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Polymorphisms in CYP11B2 and CYP11B1 genes
associated with primary hyperaldosteronism

Guo-xi Zhang1,2,6, Bao-jun Wang1,6, Jin-zhi Ouyang3,6, Xi-yuan Deng4, Xin Ma1, Hong-zhao Li1, Zhun Wu5,
Shuang-lin Liu5, Hua Xu5 and Xu Zhang1

Several frequent polymorphisms in the CYP11B2 gene are suggested to be associated with essential hypertension and

aldosterone secretion. In this study, we investigated the association of polymorphisms in CYP11B2 and CYP11B1 genes

with the risk of primary hyperaldosteronism (PH). Three polymorphisms in the CYP11B2 gene (intron 2 conversion, rs1799998

and rs4539) and two polymorphisms in the CYP11B1 gene (rs6410 and rs6387) were analyzed in patients with PH and in the

normal population. The rs6410 allelic frequencies in patients with aldosterone-producing adenoma (APA) and idiopathic

hyperaldosteronism (IHA) were significantly different from those in controls at P¼1.09�10�5 and 0.015, respectively.

There was a relative excess of AA homozygotes and AG heterozygotes of the rs6410 allele in the APA group as compared with

the control group (P¼2.19�10�4). There were significantly different genotypes, AA and AG, of the rs6410 allele between the

patients with IHA and the controls only after adjustments for age, gender and body mass index (odds ratio (OR)¼4.06,

95% confidence interval (CI) 1.31–12.66; OR¼2.41, 95% CI 1.02–5.72). One susceptible haplotype, AAAWT, was identified

to be significantly associated with APA (OR¼1.44, 95% CI 1.19–1.76), and three susceptible haplotypes, AAAWT, AGGWT and

AGAWC, were identified to be significantly associated with IHA (OR¼1.55, 95% CI 1.23–1.96; OR¼1.49, 95% CI 1.17–1.89;

OR¼1.40, 95% CI 1.04–1.88). In contrast, one protective haplotype, GGAWT, showed a significant difference between the

patients with APA and controls (OR¼0.73, 95% CI 0.55–0.97). Several haplotypes were associated with ARR in both the

controls and cases. Our data demonstrated that there was a significant association between polymorphisms in the CYP11B2

and CYP11B1 genes and a genetic predisposition to PH. The association with IHA seemed closer compared with APA.
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INTRODUCTION

Primary hyperaldosteronism (PH) is now recognized as the most
common form of secondary hypertension. Cross-sectional and
prospective studies reported PH in 410% of hypertensive patients,
in both general and specific settings.1 The most common clinical
subtypes of PH are aldosterone-producing adenoma (APA) and
idiopathic hyperaldosteronism (IHA).
Aldosterone has a key role in APA, and the terminal stages in its

synthesis, the synthesis of aldosterone from 11-deoxycorticosterone in
the glomerulosa zone, is catalyzed by aldosterone synthase, which is
encoded by the CYP11B2 gene.2,3 Parallel 11b-hydroxylation of the 17-
hydroxysteroid, which is catalyzed by the enzyme 11b-hydroxylase
encoded by the gene CYP11B1, produces cortisol in the zona fasci-
culata.4 CYP11B2 and CYP11B1 are situated B40 kb apart, on
chromosome 8, band 8q24 in human.5

Several frequent polymorphisms in CYP11B2 are suggested to have
associations with essential hypertension and may influence aldo-
sterone secretion.6–8 Recently, several investigators have demonstrated
that the�344C/Tand the intron 2 conversion variants in CYP11B2 are
in strong linkage disequilibrium (LD) with variants in CYP11B1. This
can account for the altered 11b-hydroxylase efficiency and miner-
alocorticoid synthesis. Such effects may be relevant to the development
of low-renin essential hypertension.9,10

Inglis et al.11 found that the frequencies of the rs1799998Tallele and
the intron 2 conversion allele in the CYP11B2 gene were markedly
higher in Conn’s syndrome group than in the normal control group,
which demonstrated that the relative genotypes may predispose the
tumor to aldosterone production. Tanahashi et al.12 considered that a
CYP11B2 haplotype, including �344T and K173 in APA, was asso-
ciated with a higher gene expression than the �344C/R173 haplotype.
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However, in a study of normal subjects and patients with PH and
essential hypertension, rs1799998, rs4539 and intron 2 conversion
polymorphisms in the CYP11B2 gene may contribute to the dysregu-
lation of aldosterone synthesis and may lead to susceptibility to IHA
but not to APA.13

To date, the association between CYP11B2 and CYP11B1 poly-
morphisms and the development of PH are still unclear. There has
been no report on the association between CYP11B1 polymorphisms
and PH. In this study, we aimed to identify polymorphisms in
CYP11B2 and CYP11B1 genes that are associated with PH, with the
hypothesis that genetic variants in them may contribute to PH.

