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Abstract: Objectives: Atrial fibrillation (AF) is one the most common and complex types of clinical arrhythmia syn-
dromes. In recent years, an association between CYP11B2 gene polymorphisms and atrial myocardial fibrosis has
received a significant amount of attention. This study explores the relationship between CYP11B2 gene-344C/T
polymorphism and AF among Kazak and Han residents in the Xinjiang region and further clarifies the molecular
mechanisms of atrial fibrillation. Methods: The study is a case-control study using traditional methods. We selected
156 Kazak and 203 Han patient cases in the Xinjiang region who had non-valvular atrial fibrillation as well as 307
Kazak and 418 Han cases of non-AF patients as a control group. Blood samples were collected, and DNA was
extracted from the peripheral blood samples. The presence of the CYP11B2 gene-344C/T polymorphism was deter-
mined using polymerase chain reaction-restriction enzyme fragment length polymorphism (PCR-RFLP). Differences
in the genotypes and allele distributions among the 2 groups were compared using Statistical Package for Social
Science (SPSS) 17.0 statistical software. Student’s t test, the chi-squared test and logistic regression methods
were used for the data analysis. Results: The genotypes of both ethnic groups followed a Hardy-Weinberg genetic
equilibrium distribution. The 2 patient groups, compared with their respective control groups, showed significant
dominant models in CYP11B2 gene-344C/T polymorphism genotype frequency and B1 allele frequency (P<0.05).
The frequencies of the CYP11B2 gene-344C/T polymorphism in the Kazak patient group were higher compared with
the control groups (P<0.05). The frequencies of the CYP11B2 gene-344C/T polymorphisms in the Han patient group
was also higher compared with the control group (P<0.05). Logistic regression analysis showed that the frequencies
of the CYP11B2 gene-344C/T genotypes were significantly different between the Kazak and Han patient groups and
the control groups. Conclusion: CYP11B2 gene -344C/T polymorphism is associated with AF.
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Introduction

Atrial fibrillation (AF) is the most common type
of clinical arrhythmia. It increases the incidence
and mortality due to stroke and sudden death.
Aldosterone is a mineralocorticoid secreted by
cells in the adrenal mineralocorticoid zone. It
plays important regulatory roles in water-salt
metabolism and sodium-potassium balance.
Therefore, it is closely related to the occurrence
and development of cardiovascular diseases
[4, 2]. It has been found that multiple human

tissues and organs, such as the kidneys, brain,
vascular smooth muscle and so on, can pro-
duce aldosterone. The role of aldosterone in the
cardiovascular system has received extensive
investigation [3]. The renin-angiotensin-aldo-
sterone system (RAAS) is closely related to the
occurrence and development of various arrhyth-
mias, such as atrial fibrillation. Aldosterone syn-
thase (CYP11B2) is a key enzyme for the syn-
thesis of aldosterone and is therefore an impor-
tant component of the RAAS. This study investi-
gated the relationship between the CYP11B2
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gene -344C/T polymorphism and atrial fibrilla-
tion among Kazak and Han populations in the
Xinjiang region.

Materials and methods

We collected blood samples from all of the par-
ticipating subjects in compliance with the
Declaration of Helsinki and under the ethical
review of the Xinjiang Medical Association, The
First Affiliated Hospital Ethics Review Board. All
of the subjects provided written consent for
blood collection.

