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ABSTRACT : Hypertension is characterized by multiple genetic and environmental factors. To establish the
genetic basis of hypertension in Koreans, we investigated the genetic variations of two candidate genes
(aldosterone synthase (CYP11B2), ¥ subunit of the amiloride-sensitive epithelial sodium channel (ENaC)) in
the Korean patients with hypertension and normotensive controls. There were no significant differences in
the genotype and allele frequencies between two groups, respectively. However, there was the significant
difference between Korean and Caucasian pepulations in allele frequency of RFLPs in the two candidate
genes. Therefore, these studies also need to be confirmed in other ethnic groups, although our results do not
support a possible role of these genes on hypertension in Korean population
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Introduction

Aypertension affects approximately 25% of the adult
pepulation and is a major risk factor for heart attack, stroke
and kidney failure. Although blood pressure is known to
have a strong genetic determination, the genes responsible
fo- susceptibility to hypertension are mostly unknown.
From studies in human and animal models it is clear that
several genetic loci are involved in regulation of blood
prassure and hypertension (Szpirer et al., 1993).

Aldosterone is a mineralocorticoid hormone which, via
re:al actions, controls sodium balance and intravascular
vclume and thus helps to regulate blood pressure (White,
1694). In addition, aldosterone may have several direct
aczions on the heart including the development of cardiac
hypertrophy and fibrosis (Brilla et al., 1993; Young et al.,
1694). Aldosterone is synthesized in the adrenal cortex
from deoxycorticosterone by a mitochondrial cytochrome
P250 enzyme, aldosterone synthase (CYP11B2). The
acivity of the CYP11B2 gene is primarily regulated by the
renin-angiotensin system via the actions of angiotensin
11 (White, 1994).

Variations in the CYP11B2 gene that may influence
its activity have been described (White and Slutsker, 1995).
Srecifically, a polymorphism in the promoter region of
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the gene at nucleotide —344 from the translation start
site, where the residue could be a cytosine (—344C) or
thymidine (-344T), is immediately adjacent to the binding
site for the transcription factor SF-1, which is a key
regulator of steroidogenic enzyme expression(Lala et al.,
1992). Two studies have reported that the plasma aldosterone
level or urinary aldosterone excretion vary according to
genotypes at the —344 position (Hautanena et al., 1998;
Pojoga et al., 1998).

Reabsorption of sodium in the distal nephron, the distal
colon and other transporting epithelia is a key component
in the maintenance of sodium homeostasis and is thus
critical in the regulation of blood pressure. There are
several classes of sodium channel. The amiloride-sensitive
epithelial sodium channel (ENaC) is a highly elective Na
channel located in the apical membrane of epithelial
cells in various tissues, including the distal nephron, the
colon, exocrine gland ducts, the lung and the skin. Entry
of sodium into these polarized epithelial cells from the
apical space via EnaC is the rate-limiting step for vectorial
electrogenetic movement of sodium. ENaC activity in
the distal nephrone is regulated by aldosterone and
vasopressin, and plays a role in maintaining sodium balance,
extracellular volume and blood pressure (Uehara et al.,
1998).

ENaC is composed of three subunits, o, B and v, all of
which are required for the normal function of the
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channel (Su and Menon, 2001). It has been demonstrated
that gain-of-function mutations at the carboxy terminus
of B and vy ENaC cause Liddle's syndrome, a rare form
of several human salt-sensitive hypertension (Hansson
et al., 1995; Shimkets et al., 1994). On the other hand,
inactivating mutations at the N-terminus of § and y ENaC
cause pseudohypoaldosteronism type I which is an
inherited form of several hypotension and salt wasting
(Chang et al., 1996). This feature points out the capital
importance of this channel in the regulation of blood
pressure, constituting therefore a strong candidate gene
for hypertension. Although most cases of Liddles syndrome
are due to mutations in the f§ subunit of ENaC, there are
some recent cases in which the disease is caused by a
mutation in the y subunit (second base G to A transition
at codon 574 which changes the encoded tryptophan to a
termination codon) (Hansson et al., 1995). Also, C to G
transversion at codon 649 of the <y subunit has been
described and could be used as genetic marker for clinical
association (Viaplana et al., 1998).

