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Abstract

Background: A prolonged PR interval is a sign of increased risk of cardiac arrhythmia. Recent genome-wide association
studies found that the single-nucleotide polymorphism (SNP) rs3825214 in T-box 5 (TBX5) was positively associated with PR
interval, QRS duration, QT interval, and common arrhythmia disorders such as atrial fibrillation (AF) and advanced
atrioventricular block. However, other independent replication studies are required to validate the result. This study
assessed associations between rs3825214 and ECG parameters, AF, and ventricular tachycardia (VT) in a Chinese Han
population.

Methodology/Principal Findings: To assess the association between rs3825214 and AF and VT, we carried out case-control
association studies with 692 AF patients (including 275 lone AF patients), 235 VT patients, and 856 controls. Genotyping was
performed using a Rotor-Gene TM 6000 High Resolution Melt system. Statistical analyses of associations were adjusted for
potential confounding factors. A moderate association was detected between rs3825214 and AF (P,q;=0.036, OR=0.79) and
a highly significant association was detected between the G allele of rs3825214 and lone AF (P,q;=0.001, OR=0.65;
genotypic P=3.75x10"* with a dominant model). We also found that rs3825214 showed a significant association with
atrial-ventricular block (AVB; P=0.028; P,q;=0.035, OR=0.494).

Conclusions: Our results indicate that rs3825214 conferred a significant risk of lone AF in this Chinese Han population.
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phy (ECG) PR interval (combined P=3.3x10" %), duration of the
QRS complex (combined P=3.0x10""%), and QT interval
(combined P=9.5%x10"% and may lead to cardiac arrhythmia
such as AF and atrioventricular block (AVB) [7]. Functional

Introduction

Atrial fibrillation (AF) is the most common supraventricular
tachycardia encountered in clinical practice, and is associated with

pronounced morbidity, mortality, and socio-economic burden [1].
Morphological and electrophysiological alterations that promote
and maintain AF have been studied extensively, but the underlying
mechanism is still not fully understood [2]. Some AF patients have
a family history of the condition, and studies have suggested that
genetic factors are involved in its development, especially in
patients with lone AF [3,4].

Ventricular tachycardia (VT), another important type of
arrhythmia, is the most common cause of sudden cardiac death
[5]. The previous studies found that many genetic factors of AF,
such as genes encoding sodium or potassium ion channels, were
shared by VT [6].

Recently, genome-wide association studies found that the single-
nucleotide polymorphism (SNP) rs3825214, located in the T-box 5
(TBX)5) gene, was positively associated with the electrocardiogra-
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studies also showed that 7BX) is widely expressed in the atrial,
atrioventricular node, and ventricular bundle branches, indicating
that variations in 7BX5 may have an important role in the
pathogenesis of AF and VT [8-13]. The present study explored
the association between rs3825214 and ECG parameters PR,
ORS, and QT intervals in a Han Chinese population, and the
assoclation between rs3825214 and two arrhythmia types, AF and
VT.

Methods

Study subjects

Subjects were chosen from GenelD [14] and included 692
patients with AF, 235 patients with VT, and 856 controls. The
Ethics Committee of First Affiliated Hospital of Dalian Medical
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University and Huazhong University of Science and Technology
approved this study. All subjects provided informed written
consent in accordance with the Declaration of Helsinki.

All study participants are of ethnic Han origin by self-report. AF
patients over 70 years old were excluded to reduce confounding
factors due to advanced age. Patients with other types of cardiac
arrhythmias, hyperthyroidism, cardiomyopathies, and valvulopa-
thies were excluded in the AF group. The evaluation of cardiac
arrhythmias and other diseases were performed by at least two
expert cardiologists.

The criteria for a diagnosis of AF were in accordance with
established guidelines [15], and determined using a standard 12-
lead ECG or Holter recordings, regardless of clinical symptoms.
Lone AF was defined as AF occurring in patients younger than 60
years, without clinical or ECG evidence of cardiopulmonary
disease, including hypertension. A diagnosis of VT rested on three
or more consecutive ventricular premature beats regardless of
ischemic or dilative cardiomyopathy, based on the analysis of a 12-
lead ECG or Holter QRS morphology and rate [16]. Patients with
primary cardiomyopathy, inherited cardiomyopathy were not
included in this research.

