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Abstract. Recent genome-wide association studies (GWASs) 
identified various genes and loci that confer susceptibility 
to coronary artery disease or myocardial infarction among 
Caucasian populations. As myocardial ischemia is an impor-
tant risk factor for atrial fibrillation, we hypothesized that 
certain polymorphisms may contribute to the genetic suscep-
tibility to atrial fibrillation through affecting the susceptibility 
to coronary artery disease. The aim of the present study was to 
examine the possible association of atrial fibrillation in Japanese 
individuals with 29 polymorphisms identified as susceptibility 
loci for coronary artery disease or myocardial infarction in the 
meta-analyses of GWASs in Caucasian populations. The study 
subjects comprised 5,470 Japanese individuals (305 subjects 
with atrial fibrillation and 5,165 controls). Genotypes for 
29 polymorphisms were determined by a method that combines 
the polymerase chain reaction and sequence‑specific oligonu-
cleotide probes with suspension array technology. Comparisons 
of the allele frequencies by the χ2 test revealed that rs599839 
(G→A) of the proline/serine-rich coiled-coil 1 gene (PSRC1, 
P=0.0084) and rs11556924 (C→T, Arg363His) of the zinc 
finger, C3HC‑type containing 1 gene (ZC3HC1, P=0.0076) 
were significantly (P<0.01) associated with atrial fibrillation. 
Multivariable logistic regression analysis with adjustment for 
age, gender, body mass index, estimated glomerular filtration 
rate, and the prevalence of smoking, hypertension, diabetes 
mellitus, and dyslipidemia revealed that rs599839 (P=0.0043; 
odds ratio, 1.56; dominant model) and rs11556924 (P=0.0043; 
odds ratio, 1.93; dominant model) were significantly associated 

with atrial fibrillation, with the minor G and T alleles, respec-
tively, representing risk factors for this condition. PSRC1 and 
ZC3HC1 may thus be susceptibility loci for atrial fibrillation in 
Japanese individuals.

Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia 
with a major public health problem. The estimated number 
of individuals with AF worldwide in 2010 was 33.5 million 
(20.9 million men and 12.6 million women) (1). The prevalence 
of AF is increasing and is estimated to double by 2050 in the 
United States (2). AF is associated with an increased risk for 
heart failure, thromboembolic diseases such as cardioembolic 
stroke, and mortality (3,4), resulting in large public health 
costs (5). Although the molecular mechanism of AF is complex 
and has not been determined definitively, several risk factors, 
including aging, male gender, smoking, obesity, hypertension, 
diabetes mellitus, valvular heart disease, coronary artery 
disease and heart failure, have been clinically determined (6). 
In addition to these conventional risk factors, recent studies 
have shown the importance of genetic factors in the develop-
ment of AF (7). Genome‑wide association studies (GWASs) 
have identified several genes and loci that confer susceptibility 
to AF (8‑11). These genes include those for transcription 
factors associated with cardiopulmonary development, cardiac 
ion channels, and cell signaling molecules (11).

Recent GWASs also identified various genes and loci that 
confer susceptibility to coronary artery disease or myocar-
dial infarction among Caucasian populations (12,13). As 
myocardial ischemia is an important risk factor for AF (6), we 
hypothesized that certain polymorphisms may contribute to 
the genetic susceptibility to AF through affecting the suscepti-
bility to coronary artery disease. The aim of the present study 
was to examine the possible association of AF in Japanese 
individuals with 29 single nucleotide polymorphisms (SNPs) 
identified as susceptibility loci for coronary artery disease 
or myocardial infarction by the meta-analyses of GWASs in 
Caucasian populations (12,13).
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Materials and methods

Study population. The study subjects comprised 5,470 Japanese 
individuals (305 subjects with AF, 5,165 controls), who either 
visited outpatient clinics of, or were admitted to, the partici-
pating hospitals (Gifu Prefectural Tajimi Hospital, Tajimi; 
Gifu Prefectural General Medical Center, Gifu; Inabe General 
Hospital, Inabe; Japanese Red Cross Nagoya First Hospital, 
Nagoya; Hirosaki University Hospital and Hirosaki Stroke 
Center, Hirosaki, Japan) between 2002 and 2012, due to 
various symptoms or for an annual health checkup. Subjects 
with AF who had apparent structural heart diseases, including 
severe valvular heart disease, hypertrophic or dilated cardio-
myopathy, and congenital heart disease, were excluded from 
the study. The 5,165 control individuals had no history of AF 
or other significant supraventricular or ventricular arrhyth-
mias, or of taking antiarrhythmic medication.