METHODS

Subjects
A total of 179 Chinese Han in-patients with PH, including 134 with APA and

45 with IHA (with at least one dominant adrenal nodule and drug-resistant

hypertension), were recruited from Tongji Hospital (Wuhan, China) between

February 2002 and December 2007. The diagnosis of PH was a three-step

process as previously described.14 Briefly, (1) all patients had refractory

hypertension, elevated plasma aldosterone concentration (PAC) (417.4ng

per 100ml) and an increased ARR (450 ng per 100ml per ngml�1 h�1); (2)

all had positive results of subsequent confirmatory testing (intravenous saline

loading);15 (3) all patients underwent a computed tomography scan with fine

cuts (2.5–3mm), and 65% of the patients accepted adrenal venous sampling

(AVS) for differentiating PH subtypes. For AVS, we followed the same criteria

as those in Torino, Italy.16 Adrenal vein cannulation was considered successful if

the adrenal vein/inferior vena cava cortisol gradient was at least 2. Lateraliza-

tion was considered when the aldosterone/cortisol ratio from one adrenal was

at least four times the ratio from the other adrenal gland. In addition,

glucocorticoid remediable aldosteronism was excluded in all patients using a

long PCR technique as previously described.14 The medications thought not to

affect aldosterone and plasma renin activity (PRA) levels, including spirono-

lactone, were withdrawn for at least 4 weeks before the diagnostic tests. All

patients underwent unilateral adrenalectomy, and the diagnoses were surgically

and histologically strengthened.

A total of 118 ethnically and geographically matched controls were randomly

selected from normal individuals of community-based residents. All controls

were free of adrenal ailment. The clinical characteristics of the patients and

controls are given in Table 1.

The study was approved by the Committee of Ethics at Tongji Medical College,

Huazhong University of Science and Technology, and all subjects gave informed

consents.

Genotyping
Among the participants, 119 cases (88 with APA and 31 with IHA) provided

frozen tissues, 60 cases (46 with APA and 14 with IHA) provided paraffin-

embedded tissues and 118 controls provided peripheral blood samples for

genotyping. DNA was extracted from the tissues and peripheral blood using

DNeasy Blood and Tissue Kit (Cat. No. 69504; Qiagen, Hilden, Germany), as

instructed. It was maintained at �20 1C.

For the CYP11B2 and CYP11B1 genes, four single-nucleotide polymor-

phisms (SNPs) of minor allele frequencyX0.05 were selected in public databases

(http://ncbi.nlm.nih.gov/SNP/ and http://www.hapmap.org/) for study. This is

based on the evidence suggesting functional relevance or reports of association

with hypertension.11–13,17 Two SNPs span the CYP11B2 gene: rs1799998 in the

promoter region (also known in previous publications as C-344Tor SF-1) and

rs4539 in the third exon (also known as A2718G or K173R). Two SNPs span the

CYP11B1 gene: rs 6410 (G225A) in the first exon and rs6387 (A2803G) in the

third intron. We also typed the biallelic intron 2 conversion polymorphism in

the CYP11B2 gene. This variant exists in two alternate forms, either the wild

type (W) or the conversion (C), in which part of intron 2 is replaced by the

corresponding intron of the adjacent CYP11B1 gene18 (Figure 1).

Analysis of the intron 2 conversion polymorphism was performed using two

separate PCRs. One amplifies the wide-type gene, and the other amplifies the

conversion gene. The forward and reverse primers were respectively as follows:

5¢-TGGAGAAAAGCCCTACCCTGT-3¢ and 5¢-AGGAACCTCTGCACGGCC-3¢
for the wide-type gene and 5¢-CAGAAAATCCCTCCCCCCTA-3¢ and 5¢-AGG
AACCTCTGCACGGCC-3¢ for the conversion gene. Each 25ml assay mix

contained 12.5ml 2� Taq PCR MasterMix (Tiangen, Beijing, China), 2ml
mixture of forward and reverse primers and 1mg DNA. The reaction was

subjected to 31 cycles at 95 1C for 30 s, at 64 1C for 25 s and at 72 1C for 30 s,

followed by a final extension at 72 1C for 10min. The size of the amplicon in

each reaction was B418 bp. The SNPs in the CYP11B2 and CYP11B1 genes

were analyzed using TaqMan probes. Primers and probes were designed and

synthesized by Applied Biosystems (Foster City, CA, USA). All samples were

genotyped using the Stratagene Mx3000P instrument (Applied Biosystems) as

instructed. Each assay was carried out using 20ng DNA in a 20ml reaction
containing a TaqMan universal PCR master mix (Applied Biosystems), forward

and reverse primers, and FAM- and VIC-labeled probes designed and synthe-

sized by Applied Biosystems. Allelic discrimination was measured automatically

by Mxpro 6.0, and the genotype was determined. A random sample of 10% of

the cases and controls was typed twice by different methods (independent PCRs

or DNA sequencing) to confirm that the genotyping and reproducibility

were 100%.

Statistical analysis
Demographic data were expressed as mean±s.e. or n for variables and were

performed with SPSS 13.0 (SPSS Inc, Chicago, IL, USA) for Windows. The

differences between groups were assessed using one-way analysis of variance

and the w2-test. Po0.05 was considered statistically significant.

The Hardy–Weinberg equilibrium and the difference in genotype frequencies

between cases and controls of each polymorphism were determined by SNPassoc

1.5–3 with Bonferroni correction for R 2.7.0 statistics program (freely obtained by

http://www.r-project.org/). In addition, multivariable unconditional logistic

regression was used to estimate odds ratio (OR) and 95% confidence interval

(CI) after adjustments for gender, age and body mass index (BMI) by SNPassoc.

With the help of Haploview 4.0 for Windows, pairwise LD was estimated by D¢,
the difference in allelic frequencies between the case and control groups of each

polymorphism was determined and allelic permutation test with 10 000 times

was performed. The haplotype frequencies for various polymorphism combina-

tions were estimated by Haplo.stats 1.3.8 for the R 2.7.0 statistics program. The

differences in haplotype frequency profiles between the case and control groups

were determined, and haplotype-based hypothesis tests of generalized linear

models were conducted using the software haplo.stats with Bonferroni correction.

The association between CYP11B2-CYP11B1 genotypes/haplotypes and ARR was

Table 1 Clinical characteristics of the study populationa

Controls
Cases (n¼179)

(n¼118) APA (n¼134) IHA (n¼45) P-value

Age (years) 41.5±1.43 43.2±1.07 43.6±1.15 0.327

Gender (M/F) 61/57 61/73 22/23 0.691

BMI (kgm–2) 22.4±0.31 22.8±0.39 23.7±0.44 0.085

SBP (mm Hg) 110.0±2.32 172.4±2.71 168.7±3.43 o0.001

DBP (mm Hg) 76.6±1.35 106.6±1.66 107.4±1.79 o0.001

K (mmol l�1)b 4.5±0.05 3.2±0.07 3.1±0.05 o0.001

PRA (ngml�1 h�1)

(supine)b
0.56±0.01 0.04±0.01 0.05±0.01 o0.001

PAC (ng per 100 ml)

(supine)b
10.15±3.67 22.40±1.09 23.30±1.28 o0.001

ARR (ng per 100 ml

per ng ml�1 h�1)b
23.98±1.56 532.01±25.65 564.91±57.60 o0.001

Abbreviations: APA, aldosterone-producing adenoma; BMI, body mass index; DBP, diastolic
blood pressure; F, female; IHA, idiopathic hyperaldosteronism; K, potassium; M, male; PAC,
plasma aldosterone concentration; PRA, plasma renin activity; SBP, systolic blood pressure.
aData were expressed as mean±s.e. or n for variables.
bThe normal range of serum potassium (K+) was 3.5–5.5 mmol l�1, 5.9–17.4ng per 100 ml for
PAC (supine), 0.05–0.79 ng ml�1 h�1 for PRA (supine) and p50ng per 100 ml per ngml�1 h�1

for ARR.
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analyzed by SNPassoc and haplo.stats. Po0.05 or 95% CI of OR not including

1.0 implied statistical significance, and all statistical tests were two sided.