The purpose of this study was to investigate the
association between the genetic variations in the two
candidate genes (CYP11B2 and & subunit of ENaC genes)
and hypertension in Koreans.

Materials and Methods

Study subjects

A total of 177 unrelated individuals were randomly
chosen from the Seoul Hygiene Hospital, Seoul, Korea.
We studied 88 subjects with hypertension. Patients were
classified as having hypertension if they had systolic blood
pressures above 140 mmHg and diastolic blood pressure
above 90 mmHg on at least three separate occasions, and
had no clinical signs, symptoms and laboratory findings
suggestive of secondary hypertension. In additon, a
randomly selected normal population (89 individuals) was
analysed as the control groups (blood pressure value,
<140/90 mmHg

Determination of serum lipid levels

Blood samples were obtained in EDTA tubes from
individuals who had been fasting for 12-16hr. Concentration
of serum total cholesterol (TC) and triglyceride were
measured by enzymatic colorimetry methods with
commercial kit (Boehringer Mannheim, Germany) and
chemistry analyzer. Serum HDL-cholesterol level was
determined by measuring cholesterol in the supernatant
after precipitation of the serum with MgCl, and dextran

sulfate, with a Gilford Impact 400E automated analyzer
with reagents and calibrators from Boehringer Mannheim.
Also, serum low density lipoprotein (LLDL)-cholesterol
level was calculated by Friedewald'’s equation (Friedwald
et al., 1972).

DNA analysis

Genomic DNA was isolated from buffy coat by the
method of Sambrook ef al (1989) with slight modification.
Polymerase Chain Reaction (PCR) techniques were used
for Hae I1I RFLP of CYP11B2 gene (Patel et al., 2000)
and Sac 1 RFLP of y subunit of ENaC gene (Viaplana ef
al., 1998). Briefly, total 50 pl of the reaction mixture
contained 200-400 ng of genomic DNA, 100 ng of each
primer, 200 pul of each dNTP, and buffers recommended
by the manufacturer. The sequences of the primers for
two polymorphisms studied were:

(a) Hae HI RFLP in the CYP11B2 gene; sense, S-CAG
GAG GAG ACC CCA TGT GAC-3" and anti-sense, 5'-
CCT CCA CCC TGT TCA GCC C-3' (Patel et al., 2000);
(b) Sac I RFLP in the 'y subunit of ENaC; sense 5'-GCA
GAA AGC CAA GGA GTG GTG-3' and anti-sense,
5'-GAT CTG TCT TCT CAA ACC CTG C-3' (Viaplana
et al., 1998). Amplification for the Hae II1 RFLP in the
CYP11B2 gene was carried out in a Perkin-Eimer DNA
thermocycler, in which, after an initial denaturation step
at 94°C for 5 min, there were 35 cycles of 94°C, 67°C, and
72°C for 1 min each. After amplification reaction, 15 u/
of each PCR product was digested with 10 units of the
restriction enzyme Hae 111 at 37°C. The 344T allele lacks
a Hae 111 site present in the 344C allele, which gives rise
to major fragments of —273 bp and 202 bp, respectively,
which were resolved on a 2.5% agarose gel stained with
ethidium bromide (Fig. 1).

For the detection of Sac I RFLP in the y subunit of

Hae 111

273 bp
202 bp

Fig. 1. The Hae III RFLP of CYP11B2 gene. Lane 1~3, 5, TC
genotypes; lane 4, TT genotype; lane 6, CC genotype.
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Sac 1

276 bp
249 bp

Fig. 2. The Sac I RFLP of gamma subunit of epithlial sodium
chznnel gene. Lane 1, 3~6, CC genotypes; lane 2, CG genotype.