The study protocol complied with the Declaration of 
Helsinki and was approved by the Committees on the Ethics 
of Human Research of Mie University Graduate School of 
Medicine, Hirosaki University Graduate School of Medicine, 
and participating hospitals. Written informed consent was 
obtained from each participant.

Selection and genotyping of polymorphisms. SNPs that were 
shown to be significantly associated with coronary artery disease 
or myocardial infarction were searched for in Caucasian popula-
tions by the meta‑analyses of GWASs (12,13). These SNPs were 
examined with the SNP database (dbSNP; National Center for 
Biotechnology Information, Bethesda, MD, USA) to identify 
SNPs with a minor allele frequency of ≥0.015 in a Japanese 
population. A total of 29 SNPs (14) were finally selected and the 
possible association with AF was examined. The ancestral and 
variant alleles of the SNPs were determined from the dbSNP.

Venous blood (7 ml) was collected into tubes containing 
50 mmol/l ethylenediaminetetraacetic acid (disodium salt), 
the peripheral blood leukocytes were isolated, and genomic 
DNA was extracted from these cells with a DNA extraction kit 
(Genomix; Talent Srl, Trieste, Italy). Genotypes of SNPs were 
determined at G&G Science Co., Ltd. (Fukushima, Japan) by 
a method that combines the polymerase chain reaction and 
sequence‑specific oligonucleotide probes with suspension array 
technology (Luminex Corporation, Austin, TX, USA). Primers, 
probes and other conditions for genotyping of SNPs examined 
in the study were as described previously (14). The overall call 
rate of genotyping 29 SNPs was 99%. Detailed genotyping 
methodology was also described previously (15-17).

Statistical analysis. Quantitative data were compared between 
two groups by the Wilcoxon rank sum test, as data were not 
normally distributed (P<0.05 by the Kolmogorov‑Smirnov 
and Lilliefors test). Categorical data were compared by the χ2 
test. Allele frequencies were estimated by the gene counting 
method. Departure from the Hardy‑Weinberg equilibrium was 
examined by the χ2 test. Multivariable logistic regression analysis 
was performed with AF as a dependent variable and indepen-
dent variables including age, gender (0, female; 1, male), body 
mass index (BMI), estimated glomerular filtration rate (eGFR), 
smoking status (0, nonsmoker; 1, current or former smoker), 
history of hypertension, diabetes mellitus and dyslipidemia 

(0, no history; 1, positive history), and each genotype; and the 
P-value, odds ratio and 95% confidence interval were calculated. 
Genotypes of each polymorphism were assessed according to 
dominant [0, AA; 1, AB + BB (A, major allele; B, minor allele)], 
recessive (0, AA + AB; 1, BB), and additive genetic models. 
Additive models comprised additive 1 (0, AA; 1, AB; 0, BB) and 
additive 2 (0, AA; 0, AB; 1, BB) models, which were analyzed 
simultaneously with a single statistical model. A stepwise 
forward selection procedure was also performed to examine 
the effects of genotypes, as well as other covariates on AF. The 
P-values for inclusion in and exclusion from the model were 0.25 
and 0.1, respectively. In this procedure, genotypes were examined 
according to a dominant model on the basis of statistical signifi-
cance in the multivariable logistic regression analysis. P<0.01 
was considered to indicate a statistically significant difference. 
Statistical tests were performed with JMP version 5.1 and JMP 
Genomics version 6.0 software (SAS Institute, Cary, NC, USA).

Results

Study characteristics. The characteristics of the 5,470 study 
subjects are shown in Table I. Age, the frequency of men, the 
prevalence of hypertension, hyperuricemia and chronic kidney 
disease were significantly (P<0.01) greater, whereas eGFR was 
lower in subjects with AF compared to the controls.