RESULTS

All selected diallelic polymorphisms in the case–control populations
were successfully genotyped. The allele and genotype frequencies for
cases and controls are shown in Tables 2 and 3. The distribution of
genotypes was in accordance with the Hardy–Weinberg equilibrium in
each group (P40.05). The degrees of pairwise LD among all selected
variants were estimated by the standardized disequilibrium coefficient
D¢ (Figure 2). It was shown that these five variants were in different
strengths of LD, with the rs6410 and rs6387 polymorphisms in the
tightest LD (D¢ 0.66), and rs4539 and intron 2 conversion having the
weakest LD (D¢ 0.06) in the control subjects.

CYP11B2-CYP11B1 genotypes in relation to PH
Univariate allelic frequency analyses revealed that only rs6410 was
significantly associated with APA and IHA at P¼1.09�10�5 and 0.015,
respectively (Table 2). Further, this SNP was still significantly asso-
ciated with APA after 10 000 times permutation (P¼1�10�4). There
was a statistically significant difference in APA even after applying
Bonferroni correction to this study (P¼5�10�4). There was a relative
excess of AA homozygotes and AG heterozygotes of the rs6410 allele in
the APA group as compared with the control group (Table 3). Multi-
variate unconditional logistic regression analyses demonstrated that

this significant association between rs6410 and APA was consistent
even when there were adjustments for age, gender and BMI (Table 3).
Simultaneously, a marginal difference was found in the rs6410
genotype frequencies between the control group and the IHA group,
which became statistically significant after adjustments for age, gender
and BMI (Table 3). In contrast, there was no significant difference in
rs6387, rs4539, intron 2 conversion and rs1799998 between the control
group and the APA or IHA group.

CYP11B2-CYP11B1 haplotypes in relation to APA
The interactions of multiple variants within a haplotype may have an
impact on the biological phenotype.19 We therefore proceeded to
analyze the effect of these five polymorphisms in CYP11B2 and
CYP11B1 genes on the risk of APA in the context of haplotypes.
Haplotype analysis for the five polymorphisms was implemented
using haplo.stats software. Haplotypes with an estimated frequency
of 43% in patients with APA or the controls are shown in Table 4. A
highly significant difference was observed in the haplotype frequencies
between the control subjects and the patients with APA (Global-
stat¼31.95, degrees of freedom¼9, P¼0.0002). Individually, a suscep-
tible haplotype, AAAWT, was identified to be significantly associated
with APA with empirical P-values of 5.0�10�5 (Table 4). In contrast,
one protective haplotype, GGAWT, showed a significant difference
between patients with APA and the controls (empirical P¼1.0�10�4).
Importantly, all the above results of each haplotype remained sig-
nificant even after Bonferroni correction (P¼4.5�10�4 and 9.0�10�4,
respectively). Comparisons between one haplotype vs. all others in
both the cases and controls were made to determine the possible
specific disease-predisposing haplotypes in patients with APA. The
haplotype chosen for the reference in the model was AGAWT, which
has the highest frequency. One susceptible haplotype, AAAWT, dis-
played a significantly increased risk for APA (OR 15.89, 95% CI 2.06–
122.89), which was consistent even when there were adjustments for
age, gender and BMI (OR 1.44, 95% CI 1.19–1.76). In contrast, a
protective haplotype, GGAWT, exhibited significantly decreased effect
on APA (OR 0.08, 95% CI 0.01–0.69), and there was a significant
difference even after adjustments for age, gender and BMI (OR 0.73,
95% CI 0.55–0.97). In addition, two susceptible haplotypes, GAACT
and AGGWT, were found with a marginal significance in the differ-
ence between the control group and the APA group after adjustments
for age, gender and BMI (OR 1.28, 95% CI 0.97–1.71 and OR 1.23,
95% CI 0.99–1.54, respectively).

CYP11B2-CYP11B1 haplotypes in relation to IHA
Haplotypes with an estimated frequency of43% in patients with IHA
or the controls are shown in Table 5. A significant difference was
found in the haplotype frequencies between the control subjects and
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Figure 1 Schematic representation illustrating the five typed polymorphisms in the CYP11B2 and CYP11B1 genes (locations in the chromosome are shown).

Exons are numbered and names for the polymorphisms are given below the arrow. IC represented CYP11B2 intron 2 conversion.

