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Abstract: Aldosterone synthase is a mitochondrial enzyme that catalyzes the conversion of 11-deoxycorticosterone
to the potent mineralocorticoid aldosterone. The gene encoding aldosterone synthase, CYP11B2, is associated with
essential hypertension. But if the genetic variations in aldosterone synthesis could influence the antihypertensive
response to Valsartan is not clear. A Chinese sample of 502 persons (217 women) was studied, which was divided
into the hypertensive group (EH) of 345 persons and the normotensive group (NB) of 157 persons. Subjects were
genotyped through the use of the polymerase chain reaction for the diallelic polymorphismsin CYP11B2. 98 persons
of the essential hypertension group received 4 weeks therapy with valsartan. Blood pressure, 24-hour ambulatory
blood pressure, biochemical index were also determined. The frequency of CC+CT genotypes in hypertensive group
was significantly higher than that in normotensive group (P<0.05), the frequency of C allele of gene CYP11B2
(-344T/C) in hypertensive group was significantly higher than that in normotensive group (P<0.01). The descend-
ing values of SBP (systolic blood pressure), DBP (diastolic blood pressure), MAP (mean arterial pressure), 24 h
SBP (mean SBP of 24 hours), 24 h DBP (mean DBP of 24 hours), 24 h MAP (mean arterial pressure of 24 hours)
of CC+CT genotype group were significantly higher than those of the TT genotype group (P<0.05). The aldosterone
synthase CYP11B2 (-344T/C) gene polymorphism is associated with essential hypertension in Chinese. And the al-
dosterone synthase CYP11B2 (-344T/C) gene polymorphism may be the predictor of the antihypertensive response
to Valsartan.

Keywords: Genetics, CYP11B2, aldosterone, blood pressure monitoring, hypertension, antihypertensive response

Introduction

A number of constitutional and environmental
factors have been identified that influence
blood pressure. These include age, body size,
physical activity, salt intake, and alcohol con-
sumption. People who have family history would
more likely suffer from Hypertension. So it is
inferred that inherited factors are also impor-
tant. Moreover, if the same drug given to the
patients, we could observe the different antihy-
pertensive effects. So maybe there is some
relativity between antihypertensive results and
genetic backgrounds. To date, several gene
polymorphisms were studied, such as ACE |I/D
gene [1], a-adducin gene [2], eNOS gene [3],
ATIR gene [4], et al. Among them, the CYP11B2
gene encodes a key enzyme of the aldosterone

biosynthesis-aldosterone synthase. Because
the renin-angiotensin system (RAS) is a major
regulator of intravascular volume and blood
pressure. A key effector of the RAS is aldoste-
rone, the primary human mineralocorticoid,
which acts on the distal nephron to regulate
sodium resorption, potassium excretion, and
intravascular volume. So the associations be-
tween the genetic variations in aldosterone syn-
thase gene and hypertension would thus be of
significant interest. Several studies about the
relationship between CYP11B2 (-344T/C) poly-
morphism and essential hypertension have
been reported, with controversial results. Wh-
ereas some studies have found that the T-allele
is more common in hypertension and subjects
with increased urinary aldosterone excretion
rate [5, 6], others have demonstrated no signifi-
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cant difference between either allele with
hypertension [7, 8]. It was also suggested that
the C allele might be associated with genetic
predisposition to hypertension in China [9].
Several factors such as gender, age and ethnic-
ity could be involved in the phenotypic expres-
sion of this polymorphism. Some studies evalu-
ated the impact of -344T/C polymorphism of
the CYP11B2 on the severity of hypertension
and the response to antihypertensive drugs
[10, 11]. For example, studies have suggested
that CYP11B2 (-344T/C) gene polymorphism is
associated with the antihypertensive response
to ACE inhibitors [12]. But whether the geno-
types could affect the antihypertensive res-
ponse to angiotensin-receptor-inhibiter is not
clear. The present study was designed to inves-
tigate the association between -344T/C poly-
morphism of the CYP11B2 gene and the genet-
ic predisposition to essential hypertension.
Furthermore, we observed the antihypertensive
response to valsartan in Chinese patients with
essential hypertension.

Materials and methods
Subject

The study population was selected at our out-
patient clinic from 1999 to 2003. The blood
pressures (BP) of these 501 subjects were
measured on more than 2 separate occasions
with subjects under no drug treatment. A nor-
motensive control group (NB) was composed of
156 subjects (67 women) whose average age
was 49.03+10.41. The criteria for normoten-
sion were BP <140/90 mmHg. The remaining
345 subjects had systolic BP 2140 mmHg or
diastolic BPs 290 mmHg; no family history of
hypertension, no history of cardiomyopathy, va-
Ivular heart disease, congenital heart disease,
diabetes mellitus and renal failure or other seri-
ous diseases. These 345 subjects (150 women)
whose average age was 48.32+9.12 com-
prised a hypertensive group (EH). There were no
significant differencesin age and gender distri-
bution across the two groups. 98 persons were
selected from the hypertensive group random-
ly, who took valsartan (80 mg) at 8 am everyday
for 4 weeks. This study was conducted in accor-
dance with the declaration of Helsinki. This
study was conducted with approval from the
Ethics Committee of Capital Medical University.
Written informed consent was obtained from all
participants.
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Resting brachial artery cuff blood pressure was
averaged over 3 measurements. That blood
pressure was defined as CBP (clinic blood pres-
sure). The 24-hour ambulatory blood pressure
monitoring (ABPM) was performed. MAP (Mean
arterial pressure) = DBP (Diastolic blood pres-
sure) + (SBP (systolic blood pressure)-DBP)/3.
The fasting blood glucose (FBG), triglycerides
(TG), total cholesterol (TC), low-density lipopro-
tein (LDL), high-density lipoprotein (HDL), uric
acid (UA), creatinine (CRE), alanine aminotrans-
ferase (ALT) were measured.

