load stimulates aldosterone release, this may obscure the
genetic influence of the Tallele on plasmatic aldosterone in the studied
subjects. Iwai and colleagues8 found increased plasmatic aldosterone
in T carriers with a high salt intake,which strengthens this hypothesis.
Once the aldosterone concentration was not augmented in T allele

carriers, no subsequent alteration was expected to appear in PWVand
IMT in CT and TT genotypic groups, as it indeed happened. It is
interesting to observe that there is a clear association between RH and
increases in IMT, as our group has earlier reported.17 However, the T
allele of aldosterone synthase did not affect this parameter, as we have
reported here. Probably this allele influences acute aldosterone release;
thus not reflecting the maintenance of high plasmatic aldosterone
levels in the absence of a high salt load.

Figure 1 Restriction fragment length polymorphism of the CYP11b2 gene.

High-resolution agarose gel (3% w/v) stained with ethidium bromide.

Column A: ladder (50 pb). Column B: polymerase chain reaction (PCR)

product not digested. Columns D and G: digested product; TT homozygous.

Columns C, E, F and H: digested product, CT heterozygous. The sizes of the

fragments are indicated on both sides of the gel.
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This study did not reproduce the results reported by Freel and
colleagues.3 They hypothesized that the T allele of the CYP11b2 gene
would be in linkage disequilibrium with another unknown genetic
factor in CYP11b1, which controls cortisol production. In that study,
the T allele in CYP11b2 was linked to higher plasmatic cortisol
concentrations, thus leading to a higher adrenocorticotropic hormone
(ACTH) drive, and indirectly to augmented aldosterone plasmatic
concentrations. In this study, however, neither aldosterone nor cortisol
was augmented in CT and TT groups. The biochemical mechanism
behind the influence of T allele of the studied polymorphism on

hypertension has yet to be elucidated, especially in individuals with
controlled salt load.
An important feature of this study is that resistant hypertensive

subjects have been extensively well characterized. All confounding
factors such as heavy smoking, alcohol abuse, noncompliance to the
pharmacological treatment and secondary causes of hypertension have
been thoroughly investigated. The three genotyped groups had similar
characteristics, and although there were some differences in black and
white frequencies in the RT group, our control group matched the RH
group adequately. In addition, the subset of patients who were used to

Table 1 Important characteristics of control, RT and RH groups

Control

Responsive to anti-

hypertensive treatment (RT) Resistant hypertensives (RH) P P’

n 110 140 88 —

Gender (M/F) 42%/58% 32%/68% 32%/68% CT�HT¼0.1215

CT�HAR¼0.1347

HT�HAR¼0.9922

Race (W/B) 53%/47% 71%/29% 55%/45% CT�HT¼0.0093*

CT�HAR¼0.7554

HT�HAR ¼0.0231*

Age (years) 45.3±7.7 50.6±14.1 50.6±9.9 0.0003* CT�HTo0.001*

CT�HARo0.01*

HT�HAR 40.05

SBP (mm Hg) 116±12 133±23 159±21 o0.0001* CT�HTo0.001*

CT�HARo0.001*

HT�HAR o0.001*

DBP (mm Hg) 80±8 83±13 97±14 o0.0001* CT�HT40.05

CT�HARo0.001*

HT�HAR o0.001*

Cholesterol (mg per 100 ml) — 198.6±34.4 193.2±47.7 0.3765

Triglycerides (mg per 100 ml) — 147.8±74.5 158.2±113.1 0.458

HDL (mg per 100 ml) — 46.7±11.8 44.4±11.7 0.208

LDL (mg per 100 ml) — 122.3±30.4 122.6±40.1 0.9517

Blood glucose (mg per 100 ml) — 99.6±30.6 99.7±15.9 0.987

BMI (kgm�2) — 28.8±4.8 31.4±6.3 0.0004*

Number of anti-hypertensives (units) — 2±0.76 3.6±1.1 o0.0001*

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; IMT, intima–media thickness; LDL, low-density lipoprotein; M/F, masculine/feminine; PWV, pulse
wave velocity; SBP, systolic blood pressure; W/B, whites/blacks.
Values presented as percentiles or means±s.d.
*Statistical difference considered significant; P: P values of the chi-squared test or one-way ANOVA test. P¢: P values of Tukey’s post test when one-way ANOVA was significant.

Figure 2 Genotypic frequencies of �344C/T polymorphism on the CYP11b2

gene in control, responsive to anti-hypertensive treatment (RT) and resistant

hypertension (RH) groups. There is statistical difference between control and

RT (P¼0.0221) and between control and RH (P¼0.0448) groups. There is

no difference between RT and RH groups (P¼0.3079).

Figure 3 Allelic frequencies of �344C/T polymorphism on the CP11b2 gene

in control, responsive to anti-hypertensive treatment (RT) and resistant

hypertension (RH) groups. There is statistical difference between control and

RT (P¼0.0094) and between control and RH (P¼0.0174) groups. There is

no difference between RT and RH groups (P¼0.9272).
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assess the genetic influence on physiological parameters showed,
between groups, differences only in those parameters that were really
expected to show differences, such as blood pressure, IMT and the
number of anti-hypertensive drugs used (not shown).
As a limitation of this study, we should mention the small number

of subjects in the RH group, both for genotyping, and for physiolo-
gical assessment. The difficulty in achieving a larger group of RH
subjects is the long duration of follow-up that is required for a reliable
diagnosis. Moreover, we had some differences in the body mass index
(BMI) on RT and RH groups. However, these differences have been
neutralized in the smaller subset of patients used for physiological
study.
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