Table 2 Allele frequencies in APA, IHA and the control group

Allele frequencies P-value

Variation

position

Controls

(n¼118)

APA

(n¼134)

IHA

(n¼45) APAa IHAa

rs6387 A G A G A G 0.462 0.935

0.73 0.27 0.76 0.24 0.74 0.26

rs6410 A G A G A G 1.09�10�5 0.015

0.24 0.76 0.42 0.58 0.37 0.63

rs4539 A G A G A G 0.499 0.430

0.71 0.29 0.74 0.26 0.76 0.24

IC W C W C W C 0.546 0.168

0.79 0.21 0.81 0.19 0.85 0.15

rs1799998 C T C T C T 0.335 0.160

0.29 0.71 0.25 0.75 0.21 0.79

Abbreviations: APA, aldosterone-producing adenoma; C, conversion; IHA, idiopathic
hyperaldosteronism; IC, intron 2 conversion; W, wide type.
aAPA and IHA vs. controls.
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the patients with IHA (Global-stat¼19.06, degrees of freedom¼9,
P¼0.025). Interestingly, a haplotype, AAAWT, was also identified to be
significantly associated with IHA (P¼2�10�3). There was a significant

difference even after Bonferroni correction (P¼0.018). The most
frequent haplotype, AGAWT, was chosen as the reference when
comparisons between one haplotype vs. all others in patients with
IHA and the controls were made. The subjects carrying a susceptible
haplotype, AAAWT, showed a significant increased risk for IHA (OR
4.99, 95% CI 1.29–19.35), which was consistent even when there were
adjustments for age, gender and BMI (OR 1.55, 95% CI 1.23–1.96).
Moreover, the risk conferred by the haplotype, AAAWT, on IHA was
higher as compared with APA (OR 1.55 vs. OR 1.44). A susceptible
haplotype, AGGWT, was found with a marginal significance in the
difference between the control group and the IHA group (OR 2.92,
95% CI 0.82–10.45), and had a significantly increased risk after
adjustments for age, gender and BMI (OR 1.49, 95% CI 1.17–1.89).
Another susceptible haplotype, AGAWC, was found to have
a significantly increased risk only after adjustments for age, gender
and BMI (OR 1.40, 95% CI 1.04–1.88).

CYP11B2-CYP11B1 genotypes/haplotypes in relation to ARR
None of the CYP11B2-CYP11B1 genotypes was found to be associated
with ARR. However, two haplotypes, AAAWT and GAAWT, were
associated with ARR when there were adjustments for age, gender and
BMI in the control group (coefficient¼65.09, Po0.001 and
coefficient¼18.86, Po0.001, respectively). In the APA group, three
haplotypes, AAAWT, AGGWC and GAACT, were also found asso-
ciated with ARR when there were adjustments for age, gender and
BMI (coefficient¼40.17, Po0.001; coefficient¼56.81, Po0.001 and
coefficient¼�24.36, Po0.001, respectively). Likewise, two haplotypes,

Table 3 The genotype and variation frequencies of DNA polymorphisms in CYP11B2 and CYP11B1 genes

Genotype frequencies P-value Crude ORs (95% CI) Adjusted ORs (95% CI) a

Variation

position Genotype

Controls

(n¼118)

APA

(n¼134)

IHA

(n¼45) APAb IHAb APAb IHAb APAb IHAb

rs6387 AA 59 (0.50) 73 (0.55) 22 (0.49) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)

AG 53 (0.45) 55 (0.41) 22 (0.49) 0.776 0.661 0.84 (0.50–1.40) 1.11 (0.55–2.24) 1.04 (0.60–1.78) 2.01 (0.92–4.38)

GG 6 (0.05) 6 (0.04) 1 (0.02) 0.81 (0.25–2.64) 0.45 (0.05–3.93) 0.79 (0.21–2.91) 0.00

GG+AG 59 (0.50) 61 (0.45) 23 (0.51) 0.84 (0.51–1.37) 1.05 (0.53–2.08) 1.01 (0.60–1.71) 1.82 (0.84–3.97)

rs6410 GG 72 (0.61) 51 (0.38) 21 (0.47) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

AG 37 (0.31) 54 (0.40) 15 (0.33) 2.19�10�4 0.070 2.06 (1.19–3.57) 1.39 (0.64–3.01) 2.58 (1.41–4.69) 2.41 (1.02–5.72)

AA 9 (0.08) 29 (0.22) 9 (0.20) 4.55 (1.98–10.43) 3.43 (1.21–9.74) 5.02 (2.11–11.95) 4.06 (1.31–12.66)

AA+AG 46 (0.39) 83 (0.62) 24 (0.53) 2.55 (1.53–4.24) 1.79 (0.89–3.58) 3.10 (1.78–5.40) 2.80 (1.27–6.18)

rs4539 AA 63 (0.53) 72 (0.54) 26 (0.58) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