The study subjects

We recruited 102 Kazak patients and 203 Han
patients who were hospitalized in the Xinjiang
Medical University Heart Center between
January 2010 and June 2013 and diagnosed
with atrial fibrillation. We also recruited another
54 Kazak patients from an epidemiological
study of Kazak patients with atrial fibrillation in
the Xinjiang region between 2008 and 2011 [4,
5]. This epidemiological study investigated
30,000 Kazak participants in the three north-
ern regions of Xinjiang to determine the preva-
lence of atrial fibrillation among the Kazak peo-
ple. The criteria to include patients with atrial
fibrillation were as follows: patients 18-75 years
of age and diagnosed with atrial fibrillation for
over 6 months by 12-lead electrocardiogram
(ECQG) or 24-hour Holter monitor. Atrial fibrilla-
tion’s representation on ECG could include the
following: 1) the disappearance of P waves and
replacement by small irregular baseline fluctua-
tions with irregular shape and amplitude known
as f-waves; a frequency of approximately 350
to 600 beats/min; or an extremely irregular
ventricular heart rate. The normal ventricular
heart rate of atrial fibrillation patients who do
not receive drug treatment and have normal AV
conduction is usually between 100 and 160
beats/minute. The QRS complexes are usually
normal. When the ventricular rate is too fast,
differential conduction occurs, resulting in wid-
ening of the QRS complexes [6]. The criteria to
exclude patients were valvular heart disease,
congenital heart disease, hyperthyroidism,
malignant tumor, acute inflammatory condition
within the past 2 weeks and a family history of
interracial marriage [7].

The control groups included 418 Han and
Kazak 307 individuals who were patients un-
dergoing medical examination in the First
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Affiliated Hospital of Xinjiang Medical University
or patients hospitalized in the Heart Center
between 2010 and 2012. There were no data
about atrial fibrillation history or ECGs for the
control patients. The diagnostic criteria for
hypertension are based on multiple measure-
ments of blood pressure on different days and
include a systolic blood pressure 2140 mmHg
and (or) a diastolic 290 mmHg [8]. Drinking his-
tory was defined as drinking within the past 6
months. A history of smoking was defined by
regular smoking within the past 6 months [9].
The diagnostic criteria for diabetes were as fol-
lows: 1. diabetic symptoms coupled with any
glucose >11.1 mmol/L; 2. a fasting glucose
>7.0 mmol/L; 3. a glucose =11.1 mmol/L after
a 2-hour oral glucose tolerance test (OGTT).
The OGTT result was based on World Health
Organization requirements. Patients who met
one of the above criteria underwent examina-
tion on another day. If they still met one of the
three criteria, they were diagnosed as diabetic
(1997 American Diabetes Association’s diag-
nostic criteria for diabetes).

Demographic characteristics for all subjects,
including CYP11B2 genotypes, were unknown
before data analysis.

Methods

Blood biochemical tests: Serum total choles-
terol (TC), glucose, high-density lipoprotein
(HDL), and low-density lipoprotein (LDL) levels
were determined in the Laboratory of First
Affiliated Hospital of Xinjiang Medical University.

DNA extraction: DNA samples were extracted
from fasting venous blood collected on the sec-
ond morning following patient admission.
Venous blood was drawn into anticoagulant
tubes containing ethylenediaminetetraacetic
acid (EDTA) and immediately stored in a -20°C
freezer. Genomic DNA was extracted using a
whole blood genome extraction kit (Tiangen
Biotech Co. Ltd., Beijing, China).

Primer design and PCR amplification of the
CYP11B2 gene: The primers for the CYP11B2
-344C/T polymorphism are shown in Table 1.

The 20-pl polymerase chain reaction (PCR) sys-
tem included the following: master mix, 10 pl;
forward primer, 0.5 pl; reverse primer, 0.5 yl;
double-distilled deionized water, 7.5 pl; and
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Table 1. Primers sequence of CYP11B2 -344C/T

SNP Primers sequence Annealing PCR amplification endonuclease
temperature products
Rs1799998  Sense: 5’CAGGAGGAGACCCCATGTGAC3’ 66.7°C 538 bp Hae llI

Antisense: 5’CCTCCACCCTGTTCAGCCC3’

M 1 2 .34 S5 NG i et

———————— ——_—

538bp

Figure 1. Gel electrophoresis images of PCR ampli-
fication products: “M” represents Marker. There are
6 bands between 100 bp and 600 bp. “1-10” repre-
sents the 10 samples. Samples 1-10 had a 538-bp
CYP11B2 gene PCR amplification product.

template DNA, 1.5 ul, for a total volume of 20
ul. The mixture was thoroughly mixed with slight
agitation and amplified in a PCR machine. The
PCR reaction procedures for CYP11B2 -344
C/T were as follows: denaturation at 95°C for 3
min; 34 cycles of denaturation at 95°C for 30 s,
annealing at 66.7°C for 30 s and extension at
72°C for 1 min; and a terminal extension at
72°C for 5 min. The PCR amplification products
were stored at 4°C. A gel electrophoresis image
of the PCR amplification product is shown in
Figure 1.