Genotype distributions and allele frequencies. The compari-
sons of genotype distributions or allele frequencies by the χ2 test 
between subjects with AF and controls revealed that the allele 
frequencies of rs599839 of the proline/serine-rich coiled-coil 1 

Table I. Characteristics of subjects with atrial fibrillation and 
controls.

 Atrial
Characteristics fibrillation Control P‑value

Subjects, n 305 5,165
Age, years 66.4±10.4 64.4±11.2 0.0038
Gender, % (men/women) 82.0/18.0 59.2/40.8 <0.0001
Body mass index, kg/m2 23.4±3.8 23.8±3.5 0.0310
Current or former smoker, % 24.8 28.4 0.1804
Hypertension, % 70.5 60.7 0.0006
Diabetes mellitus, % 40.3 34.7 0.0458
Dyslipidemia, % 39.0 43.3 0.1447
Hyperuricemia, % 10.6   4.6 <0.0001
Chronic kidney disease, % 81.8 69.9 0.0024
eGFR, ml min-1 1.73 m-2 66.0±19.1 68.6±24.6 0.0022

Quantitative data are mean ± standard deviation. Hypertension: Systolic 
blood pressure of ≥140 mmHg or diastolic blood pressure of ≥90 mmHg, or 
under antihypertensive medication. Diabetes mellitus: Fasting plasma glucose 
level of ≥6.93 mmol/l or blood glycosylated hemoglobin (hemoglobin A1c) 
content of ≥6.5%, or under antidiabetes medication. Dyslipidemia: Serum 
concentration of triglyceride of ≥1.65 mmol/l, a serum high‑density lipopro-
tein‑cholesterol of <1.04 mmol/l, a serum low‑density lipoprotein‑cholesterol 
of ≥3.64 mmol/l, or under antidyslipidemic medication. Hyperuricemia: 
Serum concentration of uric acid of ≥416.4 µmol/l or under antihyperuricemic 
medication. Chronic kidney disease: eGFR of <60 ml min-1 1.73 m-2: eGFR 
(ml min-1 1.73 m-2) = 194 x [age (years)]-0.287 x [serum creatinine (mg/dl)]-1.094 
(x 0.739, if female). eGFR, estimated glomerular filtration rate.
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gene (PSRC1) and rs11556924 of the zinc finger, C3HC‑type 
containing 1 gene (ZC3HC1) were significantly (P<0.01) 
associated with the prevalence of AF (Table II). Genotype 
distributions of the two SNPs were in Hardy‑Weinberg equi-
librium (P>0.01) among the subjects with AF and controls. 
These SNPs were further examined by multivariable logistic 
regression analysis with adjustment for covariates.

Multivariable logistic regression analysis. The multivariable 
logistic regression analysis with adjustment for age, gender, 
BMI, eGFR, smoking status, and the prevalence of hyper-
tension, diabetes mellitus, and dyslipidemia revealed that 
rs599839 of PSRC1 and rs11556924 of ZC3HC1 (dominant and 
additive 1 models) were significantly (P<0.01) associated with 
AF, with the minor G and T alleles, respectively, representing 
risk factors for this condition (Table III).

A stepwise forward selection procedure was performed to 
examine the effects of genotypes, as well as age, gender, BMI, 
eGFR, smoking status, and the prevalence of hypertension, 
diabetes mellitus, and dyslipidemia on AF. Each genotype 
was examined according to a dominant model on the basis 
of statistical significance in multivariate logistic regression 
analysis. This analysis revealed that genotypes for PSRC1 and 
ZC3HC1 were significant (P<0.01) and independent determi-
nants of AF (Table IV).

Discussion

The association of 29 SNPs identified by the meta‑analyses 
of GWASs for coronary artery disease in Caucasian popula-
tions (12,13) to the prevalence of AF in Japanese individuals 
was examined. The present study showed that rs599839 of 

Table II. Comparisons of genotype distributions and allele frequencies of rs599839 of PSRC1 or rs11556924 of ZC3HC1 by the 
χ2 test between subjects with atrial fibrillation and controls.