ENaC gene, after an initial denaturation step at 96°C for
4 rain, samples were ampilified for 35 cycles consisting
of denaturation at 94°C for 30 sec, annealing at 58°C for
30 sec, and extension at 72°C for 30 sec, followed by a final
exention step at 72°C of 10 min. After amplification
rezction, 10 W of each PCR product was digested with
10 units of restriction enzyme Sac I at 37°C. Digested
product were size-fractionated on a 2% agarose gel stained
wih ethidium bromide. The Sac I RFLP in the & subunit
of ENaC gene was characterized by two allele, one of
275 bp (designated allele G) and the other of 249 and
27 bp (allele C) (Fig. 2).

Statistical Anaysis

Data are presented as mean =+ standard deviation (SD).
Allele frequencies were calculated from the genotypes
of all subjects. Hardy-Weinberg equilibrium was assessed
by y’-fitness test with one degree of freedom. The
heterozygosity and polymorphism information content
(PIC) was estimated by the methods of Bostein ef al.,
(1980). Signtficant differences between the total chromosomes
for the hypertensives and normotensives were assessed
by x’-independence test with one degree of freedom. The
association between genotypes and hypertension was
evaluated by y’-independence test with two degree of
freedom. Ditferences in the clinical data among genotypes
were assessed by Students t-test or one-way analysis of
variance (one-way ANOVA) test. A P value of less than
0.05 was considered significant. All statistical analysis
was performed by the computer program of SPSSWIN
(version 8.0).

Results

Genotype distribution

In the present study, we attempted to clarify the
distribution of two polymorphisms in the CYP11B2 and
a subunit of ENaC genes in Koreans. Tables 1 and 2
display each data presenting the gene frequencies and

Table 1. Genotype and allele frequencies of Hae III RFLP of the CYP11B2 gene in normotensives and hypertensives

Genotype No. (%)

Allele No. (%)

Hl P 2
TT TC CC T C 1c
Normotensives 43 (48) 37 (42) 9 (10) 123 (69) 55 (31) 0.4270 0.3359
Hypertensives 37 (41) 46 (51) 7(8) 120 (67) 60 (33) 0.4444 0.3457
x? 1.6700 0.2430
P 0.4340 0.6220

0dds ratio (CI)°

1.10 (0.61-1.99)

H sterozygosity, 2Polymorphism Information Content, °95% Confidence Interval.

Frequency is given as a percentage in parenthesis.

Table 2. Genotype and allele frequencies of Sac I RFLP in gamma subunit of the epithelial sodium channel gene in normotensives and

hypertensives

Genotype No. (%)

Allele No. (%)

1 2
GG CG CC G C H pIC
Normotensives 0 (0) 9 (1) 72 (89) 9(6) 153 (94) 0.1049 0.0994
Hypertensives 2 (2) 10 (12) 76 (86) 14 (8) 162 (92) 0.1464 0.1357
X2 1.8740 0.7660
P 0.3920 0.3820

Odds ratio (CI)®

1.47 (0.62-3.49)

IHcterozygosity, “Polymorphism Information Content, *95% Confidence Interval.

Frequency is given as a percentage in parenthesis.

Observed genotype distribution was not in Hardy-Weinberg equilibrium in Hypertensives (3 = 0.7660, df = 1, P = 0.0356).
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the values of heterozygosity and PIC for Hae III RFLP
of the CYP11B2 gene and Sac | RFLP of the y subunit
of ENaC gene in Korean normotensives and hypertensive
groups, respectively. In the case of Hae 11l RFLP, the
genotype and allele frequencies were not significantly
different between normotensives and hypertensives. The
observed genotype distributions of this polymorphism
were not significantly different from those expected for
Hardy-Weinberg equilibrium. The frequencies of TT, TC
and CC genotypes were 48, 42 and 10% in normotensives,
and 41, 51 and 8% in hypertensives, respectively. The
heterozygosity and PIC values of Hae IIl RFLP of the
CYPI1B2 gene represented the values of 0.4270 and
0.3359 for normotensives, and 0.4444 and 0.3457 for
hypertensives, respectively.