Restriction digestion of CYP11B2 -344C/T: The
reaction system for the digestion of the PCR
amplification products included the following:
PCR products, 10 ul; 10x Buffer R, 2 pl; Haelll,
0.5 pl; and double-distilled deionized water, 7.5
yl, for a total volume of 20 pl. The mixtures
were placed in a 37°C incubator and digested
for 5 hours.

Gel electrophoresis of CYP11B2 -344C/T PCR
products following restricted digestion: A total
of 10 pl of the digested CYP11B2 -344C/T PCR
product was separated on a 2% agarose gel
(using 1x Tris-borate-EDTA [TBE] and a poten-
tial of 120 V for 15 min followed by 80 V for 15
min). A gel imaging system was used to observe
staining under ultraviolet light. The amplified
product was a 538-bp band. The Haelll digest-
ed fragments were 126 bp, 138 bp and 274 bp.
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The completely mutated TT genotype showed
three bands after enzyme digestion: 126 bp,
138 bp and 274 bp. The wild-type CC genotype
showed four bands: 71 bp, 126 bp, 138 bp and
203 bp. The heterozygous genotype CT pheno-
type showed five bands: 71 bp, 126 bp, 138 bp,
203 bp and 274 bp. An image of the digested
CYP11B2 -344C/T PCR product gel electropho-
resis is shown in Figure 2.

Sequencing verification of CYP11B2 -344C/T:
According to the band patterns of the CYP11B2
-344C/T samples, 20 specimens of each of the
3 genotypes were sequenced to verify the accu-
racy of the digestion gel electrophoresis results.
The sequencing results are shown in Figures 3
and 4.

Statistical methods

The Statistical Package for Social Science
(SPSS) 17.0 software was used for statistical
analysis. Quantitative data were expressed as
the mean * standard deviation. Differences
between groups were compared with t-tests.
The genetic equilibrium was tested using the
Hardy-Weinberg equilibrium. Counting and the
Hardy-Weinberg equilibrium test were per-
formed with the x? test. In the logistic regres-
sion analysis, odds ratios and 95% confidence
intervals (Cls) were used to describe the distri-
bution of the major risk factors. P<0.05 was
considered statistically significant.

Results
Comparison of the clinical data

Table 2 shows the basic clinical features of the
Han and Kazak groups. There were no statisti-
cally significant differences in age or gender
between the Han and Kazak case groups and
control groups (P>0.05). Therefore, this study
can be considered an age-matched and sex-
matched case-control study. In the Han popula-
tion, the AF group and the control group were
significantly different with respect to rates of
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Figure 2. Gel electrophoresis images of restriction-digested PCR ampli-
fication products: “M” represents Marker. There are 9 bands between
50 bp and 600 bp. Sample 1 is an empty well (no DNA sample); sam-
ples 3, 4, 7, 8, and 10 show the fully mutated TT genotype; sample 9
shows the wild-type CC genotype; samples 2, 5, and 6 show the partial
mutant CT genotype. The 126-bp band and the 138-bp band have a
similar size. The bands overlap and appear as a relatively wider band.
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Figure 3. CYP11B2 gene sequencing image figure:
result for the wild-type CC genotype.

170 180
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Figure 4. CYP11B2 gene sequencing image figure:
result for the heterozygous CT genotype.

hypertension, elevated diastolic blood pres-
sure, alcohol consumption, and fasting glu-
cose, triglyceride (TG), TC and LDL levels
(P<0.05 for all). In the Kazak population, the AF
group and the control group were significantly
different with respect to rates of hypertension,
elevated systolic blood pressure, elevated dia-
stolic blood pressure, increased body mass
index (BMI), alcohol consumption, and fasting
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glucose, TG, TC, HDL, and LDL lev-
els (P<0.05 for each result).