      P-value P-value 
Gene SNP Genotype Atrial fibrillation, n (%) Control, n (%) Call rate, % (genotype) (allele)

PSRC1 rs599839 G→A   99.3 0.0285 0.0084a

  AA 243 (79.7) 4,371 (85.3)
  AG   59 (19.3)    719 (14.0)
  GG   3 (1.0)    35 (0.7)
 Hardy‑Weinberg P‑value  0.7806 0.3624

ZC3HC1 rs11556924 C→T (Arg363His)   99.8 0.0145 0.0076a

  CC 281 (92.1) 4,927 (95.6)
  CT 24 (7.9)  224 (4.3)
  TT   0 (0.0)      4 (0.1)
 Hardy‑Weinberg P‑value  0.4744 0.3789

aP<0.01. Hardy‑Weinberg P‑value, P‑value for Hardy‑Weinberg equilibrium. SNP, single nucleotide polymorphism; PSRC1, proline/serine-rich coiled-coil 1 
gene; ZC3HC1, zinc finger, C3HC‑type containing 1 gene.

Table IV. Genotypes and other characteristics associated with 
atrial fibrillation, as determined by a stepwise forward selec-
tion procedure.

Characteristics R2 P-value

Male gender 0.0221 <0.0001
Smoking 0.0071 <0.0001
PSRC1 (dominant) 0.0036   0.0042
Age (year) 0.0038   0.0054
ZC3HC1 (dominant) 0.0036   0.0060
Dyslipidemia 0.0028   0.0138

R2, contribution rate; PSRC1, proline/serine‑rich coiled‑coil 1 gene; 
ZC3HC1, zinc finger, C3HC‑type containing 1 gene.

Table III. Multivariable logistic regression analysis of two SNPs associated with atrial fibrillation.

 Dominant Recessive Additive 1 Additive 2
 ------------------------------------------------- -------------------------------------------------- ----------------------------------------------- --------------------------------------------------
Gene SNP P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI)

PSRC1 rs599839 (G→A) 0.0043a 1.56 (1.14‑2.10) 0.5285 1.47 (0.35‑4.23) 0.0053a 1.56 (1.13‑2.11) 0.4549 1.58 (0.37‑4.56)
ZC3HC1 rs11556924 (C→T) 0.0043a 1.93 (1.20‑2.97) 0.8427 0.01 0.0033a 1.96 (1.22‑3.02) 0.8441 0.01
     (unstable‑12.95)    (unstable‑13.57)

aP<0.01. Multivariable logistic regression analysis was performed with adjustment for age, gender, body mass index, estimated glomerular filtration rate, 
smoking status, and the prevalence of hypertension, diabetes mellitus and dyslipidemia. Due to a low frequency of T allele of ZC3HC1, lower values of 95% CI 
were unstable in recessive and additive 2 models. SNP, single nucleotide polymorphism, PSRC1, proline/serine‑rich coiled‑coil 1 gene; ZC3HC1, zinc finger, 
C3HC‑type containing 1 gene; OR, odds ratio; CI, confidence interval.
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PSRC1 and rs11556924 of ZC3HC1 were significantly asso-
ciated with AF with the minor G and T alleles, respectively, 
representing risk factors for AF.

PSRC1 is located in cadherin, EGF LAG seven‑pass 
G-type receptor 2 gene (CELSR2)-PSRC1-myosin binding 
protein H‑like gene (MYBPHL)-sortilin 1 gene (SORT1) 
cluster on chromosome 1p13.3 (NCBI Gene). The PSRC1 
protein directly binds microtubules, regulates the density, 
assembly and dynamics of microtubules, and controls chro-
mosome congression and segregation (18). rs599839 locates 
at a noncoding region between CELSR2 and PSRC1 (19). 
There is strong linkage disequilibrium between rs599839 and 
polymorphisms located in the 3' region of CELSR2 including 
functional variants (20). The G allele of rs599839 is associ-
ated with higher mRNA expression levels of the multiligand 
receptor sortilin 1 (21). Increased sortilin 1 expression leads 
to enhanced low-density lipoprotein (LDL)-uptake into cells, 
being associated with decreased plasma LDL-cholesterol, 
and a lower risk of coronary artery disease (21). Our previous 
study showed that rs599839 of PSRC1 was associated with 
myocardial infarction (14), hypertension (22) and dyslipidemia 
(hyper‑LDL‑cholesterolemia) (23) in Japanese individuals, 
with the minor G allele being protective against these condi-
tions. The present study has shown that rs599839 of PSRC1 
was associated with AF with the minor G allele representing a 
risk factor for this condition. The reason for this discrepancy 
remains to be elucidated. It is possible that rs599839 is in 
linkage disequilibrium with polymorphisms actually respon-
sible for AF, although the underlying molecular mechanism 
remains to be elucidated.