AG 41 (0.35) 52 (0.39) 16 (0.36) 0.459 0.593 1.11 (0.65–1.89) 0.95 (0.45–1.98) 1.02 (0.58–1.80) 1.09 (0.49–2.43)

GG 14 (0.12) 10 (0.07) 3 (0.06) 0.63 (0.26–1.51) 0.52 (0.14–1.96) 0.50 (0.20–1.25) 0.57 (0.13–2.27)

GG+AG 55 (0.47) 62 (0.46) 19 (0.42) 0.99 (0.60–1.62) 0.84 (0.42–1.67) 0.88 (0.52–1.49) 0.95 (0.44–2.05)

IC WW 72 (0.61) 84 (0.63) 31 (0.69) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

WC 40 (0.34) 48 (0.36) 14 (0.31) 0.256 0.344 1.03 (0.61–1.74) 0.81 (0.39–1.70) 1.33 (0.75–2.35) 1.05 (0.46–2.39)

CC 6 (0.05) 2 (0.01) 0(0.00) 0.29 (0.06–1.46) 0.00 0.11 (0.01–0.94) 0.00

CC+WC 46 (0.39) 50 (0.37) 14 (0.31) 0.93 (0.56–1.55) 0.71 (0.34–1.47) 1.09 (0.63–1.88) 0.83 (0.37–1.85)

rs1799998 TT 58 (0.49) 77 (0.58) 29 (0.64) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

CT 52 (0.44) 45 (0.33) 13 (0.29) 0.226 0.184 0.65 (0.39–1.10) 0.50 (0.24–1.06) 0.62 (0.35–1.09) 0.57 (0.25–1.32)

CC 8 (0.07) 12 (0.09) 3 (0.07) 1.13 (0.43–2.94) 0.75 (0.18–3.04) 1.01 (0.38–2.71) 0.87 (0.20–3.77)

CC+CT 60 (0.51) 57 (0.42) 16 (0.36) 0.72 (0.44–1.18) 0.53 (0.26–1.08) 0.68 (0.40–1.16) 0.61 (0.28–1.36)

Abbreviations: APA, aldosterone-producing adenoma; C, conversion; CI, confidence interval; IHA, idiopathic hyperaldosteronism; IC, intron 2 conversion; OR, odds ratio; ref., reference; W, wide type.
aAdjusted OR (95% CI) were computed with multivariate unconditional logistic regression analysis after adjustment in age, gender and body mass index.
bAPA and IHA vs. controls.

Figure 2 LD structure of the locus in CYP11B2 and CYP11B1 genes.

Estimated values of D¢, generated by Haploview 4.0 from the genotypes of

118 controls, are in the grids. IC represented CYP11B2 intron 2 conversion.
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AAAWT and GAAWT, were associated with ARR when there
were adjustments for age, gender and BMI in IHA group
(coefficient¼272.16, Po0.001 and coefficient¼237.1, Po0.001,
respectively).

DISCUSSION

No satisfactory explanation is yet available for the initiation of growth
of PH. In this study, five polymorphisms spanning the CYP11B1 and
CYP11B2 locus were genotyped. Among them, the rs6410 polymor-
phism showed a significant association with APA and IHA in the
Chinese Han population, which was similar to Keavney’s findings on
the association between the rs6410 polymorphism and 11-deoxycor-
tisol urinary metabolite excretion in the Caucasian population.20 To
our knowledge, this is the first report wherein a significant association
of the polymorphisms of the CYP11B1 gene with PH was found. The
present results further provided some useful information for the
investigation of the association between the polymorphisms of the
CYP11B2 and CYP11B1 genes and PH in the Chinese Han population.

To our knowledge, the CYP11B1 gene is responsible for the final
step in cortisol synthesis, not for aldosterone synthesis. Furthermore,
it is unlikely that the rs6410 polymorphism in CYP11B1 gene directly
influences the phenotype because it involves a change from G to A at
codon 75, which has no consequences for the amino-acid sequence of
the final protein due to the same leucine encoded in both cases. There
may be two possible mechanisms by which this polymorphism can
influence the trait. One exists in the LD between the rs6410 variant in
CYP11B1 and the undiscovered causative variant(s) in CYP11B2.
Another may be that the rs6410 variant is in LD with causal variant(s)
in CYP11B1 itself. This leads to the reduced 11b-hydroxylase effi-
ciency, then mildly activates the pituitary–adrenal axis and finally
influences the aldosterone production. As a result, hypertension or
even PH may occur. Our hypothesis is consistent with some previous
findings. Connell and coworkers9,10 found that reduced 11b-hydro-
xylase efficiency and increased aldosterone production are associated
with genetic variations (for example, rs1799998, intron 2 conversion,
rs6410, �1859G/T and �1889A/G) of CYP11B2 and CYP11B1 genes