DNA extraction

DNA was extracted from whole blood using
modified Miller’s protocol [13]. Firstly, nucleat-
ed cells obtained from anticoagulated blood
were re-suspended in 15 ml polypropylene cen-
trifugation tubes with 3 ml of nuclei lysis buffer.
Secondly, the cell lysates were digested over-
night at 37°C. Thirdly, NaCl was added to each
tube and shaken vigorously for 15 seconds, fol-
lowed by centrifugation at 2500 rpm for 15
minutes. At last, DNA was transferred to anoth-
er tube and precipitated DNA strands were
ready for use.

PCR analysis

CYP11B2 were amplified from about 20 ng of
each DNA sample by the polymerase chain
reaction in 20 pL reactions containing 0.2 U
Taq DNA polymerase, 1% concentration of the
supplied buffer, 0.2 mmol/L concentration of
each deoxynucleotide triphosphate, and 10
pmol of each primer (Boehring Ingelheim). After
initial denaturation at 94°C for 5 minutes; 33
cycles of 94°C for 45 seconds, 55°C annealing
for 45 seconds, and 72°C extension for 1 min-
utes; 72°C extension for 10 minutes in the end.
Subjects were genotyped for the -344 promoter
polymorphism using primers 5-aaggagggata-
caaattacataca-3’' (sense) and 5'-gaaaaggc-
gtggggtct g-3’ (antisense) [14]. Then, 5 pyL from
each reaction (consisting mainly of a 384-bp
product) was digested with 10 U of restriction
endonuclease Hae Ill (Boehring Ingelheim) in
the supplied buffer for 2 hours at 37°C.
Reactions were subjected to electrophoresis in
1% agarose gels [15].

Statistical analysis

Numerical data were analyzed by an unpaired t
test or one-way ANOVA. Frequency data and the
Hardy-Weinberg principle were analyzed by the
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Figure 1. The PCR results.
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Figure 2. The electrophoresis results of polymorphisms of CYP11B2 (-344T/C)

gene.

x2 test. Two-tailed values of P<0.05 were con-
sidered statistically significant. To examine the
independent contribution of CYP11B2 gene
polymorphisms to hypertension, while adjust-
ing for the effects of other clinical characteris-
tics, we used a logistic analysis. For hyperten-
sion, a baseline logistic model was developed
by applying backward stepwise selection with
the following factors as covariates: gender,
body mass index (BMI), blood lipid, and poly-
morphisms of the CYP11B2 gene. Backward
selection was used, and a P value of 0.05 or
greater was required for a variable to be re-
moved from the model.

Results
Polymorphism of CYP11B2 (-344T/C)

The polymorphism of CYP11B2 (-344T/C) is
located in the transcriptional regulatory region,
or promoter, of CYP11B2, 344 nucleotides
before the start of the protein coding sequence.
This position can be either a cytosine (-344C)
or thymidine (-344T). Persons homozygous for
C, heterozygous for C and T, or homozygous for
T will be referred to as having the genotypes
-344CC, -344CT, or -344TT, respectively. The
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PCR reaction was 384 bp
fragments. The -344T allele
lacks a Hae lll site (GGCC)
present in the -344C allele,
so -344T alleles were de-
384 bp tected as Hae lll fragments
of 327 bp and -344C alleles
as fragments of 256 bp
(plus smaller fragments in
each case). So the electro-
phoresis results of -344TT
genotype had 327 bp fr-
agments; the results of
-344CC genotype had 256
bp fragments; the results of

8 9 -344CT genotype had both

327 bp and 256 bp frag-
ments (Figures 1, 2).

327 bp Distribution of genotypes

256 bp
The results showed that

there were C and T alleles
in both essential hyperten-
sion group (EH group) and
normotensive group (NB
group). There were TT, TC
and CC genotypes in both
groups. After x? test, the
distribution of genotypes of two groups was
compatible with Hardy-Weinberg equilibrium
(P>0.05).

There were significant differences in the fre-
quencies of different genotypes across EH and
NB groups (P<0.05). The frequency of CC+CT
genotypes in the EH group was significantly
higher than that in the NB group, the frequency
of C allele in the EH group was significantly
higher than that in the NB group (P<0.01, Table
1).