CYP11B2 -344C/T polymorphism
and allele frequency distribution

-

Table 3 shows the CYP11B2
-344C/T polymorphism genotype
and allele frequency distributions.
We conducted genetic equilibrium
testing of the allele frequency dis-
tributions at this single nucleotide
polymorphism (SNP) locus in the
Han and Kazak populations. The
results were in line with a Hardy-
Weinberg equilibrium (P>0.05
between the atrial fibrillation group
and the control group in both the
Han and Kazak populations). In the Han popula-
tion, the -344C/T locus genotype, co-dominant
model and gene frequencies showed statisti-
cally significant differences (P<0.05) between
the two groups. In the AF group, the TT geno-
type frequency (51.2% vs. 31.1%, P<0.001), CC
+ TT genotype frequency (55.7% vs. 46.7%,
P=0.001) and T gene frequency (73.4% vs.
57.8%, P<0.001) were significantly higher than
the control group. In the Kazak population, the
dominant model and recessive model were sig-
nificantly different. In the AF group, the CT + TT
genotype frequency (67.9%vs. 62.2%, P<0.001)
and TT genotype frequency (12.8% vs. 10.7%,
P<0.001) were significantly higher than the
control group. Logistic regression analysis sug-
gested that CYP11B2 genetic polymorphism
increased 1.874-fold risk for AF (Table 4).

Discussion

The aldosterone synthase gene is located on
chromosome 8 (8q922); it is 7 kb long and
includes 8 introns and 9 exons. The aldoste-
rone synthase gene includes two genes:
CYP11B1 and CYP11B2. Recent studies have
shown that CYP11B2 catalyzes the final step of
the in vivo biochemical synthesis of aldoste-
rone. CYP11B2 is regulated by potassium and
angiotensin Il and is closely linked to cardiovas-
cular diseases. CYP11B2 mutation frequently
occurs at position-344, mainly as a transition
from cytosine (C) to thymine (T). Another muta-
tion frequently occurs within an intron. These
mutations directly affect the transcription of
CYP11B2, thus changing the gene’s expression
level [10]. A number of studies have suggested
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Table 2. Characteristics of included participants

Han

Kazak

Control (n=418)

AF (n=203) x>ort Pvalue Control (n=307) AF (n=156) x>ort Pvalue

Age, Mean (SD) 53.17 (12.67)
Male/Femal (%) 249/169
Hypertension (%) 75 (17.9)
BMI, Mean (SD) 24.39 (3.97)
SBP, Mean (SD)  123.99 (16.45)
DBP, Mean (SD)  78.26 (11.84)

54.85(12.79) 1552 0121 53.85(11.87) 51.87(12.25) -1.680 0.094
129/74

0.908 0.341 203/104 102/54 0.025 0.874

80 (39.4) 33.617 <0.001" 118 (71.0) 78 (50.0) 19.801 <0.752
2442 (5.35) 0.134 0.894 29.19 (4.46) 26.20 (4.67) -5.691 <0.001"
122.41(22.68) -0.885 0.377 127.85(16.57) 139.04(20.43) 5.925 <0.001"
76.00 (12.23) -2.174 0.030" 77.72(10.08) 85.53(11.77) 7.072 <0.001"

Note: “indicated significant difference compared to control.

Table 3. Frequency distribution of CYP11B2 -344C/T genotype and allele

Han Kazak

Rs1799998 Control, n (%) AF n (%) P value Control, n (%) AF n (%) P value
Genotype

CC 65 (15.6) 9 (4.4) 116 (37.8) 50 (32.1)

CT 223 (563.3) 90 (44.3) 158 (51.5) 86 (55.1)

T 130 (31.1) 104 (51.2) <0.001" 33 (10.7) 20 (12.8) 0.449
Dominant model

cC 65 (15.6) 9 (4.4) 116 (37.8) 50 (32.1)

CT+TT 353 (84.4) 194 (95.6) 0.133 191 (62.2) 106 (67.9) <0.001"
Recessive model

T 130 (31.1) 104 (51.2) 33(10.7) 20 (12.8)

CT+CC 288 (68.9) 99 (48.8) 0.538 274 (89.3) 136 (87.2) <0.001"
Co-additive model

CT 223 (53.3) 90 (44.3) 158 (51.5) 86 (55.1)

CC+TT 195 (46.7) 137 (55.7) 0.001" 149 (48.5) 70 (48.5) 0.259
Allele frequency

C 353 (42.2) 108 (26.6) 390 (63.5) 186 (59.6)

T 483 (57.8) 298 (73.4) <0.001" 224 (36.5) 126 (40.4) 0.247

Note: “indicated significant difference compared to control.