ZC3HC1, located at chromosome 7q32.2 (NCBI gene), 
was originally identified as the gene encoding human nuclear 
protein in a screen for interaction partners of the anaplastic 
lymphoma kinase (24). The ZC3HC1 protein is a human 
F‑box‑like protein that targets nuclear cyclin B1 for degrada-
tion and contributes to the timing of mitotic entry (25). Several 
studies have suggested that this protein may contribute to the 
development of carcinogenesis and may have an important 
role in the regulation of endothelial integrity and inflamma-
tion (26,27). Individuals with the TT genotype of rs11556924 
were shown to have greater carotid intima-media thickness 
compared to those carrying the CC genotype among subjects 
with rheumatoid arthritis (28). These observations suggest that 
ZC3HC1 may have a role in endothelial dysfunction and the 
development of atherosclerosis.

Several studies showed that the development of AF is 
associated with endothelial dysfunction, which induces the 
upregulation of adhesion molecules, resulting in increases in 
inflammation and oxidative stress (29,30). Endothelial dysfunc-
tion promotes the electrophysiological remodeling observed in 
AF (31) and accelerates atrial ectopy in discharging cells near 
the pulmonary vein, being associated with the development of 
AF (32). Coronary atherosclerosis may injure atrial tissues due 
to myocardial ischemia, and cause histological changes, such 
as myocyte growth, hypertrophy, necrosis or apoptosis (33,34). 
These processes may promote atrial remodeling with struc-
tural, functional, electrical, metabolic and neurohormonal 
consequences, being associated with the development of 
AF (33,34). The present study showed that rs11556924 of 
ZC3HC1 was significantly associated with AF, with the minor 

T allele representing a risk factor for this condition. This asso-
ciation may be attributable, at least in part, to the effect of 
rs11556924 on endothelial dysfunction.

The meta‑analysis of GWASs identified several genes and 
loci that confer susceptibility to AF in Caucasian popula-
tions (10,11). Among these loci, paired-like homeodomain 
transcription factor 2 gene (PITX2), zinc finger homeobox 3 
gene (ZFHX3), and paired related homeobox 1 gene have roles 
in the development of cardiopulmonary structure (32,35‑37), 
while potassium channel, calcium-activated intermediate/small 
conductance subfamily Nα, member 3 gene (KCNN3) has a 
role in the function of ion channels, such as a calcium-activated 
potassium channel (38). PITX2 and ZFHX3 are also associated 
with cardioembolic stroke (39,40). In addition to these genes, 
the caveolin 1, caveolae protein, 22 kDa gene and the chromo-
some 9 open reading frame 3 gene were associated with AF 
in Japanese individuals by a GWAS (11). However, whether 
SNPs associated with coronary atherosclerosis have a role in 
the development of AF remains to be elucidated. In the present 
study, rs599839 of PSRC1 and rs11556924 of ZC3HC1 were 
significantly associated with AF. These SNPs were associated 
with coronary artery disease in Caucasian populations (12,13) 
and rs599839 was associated with myocardial infarction in 
Japanese individuals (14).

There were several limitations in the present study. i) As 
the results of this study were not replicated, validation of the 
findings is required in other independent subject panels or in 
other ethnic groups; ii) it is possible that two SNPs identified 
in the present study are in linkage disequilibrium with other 
polymorphisms in the same gene or in other nearby genes that 
are actually responsible for the development of AF; and iii) the 
functional relevance of rs599839 or rs11556924 to pathogen-
esis of AF remains to be elucidated.

In conclusion, PSRC1 and ZC3HC1 may be susceptibility 
loci for AF in Japanese individuals. Determination of geno-
types of these SNPs may prove informative for assessment of 
the genetic risk for AF in such individuals.
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