Table 4 Assessment of association between CYP11B2-CYP11B1 haplotypes and APA

Frequencies of haplotype

Haplotypesa

Control

(n¼118)

APA

(n¼134)

Empirical

P-valueb

Crude ORs

(95% CI) c Crude P-value c

Adjusted ORs

(95% CI) d

Adjusted

P-value d

AGAWT 36 (0.31) 35 (0.26) 0.402 Reference Reference

AGGWC 18 (0.15) 16 (0.12) 0.184 0.80 (0.41–1.57) 0.436 0.93 (0.80–1.09) 0.375

GAAWT 14 (0.12) 15 (0.11) 0.281 0.94 (0.45–1.96) 0.971 1.07 (0.91–1.26) 0.414

AGACT 9 (0.08) 6 (0.04) 0.067 0.41 (0.13–1.30) 0.097 0.86 (0.68–1.09) 0.225

GGAWT 7 (0.06) 1 (0.01) 1.0�10�4 0.08 (0.01–0.69) 0.003 0.73 (0.55–0.97) 0.029

GAACT 3 (0.03) 9 (0.07) 0.426 2.29 (0.66–7.94) 0.246 1.28 (0.97–1.71) 0.088

AGGWT 3 (0.03) 9 (0.07) 0.125 2.56 (0.78–8.34) 0.089 1.23 (0.99–1.54) 0.067

AAAWT 1 (0.01) 15 (0.11) 5.0�10�5 15.89 (2.06–122.89) 0.0004 1.44 (1.19–1.76) 0.0003

AGAWC 5 (0.04) 6 (0.04) 0.776 1.11 (0.43–2.87) 0.860 1.05 (0.84–1.31) 0.686

Global-stat¼31.95, d.f.¼9, P¼0.0002

Abbreviations: APA, aldosterone-producing adenoma; CI, confidence interval; d.f., degrees of freedom; OR, odds ratio.
aThe sequence of the variants in the haplotypes rs6387, rs6410, rs4539, intron 2 conversion and rs1799998.
bEmpirical P-value based on 10000 permutations.
cComparisons were made between one haplotype (reference) vs. all others in the cases and controls.
dAdjusted for age, gender and body mass index.

Table 5 Assessment of association between CYP11B2-CYP11B1 haplotypes and IHA

Frequencies of haplotype

Haplotypesa Control (n¼118) IHA (n¼45)

Empirical

P-valueb

Crude ORs

(95% CI) c

Crude

P-valuec

Adjusted

ORs (95% CI)d
Adjusted

P-valued

AGAWT 36 (0.31) 16 (0.35) 0.944 Reference Reference

AGGWC 18 (0.15) 3 (0.07) 0.115 0.58 (0.23–1.46) 0.270 0.96 (0.82–1.12) 0.580

GAAWT 14 (0.12) 5 (0.11) 0.381 1.33 (0.54–3.30) 0.477 1.12 (0.93–1.35) 0.218

AGACT 9 (0.08) 1 (0.02) 0.161 0.33 (0.06–1.76) 0.241 0.87 (0.69–1.08) 0.213

GGAWT 7 (0.06) 1 (0.02) 0.233 0.34 (0.04–3.08) 0.393 1.07 (0.81–1.41) 0.615

AGGWT 3 (0.03) 5 (0.11) 0.053 2.92 (0.82–10.45) 0.054 1.49 (1.17–1.89) 0.001

AAAWT 1 (0.01) 5 (0.11) 0.002 4.99 (1.29–19.35) 0.004 1.55 (1.23–1.96) 0.0003

AGAWC 5 (0.04) 1 (0.02) 0.908 1.39 (0.26–7.43) 0.664 1.40 (1.04–1.88) 0.027

GAACT 3 (0.03) 2 (0.03) 0.831 0.84 (0.13–5.29) 0.892 0.87 (0.69–1.08) 0.414

Global-stat¼19.06, d.f.¼9, P¼0.025

Abbreviations: CI, confidence interval; d.f., degrees of freedom; IHA, idiopathic hyperaldosteronism; OR, odds ratio.
aThe sequence of the variants in the haplotypes rs6387, rs6410, rs4539, intron 2 conversion and rs1799998.
bEmpirical P-value based on 10000 permutations.
cComparisons were made between one haplotype (reference) vs. all others in the cases and controls.
dAdjusted for age, gender and body mass index.