Table 4. Logistic regression analysis

Han Kazak
B S.E.  Wald P OR 95% Cl B S.E. Wald P OR 95% Cl
Dominant model 2.131 0.664 10.318 0.001" 8.426 2.295-30.933 1.677 0.492 11.603 0.001" 1.874 0.71-4.915
Hypertension 1.971 0.571 11902 0.001" 7.181 2.343-22.011 0.701 0.336 4.354 0.037" 4.962 2.571-9.584
SBP 0.109 0.023 23.205 0.000" 1.115 1.067-1.165 0.024 0.013 3.579 0.059 1.024 0.999-1.050
DBP 1.280 0.0413 9.586 0.002" 3.597 1.600-8.090 0.090 0.095 0.902 0.342 9.147 7.509-11.004

Constant

Note: “indicated significant difference compared to control.

that the aldosterone synthase CYP11B2 gene-
344C/T polymorphism is related to hyperten-
sion and left ventricular structure and function.
Chronic high blood pressure results in compen-
satory adaptation, prompting atrial arrhythmia.
Hypertension is the most common but treat-
able independent risk factor of atrial fibrillation

(AF) [11, 12].
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CYP11B2 gene polymorphism is closely related
to plasma aldosterone levels, hypertension,
atherosclerosis, cerebrovascular disease, left
ventricular hypertrophy, myocardial infarction
and coronary artery disease [13, 14], but some
clinical studies have failed to support these
views [15]. The evidence is also inconsistent for
the association between CYP11B2 gene poly-
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morphism and hypertension, atherosclerosis
and other diseases in patients of different eth-
nic groups and in different regions. These stud-
ies suggest that CYP11B2 gene polymorphisms
could be different among people of different
ethnic groups and regions [16]. One study
found that aldosterone level is closely linked to
the CYP11B2 -344C/T polymorphism. Indivi-
duals with the TT and CT genotypes have signifi-
cantly higher levels of aldosterone than those
who have the CC genotype [17].

Clinical studies have shown that aldosterone
antagonists may help reduce the incidence and
persistence of AF. Angiotensin Il receptor antag-
onists have been administered to AF patients
[18]. However, the association between the
CYP11B2 -344C/T polymorphism and AF has
rarely been studied. Studies have confirmed
that the occurrence and development of AF is
genetic. The CYP11B2 gene may have polymor-
phisms at other sites that can affect the levels
of plasma aldosterone and angiotensin Il or
that may induce atrial fibrillation by other mech-
anisms. Aldosterone induces increased blood
volume, blood pressure, left ventricular pres-
sure, left ventricular hypertrophy, left atrial
pressure, and left atrial volume. In addition to
the indirect effects of aldosterone on cardio-
vascular function, aldosterone can also have a
direct effect on the heart. In animal experi-
ments, scientists found that aldosterone could
directly induce cardiac hypertrophy and fibrosis
[19-21]. The binding of aldosterone to its recep-
tor promotes the proliferation and differentia-
tion of myocardial cells and vascular smooth
muscle cells. Aldosterone signaling also pro-
motes fibroblast proliferation and hypertrophy,
leading to a significant increase in collagen pro-
duction. These effects lead to cardiac fibrosis
and cardiac structural remodeling, and can trig-
ger heart rhythm disorders. In addition, the
binding of aldosterone to mineralocorticoid
receptors can activate the RAAS and strongly
induces myocardial fibrosis. In summary, aldo-
sterone may directly or indirectly cause atrial
enlargement and atrial fibrosis, leading to
structural and electrical atrial remodeling.
These effects may induce and maintain atrial
fibrillation. Therefore, the CYP11B2 gene-
344C/T polymorphism may be related to atrial
fibrillation, or AF may be due to other ethnic,
environmental and genetic factors.
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