The 856 control subjects were recruited from individuals who
underwent annual physical exams with a normal ECG and
without cardiac symptoms. We applied the criteria set by the
American Diabetes Association to diagnose type 2 diabetes
(T2DM) [17]. Evidence of coronary artery disease (CAD) was an
angiograph showing more than 70% stenosis in at least one
main vessel of the coronary artery. Patients with coronary artery
bypass graft, percutancous coronary intervention and/or
myocardial infarction were classified as CAD subjects [18].
Stroke was defined in accordance with the World Health
Organization’s criteria of 1989 [19]. Hypertrophic cardiomy-
opathy was determined by excessive thickening of the left
ventricular myocardium, occasionally also the right, without an
identifiable cause such as arterial hypertension [20]. Hyperten-
sion was defined as clinical blood pressure of =140/90 mmHg
or a history of medication.

Genotyping

DNA was extracted from peripheral blood samples using the
Wizard Genomic DNA Purification Kit (Promega). Genotypes
with rs3825214 were determined via a polymerase chain reaction
(PCR)-based high-resolution melting system with LC Green Plus
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Table 1. Clinical characteristics of patients in GenelD population.

AF group VT group

AF Control P vT Control P

(n=692) (n=856) (n=235) (n=856)
Gender (male/female) 424/259 543/310 0.524 135/91 543/310 0.278
Age (mean = SD, y) 571 56*15 0.724 57+21 56x15 0.583
Lone AF (%) 275 (39.7%) N/A N/A N/A =
Other AF (%) 417 (60.3%) N/A 23 (9.8%) N/A —
Hypertension (%) 266 (38.4%) 60(7.0%) <0.01 89 (37.9%) 60(7.0%) <0.01
CAD (%) 175 (25.3%) N/A 67 (28.5%) N/A —
T2DM (%) 45 (6.5%) 8(0.9%) <0.01 25 (10.6%) 8(0.9%) <0.01
Stroke history (%) 87 (12.6%) N/A 26 (11.1%) N/A —
AF, atrial fibrillation; CAD, coronary artery disease; T2DM, type 2 diabetes; N/A, data not available.
doi:10.1371/journal.pone.0064966.t001

fluorescent dye (RotorGene TM 6000, Corbett Life Science,
Concorde, NSW, Australia) [21].

Primer pairs were designed based on the sequence of rs3825214
(forward, 5'-AGGGCTAACACCACCAGT-3'; reverse, 5'-AAT-
GAGTCTGTGTTGAGGTTTA-3"). A total of 25 uL of PCR
mixture was prepared, containing 1 pL. of LC Green dye, 0.5 pL
of 5 pmol of each primer, 25 ng of genomic DNA template,
2.5 uL of 10xPCR buffer, 0.5 pL. of 5 mmol DNTPs, and one
unit of DNA Taq polymerase. PCR was then performed at 95°C
for 5 minutes; followed by 40 cycles of denaturation at 95°C for
10 seconds, annealing at 56°C for 10 seconds, and elongation at
72°C for 15 seconds; and finally 72°C for 7 minutes.

Two sequenced internal positive controls were set up for
determining three genotypes (A/A, A/G and G/G). To validate
the accuracy of genotyping, 50 samples (randomly selected) were
used to directly sequence the region of rs3825214 using BigDye
Terminator v3.1 Cycle Sequencing Kits on an ABI PRISM3100
Genetic Analyzer (Applied Biosystems, Foster City, CA, USA).
The genotypes of sequenced samples were completely consistent
with the high-resolution melting analysis.

Statistical analysis

Student’s #test and Pearson’s chi-squared () test were used to
analyze the differences in continuous traits (e.g., age) and
categorical traits (e.g., gender, CAD, and hypertension) between
the case and control groups, implemented with SPSS v17.0
software (IBM). The Hardy-Weinberg equilibrium was tested in
the control group using PLINK v1.07 genetic analysis software
(http://pngu.mgh.harvard.edu/~purcell/plink/download.shtml).
Alinear regression model was then used to test whether rs3825214

Table 2. Association of SNP rs3825214 with ECG measures.