For Sac 1 RFLP of the v subunit of ENaC gene, there
were also no significant differences in allele and genotype
frequencies between two groups. The frequencies of
GG, CG and CC genotypes were 0, 11 and 89% in
normotensives, and 2, 12 and 86% in hypertensives,
respectively. The observed genotype distribution was in
Hardy-Weinberg equilibrium. The heterozygosity and PIC
values of Sac I RFLP represented the values of 0.1049
and 0.0994 for normotensives, and 0.1464 and 0.1357 for
hypertensives, respectively. According to the heterozygosity
and PIC values, Sac I RFLP of the y subunit of ENaC

gene showed a relatively low degree of polymorphism
in the both groups compared with the Hae III RFLP in
the CYP11B2 gene.

Association with biochemical parameters

Table 3 presented the comparision of anthropometric
data and intermediate phenotypes across Hae II RFLP in
the CYP11B2 gene. The Hae Il RFLP in the CYP11B2 gene
was not significantly associated with any anthropometrical
parameters or serum lipid levels. The comparison of the
anthropometric data and serum lipid levels across Sac [
RFLP in the y subunit of ENaC gene is shown in Table 4.
Likewise CYP11B2 gene, The Sac I RFLP in the v subunit
of ENaC gene was not also significantly associated with
any anthropometrical parameters or serum lipid levels.

Discussion

Hypertension is thought to be a polygenic disease. Many
genetic polymorphisms have been proposed as possible
marker for hypertension, including insertion/deletion (I/D)
polymorphism of the angiotensin I-converting enzyme
(ACE) gene (Rigat et al., 1990), A1166C polymorphism
of the angiotensin II type I receptor gene (Bonnardeaux
et al., 1994) and M235T angiotensinogen polymorphism
(Caulfield et al, 1994; Jeunemaitre et al., 1992). The
rennin-angiotensin system is a key mechanism in the

Table 3. Clinical characteristics of subjects according to genotypes of Hae HII RFLP at the CYP11B2 gene

. Genotypes
Variables <
TT (No.) TC (No.) CC (No.)
Age (year) 605+ 9.7 (79) 60.2 £ 12.0 (82) 62.0 + 104 (16)

BMI (kg/m?)’

Tg (mg/dl)*

TC (mg/dl)*
LDL-chol (mg/dty’
HDL-chol (mg/dly’

234+ 25(73)
135.0 + 93.0 (66)
150.8 + 34.5 (66)

972 + 32.0 (66)

27.1 = 8.9 (66)

239+ 2.6 (74)
1255 £59.1 (64)
152.6 £ 355 (64)

99.9 £ 37.0 (64)

269+ 89 (64)

236+ 23(14)
89.9£257 (13)
1522 £41.1 (13)
110.0 £ 37.6 (13)
305+ 53(13)

'Body Mass Index, *Triglyceride, *Total cholesterol, “LDIL-cholesterol, "HDL-cholesterol and *Number. Values are mean + SD (Standard

Deviation).

Table 4. Clinical characteristics according to genotypes of Sac I RFLP in gamma subunit of epithelial sodium channel gene

Variabl Genotypes

anables GG (No.y° CG (No.) CC (No))
Age (year) 520+ 28(2) 59.7+ 9.3 (19) 60.44+11.0 (146)
BMI (kg/m?)! 247+ 1.8(2) 249+ 2.5(19) 23.5+ 2.5 (131)

Tg (mg/dly’
TC (mg/d1)’
LDL-chol (mg/dl)*
HDL-chol (mg/dl)’

207.5£112.4 (2)
198.0+ 41.0 (2)
121.0+ 62.8 (2)
355+ 0.7(2)