CYP11B2 and CYP11B1 genes in primary hyperaldosteronism
G-x Zhang et al

482

Hypertension Research



in hypertension patients and normal objects. They also observed that
variants in CYP11B2 and CYP11B1 are in strong LD and associated
with the chronic upregulation of hypothalamic–pituitary–adrenal axis
activity.20,21 Taken together, these findings suggest that reduced 11b-
hydroxylase efficiency in genetically susceptible individuals mildly
activates the pituitary–adrenal axis by a slight and lifelong increase
in adrenocorticotropic hormone and influences the aldosterone pro-
duction, which may lead to the development of hypertension within
the general population.21 Moreover, these results were confirmed by
others.17,22

In this study, no correlation of APA and IHA with rs6387, rs4539,
intron 2 conversion and rs1799998 polymorphisms in the CYP11B2
and CYP11B1 genes was found, which does not agree with previous
reports.11,13 The allele and genotype frequencies as well as the
CYP11B2-CYP11B1 haplotypes identified also differed from the
ones previously found by Ganapathipillai et al.17 In addition, in
contrast to those previous studies, we only observed mild or weak,
but not strong LD among rs6410, rs4539, intron 2 conversion and
rs1799998 alleles. In some previous hypertension studies, the
rs1799998 polymorphism is not associated with increased aldosterone
and increased blood pressure.23–25 Maybe, the different groups with
different ethnic backgrounds could account for the differences, but
further research is needed to verify this.
Haplotype analysis can overcome the loss of information attribu-

table to biallelic variants, which could make an existing association
clearer and more credible.26 To further supplement our understanding
of the contributions of these genetic variants to APA and IHA, five-
locus haplotypes were constructed, and their distribution was studied
in the patients and control populations. AAAWTwas identified as the
susceptible haplotype, whereas GGAWT was identified as the protec-
tive haplotype in patients with APA. In the IHA group, the risk
haplotype, AAAWT, was consistent with that in the APA group, but
the risk was higher than that of APA. This demonstrated that there are
both differences and similarities in the association between poly-
morphisms in CYP11B2 and CYP11B1 genes and APA and IHA. In
the function study, ARR was found to increase in the carriers of the
susceptible haplotype, AAAWT, not only in the controls but also in the
cases, suggesting a functional significance. Ganapathipillai et al.17 also
considered that the haplotypes of CYP11B2 and CYP11B1 genes
tended to associate with the ARR, as well as predicted the urinary
excretion ratio of THS/(THE+THF+5aTHF), a marker for 11b-
hydroxylase activity. Furthermore, the coefficient of association of
haplotype, AAAWT, with ARR in the IHA group was more than that
in the APA group (272.16 vs. 40.17). This demonstrated that the effect
of the polymorphisms in CYP11B2 and CYP11B1 genes on IHA might
be more than that on APA. In other words, the haplotypes analysis
suggested that the polymorphisms in CYP11B2 and CYP11B1 genes
seemed more closely associated with IHA than APA.
However, there are also some limitations in our study. First, the

patients with APA and IHA were recruited from in-patients subjected
to unilateral adrenalectomy, which was not completely free from some
bias in the selection of study subjects. Further study in a typical
population is useful to show the precise association between the
polymorphisms in CYP11B2 and CYP11B1 genes and PH. Second,
we could not obtain enough information on some environmental
exposure factors, such as smoking and drinking status and occupa-
tional history in both case and control groups, which may make our
results biased. Third, larger samples from a normal population and
patients with APA and IHA will be needed in further studies.
In conclusion, our study results reveal a highly significant associa-

tion between genetic variations in CYP11B2 and CYP11B1 genes and a

genetic predisposition to PH. Although we cannot conclude with
confidence that the rs6410 variant is a causal polymorphism for PH,
significant global and haplotype specific P-values support the potential
role of CYP11B2 and CYP11B1 genes in the genetic etiology of PH.
Moreover, the polymorphisms in CYP11B2 and CYP11B1 genes
seemed more closely associated with IHA than APA. Additional
research, especially involving more polymorphisms, typical objects,
more environmental exposure factors and other study designs, is
warranted to further explore the etiological relevance of polymorph-
isms in CYP11B2 and CYP11B1 genes for APA and IHA.
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