ECG measures (ms) BETA SE P

PR interval —6.353 3.324 0.057
QRS duration —18.88 31.02 0.546
QT interval —2.754 4.345 0.527
QT, interval —19.76 9.693 0.047

BETA, regression coefficient; SE, standard error.
doi:10.1371/journal.pone.0064966.t002
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was associated with ECG parameters (PR, QRS, QT, and
corrected QT [QT,] intervals). To test the association between
153825214 and AF or VT, allelic analysis and genotypic analysis
under three genetic models (dominant, recessive, and additive)
were also applied. Odds ratios (ORs) and 95% confidence intervals
(CI) were estimated using Pearson’s %° test. When the case-control
samples were divided into several subgroups, Breslow-Day tests
were performed to analyze the homogeneity between ORs from
each subgroup (SPSS, 17.0). The Mantel-Haenszel test was
performed to adjust for confounders. Multivariate logistic analysis
was used to adjust for covariates such as age, gender, hypertension,
CAD, stroke, and T2DM. To correct the data for multiple testing,
the permutation test and Bonferroni correction were applied.
Empirical P-values were determined using the PLINK v1.05
program with 100,000 Monte-Carlo permutations. Corrected F-
values (P,,,) were obtained using Bonferroni’s correction according
to the formula: P.,.=1—(1—P,,,)", where P, is the observed P-
value, and n is the number of comparisons. Statistical power
analysis was conducted with the program PS (Power and Sample
Size Calculations, version 3.0.43) [22]. A P-value<<0.05 was
considered statistically significant.

Results

Characteristics of subjects in the study

We studied 692 AF patients, 235 VT patients, and 856 controls
(Table 1). The average age was 57%11 years for AF, 57%21 years
for VT, and 56*15 years for controls. There are no significant
differences in age or gender among these groups. Twenty-three
VT patients (9.8%) also had AF (the rate of hypertension and
T2DM are shown in Table 1). The hypertensive patients in the AF
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Table 3. Allelic analysis of SNP rs3825214 association with AF and VT.
Frequency of G allele

Cohort (cases/controls) (cases/controls) P-obs P-adj OR (95% ClI)

AF group
Male (424/543) 0.419/0.455 0.117 0.091 0.81 (0.63-1.04)
Female (259/310) 0.407/0.450 0.148 0.143 0.76 (0.53-1.10)
Total AF (692/856) 0.414/0.452 0.036 0.025 0.79 (0.64-0.97)
Lone AF (275/856) 0.376/0.452 0.002 0.001 0.65 (0.50-0.84)
Other AF (417/856) 0.439/0.452 0.546 0.631 1.08 (0.80-1.45)
CAD (175/856) 0.446/0.452 0.927 0.361 0.80 (0.49-1.30)
Hypertension (266/796) 0.417/0.467 0.364 0.001 0.59 (0.43-0.81)
T2DM (45/848) 0.478/0.456 0.683 0.134 2.62 (0.74-9.27)
Stroke (87/856) 0.489/0.452 0.351 0.558 1.25 (0.60-2.62)

VT group
Male (144/543) 0.448/0.455 0.833 0.653 1.10 (0.73-1.66)
Female (91/310) 0.390/0.450 0.152 0.774 1.08 (0.64-1.83)
Total VT (235/856) 0.426/0.452 0315 0.712 1.06 (0.77-1.47)
AVB (24/856) 0.292/0.452 0.028 0.035 0.49 (0.26-0.95)
BBB (29/856) 0.431/0.452 0.758 0.371 1.55 (0.59-4.03)
Bradycardia (27/856) 0.463/0.452 0.868 0.684 1.25 (0.42-3.71)
ER (12/856) 0.500/0.452 0.636 0.661 1.34 (0.37-4.89)
HCM (26/856) 0.365/0.452 0.219 0.674 1.20 (0.51-2.82)
MVA (61/856) 0.385/0.452 0.155 0.469 1.25 (0.69-2.27)

BBB: bundle branch block; ER: early repolarization; HCM: hypertrophic cardiomyopathy; MVA: malignant ventricular arrhythmia.

doi:10.1371/journal.pone.0064966.t003

and VT groups numbered 266 and 89 respectively, and 175 and
67 had CAD. In the AF group, 45 patients had T2DM, and 25
had T2DM in the VT group. The number of patients with both
AF and stroke was 87. Twenty-three patients had both AF and
VT.