Logistic analysis

The logistic analysis showed that the C allele of
CYP11B2 (-344T/C) gene independently pre-
dicted the essential hypertension if age, gen-
der, blood lipid, blood pressure, BMI was forced
into the equation (P=0.006).

Associations between CYP11B2 (-344T/C)
gene polymorphism and antihypertensive re-
sponse to valsartan

There were no significant differences in systolic
and diastolic blood pressure across the CC+CT
genotype group and the TT genotype group
before drug treatment (P>0.05). The descend-
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Table 1. Associations between CYP11B2 (-344T/C) genotype and essential hypertension

Frequencies of different Genotypes

Frequencies of alleles

Groups

cc cT T c T
EH group (n=345) 15.1% (52)  51.9% (179)* 33% (114)* 41.1% (283)  58.9% (407)"
NB group (n=156) 8.3% (13) 46.8% (73) 44.9% (70) 31.7% (99) 68.3% (213)

*Compared with NB group (P<0.05); # compared with NB group (P<0.01).

Table 2. Associations between CYP11B2 (-344T/C)
gene polymorphism and antihypertensive response to

The persons with C allele might have the
higher efficiency of transcription, which

valsartan resulted in the more aldosterone syn-
CC+CT (n=65) T (n=33) P thase that coulq increase the aldosterope
level. So the intravascular volume in-
CSBP (mmHg) 149.58+12.38 146.56+13.48 P>0.05 creased, that could increase blood pres-
CDBP (mmHg) 95.42+8.50 96.50+£7.38 P>0.05 sure [17]. Pojoga et al. [18] reported that
CMAP (mmHg) 113.47+8.81 113.1948.24 P>0.05 the p|asma aldosterone level of the pa-
24 h SBP (mmHg)  137.60+11.44 135.27+11.86 P>0.05 tients with CC genotype was significantly
24 h DBP (mmHg)  83.47+7.73  84.45+6.71 P>0.05 higher than that of the patients with CT
24 h MAP (mmHg) ~ 101.5248.24  101.39+7.60 P>0.05 genotype, which was higher than that of
ACSBP(mmHg) 16.3848.37  11.654#510 P<001  the patients with TT genotype. Tamaki et
AcDBP (mmHg) 0.60+4.76 6351485 p<0o1 2 [19]reported that the ratio of the plas-
AGMAP H 11.02+4.85 8194495 P<0.01 ma aldosterone compared with plasma
CcMAP (mmHeg) L eES : rennin of the patients with C allele was
A24 h SBP (mmHg)  14.80+7.19 10.40+4.29 P<0.01 significantly higher than that of the
A24 h DBP (mmHg)  6.19+4.62 4.04+3.50  P<0.05 patients who had no C allele. All the stud-
A24 h MAP (mmHg)  9.06+3.88 6.16+2.52  P<0.01 ies could approve this mechanism.

ABP: The descending values of the blood pressure after therapy.

ing values of systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), mean arterial pres-
sure (MAP), mean SBP of 24 hours (24 h SBP),
mean DBP of 24 hours (24 h DBP), mean MAP
of 24 hours (24 h MAP) of CC+CT genotype
group were significantly higher than those of TT
genotype group after 4 weeks of antihyperten-
sive treatment by valsartan (P<0.05, Table 2).

Discussion

Our results indicated that the CYP11B2 (-344T/
C) Gene Polymorphism was associated with
essential hypertension; the frequency of C
allele of hypertensive group was significantly
higher than that of normotensive control group.
The mechanism might be that the mutation is
located in the promoter of the aldosterone syn-
thase gene, which is immediately adjacent to a
binding site for a transcription factor (SF-1). In
vitro, the -344C allele binds SF-1 approximately
four times as strongly as does the -344T allele
[16], which is consistent with an effect on
expression of CYP11B2. The difference of the
efficiency of combination might influence the
reaction to angiotensin Il, which could result in
the difference of the efficiency of transcription.
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The study on the association between the
CYP11B2 (-344T/C) gene polymorphism
and antihypertensive response to benazepril
indicated that the descending value of blood
pressure in patients with CC genotype was
higher than that in patients with other geno-

types [12]. Another study suggested that ACE
and CYP11B2 genes influence the response to
hydrochlorothiazide in Han Chinese hyperten-
sive patients [20]. But the studies on the anti-
hypertensive response to valsartan were few.
Our study indicated that the CYP11B2 (-344T/
C) gene polymorphism was a predictor of anti-
hypertensive response to valsartan and the
descending value of SBP and DBP in patients
with C allele was significantly higher than that
in patients with no C allele after 4 weeks’ ther-
apy. The genotypes might influence the res-
ponse to valsartan because of the change of
the quantity of aldosterone synthase that re-
sulted in the different level of aldosterone.
Valsartan could break the combination of
angiotensin Il and the receptor, which could
intensively restrain the synthesis of aldoste-
rone. The patients with C allele had the higher
level of aldosterone, so they had the more
intensive restraining of the synthesis of aldo-
sterone under the therapy by the same dose of
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valsartan. So the antihypertensive response to
valsartan in patients with C allele was better
than that in patients with other genotypes.
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