159.4+122.4 (16)
144.4+ 40.2 (16)
90.4+ 44.3 (16)
239+ 15.1 (16)

121.8466.0 (118)
151.74£34.6 (118)
100.0+32.9 (118)

27.0+ 8.6 (118)

IBody Mass Index, zTriglyceride, Total cholesterol, “LDL-cholesterol, >SHDL-cholesterol and *Number. Values are mean * SD (Standard

Deviation).
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Table 5. Comparison of allele frequencies of Hae III RFLP in the CYP11B2 gene from various ethnic groups

Populations islrﬁgleer T Allele frequencies c P! Reference
(Ncrmotensives)
Scotch 129 0.53 0.47 <0.05 Davis et al., 1999
Japanese 227 0.74 0.26 NS? Tamaki et al., 1999
Korean 89 0.69 0.31 Present study
(Hjy pertensives)
Scctch 129 0.60 0.40 NS Davis et al., 1999
Japanese 255 0.68 0.32 NS Tamaki et al., 1999
Kotean 90 0.67 0.33 Present study

'Probability, *Not significant.

Table 6. Comparison of allele frequencies of Sac I RFLP in the in gamma subunit of epithelial sodium channel gene from various populations

Sample Allele frequencies

: 1
Populations number G C P Reference

(Normotensives)

Spenish 34 0.29 0.71 <0.05° Viaplana et al., 1998
Korean 81 0.06 0.94 Present study
(Hypertensives)

Spenish 38 0.24 0.76 <0.05 Viaplana er al., 1998
Korean 88 0.08 0.92 Present study

'Prbability, 2Significant.

regulation of blood pressure. In addition to the vasoactive
action, angiotensin II is a potent stimulus of aldosterone
synthesis, which results in sodium and water retention.

"he biosynthesis of aldosterone is controlled by
P450c11AS, an enzyme encoded by the CYP11B2 gene,
anl is regulated by concentrations of angiotensin II and
po:assium (Fardella and Miller, 1996; Zhang and Miller,
1936). Davis et al., (1999) found that the 344T allele in
CYP11B2 gene was associated with higher aldosterone
ex cretion in white patients with hypertension.

In the present study, we failed to demonstrate the
significant association between the Hae III RFLP of the
CYP11B2 gene and hypertension or other cardiovascular
risk factors in Koreans. Therefore, it is unlikely that this
polymorphism may influence the etiology of hypertension
or other cardiovascular diseases in our subjects. In
normotensives, T allele frequency of Korean (0.69) was
higher than that of Scotch (0.53), but similar to that of
Japanese (0.74) (Table 5), while in hypertensives, T allele
frequency of Korean (0.67) similar to those of Scotch
(0.60) and Japanese (0.68). The small difference of allele
distribution between this study and others may be due to
the difference in control groups. As a possible explanation
for this phenomenon, the difference in genetic background
could be considered. It seems to be important for carefully

designed studies to minimize the ethnic heterogeneity of
the case and control populations (Pollak er al., 2000).

In the case of Sac I RFLP in the y subunit of ENaC
gene, Viaplana ef al., (1998) reported that this RFLP was
not associated with hypertension in Spanish population.
There was also no significant association with any
cardiovascular risk factors as well as hypertension in
Korean population. Therefore, this polymorphism may not
linked to the pathogenic allele and/or gene of hypertension
in Koreans as well as Caucasians.

G allele frequency of Korean (0.06-0.08) was significantly
lower than that of Spanish (0.24-0.29) population in the
both groups (Table 6). This phenomenon may be explained
by the difference in genetic background, because the G
allele frequency of y subunit of ENaC gene in Korean
was different from that of Spanish in the both groups.
To our knowledge, the association study between Sac |
RFLP in the v subunit of ENaC gene and hypertension
in Asian population were firstly performed in our study
group. Thus, studies in other racial or ethnic groups
including black Africans will be of great interest.
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