Association of rs3825214 with four ECG parameters

In this study, we performed an association analysis between the
presence of rs3825214 and four ECG parameters (the PR, QRS,
QT, and QT intervals), using the program PLINK for the AF,
VT, and control groups (Table 2). In contrast to the results of
other genome-wide association studies [7], we found no significant
association between rs3825214 and the PR, QRS, or QT intervals,
but the PR interval did show a tendency toward association
(P=0.057). Of note, we observed an association between
13825214 and QT (P=0.047).

Allelic association of G allele of rs3825214 with AF and
AVB

Comparisons of the minor allele frequencies of rs3825214
among the groups are summarized in Table 3. There was no
deviation from the Hardy-Weinberg equilibrium for rs3825214 in
the control group (P=0.8361). Neither of the genders was
associated with minor allele G of rs3825214. There was a
significant association between the G allele and AF (P=0.036;
Poq;=0.025, OR=0.790) and between the G allele and AVB
(P=0.028; P,g;=0.035, OR =0.494) even after adjusting for age,
gender, hypertension, CAD, stroke, and T2DM by logistic
regression. A significant association between minor allele G of
rs3825214 and lone AF was found (P=0.002; P,q;=0.001,
OR =0.652), which also survived the Bonferroni correction, while
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Figure 1. Genotype distributions of rs3825214 in patients with AF and lone AF.
doi:10.1371/journal.pone.0064966.g001
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Genotypic association of rs3825214 with AF

The genotype distributions of rs3825214 among the groups are
shown in Table 4. In both the all AF and lone AF groups, the
distributions of rs3825214 were significantly different compared
with the control group (£=0.029 and 0.003, respectively). No
significant association was observed between genotypes carrying
rs3825214 and ECG parameters. A bar chart of genotype
distributions shows that the genotype GG made up the smallest
proportion among the three genotypes (Fig. 1). Indeed, assuming a
dominant genetic model, GG was strongly associated with AF, and
especially lone AF (Table 5). The Bonferroni correction was
adjusted for multiple testing. Empirical significance values were
observed under dominant and additive models in the total AF and
lone AF groups (OR was 0.73 after adjusting for gender, age,
T2DM, hypertension, stroke, and CAD).

Discussion

In the present study, we assessed the association of rs3825214
with four ECG parameters (PR, QRS, QT, and QT intervals)
and two types of arrhythmias (AF and VT) in a Chinese Han
population. Consistent with previous studies [7], we found that
rs3825214 was associated with AF and AVB. However, we did not
find any association between rs3825214 and PR interval, QRS
duration, or QT interval. Notably, for the first time to our
knowledge, we found that rs3825214 was associated with QT.,
and conferred risk of lone AF in Han Chinese.

In an earlier study, the investigators were able to derive a
predictor of postoperative AF or atrial flutter by measuring total P
wave duration obtained from the simultaneous recording of the
three standard limb leads [23]. Recently, some longitudinal studies
also showed that a prolonged PR interval was linked to increased
incidence of AF [24-27]. The PR interval could alter the duration
of atrial action potential and atrioventricular conduction in AF
patients. Thus, the PR interval was considered an endophenotype
for AF [28]. Nevertheless, as an established risk factor for AF, the
PR interval length was not consistently influenced by the presence
of SNPs [29]. In our study, rs3825214 was significantly associated
with AVB, including advanced AV block, mild AV block
(P=10.028, P,qj=0.035, OR =0.494), and AF, but not with the
PR interval (P=0.113).

Lone AF patients are those with no detectable cardiovascular
disease, about 30% of AF cases [30]. Genetic factors are assumed
to be important to the development of lone AF [31]. In the present
study, when we divided the total AF group into the subgroups lone
AF and other AF, the association between rs3825214 and lone AF
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